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(54) SOLAR CELL

(57) A solar cell is disclosed. The solar cell includes
a first conductive region positioned at a front surface of
a semiconductor substrate and containing impurities of
a first conductivity type or a second conductivity type, a
second conductive region positioned at a back surface
of the semiconductor substrate and containing impurities
of a conductivity type opposite a conductivity type of im-

purities of the first conductive region, a first electrode
positioned on the front surface of the semiconductor sub-
strate and connected to the first conductive region, and
a second electrode positioned on the back surface of the
semiconductor substrate and connected to the second
conductive region. Each of the first and second elec-
trodes includes metal particles and a glass frit.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of the
Korean Patent Application No. 10-2017-0016816 filed on
February 7, 2017, Korean Patent Application No.
10-2017-0044075 filed on April 5, 2017, and Korean Pat-
ent Application No. 10-2017-0160457 filed November 28,
2017, the contents of all of which are hereby incorporated
by reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Embodiments of the invention relate to a solar
cell.

Description of the Related Art

[0003] Recently, as existing energy sources such as
petroleum and coal are expected to be depleted, interests
in alternative energy sources for replacing the existing
energy sources are increasing. Among the alternative
energy sources, solar cells for generating electric energy
from solar energy are attracting attention because they
are rich in energy resources and have no problem of en-
vironmental pollution.
[0004] A solar cell generally includes a substrate and
an emitter region formed of semiconductors which re-
spectively have different conductivity types, for example,
a p-type and an n-type, and electrodes respectively con-
nected to the substrate and the emitter region of the dif-
ferent conductivity types. In this instance, the substrate
and the emitter region form a p-n junction.
[0005] When light is incident on the solar cell, a plurality
of electron-hole pairs are produced in the semiconduc-
tors and are separated into electrons and holes by the
incident light. The electrons move to the n-type semicon-
ductor, for example, the emitter region, and the holes
move to the p-type semiconductor, for example, the sub-
strate. Then, the electrons and the holes are collected
by the electrodes electrically connected to the substrate
and the emitter region. The electrodes are connected to
each other using electric wires to thereby obtain electric
power.
[0006] A solar cell including a conductive region
formed by doping a back surface of a semiconductor sub-
strate with impurities and a passivation layer between
the conductive region and the semiconductor substrate
is recently under development to improve an open-circuit
voltage Voc.
[0007] However, because a thickness of the conduc-
tive region in the solar cell having the above-described
structure is greatly less than a thickness according to a
related art, a back electrode is short-circuited with the
semiconductor substrate because metal particles includ-

ed in the back electrode penetrate the passivation layer
between the conductive region and the semiconductor
substrate when the back electrode connected to the con-
ductive region is formed. Hence, there is a problem that
a defect of the solar cell is caused.

SUMMARY OF THE INVENTION

[0008] Embodiments of the invention provide a solar
cell having a structure capable of reducing a defect of
the solar cell while improving an open-circuit voltage.
[0009] In one aspect, there is provided a solar cell in-
cluding a semiconductor substrate; a first conductive re-
gion positioned at a front surface of the semiconductor
substrate, the first conductive region containing impuri-
ties of a first conductivity type or impurities of a second
conductivity type; a second conductive region positioned
at a back surface of the semiconductor substrate, the
second conductive region containing impurities of a con-
ductivity type opposite a conductivity type of impurities
contained in the first conductive region, and the second
conductive region including a silicon material; a first elec-
trode positioned on the front surface of the semiconduc-
tor substrate and connected to the first conductive region;
and a second electrode positioned on the back surface
of the semiconductor substrate and connected to the sec-
ond conductive region, wherein each of the first and sec-
ond electrodes includes metal particles and a glass frit,
and wherein a content of the glass frit per unit volume
contained in the second electrode is less than a content
of the glass frit per unit volume contained in the first elec-
trode.
[0010] For example, the content of the glass frit per
unit volume contained in the first electrode may be 6 wt%
to 8 wt%, and the content of the glass frit per unit volume
contained in the second electrode may be 2.5 wt% to 5.0
wt%.
[0011] A content of the metal particles per unit volume
contained in the first electrode may be more than a con-
tent of the metal particles per unit volume contained in
the second electrode. For example, the content of the
metal particles per unit volume contained in the first elec-
trode may be 82 wt% to 92 wt%, and the content of the
metal particles per unit volume contained in the second
electrode may be 68 wt% to 73 wt%.
[0012] The solar cell may further include an anti-reflec-
tion layer positioned on a front surface of the first con-
ductive region, a control passivation layer positioned be-
tween the back surface of the semiconductor substrate
and the second conductive region, the control passiva-
tion layer including a dielectric material, and a back pas-
sivation layer positioned on a back surface of the second
conductive region. A thickness of the back passivation
layer may be less than a thickness of the anti-reflection
layer and may be greater than a thickness of the control
passivation layer.
[0013] For example, the thickness of the anti-reflection
layer is 100 nm to 140 nm, and the thickness of the back
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passivation layer may be 65 nm to 105 nm within a range
that is less than the thickness of the anti-reflection layer.
[0014] The thickness of the control passivation layer
may be less than the thickness of the back passivation
layer and may be, for example, 0.5 nm to 10 nm.
[0015] Further, a thickness of the second conductive
region may be less than a thickness of the first conductive
region. For example, the thickness of the first conductive
region may be 300 nm to 700 nm, and the thickness of
the second conductive region may be 290 nm to 390 nm
within a range that is less than the thickness of the first
conductive region.
[0016] The glass frit of the second electrode may in-
clude at least one of a PbO-based material and a BiO-
based material.
[0017] The glass frit of the second electrode may fur-
ther include tellurium oxide (TeO).
[0018] A melting point of the glass frit including telluri-
um oxide (TeO) may be 200 °C to 500 °C.
[0019] The second electrode may include a first layer
where the glass frit including tellurium oxide (TeO) is po-
sitioned at an interface between the second electrode
and the second conductive region, and a second layer
where the metal particles and the glass frit not including
tellurium oxide (TeO) is positioned on the first layer.
[0020] Further, crystallites formed by combining the
metal particles of the second electrode and silicon of the
second conductive region may be distributed at an inter-
face between the first layer and the second conductive
region.
[0021] The glass frit of the first electrode may include
at least one of a PbO-based material and a BiO-based
material. The glass frit of the first electrode may further
include tellurium oxide (TeO).
[0022] The metal particles of the first electrode may
include first metal particles having a circular shape or an
oval shape and second metal particles which have a long
axis and have a plate shape having an uneven surface.
The metal particles of the second electrode may include
the first metal particles and may not include the second
metal particles.
[0023] A length of the long axis of the second metal
particle included in the first electrode may be greater than
a size of the first metal particle included in each of the
first and second electrodes.
[0024] In another aspect, there is provided a solar cell
including a semiconductor substrate; a first conductive
region positioned at a front surface of the semiconductor
substrate, the first conductive region containing impuri-
ties of a first conductivity type or impurities of a second
conductivity type; a control passivation layer positioned
on a back surface of the semiconductor substrate, the
control passivation layer including a dielectric material;
a second conductive region positioned at the back sur-
face of the semiconductor substrate, the second conduc-
tive region containing impurities of a conductivity type
opposite a conductivity type of impurities contained in
the first conductive region, and the second conductive

region including a polycrystalline silicon material; a first
electrode positioned on the front surface of the semicon-
ductor substrate and connected to the first conductive
region; and a second electrode positioned on the back
surface of the semiconductor substrate and connected
to the second conductive region, wherein each of the first
and second electrodes includes metal particles and a
glass frit, and wherein the glass frit of the first electrode
includes tellurium oxide (TeO).
[0025] The glass frit of the second electrode may in-
clude tellurium oxide (TeO).
[0026] Embodiments of the invention allow a content
of the glass frit contained in the second electrode posi-
tioned on the back surface of the semiconductor sub-
strate to be less than a content of the glass frit contained
in the first electrode positioned on the front surface of the
semiconductor substrate and thus can control a depth to
which the second electrode is fired through when the
second electrode is connected to the second conductive
region through a thermal process.
[0027] Accordingly, embodiments of the invention can
prevent the metal particles of the second electrode pen-
etrating the second conductive region and the control
passivation layer from being short-circuited with the sem-
iconductor substrate and prevent a defect that may occur
in a manufacturing process while increasing an open-
circuit voltage Voc of the solar cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

FIG. 1 is a partial perspective view of a solar cell
according to an embodiment of the invention.
FIG. 2 is a cross-sectional view of a solar cell shown
in FIG. 1.
FIG. 3 is a table indicating an experimental result of
a contact resistance, a passivation function (or a re-
combination level), and an open-circuit voltage de-
pending on a content of a glass frit included in a
second electrode.
FIG. 4 is an enlarged cross-sectional view of a por-
tion of a solar cell including a semiconductor sub-
strate, a control passivation layer, a second conduc-
tive region, and a second electrode when a content
of a glass frit of FIG. 3 exceeds an appropriate level.
FIG. 5 is an enlarged cross-sectional view of a por-
tion of a solar cell including a semiconductor sub-
strate, a control passivation layer, a second conduc-
tive region, and a second electrode when a content
of a glass frit of FIG. 3 is at an appropriate level.
FIG. 6 is an enlarged cross-sectional view of a por-
tion of a solar cell including a semiconductor sub-
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strate, a control passivation layer, a second conduc-
tive region, and a second electrode when a glass frit
further includes tellurium oxide (TeO) in a state
where a content of the glass frit of FIGS. 3 and 4
maintains an appropriate level.
FIG. 7 illustrates metal particles included in first and
second electrodes according to an embodiment of
the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0029] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. This invention may, how-
ever, be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts. It will be noted that a detailed description of
known arts will be omitted if it is determined that the de-
tailed description of the known arts can obscure the em-
bodiments of the invention.
[0030] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. This invention may, how-
ever, be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts. It will be noted that a detailed description of
known arts will be omitted if it is determined that the de-
tailed description of the known arts can obscure the em-
bodiments of the invention.
[0031] In the following description, a content of metal
particles and a content of a glass frit indicate a content
per unit volume unless otherwise specified.
[0032] Embodiments of the invention will be described
with reference to FIGS. 1 to 7.
[0033] FIG. 1 is a partial perspective view of a solar
cell according to an embodiment of the invention. FIG. 2
is a cross-sectional view of a solar cell shown in FIG. 1.
[0034] As shown in FIG. 1, an example of a solar cell
according to an embodiment of the invention may include
a semiconductor substrate 110, a first conductive region
120, an anti-reflection layer 130, a control passivation
layer 160, a second conductive region 170, a back pas-
sivation layer 190, a first electrode 140, and a second
electrode 150.
[0035] FIG. 1 illustrates that the solar cell according to
the embodiment of the invention includes the anti-reflec-
tion layer 130, by way of example. However, embodi-
ments are not limited thereto. For example, the anti-re-
flection layer 130 may be omitted, if desired or necessary.
However, when the solar cell includes the anti-reflection
layer 130, efficiency of the solar cell can be further im-
proved. Thus, the embodiment of the invention is de-
scribed using the solar cell including the anti-reflection
layer 130 as an example.

[0036] The semiconductor substrate 110 may be
formed of at least one of single crystal silicon and poly-
crystalline silicon each containing impurities of a first con-
ductivity type or a second conductivity type. For example,
the semiconductor substrate 110 may be formed of a
single crystal silicon wafer.
[0037] The semiconductor substrate 110 may include
impurities of the first conductivity type or impurities of the
second conductivity type. In embodiments disclosed
herein, impurities of the first conductivity type may be
impurities of an n-type or a p-type, and impurities of the
second conductivity type may be impurities of a conduc-
tivity type opposite the first conductivity type.
[0038] For example, when the first conductivity type is
the p-type, the second conductivity type may be the n-
type. On the contrary, when the first conductivity type is
the n-type, the second conductivity type may be the p-
type.
[0039] In the following description, an embodiment in
which the first conductivity type is the p-type, the second
conductivity type is the n-type, and the semiconductor
substrate 110 contains impurities of the second conduc-
tivity type, i.e., n-type impurities will be described as an
example.
[0040] When the semiconductor substrate 110 is of the
p-type, the semiconductor substrate 110 may be doped
with impurities of a group III element such as boron (B),
gallium (Ga), and indium (In). Alternatively, when the
semiconductor substrate 110 is of the n-type, the semi-
conductor substrate 110 may be doped with impurities
of a group V element such as phosphorus (P), arsenic
(As), and antimony (Sb).
[0041] In the following description, embodiments of the
invention are described using an example where impu-
rities contained in the semiconductor substrate 110 are
impurities of the second conductivity type and are n-type
impurities. However, embodiments of the invention are
not limited thereto.
[0042] A front surface and a back surface of the sem-
iconductor substrate 110 may be an uneven surface hav-
ing a plurality of texturing uneven portions or having un-
even characteristics. Thus, the first conductive region
120 positioned at the front surface of the semiconductor
substrate 110 may have an uneven surface, and the sec-
ond conductive region 170 positioned at the back surface
of the semiconductor substrate 110 may have an uneven
surface.
[0043] In embodiments disclosed herein, "texturing un-
even portion" indicates an uneven portion formed on the
surface of the solar cell in order to reduce an amount of
reflected light and may have, for example, a pyramid
shape.
[0044] Hence, an amount of light reflected from the
front surface of the semiconductor substrate 110 can de-
crease, and an amount of light incident on the inside of
the semiconductor substrate 110 can increase.
[0045] The first conductive region 120 is positioned at
the front surface of the semiconductor substrate 110 on
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which light is incident, and may contain impurities of the
first conductivity type or the second conductivity type.
[0046] Thus, the first conductive region 120 may con-
tain n-type impurities or p-type impurities.
[0047] For example, when the semiconductor sub-
strate 110 contains n-type impurities, the first conductive
region 120 may contain p-type impurities and form a p-
n junction together with the semiconductor substrate 110.
In this instance, the first conductive region 120 may serve
as an emitter region.
[0048] On the contrary, when the semiconductor sub-
strate 110 contains p-type impurities, the first conductive
region 120 may contain n-type impurities at a higher con-
centration than the semiconductor substrate 110 and
may serve as a front surface field region.
[0049] Alternatively, when the semiconductor sub-
strate 110 contains p-type impurities, the first conductive
region 120 may contain n-type or p-type impurities. When
the first conductive region 120 is of an n-type, impurities
of a group V element such as phosphorus (P), arsenic
(As), and antimony (Sb) may be distributed into the front
surface of the semiconductor substrate 110 through a
thermal process to form the first conductive region 120.
[0050] On the contrary, when the first conductive re-
gion 120 is of a p-type, impurities of a group III element
such as boron (B), gallium (Ga), and indium (In) may be
distributed into the front surface of the semiconductor
substrate 110 through the thermal process to form the
first conductive region 120.
[0051] In the following description, embodiments of the
invention are described using an example where the first
conductive region 120 contains impurities of a conduc-
tivity type opposite a conductivity type of impurities con-
tained in the semiconductor substrate 110 to serve as an
emitter region.
[0052] Because the first conductive region 120 is
formed by distributing n-type or p-type impurities into the
front surface of the semiconductor substrate 110 as de-
scribed above, the first conductive region 120 may be
formed of single crystal silicon material or polycrystalline
silicon material that is the same as the semiconductor
substrate 110.
[0053] Thus, when the semiconductor substrate 110
is formed of a single crystal silicon wafer, the first con-
ductive region 120 may be formed of a single crystal sil-
icon wafer. When the semiconductor substrate 110 is
formed of a polycrystalline silicon wafer, the first conduc-
tive region 120 may be formed of a polycrystalline silicon
wafer.
[0054] A thickness of the first conductive region 120
may be 300 nm to 700 nm.
[0055] The anti-reflection layer 130 is positioned on
the first conductive region 120. The anti-reflection layer
130 may be formed of at least one of aluminum oxide
(AlOx), silicon nitride (SiNx), silicon oxide (SiOx), and
silicon oxynitride (SiOxNy) and may be formed as a single
layer or a plurality of layers.
[0056] The anti-reflection layer 130 can reduce a re-

flectance of light incident on the solar cell and increase
selectivity of a predetermined wavelength band, thereby
increasing the efficiency of the solar cell.
[0057] A thickness of the anti-reflection layer 130 may
be 100 nm to 140 nm.
[0058] The first electrode 140 is disposed on the first
conductive region 120 and directly contacts the first con-
ductive region 120. The first electrode 140 may be elec-
trically connected to the first conductive region 120.
[0059] As shown in FIGS. 1 and 2, the first electrode
140 may include a plurality of first finger electrodes 141
extended in a first direction x (for example, x-axis direc-
tion) and a plurality of first bus bar electrodes 142 that is
extended in a second direction y (for example, y-axis
direction) intersecting the plurality of first finger elec-
trodes 141 and connects the plurality of first finger elec-
trodes 141.
[0060] As shown in FIGS. 1 and 2, when the semicon-
ductor substrate 110 is of the n-type, the first electrode
140 may collect carriers (e.g., holes) moving to the p-
type first conductive region 120.
[0061] The first electrode 140 is connected to an inter-
connector (not shown) connecting solar cells to each oth-
er and outputs collected carriers to an external device.
[0062] The first electrode 140 may include metal par-
ticles and a glass frit. More specifically, the metal particle
may include at least one of nickel (Ni), copper (Cu), silver
(Ag), aluminum (Al), tin (Sn), zinc (Zn), indium (In), tita-
nium (Ti), gold (Au), and a combination thereof.
[0063] A melting point of the metal particle may be high-
er than a melting point of the glass frit. Thus, after the
first electrode 140 is completed, the metal particles may
maintain an original shape that they had in a paste state,
and the glass frit may be fired after it is completely melted.
Therefore, the glass frit may have a different shape from
a shape that it had in a paste state.
[0064] The first electrode 140 may be formed by pat-
terning a first electrode paste on the anti-reflection layer
130 in a state where the anti-reflection layer 130 is formed
on a front surface of the first conductive region 120, caus-
ing the first electrode paste to penetrate the anti-reflec-
tion layer 130 while the first electrode paste is fired
through the anti-reflection layer 130 through a thermal
process, and firing the first electrode paste in a state
where the first electrode paste is electrically connected
to the first conductive region 120.
[0065] The control passivation layer 160 is entirely po-
sitioned on the back surface of the semiconductor sub-
strate 110 and may include a dielectric material.
[0066] For example, as shown in FIGS. 1 and 2, the
control passivation layer 160 on the back surface of the
semiconductor substrate 110 may directly contact the
back surface of the semiconductor substrate 110.
[0067] Further, the control passivation layer 160 may
be formed on the entire back surface except an edge of
the back surface of the semiconductor substrate 110.
[0068] The control passivation layer 160 can perform
a dopant control function or a diffusion barrier that pre-
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vents a dopant of the second conductive region 170 from
being excessively diffused into the semiconductor sub-
strate 110. In addition, the control passivation layer 160
can perform a passivation function of the back surface
of the semiconductor substrate 110.
[0069] The control passivation layer 160 may include
various materials that can control the diffusion of the do-
pant and transfer multiple carriers. For example, the con-
trol passivation layer 160 may include oxide, nitride, sem-
iconductor, conducting polymer, or the like.
[0070] For example, the control passivation layer 160
may be a silicon oxide layer including silicon oxide. This
is because the silicon oxide layer has good passivation
characteristics and smoothly transfers carriers.
[0071] Further, the silicon oxide layer may be easily
formed on the surface of the semiconductor substrate
110 by various processes.
[0072] The control passivation layer 160 may be
formed by various methods such as vapor deposition,
thermal oxidation, and chemical oxidation. However, the
control passivation layer 160 may be omitted, if neces-
sary or desired.
[0073] A thickness of the control passivation layer 160
may be less than a thickness of the back passivation
layer 190 and may be, for example, 0.5 nm to 10 nm.
The control passivation layer 160 may be formed by an
oxidation process, a low pressure chemical vapor depo-
sition (LPCVD) process, or a plasma-enhanced chemical
vapor deposition (PECVD) process.
[0074] A reason why the thickness of the control pas-
sivation layer 160 is limited to 0.5 nm to 10 nm is to im-
plement a tunneling effect. The control passivation layer
160 can perform a portion of a passivation function on
the back surface of the semiconductor substrate 110.
[0075] The second conductive region 170 is positioned
at the back surface of the semiconductor substrate 110.
The second conductive region 170 may contain impuri-
ties of a conductivity type opposite a conductivity type of
impurities contained in the first conductive region 120
and may be formed of a polycrystalline silicon material.
[0076] Thus, when the first conductive region 120
serves as the emitter region, the second conductive re-
gion 170 may serve as a back surface field region.
[0077] As shown in FIGS. 1 and 2, the second conduc-
tive region 170 may be positioned at a back surface of
the control passivation layer 160 and spaced apart from
the semiconductor substrate 110.
[0078] The second conductive region 170 may be
formed on the control passivation layer 160 using a chem-
ical vapor deposition (CVD) method. For example, the
second conductive region 170 may be formed by depos-
iting a polycrystalline silicon material containing impuri-
ties of the first conductivity type on the control passivation
layer 160. Alternatively, the second conductive region
170 may be formed by depositing an amorphous silicon
material containing impurities of the first conductivity type
on the control passivation layer 160 and then crystallizing
the amorphous silicon material into a polycrystalline sil-

icon material through a thermal process.
[0079] Hence, as shown in FIGS. 1 and 2, the second
conductive region 170 is not formed inside the semicon-
ductor substrate 110 and is formed on the back surface
of the semiconductor substrate 110 so that it does not
directly contact the semiconductor substrate 110 and is
spaced apart from the semiconductor substrate 110. As
described above, when the second conductive region
170 is formed on the back surface of the control passi-
vation layer 160, an open-circuit voltage Voc of the solar
cell can be further improved.
[0080] Because the second conductive region 170 is
not formed inside the semiconductor substrate 110 and
is formed outside the semiconductor substrate 110, the
thermal processing of the semiconductor substrate 110
can be minimized in a process for forming the second
conductive region 170. Hence, a reduction in character-
istics of the semiconductor substrate 110 can be prevent-
ed, and the efficiency of the solar cell according to the
embodiment of the invention can be further improved.
[0081] A thickness of the second conductive region
170 may be determined in consideration of a deposition
time of the second conductive region 170 and also se-
lected as an appropriate thickness capable of sufficiently
performing a function of the second conductive region
170. For example, the thickness of the second conductive
region 170 may be 290 nm to 390 nm within a range that
is less than the thickness of the first conductive region
120.
[0082] The second electrode 150 is disposed on the
second conductive region 170 and directly contacts the
second conductive region 170. The second electrode 150
may be electrically connected to the second conductive
region 170.
[0083] As shown in FIGS. 1 and 2, the second elec-
trode 150 may include a plurality of second finger elec-
trodes 151 extended in the first direction x and a plurality
of second bus bar electrodes 152 that is extended in the
second direction y intersecting the plurality of second fin-
ger electrodes 151 and connects the plurality of second
finger electrodes 151.
[0084] The second electrode 150 is connected to an
interconnector connecting solar cells to each other and
outputs collected carriers to the external device.
[0085] The second electrode 150 may include metal
particles and a glass frit. More specifically, the metal par-
ticle having a melting point higher than a melting point of
the glass frit may include at least one of nickel (Ni), copper
(Cu), silver (Ag), aluminum (Al), tin (Sn), zinc (Zn), indium
(In), titanium (Ti), gold (Au), and a combination thereof.
[0086] The second electrode 150 may be formed by
patterning a second electrode paste on a back surface
of the back passivation layer 190 in a state where the
back passivation layer 190 is formed on a back surface
of the second conductive region 170, causing the second
electrode paste to penetrate the back passivation layer
190 while the second electrode paste is fired through the
back passivation layer 190 through a thermal process,
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and firing the second electrode paste in a state where
the second electrode paste is electrically connected to
the second conductive region 170.
[0087] As shown in FIGS. 1 and 2, the back passivation
layer 190 may be positioned on a remaining portion ex-
cluding a formation portion of the second electrode 150
from the back surface of the second conductive region
170.
[0088] The back passivation layer 190 may include a
dielectric material and may be formed as a single layer
or a plurality of layers. The back passivation layer 190
may have specific fixed carriers in consideration of a con-
ductivity type of the second conductive region 170.
[0089] The back passivation layer 190 may be formed
of at least one of silicon carbide (SiC), silicon oxide (Si-
Ox), silicon nitride (SiNx), hydrogenerated SiNx, alumi-
num oxide (AlOx), silicon oxynitride (SiON), or hydrogen-
erated SiON.
[0090] The back passivation layer 190 may perform a
passivation function of the back surface of the second
conductive region 170.
[0091] The thickness of the back passivation layer 190
may be greater than the thickness of the control passi-
vation layer 160 and may be less than the thickness of
the anti-reflection layer 130, in order to sufficiently per-
form the passivation function of the back surface of the
second conductive region 170.
[0092] Thus, the thickness of the back passivation lay-
er 190 may be, for example, 65 nm to 105 nm within a
range that is greater than the thickness of the control
passivation layer 160 and is less than the thickness of
the anti-reflection layer 130.
[0093] So far, the embodiment of the invention de-
scribed that the first conductive region 120 serves as the
emitter region and the second conductive region 170
serves as the back surface field region, by way of exam-
ple.
[0094] However, embodiments are not limited thereto.
For example, the semiconductor substrate 110 may con-
tain p-type impurities, the first conductive region 120 may
contain p-type impurities and serve as a front surface
field region, and the second conductive region 170 may
contain n-type impurities and serve as a back surface
field region
[0095] In the above-described solar cell, each of the
first and second electrodes 140 and 150 may include the
metal particles and the glass frit.
[0096] In embodiments disclosed herein, the metal
particles may be, for example, Ag particles and may be
related to the conductivity of each of the first and second
electrodes 140 and 150. The glass frit may be related to
a depth to which each of the first and second electrodes
140 and 150 is fired through.
[0097] The glass frit used in the first and second elec-
trodes 140 and 150 according to the embodiment of the
invention may include at least one of PbO-based material
or BiO-based material.
[0098] A content of the metal particles and a content

of the glass frit included in each of the first and second
electrodes 140 and 150 may be differently determined in
consideration of the materials and the thicknesses of the
first conductive region 120 and the second conductive
region 170.
[0099] For example, a content of the metal particles
per unit volume contained in the first electrode 140 may
be larger than a content of the metal particles per unit
volume contained in the second electrode 150.
[0100] The first electrode 140 collects holes having a
relatively slow moving speed, and a linewidth of the first
electrode 140 has to be smaller than a linewidth of the
second electrode 150 so that a larger amount of light is
received. Therefore, the first electrode 140 may be nec-
essary to have the conductivity relatively greater than the
conductivity of the second electrode 150.
[0101] To this end, the content of the metal particles
per unit volume contained in the first electrode 140 may
be larger than the content of the metal particles per unit
volume contained in the second electrode 150.
[0102] For example, the content of the metal particles
per unit volume contained in the first electrode 140 may
be 82 wt% to 92 wt%, and the content of the metal par-
ticles per unit volume contained in the second electrode
150 may be 68 wt% ∼ 73wt%.
[0103] As described above with reference to FIGS. 1
and 2, in the structure of the solar cell according to the
embodiment of the invention, the first conductive region
120 may be formed of, for example, a single crystal silicon
substrate that is the same as the semiconductor sub-
strate 110; the second conductive region 170 may be
formed of a polycrystalline silicon material; the thickness
of the second conductive region 170 may be relatively
less than the thickness of the first conductive region 120;
and the thickness of the back passivation layer 190 may
be less than the thickness of the anti-reflection layer 130.
[0104] When the second electrode paste containing a
glass frit having the same content as a content of a glass
frit contained in the first electrode paste is patterned on
the control passivation layer 160 that is very thin or rel-
atively thin, the second conductive region 170, and the
back passivation layer 190 and is thermally processed,
the second electrode paste may penetrate the control
passivation layer 160 as well as the back passivation
layer 190 and the second conductive region 170 during
the thermal process, may be directly electrically connect-
ed to the semiconductor substrate 110, and may be short-
circuited with the semiconductor substrate 110.
[0105] Thus, the embodiment of the invention can al-
low a content of a glass frit contained in the second elec-
trode 150 to be different from a content of a glass frit
contained in the first electrode 140.
[0106] More specifically, the embodiment of the inven-
tion can allow a content of a glass frit per unit volume
contained in the second electrode 150 to be less than a
content of a glass frit per unit volume contained in the
first electrode 140, in order to control a depth to which
the second electrode paste penetrating the back passi-
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vation layer 190 is fired through toward the second con-
ductive region 170.
[0107] Thus, the depth to which the second electrode
paste is fired through can be controlled by adjusting the
content of the glass frit per unit volume.
[0108] More specifically, for example, when a content
of a glass frit per unit volume in the first electrode 140 is
6 wt% to 8 wt%, a content of a glass frit per unit volume
in the second electrode 150 may be 2.5 wt% to 5.0 wt%.
[0109] When the content of the glass frit per unit vol-
ume in the second electrode 150 is 2.5 wt% to 5.0 wt%
as described above, the embodiment of the invention can
maintain a contact resistance between the second elec-
trode 150 and the second conductive region 170 at a
sufficiently low level and prevent the second electrode
150, that penetrates the control passivation layer 160 as
well as the back passivation layer 190 and the second
conductive region 170, from being short-circuited with
the semiconductor substrate 110. Further, the embodi-
ment of the invention can prevent a recombination, which
may occur in the back surface of the semiconductor sub-
strate 110, due to the metal particles contained in the
second electrode 150 and can allow the control passiva-
tion layer 160 to sufficiently perform the passivation func-
tion. In addition, the embodiment of the invention can
prevent a damage of the control passivation layer 160
and improve the open-circuit voltage Voc of the solar cell
at a good level.
[0110] An effect depending on a content of a glass frit
of the second electrode 150 will be described in detail
below with reference to FIGS. 3, 4, and 5.
[0111] FIG. 3 is a table indicating an experimental re-
sult of a contact resistance, a passivation function (or a
recombination level), and an open-circuit voltage de-
pending on a content of a glass frit included in the second
electrode 150.
[0112] FIG. 4 is an enlarged cross-sectional view S1
of FIG. 2 of a portion of the solar cell including the sem-
iconductor substrate 110, the control passivation layer
160, the second conductive region 170, and the second
electrode 150 when a content of the glass frit of FIG. 3
exceeds an appropriate level.
[0113] FIG. 5 is an enlarged cross-sectional view S1
of FIG. 2 of a portion of the solar cell including the sem-
iconductor substrate 110, the control passivation layer
160, the second conductive region 170, and the second
electrode 150 when a content of the glass frit of FIG. 3
is at the appropriate level.
[0114] In the table illustrated in FIG. 3, a content of a
glass frit of the second electrode 150 indicates a content
of a glass frit per unit volume and may be different from
a content of a glass frit 150G per unit volume included in
the second electrode paste.
[0115] This is because the second electrode paste be-
fore a thermal process may further include a binder of a
resin material and a solvent in addition to metal particles
150M and the glass frit 150G, and the binder and the
solvent may be mostly oxidized or evaporated during the

thermal process.
[0116] Hence, as shown in FIGS. 4 and 5, after the
thermal process, the metal particles 150M and the glass
frit 150G may be present in the second electrode 150.
[0117] Thus, a content of the glass frit 150G of the sec-
ond electrode paste may be different from a content of
the glass frit 150G of the second electrode 150 that is
fired after the thermal process. For example, the content
of the glass frit 150G may increase by about 0.5 wt% to
1.0 wt%, as compared to before the second electrode
150 is fired.
[0118] In the table illustrated in FIG. 3, a content of the
glass frit 150G of the second electrode 150 is a content
in a state where the second electrode 150 is fired after
the thermal process. An appropriate content of the glass
frit 150G included in the second electrode paste before
the thermal process may be 2.0 wt% to 4.0 wt% and may
correspond to a range (i.e., 2.5 wt% to 5.0 wt%) of an
appropriate content in the table illustrated in FIG. 3.
[0119] Embodiments of the invention relate to the
structure of the solar cell, and thus describes below the
structure of the solar cell based on the content of the
glass frit 150G of the second electrode 150 that is fired
after the thermal process.
[0120] In the table illustrated in FIG. 3, the contact re-
sistance indicates a resistance between the second elec-
trode 150 and the second conductive region 170. Thus,
the bad contact resistance means that the electrical con-
nection between the second electrode 150 and the sec-
ond conductive region 170 is not properly performed be-
cause the second electrode 150 cannot penetrate the
back passivation layer 190 as the depth to which the sec-
ond electrode paste is fired through is very thin. Further,
the good contact resistance means that the electrical
connection between the second electrode 150 and the
second conductive region 170 is properly performed.
[0121] The passivation function (or a recombination
level) indicates a passivation function of the control pas-
sivation layer 160. Thus, the good passivation function
means that the control passivation layer 160 is not dam-
aged. Further, the bad passivation function means that
the control passivation layer 160 is damaged by the sec-
ond electrode 150, and a recombination occurs in the
back surface of the semiconductor substrate 110 due to
the metal particles 150M of the second electrode 150.
[0122] The good open-circuit voltage Voc means that
the second conductive region 170 is spaced apart from
the semiconductor substrate 110 by the control passiva-
tion layer 160, and the solar cell generates the open-
circuit voltage Voc of an appropriate level. The bad open-
circuit voltage Voc means that the control passivation
layer 160 is damaged as the second electrode 150 deeply
penetrates into the second conductive region 170, and
the second electrode 150 and the semiconductor sub-
strate 110 are short-circuited.
[0123] As indicated by the table of FIG. 3, when the
content of the glass frit per unit volume contained in the
second electrode 150 is less than 2.5 wt%, the depth to
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which the second electrode paste is fired through is very
thin. Hence, the second electrode 150 is not properly
connected to the second conductive region 170.
[0124] Further, as shown in FIG. 4, when the content
of the glass frit per unit volume contained in the second
electrode 150 exceeds 5.0 wt%, the second electrode
150 penetrates the control passivation layer 160 as well
as the second conductive region 170 and is short-
circuited with the semiconductor substrate 110. Hence,
a function of the control passivation layer 160 is dam-
aged, and the open-circuit voltage Voc is deteriorated.
[0125] In FIG. 4, "150M" denotes the metal particles
contained in the second electrode 150, and "150G" de-
notes the glass frit contained in the second electrode 150.
[0126] When the content of the glass frit per unit vol-
ume contained in the second electrode 150 maintains an
appropriate level of 2.5 wt% to 5.0 wt%, the depth to
which the second electrode paste is fired through is ap-
propriate. Hence, all of the contact resistance, the pas-
sivation function, and the open-circuit voltage are main-
tained at the excellent level.
[0127] Further, as shown in FIG. 5, when the content
of the glass frit per unit volume contained in the second
electrode 150 maintains the appropriate level of 2.5 wt%
to 5.0 wt%, the second electrode 150 penetrates the back
passivation layer 190 and penetrates into the second
conductive region 170 at an appropriate depth. In this
instance, alloy-crystallite (hereinafter referred to as "crys-
tallite") obtained by combining the metal particles 150M
of the second electrode 150 and silicon of the second
conductive region 170 may be formed at an interface
between the second electrode 150 and the second con-
ductive region 170.
[0128] The metal particles 150M-silicon crystallite
("crystallite") 153 can further reduce the contact resist-
ance between the second electrode 150 and the second
conductive region 170.
[0129] So far, the embodiment of the invention de-
scribed the content of the glass frit 150G per unit volume
included in the second electrode 150, in order to control
the depth to which the second electrode 150 penetrating
the back passivation layer 190 is fired through inside the
second conductive region 170.
[0130] The embodiment of the invention describes be-
low an example where the glass frit 150G further includes
tellurium oxide (TeO) so that the second electrode 150
penetrating the back passivation layer 190 is properly
fired through toward the second conductive region 170
and is connected to the surface of the second conductive
region 170 at an optimum level.
[0131] FIG. 6 is an enlarged cross-sectional view S1
of FIG. 2 of a portion of the solar cell including the sem-
iconductor substrate 110, the control passivation layer
160, the second conductive region 170, and the second
electrode 150 when a glass frit further includes tellurium
oxide (TeO) in a state where a content of the glass frit of
FIGS. 3 and 4 maintains the appropriate level.
[0132] As described above, the second electrode 150

according to the embodiment of the invention may in-
clude the glass frit 150G of 2.5 wt% to 5.0 wt% per unit
volume, and the glass frit 150G may include at least one
of PbO-based material or BiO-based material and tellu-
rium oxide (TeO).
[0133] A melting point of the glass frit 150G containing
tellurium oxide (TeO) may be relatively lower. For exam-
ple, the melting point of the glass frit 150G containing
tellurium oxide (TeO) may be 200 °C to 500 °C.
[0134] Thus, the glass frit 150G containing tellurium
oxide (TeO) may be first melted when the second elec-
trode paste is fired through in the thermal process and
etches the back passivation layer 190.
[0135] In this instance, the glass frit 150G containing
tellurium oxide (TeO) may be first widely positioned on
the surface of the second conductive region 170 to form
a layer. Afterwards, the metal particles 150M and the
glass frit 150G not containing tellurium oxide
[0136] (TeO) may be positioned on the layer on which
the glass frit 150G containing tellurium oxide (TeO) is
positioned.
[0137] Hence, as shown in FIG. 6, the second elec-
trode 150 may include a first layer L1 where the glass frit
150G containing tellurium oxide (TeO) is positioned at
an interface between the second electrode 150 and the
second conductive region 170 and a second layer L2
where the metal particles 150M and the glass frit 150G
not containing tellurium oxide (TeO) is positioned on the
first layer L1.
[0138] The crystallites 153 formed by combining or a
combination of the metal particles 150M and silicon of
the second conductive region 170 may be distributed at
an interface between the first layer L1 and the second
conductive region 170.
[0139] Hence, the contact resistance between the sec-
ond electrode 150 and the second conductive region 170
and the open-circuit voltage Voc can be further improved,
and the depth to which the second electrode paste is
fired through can be controlled more easily. As a result,
a process margin of the solar cell can be further improved.
[0140] So far, the embodiment of the invention de-
scribed the material and the material content of the sec-
ond electrode 150 capable of controlling the depth, to
which the second electrode paste is fired through, at the
appropriate level.
[0141] However, the glass frit 150G containing telluri-
um oxide (TeO) may be applied to the first electrode 140
as well as the second electrode 150.
[0142] For example, a glass frit 150G included in the
first electrode 140 may include at least one of PbO-based
material or BiO-based material, and the glass frit 150G
may further include tellurium oxide (TeO).
[0143] So far, the embodiment of the invention mainly
described the glass frit included in each of the first and
second electrodes 140 and 150. Hereinafter, metal par-
ticles included in the first and second electrodes 140 and
150 are described in detail.
[0144] FIG. 7 illustrates metal particles included in the
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first and second electrodes 140 and 150 according to the
embodiment of the invention.
[0145] More specifically, FIG. 7 illustrates only metal
particles M1 and M2 included in the first and second elec-
trodes 140 and 150 and omits the illustration of the glass
frit illustrated in FIGS. 5 and 6 for convenience of expla-
nation.
[0146] As shown in FIG. 7, metal particles M1 and M2
may be included in the first and second electrodes 140
and 150.
[0147] More specifically, metal particles included in the
first electrode 140 may include first metal particles M1
each having a sphere shape of a circle or an oval and
second metal particles M2, each of which has a long axis
and has a flake shape of a plate shape having an uneven
surface. Further, metal particles included in the second
electrode 150 may include the first metal particles M1
and may not include the second metal particles M2.
[0148] For example, as shown in FIG. 7, the first finger
electrode 141 of the first electrode 140 may include the
first metal particles M1, and the first bus bar electrode
142 of the first electrode 140 may include the first metal
particles M1 and the second metal particles M2.
[0149] Further, the second finger electrode 151 and
the second bus bar electrode 152 of the second electrode
150 may include the first metal particles M1 and may not
include the second metal particles M2.
[0150] A length of the long axis of the second metal
particle M2 included in the first electrode 140 may be
greater than a size of the first metal particle M1 included
in each of the first and second electrodes 140 and 150.
[0151] For example, a diameter of the first metal par-
ticle M1 may be 200 nm to 2.5 mm, more preferably, 300
nm to 2.0 mm. Further, a size of the second metal particle
M2 may be 3.0 mm to 6.0 mm.
[0152] Hence, the first electrode 140 may include the
second metal particles M2 having a volume greater than
a volume of the second electrode 150.
[0153] Because the first electrode 140 includes the
second metal particles M2 having the relatively large size
as described above, reactivity of the metal particles can
be further improved in the thermal process for firing. Fur-
ther, the electrode can be fired more easily at a relatively
lower temperature, and electrical characteristics (for ex-
ample, a resistance) of the first electrode 140 can be
further improved.
[0154] The first electrode 140 may be formed by per-
forming a printing process on the first electrode paste
twice, and the second electrode 150 may be formed by
performing a printing process on the second electrode
paste once.
[0155] More specifically, the first electrode 140 may be
formed through first and second printing processes. In
the first printing process, a first bus bar electrode paste
including the first and second metal particles M1 and M2
may be printed on the front surface of the semiconductor
substrate 110 in the second direction and then dried. In
the second printing process, a first finger electrode paste

including the first metal particles M1 may be printed on
the front surface of the semiconductor substrate 110 in
the first direction and then dried. Next, the first electrode
140 may be formed by performing the thermal process
on the first bus bar electrode paste and the first finger
electrode paste.
[0156] The second electrode 150 may be formed by
printing once a second electrode paste including the first
metal particles M1 on the back surface of the semicon-
ductor substrate 110 in accordance with a pattern of the
second finger electrodes 151 and a pattern of the second
bus bar electrodes 152 and performing the thermal proc-
ess on the second electrode paste.
[0157] However, the metal particles M1 and M2 includ-
ed in the first and second electrodes 140 and 150 are
not limited to FIG. 7 and may be formed unlike FIG. 7.
[0158] For example, the first electrode 140 may be
formed by printing and drying a first electrode paste in-
cluding the first and second metal particles M1 and M2
in accordance with a pattern of the first finger electrodes
141 and a pattern of the first bus bar electrodes 142 and
then printing a separate first electrode paste including
only the first metal particles M1 in accordance with the
pattern of the first finger electrodes 141 and the pattern
of the first bus bar electrodes 142.
[0159] In this instance, the first finger electrodes 141
as well as the first bus bar electrodes 142 may include
the second metal particles M2 having a relatively larger
volume.
[0160] Thus, the first electrode 140 may include metal
particles having a volume relatively larger than the metal
particles of the second electrode 150.
[0161] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-
ciples of this disclosure. More particularly, various vari-
ations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications in the component parts and/or arrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims

1. A solar cell comprising:

a semiconductor substrate;
a first conductive region positioned at a front sur-
face of the semiconductor substrate, the first
conductive region containing impurities of a first
conductivity type or impurities of a second con-
ductivity type;
a second conductive region positioned at a back
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surface of the semiconductor substrate, the sec-
ond conductive region containing impurities of
a conductivity type opposite a conductivity type
of impurities contained in the first conductive re-
gion, and the second conductive region includ-
ing a silicon material;
a first electrode positioned on the front surface
of the semiconductor substrate and connected
to the first conductive region; and
a second electrode positioned on the back sur-
face of the semiconductor substrate and con-
nected to the second conductive region,
wherein each of the first and second electrodes
includes metal particles and a glass frit, and
wherein a content of the glass frit per unit volume
contained in the second electrode is less than a
content of the glass frit per unit volume con-
tained in the first electrode.

2. The solar cell of claim 1, wherein the content of the
glass frit per unit volume contained in the first elec-
trode is 6 wt% to 8 wt%, and
wherein the content of the glass frit per unit volume
contained in the second electrode is 2.5 wt% to 5.0
wt% .

3. The solar cell of claim 1 or 2, wherein a content of
the metal particles per unit volume contained in the
first electrode is more than a content of the metal
particles per unit volume contained in the second
electrode.

4. The solar cell of claim 3, wherein the content of the
metal particles per unit volume contained in the first
electrode is 82 wt% to 92 wt%, and
wherein the content of the metal particles per unit
volume contained in the second electrode is 68 wt%
to 73 wt%.

5. The solar cell of any one preceding claim, further
comprising:

an anti-reflection layer positioned on a front sur-
face of the first conductive region;
a control passivation layer positioned between
the back surface of the semiconductor substrate
and the second conductive region, the control
passivation layer including a dielectric material;
and
a back passivation layer positioned on a back
surface of the second conductive region,
wherein a thickness of the back passivation lay-
er is less than a thickness of the anti-reflection
layer and is greater than a thickness of the con-
trol passivation layer.

6. The solar cell of claim 5, wherein the thickness of
the anti-reflection layer is 100 nm to 140 nm, and

wherein the thickness of the back passivation layer
is 65 nm to 105 nm within a range that is less than
the thickness of the anti-reflection layer.

7. The solar cell of claim 5 or 6, wherein the thickness
of the control passivation layer is less than the thick-
ness of the back passivation layer and is 0.5 nm to
10 nm.

8. The solar cell of any one preceding claim, wherein
a thickness of the second conductive region is less
than a thickness of the first conductive region,
wherein the thickness of the first conductive region
is 300 nm to 700 nm, and
wherein the thickness of the second conductive re-
gion is 290 nm to 390 nm within a range that is less
than the thickness of the first conductive region.

9. The solar cell of any one preceding claim, wherein
the glass frit of the second electrode includes at least
one of a PbO-based material and a BiO-based ma-
terial, and
wherein the glass frit of the second electrode further
includes tellurium oxide (TeO).

10. The solar cell of claim 9, wherein a melting point of
the glass frit including tellurium oxide (TeO) is 200
°C to 500 °C.

11. The solar cell of claim 9 or 10, wherein the second
electrode includes:

a first layer where the glass frit including telluri-
um oxide (TeO) is positioned at an interface be-
tween the second electrode and the second con-
ductive region; and
a second layer where the metal particles and
the glass frit not including tellurium oxide (TeO)
is positioned on the first layer.

12. The solar cell of claim 11, wherein crystallites formed
by a combination of the metal particles of the second
electrode and silicon of the second conductive region
are distributed at an interface between the first layer
and the second conductive region.

13. The solar cell of any one preceding claim, wherein
the glass frit of the first electrode includes at least
one of a PbO-based material and a BiO-based ma-
terial, and
wherein the glass frit of the first electrode further in-
cludes tellurium oxide (TeO).

14. The solar cell of any one preceding claim, wherein
the metal particles of the first electrode include first
metal particles having a circular shape or an oval
shape and second metal particles which have a long
axis and have a plate shape having an uneven sur-
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face, and
wherein the metal particles of the second electrode
include the first metal particles and do not include
the second metal particles.

15. The solar cell of claim 14, wherein a length of the
long axis of the second metal particle included in the
first electrode is greater than a size of the first metal
particle included in each of the first and second elec-
trodes.
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