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Description

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0001] The disclosure relates to a solar cell and a meth-
od for manufacturing the same, and more particularly, to
a solar cell having an enhanced structure and a method
for manufacturing the same.

2. Description of the Related Art

[0002] Recently, as existing energy resources such as
oil or coal are expected to be exhausted, an interest in
alternative energy for replacing oil or coal is increasing.
In particular, a solar cell that directly converts or trans-
forms solar energy into electricity is gaining attention as
a next-generation cell. In a solar cell, a p-n junction is
formed by forming a dopant layer of an n-type or a p-type
in order to induce photoelectric conversion, and an elec-
trode electrically connected to the dopant layer is formed.
[0003] The electrode is conventionally formed by using
a paste. However, there is a limit to decreasing of a width
of the electrode. Also, precise alignment is necessary.
In addition, contact property between the electrode and
the dopant layer (or the semiconductor substrate) is not
good. Accordingly, productivity and efficiency of the solar
cell are reduced.
[0004] Document WO 2013/038328 A1, describes a
solar cell whose initial structure includes a semiconductor
substrate comprising a p-type semiconductor portion
with a p-type dopant, and an overlying n-type semicon-
ductor portion with an n-type dopant. A metal semicon-
ductor alloy layer is formed by providing a metal layer
onto exposed portions of the n-type semiconductor por-
tion that are not protected by patterned ARC layers, and
then subjecting the structure to an anneal, whereby the
metal layer is converted to the metal semiconductor alloy
layer. The metal semiconductor alloy layer that is formed
after annealing has a more typical thickness of 50nm to
150nm. Afterwards, at least one metal diffusion barrier
layer having a more typical thickness of 50nm to 300nm
is formed on the metal semiconductor alloy layer, and a
copper-containing layer having an impurity level of
200ppm or greater is electrodeposited on an upper sur-
face of the at least one diffusion barrier layer.
[0005] Document WO 2013/085248 A1, describes a
solar cell with a first conductive type substrate, wherein
a first opening of a second conductive emitter layer lo-
cated on the substrate exposes about 5nm to about 10nm
of a thickness of the emitter layer. An anti-reflective film
located on the emitter layer and having a second opening
that communicates with the first opening has a thickness
of about 30nm to about 100nm. A first electrode fills the
first opening with contacting the emitter layer and com-
prises phosphorous and nickel silicide. A second elec-
trode fills the second opening completely, being formed

at the same height as the entire reflective film. The first
and second electrodes in the first and second openings
are formed by a phosphorous-doped nickel nanoparticle-
containing paste that is screen printed in the first and
second openings and heated.
[0006] From document JP 2004 266023 A, a solar bat-
tery in which a pn-junction is formed between a silicon
substrate and a high concentration n-type layer is known.
An electrode pattern is formed by using a photoresist as
a mask during removal of an antireflection membrane
layer (insulator layer) by a 2-% fluoric acid aqueous so-
lution. Subsequently, 50nm of titanium are deposited as
metallic material serving as a metal silicide electrode. A
high-speed annealer performs heat treatment for 20s at
630°C in anoxia atmosphere, whereby the titanium being
in direct contact with the high concentration n-type layer
of silicon is made to react so that a metal silicide layer of
titanium is formed self-consistently. Subsequently, tita-
nium which has not carried out silicide formation and re-
mained as a metallic material is removed by etching with
a sulfuric acid of not less than 130 °C of solution temper-
ature.
[0007] Furthermore, document US 2009/0223549 A1
describes a solar cell and a fabrication method using
crystalline silicon based on lower grade feed stock ma-
terials, document WO 2010/087718 A1 describes a
method for producing a contact of a solar cell, and doc-
ument KR 2012 0026737 A describes a method for fab-
ricating a solar cell.

SUMMARY

[0008] Embodiments of the invention are directed to a
solar cell having enhanced properties and a method for
a solar cell having a high productivity.
[0009] A method of manufacturing a solar cell accord-
ing to an embodiment of the invention includes: forming
a dopant layer by doping a dopant to a semiconductor
substrate; and forming an electrode electrically connect-
ed to the dopant layer. The forming of the electrode in-
cludes forming a metal layer on the dopant layer; and
heat-treating the metal layer to form a first layer and a
second layer. In the heat-treating of the metal layer, a
portion of the metal layer adjacent to the semiconductor
substrate forms the first layer including a compound
formed by a reaction of the metal layer and the semicon-
ductor substrate, and a remaining portion of the metal
layer forms the second layer that covers the first layer;
and forming at least one other metal layer on the second
layer after the heat treating of the metal layer, wherein
the first layer is thicker than the second layer.
[0010] A solar cell according to an embodiment of the
invention includes a semiconductor; a dopant layer
formed at the semiconductor substrate; and an electrode
electrically connected to the dopant layer. The electrode
at least includes a barrier layer being in contact with the
semiconductor substrate or the dopant layer. The barrier
layer includes a first layer and a second layer on the first
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layer, where the second layer includes a metal. The first
layer includes a compound formed by a reaction of the
metal of the second layer and the semiconductor sub-
strate; wherein the electrode further comprises at least
one other metal layer on the second layer of the barrier
layer, and wherein the first layer is thicker than the second
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a cross-sectional view of a solar cell ac-
cording to an embodiment of the invention.
FIG. 2 is a plan view of the solar cell shown in FIG. 1.
FIGs. 3a to 3e are cross-sectional views for illustrat-
ing a method for manufacturing a solar cell according
to an embodiment of the invention.
FIGs. 4a to 4d are partial cross-sectional views for
illustrating a method for manufacturing an electrode
in the method for manufacturing the solar cell ac-
cording to an embodiment of the invention.
FIG. 5 is an optical microscope image of a barrier
layer manufactured by Experimental Embodiment.
FIG. 6 is an optical microscope image of a barrier
layer manufactured by Comparative Example.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] Hereinafter, embodiments of the invention will
be described with reference to the accompanying draw-
ings. However, the invention is not limited the embodi-
ments, and the various modifications of the embodiments
are possible.
[0013] In order to clearly and concisely illustrate the
embodiments of the invention, elements not related to
the invention may be omitted in the figures. Also, ele-
ments similar to or same as each other may have same
reference numerals. In addition, the dimensions of layers
and regions may be exaggerated or schematically illus-
trated, or some layers may be omitted for clarity of illus-
tration. In addition, the dimension of each part as drawn
may not reflect an actual size.
[0014] In the following description, when a layer or sub-
strate "includes" another layer or portion, it can be un-
derstood that the layer or substrate further includes still
another layer or portion. Also, when a layer or film is
referred to as being "on" another layer or substrate, it
can be understood that the layer of film is directly on the
other layer or substrate, or intervening layers are also
present. Further, when a layer or film is referred to as
being "directly on" another layer or substrate, it can be
understood that the layer or film is directly on the another
layer or substrate, and thus, there is no intervening layer.
[0015] Hereinafter, a solar cell and a method for man-
ufacturing the same according to embodiments of the
invention will be described with reference to the accom-

panying drawings.
[0016] FIG. 1 is a cross-sectional view of a solar cell
according to an embodiment of the invention.
[0017] Referring to FIG. 1, a solar cell 100 according
to an embodiment includes a semiconductor substrate
10, dopant layers 20 and 30 formed at the semiconductor
substrate 10, and electrodes 24 and 34 electrically con-
nected to the dopant layers 20 and 30. More specifically,
the dopant layers 20 and 30 may include an emitter layer
20 and a back surface field layer 30. Also, the electrodes
24 and 34 may include a first electrode (or a plurality of
first electrodes) 24 electrically connected to the emitter
layer 20, and a second electrode (or a plurality of second
electrodes) 34 electrically connected to the back surface
field layer 30. In addition, the solar cell 100 may further
include an anti-reflection layer 22 and a passivation layer
32. This will be described in more detail.
[0018] The semiconductor substrate 10 may include
one or more of various semiconductor materials. For ex-
ample, the semiconductor substrate 10 includes silicon
having a second conductivity type dopant. Single crystal
silicon or polycrystalline silicon may be used for the sili-
con, and the second conductivity type may be an n-type.
That is, the semiconductor substrate 10 may include sin-
gle crystal silicon or polycrystalline silicon having a group
V element, such as phosphorus (P), arsenic (As), bis-
muth (Bi), antimony (Sb), or the like.
[0019] When the semiconductor substrate 10 has the
n-type dopant as in the above, the emitter layer 20 of a
p-type is formed at the front surface of the semiconductor
substrate 10, and thereby forming a p-n junction. When
the sun light is incident to the p-n junction, the electrons
generated by the photoelectric effect move to the back
surface of the semiconductor substrate 10 and are col-
lected by the second electrode 34, and the holes gener-
ated by the photoelectric effect move to the front surface
of the semiconductor substrate 10 and are collected by
the first electrode 24. Then, the electric energy is gener-
ated. Here, the holes having mobility lower than that of
the electrodes move to the front surface of the semicon-
ductor substrate 10, and not the back surface of the sem-
iconductor substrate 10. Therefore, the conversion effi-
ciency of the solar cell 100 can be enhanced.
[0020] However, the invention is not limited thereto.
Thus, the semiconductor substrate 10 and the back sur-
face field layer 30 may be the p-types, and the emitter
layer 20 may be the n-type.
[0021] The front and back surfaces of the semiconduc-
tor substrate 10 may be a textured surface to have pro-
truded and/or depressed portions of various shapes
(such as pyramid shape). Thus, the surface roughness
is increased by the protruded and/or depressed portions,
and reflectance of the incident sun light at the front sur-
face of the semiconductor substrate 10 can be reduced
by the texturing. Then, an amount of the light reaching
the p-n junction between the semiconductor substrate 10
and the emitter layer 20 can increase, thereby reducing
an optical loss of the solar cell 100.
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[0022] However, in the embodiment, the protruded
and/or depressed portions by texturing are not formed at
portions of the front and back surfaces of the semicon-
ductor substrate 10 where the electrodes 24 and 34 are
formed. This is induced by a method for manufacturing
the solar cell 100, and it will be described later in detail.
The portions where the electrodes 24 and 34 are not
formed are not actually the portions where the light is
incident. Thus, the fact that the portions do not have the
protruded and/or depressed portions does not affect the
light loss.
[0023] The emitter layer 20 having the first conductive
type dopant may be formed at the front surface of the
semiconductor substrate 10. A p-type dopant such as a
group III element (for example, boron (B), aluminum (Al),
gallium (Ga), indium (In) or the like) may be used for the
first conductive type dopant.
[0024] Here, in the embodiment, the emitter layer 20
may include a first portion 20a formed adjacent to and in
contact with a part or a whole portion (that is, at least a
part) of the first electrode 24, and a second portion 20b
other than the first portion 20a. The first portion 20a has
a doping concentration higher than that in the second
portion 20b, and thus, the first portion 20a has a resist-
ance lower than that of the second portion 20b.
[0025] Then, the shallow emitter can be achieved by
forming the second portion 20b with a relatively low re-
sistance at a portion corresponding to a portion between
the first electrodes 24 where the sun light is incident.
Accordingly, current density of the solar cell 100 can be
enhanced. In addition, contact resistance with the first
electrode 24 can be reduced by forming the first portion
20a with a relatively low resistance at a portion adjacent
to the first electrode 24. That is, since the emitter layer
20 has a selective emitter structure, the efficiency of the
solar cell 100 can be maximized.
[0026] In the embodiment, the emitter layer 20 is
formed at the front surface of the semiconductor sub-
strate 10. However, the invention is not limited thereto.
That is, the emitter layer 20 may extend to the back sur-
face of the semiconductor substrate 10. In this case, the
solar cell 100 is a back contact solar cell.
[0027] The anti-reflection layer 22 and the first elec-
trode 24 may be formed on the semiconductor substrate
10 or on the emitter layer 20 formed at the semiconductor
substrate 10).
[0028] The anti-reflection layer 22 may be substantially
formed at the entire front surface of the semiconductor
substrate 10, except for the portion where the first elec-
trode 24 is formed. The anti-reflection layer 22 reduces
reflectance (or reflectivity) of sun light incident to the front
surface of the semiconductor substrate 10. Also, the anti-
reflection layer 22 passivates defects at a surface or a
bulk of the emitter layer 20.
[0029] By reducing the reflectance of sun light incident
to the front surface of the semiconductor substrate 10,
an amount of the sun light reaching the p-n junction
formed between the semiconductor substrate 10 and the

emitter layer 20 can be increased, thereby increasing
short circuit current (Isc) of the solar cell 100. Also, by
passivating the defects at the emitter layer 20, recombi-
nation sites of minority carrier are reduced or eliminated,
thereby increasing an open-circuit voltage (Voc) of the
solar cell 100. Accordingly, the open-circuit voltage and
the short-circuit current of the solar cell 100 can be in-
creased by the anti-reflection layer 22, and thus, the ef-
ficiency of the solar cell 100 can be enhanced.
[0030] The anti-reflection layer 22 may include one or
more of various materials. Thus, the anti-reflection layer
22 may have a single film structure or a multi-layer film
structure including, for example, at least one material se-
lected from a group consisting of silicon nitride, silicon
nitride including hydrogen, silicon oxide, silicon oxy ni-
tride, aluminum oxide, MgF2, ZnS, TiO2 and CeO2. How-
ever, the invention is not limited thereto. The anti-reflec-
tion layer 22 may includes one or more of various mate-
rials. Also, a front passivation layer (not shown) may be
included between the semiconductor substrate 10 and
the anti-reflection layer 22.
[0031] The first electrode 24 is electrically connected
to the emitter layer 20 through an opening 222 formed
at the anti-reflection layer 22 (that is, penetrating the anti-
reflection layer 22). The first electrode 24 may have var-
ious shapes and may include one or more of various ma-
terials. This will be described later.
[0032] The back surface field layer 30 including the
second conductive type dopant is formed at the back
surface of the semiconductor substrate 10. The doping
concentration of the back surface field layer 30 may be
higher than the doping concentration of the semiconduc-
tor substrate 10 where the emitter layer 20 and the back
surface field layer 30 are not formed. A n-type dopant of
a group V element, such as phosphorus (P), arsenic (As),
bismuth (Bi), antimony (Sb), or the like may be used for
the second conductive type dopant of the back surface
field layer 30.
[0033] In the embodiment, the back surface field layer
30 may include a first portion 30a formed adjacent to and
in contact with a part or a whole portion (that is, at least
a part) of the second electrodes 34, and a second portion
30b other than the first portion 30a. The first portion 30a
has a doping concentration higher than that in the second
portion 30b, and thus, the first portion 30a has a resist-
ance lower than that of the second portion 30b.
[0034] Then, the recombination of the electrons and
the holes may be prevented by forming the second por-
tion 30b with a relatively high resistance at a portion cor-
responding to a portion between the second electrodes
34, and thereby enhancing the current density of the solar
cell 100. In addition, contact resistance with the second
electrode 34 can be reduced by forming the first portion
30a with a relatively low resistance at a portion adjacent
to the second electrode 34. That is, since the back sur-
face field layer 30 has a selective back surface field struc-
ture, the efficiency of the solar cell 100 can be maximized.
[0035] The passivation layer 32 and the second elec-
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trode 34 may be formed on the back surface of the sem-
iconductor substrate 10.
[0036] The passivation layer 32 may be substantially
at the entire back surface of the semiconductor substrate
10, except for the portions where the second electrode
34 is formed. The passivation layer 32 passivates defects
at the back surface of the semiconductor substrate 10,
and eliminates the recombination sites of minority carrier.
Thus, an open circuit voltage of the solar cell 100 can be
increased.
[0037] The passivation layer 32 may include a trans-
parent insulating material for passing the light. Thus, the
light can be incident to the back surface of the semicon-
ductor substrate 10 through the passivation layer 32, and
thereby enhancing the efficiency of the solar cell 100.
The passivation layer 32 may have a single film structure
or a multi-layer film structure including, for example, at
least one material selected from a group comprising sil-
icon nitride, silicon nitride including hydrogen, silicon ox-
ide, silicon oxy nitride, aluminum oxide, MgF2, ZnS, TiO2
and CeO2. However, the invention is not limited thereto,
and thus, the passivation layer 32 may include one or
more of various materials.
[0038] The second electrode 34 is electrically connect-
ed to the back surface field layer 30 through an opening
322 formed at the passivation layer 32(that is, by pene-
trating the passivation layer 32). The second electrode
34 may have various shapes and may include one or
more of various materials.
[0039] That is, the first electrodes 24 and/or second
electrodes 34 may have various plan shapes. An exam-
ple of the plan shape of first electrodes 24 and/or second
electrodes 34 will be described with reference to FIG. 2.
Although the first electrode 24 and the second electrode
34 may have different widths, pitches, and so on, shapes
of the first electrode 24 and the second electrode 34 may
be similar. Therefore, hereinafter, the first electrode 24
will be described only, and the descriptions of the second
electrode 34 will be omitted. The following descriptions
may be applied to one or both of the first electrode 24
and the second electrode 34.
[0040] Referring to FIG. 2, the first electrode 24 may
include a plurality of finger electrodes 24a. The finger
electrodes 24a are parallel to each other and are spaced
apart from each other with a first pitch D1. Also, the first
electrode 24 may include a bus electrode 24b being ex-
tended in a direction crossing the finger electrodes 24a
to connect the finger electrodes 24a. The bus electrode
24b may include a single bus electrode 24b, or the bus
electrode 24b includes a plurality of bus electrodes 24b
as shown in FIG. 2. The plurality of bus electrodes 24b
may be spaced apart from each other with a second dis-
tance D2 larger than the first distance D1. Also, the finger
electrode 24a may have a width W1 smaller than a width
W2 of the bus bar electrode 24b. However, the invention
is not limited thereto. Thus, the finger electrode 24a may
have a width W1 same as a width W2 of the bus bar
electrode 24b. That is, the shape of the first electrode 24

is just an example, and the invention is not limited thereto.
Also, the first electrode 24 may include one or more of
various materials.
[0041] When viewed in a cross-sectional view, both of
the finger electrodes 24a and the bus bar electrode 24b
may penetrate the anti-reflection layer 22 (the passiva-
tion layer 32 in the case of the second electrode 34).
Selectively, the finger electrodes 24a may penetrate the
anti-reflection layer 22 and the bus bar electrode 24b
may be formed on the anti-reflection layer 22.
[0042] Also, referring to FIG. 1 again, the first and sec-
ond electrodes 24 and 34 may have a plurality of metal
layers stacked to each other to enhance various proper-
ties. Since the first and second electrodes 24 and 34 may
have the same stacking structure, only the structure of
the first electrode 24 is shown in FIG. 1. Also, the following
descriptions of the stacking structure may be applied to
one or both of the first and second electrodes 24 and 34.
[0043] The first electrode 24 may include a barrier layer
242, a conductive layer 244, and a capping 246 sequen-
tially stacked on the emitter layer 20, which is a dopant
layer.
[0044] Here, the barrier layer 242 is formed by coating
one material and heat-treating the same. The barrier lay-
er 242 includes a first layer 242a and a second layer
242b, where a material of the first layer 242a and a ma-
terial of the second layer are different to each other. Here,
the meaning of "different" includes a case where the
chemical composition is different although same ele-
ments and material are included, as well as a case that
the element or the material is different.
[0045] In this case, the first layer 242a is formed on
and is in contact with the semiconductor substrate 10 (for
example, the first portion 20a of the emitter layer 20
formed at the semiconductor substrate 10). The first layer
242a may include a compound formed by a reaction of
a metal of the second layer 242b and the semiconductor
material of the semiconductor substrate 10. That is, if a
material(or materials) or an element (or elements) of the
second layer 242b is coated on the semiconductor sub-
strate 10 and is heat-treated, an compound is formed by
the reaction of the semiconductor material of the semi-
conductor substrate 10 and the material or the element
of the second layer 242b, thereby forming the first layer
242a.
[0046] For example, the second layer 242b may in-
clude a metal of nickel(Ni), platinum(Pt), titanium(Ti), co-
balt(Co), tungsten(W), molybdenum(Mo), tantalum(Ta),
or the like. The first layer 242a may include silicide (for
example, NiSi, NiSi2, PtSi, Co2Si, CoSi, CoSi2, WSi2,
MoSi2, TaSi) formed by the reaction of the metal of the
second layer 242b and silicon of the semiconductor sub-
strate 10.
[0047] Here, when the metal of the second layer 242b
includes Ni and the first layer 242a includes NiSi, the NiSi
of the first layer 242a has excellent properties, and the
second layer 242b including Ni entirely covers the first
layer 242a, and thereby enhancing various properties.
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This will be described later in more detail. Although it is
not shown, Ni2Si may be formed between the first layer
242a and the second layer 242b, on the second layer
242b, or as a part of the first layer 242a or the second
layer 242b. Because the Ni2Si has high electrical prop-
erty, the Ni2Si can enhance electrical property between
the semiconductor substrate 10 and the barrier layer 242.
However, the invention is not limited thereto. The above
various metal may be used as the second layer 242b,
and thus, the first layer 242a may be include one or more
of the above various materials.
[0048] Hereinafter, the case that the metal of the sec-
ond layer 242b is Ni and the compound of the first layer
242a is NiSi will be described as an example. That is,
the first layer 242a and the second layer 242b are formed
by forming a Ni layer inside the opening 222 of the anti-
reflection layer 22 (in the case of the second electrode
34, the opening 322 of the passivation layer 32) and heat-
treating the same. That is, a lower portion of the Ni layer
reacts with the Si of the semiconductor substrate 10 and
the Nisi layer is formed. An upper portion of the Ni layer
is remained on the NiSi layer without reaction. The NiSi
layer forms the first layer 242a, and the remained Ni layer
forms the second layer 242b. This will be described in
the method for manufacturing the solar cell 100.
[0049] The first layer 242a including the NiSi has very
small contact resistance with the silicon of about 2.8~2.95
Ω/h. The first layer 242a including the NiSi has low ther-
mal stress, and thus, thermal stability is high. Also, ad-
hesive force is excellent. In addition, the silicon amount
used for forming the silicide is small, and the surface
roughness and reflectance can be controlled.
[0050] The second layer 242b including the Ni covers
the first layer 242a, and prevents problems generated at
a portion where the first layer 242a is not formed. That
is, by errors or mistakes of a manufacturing process,
there may be a portion where the first layer 242a is thin
or the first layer 242a is not formed. At this portion, the
contact resistance may increase. Also, the material of
the conductive layer 244 is diffused toward the semicon-
ductor substrate 10, thereby deteriorating the electrical
property. In severe cases, shunt may be generated. In
the embodiment, the second layer 242b covers the por-
tion where the first layer 242a is not formed, and thus,
the problems due to the increase of the contact resistance
and the metal diffusion can be prevented.
[0051] Also, the first layer 242a and the second layer
242b have lattice mismatch, and bonding energy be-
tween the second layer 242b and the conductive layer
244 (for example, copper (Cu)) is high. Accordingly, when
the metal of the conductive layer 244 penetrates the sec-
ond layer 242b and the first layer 242a and proceeds to
the semiconductor substrate 10, the first layer 242a and
the second layer 242b act as a double barrier. That is,
since the first layer 242a and the second layer 242b form
a structure of double-diffusion-prevention, the metal dif-
fusion of the conductive layer 244 to the semiconductor
substrate 10 can be effectively prevented.

[0052] Here, in the embodiment, the Ni layer is formed,
and then, the first layer 242a and the second layer 242b
are formed by heat-treatment. The first layer 242a of the
Nisi can be formed at the lower portion and the second
layer 242b of the Ni can be remained on the first layer
242a. Accordingly, an additional process for forming the
second layer 242b on the first layer 242a is not neces-
sary. Finally, the first layer 242a of NiSi and the second
layer 242b of Ni can be formed by a simple process.
[0053] For example, a thickness ratio of the first layer
242a : the second layer 242b may be about 1:0.1. When
the thickness ratio is smaller than 1:0.1, the second layer
242b may be thin and may not entirely cover the first
layer 242a.
[0054] More specifically, the first layer 242a may be
thicker than the second layer 242b. Then, because the
first layer 242a is relatively thick, the adhesive property
with the first electrode 24 can be enhanced by low contact
resistance, enhanced thermal stability, and high contact
force. Also, the second layer 242b has a thickness being
able to cover the first layer 242a. In addition, when the
second layer 242b is excessively thick, the specific re-
sistance may increase.
[0055] The first layer 242a may have a thickness of
about 0.2~2.5mm, and the second layer 242b may have
a thickness of about 0.1~1mm. When the thickness of the
first layer 242a is smaller than about 0.2mm, the effect
by the first layer 242a may be not sufficient and there
may be a portion where the first layer 242a is not formed.
Also, when the thickness of the first layer 242a is larger
than about 2.5mm, a cost due to the material may in-
crease and the process time may increase. When thick-
ness of the second layer 242b is smaller than about
0.1mm, there may be a portion where the second layer
242b does not cover the first layer 242a. In addition, when
the second layer 242b is larger than about 1mm, the cost
and the process time may increase and the specific re-
sistance may increase.
[0056] Also, the barrier layer 242 may have a width of
about 5∼20mm (for example, about 8~12mm). In the em-
bodiment, since the opening 222 is formed by a laser and
self-aligning is possible, large process margin is not nec-
essary, thereby reducing the width greatly. This will be
described later in more detail. In the embodiment, by re-
ducing the widths of the electrodes 24 and 34, the shad-
ing loss can be minimized. Thus, the efficiency of the
solar cell 100 can be enhanced.
[0057] The conductive layer 244 formed on the second
layer 242b may be formed of a metal material having high
electrical conductivity. Because the conductive layer 244
is the thickest layer among the first electrode 24, the con-
ductive layer 244 may be formed of a material having the
high electrical conductivity and being cheap. For exam-
ple, the conductive layer 244 may include copper (Cu).
However, the invention is not limited thereto. Thus, the
conductive layer 244 may include silver (Ag), gold (Au),
or the like.
[0058] The conductive layer 244 may be thicker than
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the barrier layer 242 or the capping layer 246. Also, the
conductive layer 244 may be wider than the barrier layer
242, and may be formed on the anti-reflection layer 22
adjacent to both sides of the second layer 242b, as well
as on the second layer 242b. This is because the con-
ductive layer 244 is laterally grown when it is formed by
a plating method or the like. However, the invention is
not limited thereto.
[0059] For example, the conductive layer 244 may
have a thickness of about 10∼30mm, and have a width
of about 10∼40mm (for example, about 10∼25mm). When
the thickness is larger than about 30mm, the manufac-
turing cost may increase. When the thickness is smaller
than about 10mm, the current may not flow smoothly.
When the width is larger than about 40mm, the shading
loss may increase and the manufacturing cost may in-
crease. When the width is smaller than about 10mm, the
current may not flow smoothly.
[0060] The capping layer 246 formed on the conductive
layer 244 is a layer for enhancing adhesive property with
a ribbon and for protecting the conductive layer 244. The
capping layer 246 may include tin (Sn), silver (Ag), or the
like.
[0061] For example, the capping layer 246 may have
a thickness of about 1~10mm (for example, about
5~10mm), and a width of about 10~40mm (for example,
about 10~25mm). When the thickness is larger than about
10mm, the manufacturing cost may increase. When the
thickness is smaller than about 1mm, the effect for en-
hancing the adhesive property may be small. When the
width is larger than about 40mm, the shading loss and
the manufacturing cost may increase. When the width is
smaller than about 10mm, the capping layer 246 may not
entirely cover the conductive layer 244.
[0062] In the drawings and the description, each of the
conductive layer 244 and the capping layer 246 are
formed on the barrier layer 242, and has a single layer.
However, the conductive layer 244 and/or the capping
layer 246 may include two or more layers. Also, the con-
ductive layer 244 and the capping layer 246 may include
same material, and thus, the conductive layer 244 and
the capping layer 246 may be formed as one layer. Ac-
cordingly, at least one metal layer may be formed on the
barrier layer 242. Selectively, according to embodiments,
an additional metal layer is not formed on the barrier layer
242, and the barrier layer 242 itself forms the electrode.
[0063] Hereinafter, a method for forming the elec-
trodes 24 and 34 and a method for manufacturing the
solar cell 100 including the same will be described in
more detail with reference to FIGs. 3a to 3e, and FIGs.
4a to 4d. In the following descriptions, the described por-
tions in the above will be omitted, and the not-described
portions in the above will be described in detail.
[0064] FIGs. 3a to 3e are cross-sectional views for il-
lustrating a method for manufacturing a solar cell accord-
ing to an embodiment of the invention.
[0065] First, as shown in FIG. 3a, in a step ST10 for
preparing a semiconductor substrate, a semiconductor

substrate 10 having a second conductive type dopant is
prepared. Here, the front and/or back surfaces of the sil-
icon semiconductor substrate 10 may be textured to have
protruded and/or dented portions of various shapes (or
to have an uneven surface).
[0066] For the texturing method, a wet etching method
or a dry etching method may be used. In the wet etching
method, the semiconductor substrate 10 may be dipped
into a texturing solution. According to the wet etching
method, the process time can be short. In the dry etching
method, the surface of the semiconductor substrate 10
is etched by a diamond drill or a laser. In the dry etching,
the protruded and/or dented portions can be uniformly
formed; however, the semiconductor substrate 10 may
be damaged and the process time may be long. Selec-
tively, one of the front surface and the back surface of
the semiconductor substrate 10 may be textured by re-
active ion etching (RIE). Accordingly, the semiconductor
substrate 10 may be textured by one or more of various
methods.
[0067] Next, as shown in FIG. 3b, in a step ST20 for
forming dopant layers, an emitter layer 20 and a back
surface field layer 30 as dopant layers are formed at the
semiconductor substrate 10.
[0068] The emitter layer 20 and the back surface field
layer 30 may be formed by a thermal diffusion method,
an ion-implantation method, or the like. In the thermal
diffusion method, in the state that the semiconductor sub-
strate 10 is heated, a gaseous compound (for example,
BBr3 or POCl3) including the first or second conductive
type dopant is diffused to dope the dopant. The manu-
facturing process of the thermal diffusion method is sim-
ple, and thus, the manufacturing cost is low. In the ion-
implantation method, the dopant is ion-implanted. Ac-
cording to the ion-implantation method, the doping in a
lateral direction can be reduced, and thus, the degree of
accumulation can be increased and the concentration
can be easily controlled. Also, because only one surface
of the semiconductor substrate 10 is ion-implanted, the
ion-implantation method can be easily used when the
front surface and the back surface of the semiconductor
substrate 10 are doped with different dopants.
[0069] The back surface field layer 30 may be formed
after forming the emitter layer 20. Selectively, the emitter
layer 20 may be formed after forming the back surface
field layer 30.
[0070] The emitter layer 20 and the back surface field
layer 30 having the selective structures may be formed,
for example, by using a comb mask or a laser. Selectively,
the emitter layer 20 and the back surface field layer 30
having the selective structures may be formed by addi-
tionally doping the dopant only to the first portions 20a
and 30a. That is, the emitter layer 20 having the first and
second portions 20a and 20b and the back surface field
having the first and second portions 30a and 30b may
be formed by one or more of various methods.
[0071] Next, as shown in FIG. 3c, in a step ST30 for
forming an anti-reflection film and a passivation layer, an
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anti-reflection film 22 and a passivation film 32 are en-
tirely formed on the front surface and the back surface
of the semiconductor substrate 10, respectively. The anti-
reflection film 22 and the passivation film 32 may be
formed by one or more of various methods such as a
vacuum evaporation, a chemical vapor deposition, a spin
coating, a screen printing, or a spray coating.
[0072] Next, as shown in FIG. 3d, in a step ST40 for
forming an opening, the opening 222 is formed at the
anti-reflection layer 22, and the opening 322 is formed
at the passivation layer 32.
[0073] The openings 222 and 322 may be formed by
one or more of various methods. In the embodiment, the
openings 222 and 322 are formed by using lasers 200
and 300. That is, the lasers 200 and 300 are irradiated
to portions corresponding to the first portions 20a and
30a of the anti-reflection layer 22 and the passivation
layer 32, respectively. Thus, the corresponding portions
are selectively heated, thereby forming the openings 222
and 322.
[0074] Here, the protruded and/or depressed portions
formed by texturing are eliminated at the portions where
the openings 222 and 322 are formed. Hereby, portions
of the semiconductor substrate 10 where the openings
222 and 322 are formed are flatter than the other portions,
and have surface roughness smaller than the other por-
tions.
[0075] According to the embodiment, when the open-
ings 222 and 322 are formed by using the lasers 200 and
300, the anti-reflection layer 22 and the passivation layer
32 can be selectively heated according to a pattern data
of a laser apparatus, and the widths of the openings 222
and 322 can be minimized. For example, the openings
222 and 322 may have widths of about 5~20mm (for ex-
ample, 8~12mm).
[0076] Here, after irradiating the laser 200 to the front
surface of the semiconductor substrate 10 in order to
form the opening 222 at the anti-reflection film 22, the
laser 300 may be irradiated to the back surface of the
semiconductor substrate 10 in order to form the opening
322 at the passivation film 32. Selectively, after irradiating
the laser 300 to the back surface of the semiconductor
substrate 10 in order to form the opening 322 at the pas-
sivation film 32, the laser 200 may be irradiated to the
front surface of the semiconductor substrate 10 in order
to form the opening 222 at the anti-reflection film 22.
[0077] Also, as shown in FIG. 3d, the lasers 200 and
300 may be simultaneously irradiated to the front and
back surfaces of the semiconductor substrate 10 in order
to simultaneously form the opening 222 at the anti-re-
flection film 22 and the opening 322 at the passivation
film 32. In this case, the process can be simplified more.
[0078] Next, as shown in FIG. 3e, in a step ST50 for
forming electrodes, the first and second electrodes 24
and 34 are formed to fill inside of the openings 222 and
322, respectively. After forming the first electrode 24, the
second electrode 34 may be formed. After forming the
second electrode 34, the first electrode 24 may be

formed. Selectively, the first electrode 24 and the second
electrode 34 may be formed in the same process.
[0079] A method for forming the first electrode 24 and
the second electrode 34 will be described in more detail
with reference to FIGs. 4a to 4d.
[0080] FIGs. 4a to 4d are partial cross-sectional views
for illustrating a method for manufacturing an electrode
in the method for manufacturing the solar cell according
to an embodiment of the invention. As stated in the above,
the stacked structures of the first electrode 24 and the
second electrode 34 are similar. Therefore, hereinafter,
the first electrode 24 will be described only, and the de-
scriptions of the second electrode 34 will be omitted. The
following descriptions may be applied to one or both of
the first electrode 24 and the second electrode 34.
[0081] First, as shown in FIG. 4a, a metal layer 241 is
formed on a portion the semiconductor substrate 10 (for
example, on the first portion 20a of the emitter layer 20
formed on the semiconductor substrate 10) exposed by
the opening 222 of the anti-reflection layer 22. The metal
layer 241 is a layer for forming a barrier layer (242 in FIG.
1) of the embodiment.
[0082] The metal layer 241 may be formed by an elec-
tro plating method(for example, light induced plating,
electroplating using electrolyte, and so on), an electro-
less plating method, or a deposition method (for example,
physical vapor deposition such as sputtering, or chemical
vapor deposition). Here, the metal layer 241 may be
formed only on the portion the semiconductor substrate
10 is exposed by the opening 222 of the anti-reflection
layer 22. The metal layer 241 may include one or more
of various metals being able to form a compound by re-
acting with a material or an element of the semiconductor
substrate 10. For example, the metal layer 241 may in-
clude Ni.
[0083] In the embodiment, the metal layer 241 may
have a thickness of about 0.2~2mm. The metal layer 241
of the embodiment is thicker than a metal layer for forming
the conventional barrier layer. Hereby, in the embodi-
ment, a second layer (242b of FIG. 4b) can be formed
on a first layer (242a of FIG. 4b) after heat-treating. This
will be described in more detail in the descriptions related
to FIG. 4b.
[0084] When the thickness of the metal layer 241 is
larger than about 2mm, a manufacturing cost may in-
crease and specific resistance may increase. When the
thickness of the metal layer 241 is smaller than about
0.2mm, the second layer 242b may be formed insuffi-
ciently.
[0085] Next, as shown in FIG. 4b, a barrier layer 242
including the first layer 242a and the second layer 242b
are formed by heat-treating.
[0086] In the embodiment, the heat-treating tempera-
ture may be in a range of about 250~400°C (for example,
250~300°C). This heat-treating temperature is slightly
smaller than the conventional heat-treating temperature.
The heat-treating temperature is determined to induce
firing well and to react only to a lower portion of the metal
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layer (241 of FIG. 4a) with the semiconductor substrate
10.
[0087] Accordingly, silicide is formed by reacting the
material or the element of the lower portion of the metal
layer 241 and the material or the element of the semi-
conductor substrate 10. Thus, the first layer 242a includ-
ing the silicide is formed adjacent to the semiconductor
substrate 10 (for example, adjacent to the first portion
20a of the emitter layer 20 formed on the semiconductor
substrate 10). When the metal layer 241 includes Ni, the
first layer 242a may include NiSi.
[0088] The second layer 242b is a portion that is an
upper portion of the metal layer 241 remaining without
reaction. Thus, the second layer 242b includes same ma-
terial as the metal layer 241.
[0089] Here, as stated in the above, the thickness ratio
of the first layer 242a : the second layer 242b may be
about 1: 0.1. More specifically, the first layer 242a is made
thicker than the second layer 242b. Also, the first layer
242a may have a thickness of about 0.2~2.5mm, and the
second layer 242b may have a thickness of about
0.1~1mm. In addition, the barrier layer 242 may have a
width of about 5~20mm (for example, about 8~12mm).
[0090] Next, as shown in FIGs. 4c and 4d, a conductive
layer 244 and a capping layer 246 are sequentially
formed on the barrier layer 242.
[0091] The conductive layer 244 and the capping layer
246 may be formed by one or more of various methods
(for example, an electro plating method, an electroless
plating method, or a deposition method). Because the
conductive layer 244 and the capping layer 246 are
formed on the barrier layer 242, precise alignment is not
necessary, thereby simplifying the process.
[0092] The conductive layer 244 may include Cu, Ag,
or the like, and the capping layer 246 may include Sn,
Ag, or the like. However, the invention is not limited there-
to. Thus, the conductive layer 244 and the capping layer
246 may be formed of one or more of various materials.
[0093] The conductive layer 244 may be thicker than
the barrier layer 242 or the capping layer 246. For exam-
ple, the conductive layer 244 may have a thickness of
about10~30mm, and the capping layer 246 may have a
thickness of about 1~10mm (for example, about
5~10mm).
[0094] Also, the conductive layer 244 and the capping
layer 246 may be wider than the barrier layer 242, and
may be formed on the anti-reflection layer 22 adjacent
to both sides of the second layer 242b, as well as on the
second layer 242b. For example, the capping layer 246
may have a width of about 10~40mm (for example, about
10~25mm).
[0095] In the embodiment, the barrier layer 242 of at
least one the electrodes 24 and 34 includes the first layer
242a made of the silicide and the second layer 242b
made of the metal of the metal layer 241.
[0096] The first layer 242a has low contact resistance
with the semiconductor substrate 10, has high adhesive
force, and has high thermal stability. Accordingly, bond-

ing property between the semiconductor substrate 10
and the electrodes 24 and 34 can be enhanced by the
first layer 242a.
[0097] Also, the second layer 242b entirely covers the
first layer 242a, and thus, effectively prevents problems
generated at a portion where the first layer 242a is not
formed, and prevents metal diffusion of the conductive
layer 244. Therefore, the conductive layer 244 can be
made of a cheap metal (for example, Cu), thereby largely
reducing the manufacturing cost. Here, the first and sec-
ond layers 242a and 242b can be formed by forming the
metal layer 241 with a sufficient thickness and heat-treat-
ing the metal layer 241 at a low temperature. That is, the
first and second layers 242a and 242b can be formed by
a simple process.
[0098] In addition, align errors between the electrodes
24 and 34 and the dopant layers 20 and 30 can be re-
duced, and thus, the widths of the electrodes 24 and 34
can be decreased. Accordingly, the shading loss can be
minimized and the efficiency of the solar cell 100 can be
enhanced.
[0099] On the other hand, when a printing method us-
ing a paste is used for forming an electrode as in the
conventional art, there may be an alignment miss. In or-
der to compensate for the alignment miss, the electrode
is formed to have a large area. Accordingly, the electrode
has a width larger than about 70mm, and thus, the shad-
ing loss increases and the efficiency of the solar cell de-
creases. Also, in order to prevent contamination of the
solar cell generated due to the metal diffusion of the metal
of the conductive layer, the electrode is formed by using
a precious metal. Thus, the manufacturing cost increas-
es.
[0100] Hereinafter, embodiments of the invention will
be described in more detail through experimental exam-
ples. The experimental examples are provided only for
illustrative purpose of the embodiments of the invention
and the embodiments of the invention are not limited
thereto.

Experimental Embodiments

[0101] An n-type semiconductor substrate including
silicon was prepared. Boron as a p-type dopant was
doped to the front surface of the semiconductor substrate
by a thermal diffusion method, and an emitter layer hav-
ing a selective structure was formed. Phosphorus as an
n-type dopant was doped to the back surface of the sem-
iconductor substrate by a thermal diffusion method, and
a back surface field layer having a selective structure
was formed. An anti-reflection film including a silicon ni-
tride film was formed on the front surface of the semicon-
ductor substrate, and a passivation film including a silicon
oxide film and a silicon nitride film was formed on the
back surface of the semiconductor substrate. Openings
were formed at the anti-reflection film and the passivation
film by irradiating laser.
[0102] After the metal layer including Ni was formed
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inside the opening to have a thickness of 1.5mm, a barrier
layer consisting of a first layer consisting of NiSi and a
second layer consisting of Ni was formed by heat-treating
the metal layer at 300°C. A conductive layer consisting
of Cu and a capping layer consisting of Sn were formed.
Accordingly, the front and back electrodes were formed
and the solar cell was manufactured.

Comparative Example

[0103] A solar cell was manufactured by the same
method in Experimental Embodiment 1 except that the
metal layer was formed to have a thickness of 1.5mm,
was heated at 450°C, and the barrier layer only consisting
of NiSi.
[0104] An optical microscope image of a barrier layer
manufactured by Experimental Embodiment is shown in
FIG. 5, and an optical microscope image of a barrier layer
manufactured by Comparative Example is shown in FIG.
6. In FIGs. 5 and 6, a portion of the metal layer is bright
because the barrier layer has high reflectance.
[0105] Referring to FIG. 5, it can be seen that the bar-
rier layer of the electrode manufactured by Experimental
Embodiment is uniformly formed and has a sufficient
thickness. On the other hand, referring to FIG. 6, in Com-
parative Example, it can be seen that there is a portion
where the barrier layer is not formed. At this portion, the
contact resistance may increase, and the material of the
conductive layer 244 is diffused toward the semiconduc-
tor substrate 10. In severe cases, shunt may be gener-
ated.
[0106] According to the embodiment, the barrier layer
includes the first layer having silicide of superior proper-
ties and the second layer covering the first layer. Thus,
adhesive property between the semiconductor substrate
and the electrode can be enhanced, and the shunt and
metal diffusion can be effectively prevented. The first lay-
er and the second layer can be formed by a simple proc-
ess of heat-treating the metal layer.
[0107] Also, the conductive layer, which is formed on
the barrier layer and act as a substantive electrode can
be made of a cheap metal, thereby largely reducing the
manufacturing cost.
[0108] In addition, align errors between the electrodes
and the dopant layers can be reduced, and thus, the
widths of the electrodes can be decreased. Accordingly,
the process can be simplified, and the shading loss can
be minimized and the efficiency of the solar cell can be
enhanced.
[0109] Certain embodiments of the invention have
been described. However, the invention is not limited to
the specific embodiments described above; and various
modifications of the embodiments are possible by those
skilled in the art to which the invention belongs without
leaving the scope defined by the appended claims.

Claims

1. A method of manufacturing a solar cell (100), the
method comprising steps of:

forming a dopant layer (20, 30) by doping a do-
pant to a semiconductor substrate (10); and
forming an electrode (24, 34) electrically con-
nected to the dopant layer (20, 30), wherein the
forming of the electrode (24, 34) comprises:

forming a metal layer (241) on the dopant
layer (20, 30);
heat-treating the metal layer (241) to form
a first layer (242a) and a second layer
(242b), wherein a portion of the metal layer
(241) adjacent to the semiconductor sub-
strate (10) forms the first layer (242a) com-
prising a compound formed by a reaction of
the metal layer (241) and the semiconductor
substrate (10), and a remaining portion of
the metal layer (241) forms the second layer
(242b) that covers the first layer (242a); and
forming at least one other metal layer (244,
246) on the second layer (242b) after the
heat-treating of the metal layer (241),
wherein the first layer (242a) is thicker than
the second layer (242b).

2. The method according to claim 1,
wherein the metal layer (241) comprises at least one
metal selected from a group comprising nickel(Ni),
platinum(Pt), titanium(Ti), cobalt(Co), tungsten(W),
molybdenum(Mo), tantalum(Ta), and an alloy there-
of, and
wherein the compound of the first layer (242a) com-
prises silicide formed by the reaction of the at least
one metal of the metal layer (241) and silicon of the
semiconductor substrate (10).

3. The method according to claim 1,
wherein the metal layer (241) comprises Ni, and
wherein the first layer (242a) comprises NiSi and the
second layer (242b) comprises Ni.

4. The method according to claim 1,
wherein, in the forming of the metal layer (241), the
metal layer (241) has a thickness of about 0.2~2mm;
or
wherein the first layer (242a) has a thickness of about
0.2~2.5mm, and the second layer (242b) has a thick-
ness of about 0.1~1mm.

5. The method according to claim 1, wherein, in the
heat-treating of the metal layer (241), a heat-treating
temperature is in a range of about 250~400°C.

6. The method according to claim 1, wherein, in the
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heat-treating of the metal layer (241), a heat-treating
temperature is in a range of about 250~300°C.

7. The method according to claim 1,
wherein the at least one other metal layer (244, 246)
comprises at least one material selected from a
group comprising copper(Cu), tin(Sn), silver(Ag),
and an alloy thereof.

8. The method according to claim 1, further comprising:

forming an insulation film (22, 32) on the dopant
layer (20, 30);
forming an opening (222, 322) at the insulation
film (22, 32); and
forming the electrode (24, 34) in the opening of
the insulation film (22, 32).

9. The method according to claim 8,
wherein the semiconductor substrate (10) has a sur-
face comprising at least one of protruded and de-
pressed portions formed by texturing, and
wherein, in the forming of the opening, the at least
one of protruded and depressed portions at a portion
where the opening is formed is eliminated.

10. The method according to claim 1, wherein, in the
forming of the electrode (24, 34), the electrode (24,
34) is formed by a method selected from a group
comprising an electro plating method, an electro-
less plating method, and a deposition method.

11. A solar cell (100), comprising:

a semiconductor substrate (10);
a dopant layer (20, 30) formed at the semicon-
ductor substrate (10); and
an electrode (24, 34) electrically connected to
the dopant layer (20, 30),
wherein the electrode (24, 34) at least comprises
a barrier layer being in contact with the semi-
conductor substrate (10) or the dopant layer (20,
30),
wherein the barrier layer comprises a first layer
(242a) and a second layer (242b) on the first
layer (242a), wherein the second layer (242b)
comprising a metal, the first layer (242a) com-
prises a compound formed by a reaction of the
metal of the second layer (242b) and the semi-
conductor substrate (10),
wherein the electrode (24, 34) further comprises
at least one other metal layer (244, 246) on the
second layer (242b) of the barrier layer, and
wherein the first layer (242a) is thicker than the
second layer (242b).

12. The solar cell (100) according to claim 11,
wherein the metal comprises at least one metal se-

lected from a group comprising Ni, Pt, Ti, Co, W, Mo,
Ta, and an alloy thereof, and
wherein the compound of the first layer (242a) com-
prises silicide formed by a reaction of the at least
one metal of the metal layer (241) and silicon of the
semiconductor substrate (10).

13. The solar cell (100) according to claim 12, wherein
the first layer (242a) comprises NiSi and the second
layer (242b) comprises Ni.

14. The solar cell (100) according to claim 12,
wherein the first layer (242a) has a thickness of about
0.2~2.5mm, and the second layer (242b) has a thick-
ness of about 0.1~1mm.

15. The solar cell (100) according to claim 11,
wherein the first layer (242a) comprises NiSi and the
second layer (242b) comprises Ni, and
wherein the at least one other metal layer (244, 246)
comprises at least one material selected from a
group comprising Cu, Sn, Ag, and an alloy thereof.

Patentansprüche

1. Verfahren zum Herstellen einer Solarzelle (100), wo-
bei das Verfahren die Schritte umfasst:

Ausbilden einer Dotierstoffschicht (20, 30) durch
Dotieren eines Dotierstoffs auf ein Halbleiter-
substrat (10); und
Ausbilden einer elektrisch mit der Dotierstoff-
schicht (20, 30) verbundene Elektrode (24, 34),
wobei das Ausbilden der Elektrode (24, 34) um-
fasst:

Ausbilden einer Metallschicht (241) auf der
Dotierstoffschicht (20, 30);
Wärmebehandeln der Metallschicht (241)
zum Ausbilden einer ersten Schicht (242a)
und einer zweiten Schicht (242b), wobei ein
Teil der an dem Halbleitersubstrat (10) an-
grenzenden Metallschicht (241) die erste
Schicht (242a) ausbildet, die eine durch ei-
ne Reaktion der Metallschicht (241) und
dem Halbleitersubstrat (10) ausgebildete
Verbindung umfasst, und ein Restteil der
Metallschicht (241) die zweite Schicht
(242b) ausbildet, die die erste Schicht
(242a) bedeckt; und
Ausbilden mindestens einer anderen Me-
tallschicht (244, 246) auf der zweiten
Schicht (242b) nach dem Wärmebehandeln
der Metallschicht (241),
wobei die erste Schicht (242a) dicker als die
zweite Schicht (242b) ist.
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2. Verfahren nach Anspruch 1,
wobei die Metallschicht (241) mindestens ein aus
einer Gruppe ausgewähltes Metall umfasst, umfas-
send Nickel (Ni), Platin (Pt), Titan (Ti), Kobalt (Co),
Wolfram (W), Molybdän (Mo), Tantal (Ta), und einer
Legierung daraus, und
wobei die Verbindung der ersten Schicht (242a) ein
durch die Reaktion des mindestens einen Metalls
der Metallschicht (241) und eines Silikons des Halb-
leitersubstrats (10) ausgebildetes Silizid umfasst.

3. Verfahren nach Anspruch 1,
wobei die Metallschicht (241) Ni umfasst, und
wobei die erste Schicht (242a) NiSi umfasst und die
zweite Schicht (242b) Ni umfasst.

4. Verfahren nach Anspruch 1,
wobei die Metallschicht (241) in der Ausbildung der
Metallschicht (241) eine Dicke von etwa 0.2 ~ 2mm
aufweist; oder
wobei die erste Schicht (242a) eine Dicke von etwa
0.2 ~ 2.5mm aufweist, und die zweite Schicht (242b)
eine Dicke von etwa 0.1 ~ 1mm aufweist.

5. Verfahren nach Anspruch 1, wobei beim Wärmebe-
handeln der Metallschicht (241) eine Wärmebe-
handlungstemperatur im Bereich von etwa 250 ~
400°C liegt.

6. Verfahren nach Anspruch 1, wobei beim Wärmebe-
handeln der Metallschicht (241) eine Wärmebe-
handlungstemperatur in einem Bereich von etwa
250 ~ 300°C liegt.

7. Verfahren nach Anspruch 1,
wobei die mindestens eine andere Metallschicht
(244, 246) mindestens ein aus einer Gruppe ausge-
wähltes Material umfasst, umfassend Kupfer (Cu),
Zinn (Sn), Silber (Ag), und eine Legierung daraus.

8. Verfahren nach Anspruch 1, ferner umfassend:

Ausbilden einer Isolierschicht (22, 32) auf der
Dotierstoffschicht (20, 30);
Ausbilden einer Öffnung (222, 322) an der Iso-
lierschicht (22, 32); und
Ausbilden der Elektrode (24, 34) in der Öffnung
der Isolierschicht (22, 32).

9. Verfahren nach Anspruch 8,
wobei das Halbleitersubstrat (10) eine Oberfläche
aufweist, umfassend mindestens einen aus vorste-
henden und eingedrückten durch Texturierung aus-
gebildeten Teilen, und
wobei, bei dem Ausbilden der Öffnung, das mindes-
tens eine aus vorstehenden und eingedrückten Tei-
len an einem Teil, wo die Öffnung ausgebildet ist,
entfernt ist.

10. Verfahren nach Anspruch 1, wobei bei dem Ausbil-
den der Elektrode (24, 34), die Elektrode (24, 34)
durch ein von einer Gruppe ausgewähltes Verfahren
ausgebildet ist, umfassend ein Galvanikverfahren,
ein elektroloses Überzugsverfahren, und ein Abla-
gerungsverfahren.

11. Solarzelle (100), umfassend:

ein Halbleitersubstrat (10);
eine an dem Halbleitersubstrat (10) ausgebilde-
te Dotierstoffschicht (20, 30); und
eine elektrisch mit der Dotierstoffschicht (20, 30)
verbundene Elektrode (24, 34),
wobei die Elektrode (24, 34) mindestens eine
Sperrschicht umfasst, die das Halbleitersubstrat
(10) oder die Dotierstoffschicht (20, 30) kontak-
tiert,
wobei die Sperrschicht eine erste Schicht (242a)
und eine zweite Schicht (242b) auf der ersten
Schicht (242a) umfasst, wobei die zweite
Schicht (242b) ein Metall umfasst, und wobei
die erste Schicht (242a) eine durch eine Reak-
tion des Metalls der zweiten Schicht (242b) und
dem Halbleitersubstrat (10) ausgebildete Ver-
bindung umfasst,
wobei die Elektrode (24, 34) ferner mindestens
eine andere Metallschicht (244, 246) auf der
zweiten Schicht (242b) der Sperrschicht um-
fasst, und
wobei die erste Schicht (242a) dicker als die
zweite Schicht (242b) ist.

12. Solarzelle (100) nach Anspruch 11,
wobei das Metall mindestens ein aus einer Gruppe
ausgewähltes Metall umfasst, umfassend Ni, Pt, Ti,
Cu, W, Mo, Ta, und eine Legierung daraus, und
wobei die Verbindung der ersten Schicht (242a) ein
durch eine Reaktion des mindestens einen Metalls
der Metallschicht (241) und eines Silikons des Halb-
leitersubstrats (10) ausgebildetes Silizid umfasst.

13. Solarzelle (100) nach Anspruch 12, wobei die erste
Schicht (242a) NiSi umfasst und die zweite Schicht
(242b) Ni umfasst.

14. Solarzelle (100) nach Anspruch 12,
wobei die erste Schicht (242a) eine Dicke von etwa
0.2 ~ 2.5mm aufweist, und die zweite Schicht (242b)
eine Dicke von etwa 0.1 ~ 1mm aufweist.

15. Solarzelle (100) nach Anspruch 11,
wobei die erste Schicht (242a) NiSi umfasst und die
zweite Schicht (242b) Ni umfasst, und
wobei die mindestens eine andere Metallschicht
(244, 246) mindestens ein aus einer Gruppe ausge-
wähltes Material umfasst, umfassend Cu, Sn, Ag,
und eine Legierung daraus.
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Revendications

1. Procédé de fabrication d’une cellule solaire (100), le
procédé comprenant les étapes de :

formation d’une couche de dopant (20, 30) par
dopage d’un dopant sur un substrat semi-con-
ducteur (10) ; et
formation d’une électrode (24, 34) électrique-
ment connectée à la couche de dopant (20, 30),
dans laquelle la formation de l’électrode (24, 34)
comprend :

la formation d’une couche métallique (241)
sur la couche de dopant (20, 30) ;
le traitement à chaud de la couche métalli-
que (241) pour former une première couche
(242a) et une deuxième couche (242b),
dans lequel une partie de la couche métal-
lique (241) adjacente au substrat semi-con-
ducteur (10) forme la première couche
(242a) comprenant un composé formé par
une réaction de la couche métallique (241)
et du substrat semi-conducteur (10), et une
partie restante de la couche métallique
(241) forme la deuxième couche (242b) qui
recouvre la première couche (242a) ; et
la formation d’au moins une autre couche
métallique (244, 246) sur la deuxième cou-
che (242b) après le traitement à chaud de
la couche métallique (241),
dans lequel la première couche (242a) est
plus épaisse que la deuxième couche
(242b).

2. Procédé selon la revendication 1,
dans lequel la couche métallique (241) comprend au
moins un métal choisi dans un groupe comprenant
le nickel (Ni), le platine (Pt), le titane (Ti), le cobalt
(Co), le tungstène (W), le molybdène (Mo), le tantale
(Ta) et un alliage de ceux-ci, et
dans lequel le composé de la première couche
(242a) comprend un siliciure formé par la réaction
du au moins un métal de la couche métallique (241)
et du silicium du substrat semi-conducteur (10).

3. Procédé selon la revendication 1,
dans lequel la couche métallique (241) comprend du
Ni, et
dans lequel la première couche (242a) comprend du
NiSi et la deuxième couche (242b) comprend du Ni.

4. Procédé selon la revendication 1,
dans lequel, dans la formation de la couche métal-
lique (241), la couche métallique (241) a une épais-
seur d’environ 0,2 ~ 2 mm ; ou
dans lequel la première couche (242a) a une épais-
seur d’environ 0,2 ~ 2,5 mm, et la deuxième couche

(242b) a une épaisseur d’environ 0,1 ~ 1 mm.

5. Procédé selon la revendication 1, dans lequel, dans
le traitement à chaud de la couche métallique (241),
une température de traitement à chaud est dans une
plage d’environ 250 ~ 400 °C.

6. Procédé selon la revendication 1, dans lequel, dans
le traitement à chaud de la couche métallique (241),
une température de traitement à chaud est dans une
plage d’environ 250 ~ 300 °C.

7. Procédé selon la revendication 1,
dans lequel la au moins une autre couche métallique
(244, 246) comprend au moins un matériau choisi
dans un groupe comprenant le cuivre (Cu), l’étain
(Sn), l’argent (Ag), et un alliage ceux-ci.

8. Procédé selon la revendication 1, comprenant en
outre :

la formation d’un film d’isolation (22, 32) sur la
couche de dopant (20, 30) ;
la formation d’une ouverture (222, 322) au ni-
veau du film d’isolation (22, 32) ; et
la formation de l’électrode (24, 34) dans l’ouver-
ture du film d’isolation (22, 32).

9. Procédé selon la revendication 8,
dans lequel le substrat semi-conducteur (10) pré-
sente une surface comprenant au moins une parmi
des parties saillantes et déprimées formées par tex-
turation, et
dans lequel, lors de la formation de l’ouverture, la au
moins une des parties saillantes et déprimées au
niveau d’une partie où l’ouverture est formée est éli-
minée.

10. Procédé selon la revendication 1, dans lequel, lors
de la formation de l’électrode (24, 34), l’électrode
(24, 34) est formée par un procédé choisi dans un
groupe comprenant un procédé de dépôt électroly-
tique, un procédé de dépôt non électrolytique et un
procédé de dépôt.

11. Cellule solaire (100), comprenant :

un substrat semi-conducteur (10) ;
une couche de dopant (20, 30) formée au niveau
du substrat semi-conducteur (10) ; et
une électrode (24, 34) électriquement connec-
tée à la couche de dopant (20, 30),
dans laquelle l’électrode (24, 34) comprend au
moins une couche barrière étant en contact avec
le substrat semi-conducteur (10) ou la couche
de dopant (20, 30),
dans laquelle la couche barrière comprend une
première couche (242a) et une deuxième cou-
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che (242b) sur la première couche (242a), dans
laquelle la deuxième couche (242b) comprenant
un métal, la première couche (242a) comprend
un composé formé par une réaction du métal de
la deuxième couche (242b) et du substrat semi-
conducteur (10),
dans lequel l’électrode (24, 34) comprend en
outre au moins une autre couche métallique
(244, 246) sur la deuxième couche (242b) de la
couche barrière, et
dans laquelle la première couche (242a) est plus
épaisse que la deuxième couche (242b).

12. Cellule solaire (100) selon la revendication 11,
dans laquelle le métal comprend au moins un métal
choisi dans un groupe comprenant le Ni, le Pt, le Ti,
le Co, le W, le Mo, le Ta et un alliage de ceux-ci, et
dans laquelle le composé de la première couche
(242a) comprend un siliciure formé par une réaction
du au moins un métal de la couche métallique (241)
et du silicium du substrat semi-conducteur (10).

13. Cellule solaire (100) selon la revendication 12, dans
laquelle la première couche (242a) comprend du Ni-
Si et la deuxième couche (242b) comprend du Ni.

14. Cellule solaire (100) selon la revendication 12,
dans laquelle la première couche (242a) a une épais-
seur d’environ 0,2 ~ 2,5 mm et la deuxième couche
(242b) a une épaisseur d’environ 0,1 ~ 1 mm.

15. Cellule solaire (100) selon la revendication 11,
dans laquelle la première couche (242a) comprend
du NiSi et la deuxième couche (242b) comprend du
Ni, et
dans laquelle la au moins une autre couche métal-
lique (244, 246) comprend au moins un matériau
choisi dans un groupe comprenant le Cu, le Sn, l’Ag
et un alliage de ceux-ci.
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