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[Specification]
[Title of the Invention]
Solar Cell and Method for Manufacturing the Same
[Technical Field]
<I> The present invention relates to a solar cell and a manufacturing method thereof, and more
specifically, to a solar cell comprising a semiconductor substrate and a manufacturing method
thereof.
[Prior Art]
<2> Recently, as the depletion of existing energy resources such as oil and coal is expected, interest
in alternative energy sources to replace such resources is increasing. Among them, solar cells are
attracting attention as next-generation cells that convert solar energy into electrical energy.
<3> Such solar cells can be manufactured by forming various layers and electrodes according to
the design. In a solar cell, the efficiency can vary depending on the design of various layers and
electrodes. In order to commercialize solar cells, it is required to maximize the efficiency of solar
cells and simplify the manufacturing method.
[Details of the Invention]
[Problem to be solved]
<4> The present invention aims to provide a solar cell with high efficiency and productivity and a

method for manufacturing the same.
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[Means for Solving the Problem]

<5> A solar cell according to an embodiment of the present invention comprises a tunneling layer
positioned on one surface of a semiconductor substrate, a first conductive region positioned on the
tunneling layer, a first insulating film passivating the first conductive region on the first conductive
region, a second conductive region positioned on the other surface of the semiconductor substrate
and configured as a doping region, a first electrode connected to the first conductive region, and
a second electrode connected to the second conductive region. An isolation unit is positioned at an
edge portion of one side of the semiconductor substrate where the tunneling layer and the first
conductive region are not positioned. The first insulating film covers one side of the semiconductor
substrate where the isolation unit is positioned.

<6> A method for manufacturing a solar cell according to an embodiment of the present invention
comprises a step of forming respective tunneling layers on one side and the other side of a
semiconductor substrate; a step of forming an intrinsic semiconductor layer on the tunneling layer
on both sides of the semiconductor substrate; a step of doping a first conductive dopant on at least
a portion of the intrinsic semiconductor layer positioned on one side of the semiconductor substrate
to form a first conductive region; a step of entirely removing the tunneling layer and the intrinsic
semiconductor layer or the first conductive region, which are positioned at least on the other side
of the semiconductor substrate; a step of doping a second conductive dopant on the other side of
the semiconductor substrate to form a second conductive region composed of a doping region; a
step of forming a first insulating film covering the first conductive region; and a step of forming

an electrode comprising a first electrode connected to the first conductive region and a second
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electrode connected to the second conductive region. In the step of removing, the tunneling layer
and the edge portion of the first conductive region positioned on one side of the semiconductor
substrate are removed together to form an isolation unit. The first insulating film covers one side
of the semiconductor substrate where the isolation unit is positioned.

[Effects of the Invention]

<7> According to an embodiment of the present invention, an isolation unit is formed on the back
surface of a semiconductor substrate, thereby effectively preventing the first conductive region
and the second conductive region from being unnecessarily connected to each other. In addition,
the surface of the semiconductor substrate where the isolation unit formed by removing the
tunneling layer and the first conductive region is positioned can be covered by a first insulating
film covering the first conductive region and thus be passivated. Accordingly, problems due to
surface recombination, etc. can be minimized by passivating the isolation unit through a simple
structure and process. In other words, the efficiency and reliability of the solar cell can be improved
through a simple structure and process, and the failure rate can be reduced to improve productivity.
[Brief Description of the Drawings]

<8> FIG. 1 is a cross-sectional view illustrating a solar cell according to one embodiment of the
present invention.

FIG. 2 is a schematic rear plan view of the solar cell shown in FIG. 1.

FIG. 3 is a cross-sectional view illustrating a solar cell according to one modified example of the
present invention.

FIGS. 4ato FIG. 4j are cross-sectional views illustrating a method for manufacturing a solar cell
according to one embodiment of the present invention.

Figure 5 is a cross-sectional view illustrating one process of a method for manufacturing a solar

cell according to one modified example of the present invention.
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Figure 6 is a cross-sectional view illustrating one process of a method for manufacturing a solar
cell according to another modified example of the present invention.

[Specific Details for Carrying Out the Invention]

<9> Hereinafter, embodiments of the present invention will be described in detail with reference
to the attached drawings. However, the present invention is not limited to these embodiments and
can be modified in various forms.

<10> In the drawings, in order to clearly and briefly explain the present invention, parts that are
not related to the explanation are omitted, and the same reference numerals are used for identical
or very similar parts throughout the specification. In addition, in the drawings, thickness, width,
etc. are illustrated by enlarging or reducing them in order to make the explanation clearer, but the
thickness, width, etc. of the present invention are not limited to those illustrated in the drawings.
<11> Further, when a part "comprises" another part throughout the specification, unless otherwise
specifically stated, it does not exclude the other part and may further comprise the other part. In
addition, when a part such as a layer, film, region, or board is said to be “on” another part, this
comprises not only the case where it is “directly on” another part, but also the case where another
part is positioned in between. When a part such as a layer, film, region, or board is said to be
“directly on” another part, it means that there is no other part positioned in between. In addition,
expressions such as “first,” “second,” etc. are only used to distinguish between them, and the

present invention is not limited thereto.
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<12> Hereinafter, a solar cell and a manufacturing method thereof according to an embodiment of
the present invention will be described in detail with reference to the attached drawings.

<13> FIG. 1 is a cross-sectional view of a solar cell according to an embodiment of the present
invention, and FIG. 2 is a schematic rear plan view of the solar cell illustrated in FIG. 1.

<14> Referring to FIG. 1, a solar cell (100) may comprise a semiconductor substrate (110), a first
conductive region (20) positioned on one side of the semiconductor substrate (110) and having a
first conductivity, and a second conductive region (30) positioned on the other side of the
semiconductor substrate (110) and having a second conductivity. The electrodes (42, 44) comprise
a first electrode (42) connected to the first conductive region (20) and a second electrode (44)
connected to the second conductive region (30). And the solar cell (100) may further comprise an
insulating film such as a first passivation film (24), a second passivation film (34), and an anti-
reflection film (36). This will be described in detail.

<15> The semiconductor substrate (110) may be composed of a crystalline semiconductor
comprising a single semiconductor material (for example, a group 4 element). For example, the
semiconductor substrate (110) may be composed of a single crystal or polycrystalline
semiconductor (for example, a single crystal or polycrystalline silicon). In particular, the
semiconductor substrate (110) may be composed of a single crystal semiconductor (for example,
a single crystal semiconductor wafer, more specifically, a single crystal silicon wafer). In this way,
if the semiconductor substrate (110) is composed of a single crystal semiconductor (for example,
a single crystal silicon), the solar cell (100) is based on a semiconductor substrate (110) composed
of a single crystal semiconductor with high crystallinity and few defects. Accordingly, the solar

cell (100) can have excellent electrical characteristics.
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16> The front and/or back surface of the semiconductor substrate (110) may be textured to have
irregularities. The irregularities may, for example, have a pyramid shape with an outer surface
composed of the (111) plane of the semiconductor substrate (110) and an irregular size. If
irregularities are formed on the front surface of the semiconductor substrate (110) by texturing and
the surface roughness of the front surface increases, the reflectivity of light incident through the
true surface of the semiconductor substrate (110) can be reduced. Therefore, the amount of light
reaching the pn junction formed by the base region (10) and the first or second conductive region
(20, 30) can be increased, thereby minimizing light loss. In the present embodiment, the
irregularities are exemplified by effectively preventing reflection of light incident on both sides by
forming irregularities on the front and back surface of the semiconductor substrate (110).

<17> However, the present invention is not limited thereto. Therefore, as shown in FIG. 3, the
unevenness may be formed only on the front surface of the semiconductor substrate (110) and the
unevenness does not have to be formed on the back surface of the semiconductor substrate (110).
Accordingly, the back surface of the semiconductor substrate (110) on which the tunneling layer
(22) is formed may be formed to have a smaller surface roughness than the front surface, so that
the tunneling layer (22) may be formed more stably and uniformly. Alternatively, various
modifications are possible, such as unevenness not being formed on the front and back surface of
the semiconductor substrate (110).

<18> Referring again to FIG. 1, in the present embodiment, the semiconductor substrate (110)
comprises a base region (10) in which a first or second conductive type dopant is doped at a low
doping concentration and has a first or second conductivity. At this time, the base region (10) of
the semiconductor substrate (110) may have a lower doping concentration, higher resistance, or
lower carrier concentration than one of the first and second conductive regions (20, 30) having the

same conductive type.
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<19> A first conductive region (20) having a first conductive type may be positioned on one side
(for example, the back) of the semiconductor substrate (110). For example, a tunneling layer (22)
may be formed on the semiconductor substrate (110), and a first conductive region (20) may be
formed on the tunneling layer (22).

<20> For example, the tunneling layer (22) may be formed in contact with the back of the
semiconductor substrate (110) to simplify the structure and improve the tunneling effect. At this
time, the tunneling layer (22) may be formed entirely on the back of the semiconductor substrate
(110) except for the isolation unit (I). Here, the term “formed entirely” comprises not only a
seamlessly formed pattern, but also a case where some areas are inevitably not formed. Therefore,
a separate patterning process is not required, so the tunneling layer (22) can be easily formed.
However, the present invention is not limited thereto.

<21> The tunneling layer (22) acts as a kind of barrier to electrons and holes, preventing minority
carriers from being passing through, and only majority carriers with a certain amount of energy or
more can pass through the tunneling layer (22) after accumulating in a portion adjacent to the
tunneling layer (22). At this time, a majority of carriers having energy greater than a certain level
can easily pass through the tunneling layer (22) by the tunneling effect. In addition, the tunneling
layer (22) can serve as a diffusion barrier that prevents the dopant of the first conductive region
(20) from diffusing into the semiconductor substrate (110). This tunneling layer (22) can comprise
various materials through which majority carriers can tunnel; for example, it can comprise oxides,
nitrides, semiconductors, and conductive polymers. In addition, the tunneling layer (22) can be
composed of a silicon oxide layer comprising silicon oxide. This is because the silicon oxide layer

has excellent passivation characteristics and is a film through which carriers are easily tunneled.
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<22> In order to implement the tunneling effect in a sufficient manner, the thickness of the
tunneling layer (22) may be smaller than the thickness of the first and second passivation films
(24, 34) and the first or second conductive region (20, 30). For example, the thickness of the
tunneling layer (22) may be 2 nm or less, and for example, 0.1 nm to 1.5 nm (more specifically,
0.5 nm to 1.5 nm). If the thickness of the tunneling layer (22) exceeds 2 nm, tunneling may not
occur smoothly, which may lower the efficiency of the solar cell (100), and if the thickness of the
tunneling layer (22) is less than 0.1 nm, it may be difficult to form a tunneling layer (22) of the
desired quality. In order to achieve sufficient tunneling effect, the thickness of the tunneling layer
(22) may be 0.1 nm to 1.5 nm (more specifically, 0.5 nm to 1.5 nm). However, the present
invention is not limited thereto, and the thickness of the tunneling layer (22) may have various
values.

<23> The first conductive region (20) may be a region having the first conductive type comprising
the first conductive type dopant. For example, the first conductive region (20) may be formed in
contact with the tunneling layer (22), so that the structure of the solar cell (100) may be simplified
and the tunneling effect of the tunneling layer (22) may be maximized. However, the present
invention is not limited thereto.

<24> The first conductive region (20) may comprise the same semiconductor material as the
semiconductor substrate (110) (more specifically, a single semiconductor material, for example,
silicon). Then, the second conductive region (30) can minimize the difference in performance that
may occur when comprising different semiconductor materials by having similar characteristics to
the semiconductor substrate (110). However, since the first conductive region (20) is formed
separately from the semiconductor substrate (110) on the semiconductor substrate (110), the first
conductive region (20) can have a different crystal structure from the semiconductor substrate (110)

even though it can be easily formed on the semiconductor substrate (110).
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<25> For example, the first conductive region (20) can be formed by doping a first conductive
dopant into an amorphous semiconductor, a microcrystalline semiconductor, or a polycrystalline
semiconductor (for example, amorphous silicon, microcrystalline silicon, or polycrystalline silicon)
that can be easily manufactured by various methods such as deposition. In particular, the first
conductive region (20) can comprise a polycrystalline semiconductor (for example, polycrystalline
silicon). In such case, excellent electrical conductivity can be achieved to facilitate the smooth
movement of carriers, and the tunneling of carriers can be induced to occur smoothly in the
tunneling layer (22) composed of oxides, etc.

<26> In the present embodiment, the first conductive region (20) is formed separately from the
semiconductor substrate (110), so that defects or problems of open circuit voltage reduction that
may occur when forming a doped region inside the semiconductor substrate (110) can be reduced.
By this, the open circuit voltage of the solar cell (100) can be improved.

<27> A second conductive region (30) having a second conductive type can be positioned on the
other side (for example, the front) of the semiconductor substrate (110). For example, in the present
embodiment, the second conductive region (30) can be configured as a doped region formed by
doping a part of the semiconductor substrate (110) with a second conductive type dopant. Then,
the base region (10) and the second conductive region (30) can have the same crystal structure and
semiconductor material as the semiconductor substrate (110) but have different conductive types
or different doping concentrations. Specifically, when the base region (10) has a first conductive
type, the conductive types of the base region (10) and the second conductive type region (30) are
different from each other, and when the base region (10) has a second conductive type, the doping
concentration of the second conductive type region (30) is higher than the doping concentration of

the base region (10).
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<28> When the base region (10) has the first conductivity type, the first conductivity type region
(20) having the first conductivity type forms a back surface field (BSF) region having the same
conductivity as the semiconductor substrate (110) and a higher doping concentration than the
semiconductor substrate (110), and the second-conductivity region (30) having the second-
conductivity type has a different conductivity type from the base region (10) and forms an emitter
region forming a pn junction with the base region (10). In such case, the second conductivity type
region (30) forming the emitter region on the front side of the semiconductor substrate (110) can
minimize the path of light that gathers in the pn junction.

<29> However, the present invention is not limited thereto. As another example, if the base region
(10) has a second-order conductive type, the first-order conductive type region (20) forms an
emitter region, and the second-order conductive type region (30) forms a front surface field (FSF)
region that has the same conductive type as the semiconductor substrate (110) and a higher doping
concentration than the semiconductor substrate (110).

<30> The p-type dopant used as the first-order or second-order conductive type dopant may be a
Group 111 element such as boron (B), aluminum (Al), gallium (Ga), or indium (In); and the n-type
dopant may be a Group V element such as phosphorus (P), arsenic (As), bismuth (Bi), or antimony
(Sb). However, the invention is not limited thereto, and various dopants may be used as the first-
order or second-order conductive type dopant.

<31> Here, in the present embodiment, the first conductive region (20) formed separately from the
semiconductor substrate (110) is positioned on the rear side of the semiconductor substrate (110),

and the second conductive region (30) forming part of the semiconductor substrate (110) is
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positioned on the front side of the semiconductor substrate (110). If the first conductive region (20)
having a different crystal structure from the semiconductor substrate (110) is positioned on the
front side of the semiconductor substrate (110), light absorption in the first conductive region (20)
may increase and the amount of light reaching the pn junction may decrease, so the first conductive
region (20) is positioned on the back side of the semiconductor substrate (110). However, the
present invention is not limited thereto.

<32> An insulating film may be formed over the first and second conductive regions (20, 30)
except for the openings (102, 104) corresponding to the first and second electrodes (42, 44). This
insulating film may be composed of an undoped insulating film that does not comprise a separate
dopant.

<33> Specifically, a first insulating film may be formed (for example, concentrated) on the first
conductive region (20) except for the opening (102), and a second insulating film may be formed
(for example, contacted) on the second conductive region (30) except for the opening (104). In the
present embodiment, a first passive film (24) formed (for example, contacting) on a first
conductive region (20) as a first insulating film is used, and a second passive film (34) formed (for
example, contacting) on a second conductive region (30) as a second insulating film and an anti-
reflection film (36) formed (for example, on the collector side) thereon are used as examples.
However, the present invention is not limited thereto, and the insulating film can have various
arrangements depending on the desired function.

<34> The passive films (24, 34) are formed by contacting the conductive region (20, 30) to
passivate defects present on the surface or bulk of the conductive region (20, 30). As a result, the
recombination site of minority carriers can be removed, thereby increasing the open circuit voltage
(Voc) of the solar cell (100). The antireflection film (36) reduces the reflectivity of light incident
on the front surface of the semiconductor substrate (110). Therefore, by lowering the reflectivity
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of light incident on the front surface of the semiconductor substrate (110), the amount of light
transmitted to the pn junction formed at the interface between the base region (10) and the first
conductive region (20) can be increased. Accordingly, the short-circuit current (Isc) of the solar
cell (100) can be increased. In this way, the open-circuit voltage and short-circuit current of the
solar cell (100) can be increased by the passivation film (24, 34) and the antireflection film (36),
thereby improving the efficiency of the solar cell (100).

<35> For example, the passivation film (24, 34) or the antireflection film (36) may have a single
film or a multilayer film structure in which two or more films are combined, selected from the
group consisting of a silicon nitride film, a silicon nitride film comprising hydrogen, a silicon oxide
film, a silicon oxynitride film, an aluminum oxide film, MgF2, ZnS, Ti0,, and Ce0,. For example,
the passivation film (24, 34) may comprise a silicon oxide film, a silicon nitride film, etc. having
a fixed positive charge when the conductive region (20, 30) has an n-type, and may comprise an
aluminum oxide film, etc. having a fixed negative charge when the conductive region (20, 30) has
a p-type. For example, the antireflection film (36) may comprise silicon nitride. However, the
present invention is not limited thereto, and the passivation film (24, 34) and the antireflection film
(36) may comprise various materials.

<36> The first electrode (42) is positioned on (for example, in contact with) the first conductive
region (20) and is electrically connected to the first conductive region (20). The first electrode (42)
can be electrically connected to the first conductive region (20) through an opening (102) formed
in the first passivation film (24) (i.e., penetrating the first passivation film (24)). Similarly, the
second electrode (44) is positioned on (for example, in contact with) the second conductive region
(30) and is electrically connected to the second conductive region (30). The second electrode (44)

can be electrically connected to the first conductive region (20) through the opening (104) formed
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in the second passivation film (34) and the antireflection film (36) (i.e., penetrating the second
passivation film (34) and the antireflection film (36)). The first and second electrodes (42, 44) can
comprise various materials (more specifically, rapid) and have various shapes. The images of the
first and second electrodes (42, 44) will be described in detail later with reference to FIG. 2.
<37> The tunneling layer (22) and the first conductive region (20) positioned on the back surface
of the semiconductor substrate (110) are positioned apart from the edge of the back surface of the
semiconductor substrate (110) (or the side surface of the semiconductor substrate (110)) by a
predetermined first distance (DI). Accordingly, the respective areas of the tunneling layer (22) and
the first conductive region (20) may be smaller than the area of the semiconductor substrate (110).
Here, the first distance (DI) may mean the shortest distance among the distances between the edges
of the back surface of the semiconductor substrate (110) between the tunneling layer (22) and the
first conductive region (20).

<38> That is, an isolation unit (I) may be positioned on the edge of the back surface of the
semiconductor substrate (110) where the tunneling layer (22) and the first conductive region (20)
(and the first electrode (42) connected to the first conductive region (20)) are not formed. The
isolation unit (I) may serve as edge isolation by separating the first conductive region (20) from
the edge of the back surface of the semiconductor substrate (110). That is, when the second
conductive region (30) is formed, the second conductive dopant may diffuse to the edge of the side
or back surface of the semiconductor substrate (110), and the first conductive region (20) and the

second conductive region (30) may be undesirably short-circuited at the edge of the side or back
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surface of the semiconductor substrate (110); in the present embodiment, this problem can be
fundamentally prevented by removing the first conductive region (20) from the back surface of the
semiconductor substrate (110). Further, the second conductive region (30) positioned on the true
surface of the semiconductor substrate (110) can be formed physically on the true surface of the
semiconductor substrate (110), so that the area of the second conductive region (30) can be
maximized.

<39> The isolation line (1) can be formed along the rear edge of the semiconductor substrate (110)
and have a closed shape (closed shape), as shown in FIG. 2. Further, a certain step exists between
the isolation part (1) and the tunneling layer (22) and the part where the first conductive region (20)
is formed.

<40> For example, the first distance (DI) (i.e., the width of the isolation part (1)) can be 1 mm or
less. If the first distance (DI) exceeds 1 mm, the area of the first conductive region (20) may
decrease, which may lower the efficiency. For example, the first distance (DI) may be 1 nmto 1
mm. If the first distance (D1) is less than | mm, the effect of the isolation part (I) may not be
sufficient. However, the present invention is not limited thereto, and the first distance (DlI)
described above may have a different value depending on the size of the semiconductor substrate
(110), etc.

<41> The first conductive region (20) may have a shape in which the area decreases as it gets
farther from the semiconductor substrate (110). At this time, the first conductive region (20) may
be formed so that the side is not perpendicular to the semiconductor substrate (110) (for example,
approximately inclined) so that the area decreases as it gets farther from the semiconductor
substrate (110). For example, the first conductive region (20) may be formed with a rounded side
surface and a smaller area as it gets further away from the semiconductor substrate (110). The side
of the tunneling layer (22) may be positioned to extend from the side of the first conductive region

(20), and may have a rounded shape similar to the first conductive region (20). This is because a
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wet process, etc. has been used in the process of forming the isolation unit (I) by raising the first
conductive region (20) and the tunneling layer (22), which will be described later. However, the
side shapes of the first conductive region (20) and the tunneling layer (22) may have various shapes
in addition to this.

<42> Moreover, the first insulating film (i.e., the first passive layer (24)) positioned on the rear
side of the semiconductor substrate (110) is positioned on the first conductive region (20) in the
portion where the tunneling layer (22) and the first conductive region (20) are positioned, and is
positioned on the rear side of the semiconductor substrate (110) (more specifically, in contact with
it) in the isolation unit (1). That is, the first passivation film (24) is formed near the edge of the
semiconductor substrate (110) by contacting the back surface of the semiconductor substrate (110),
extending therefrom to cover the side surfaces of the tunnel layer (22) and the first conductive
region (20), and forming contact therewith, and extending therefrom to cover the upper surface of
the first conductive region (20), and forming contact therewith.<43> In the present embodiment,
during the manufacturing process of the solar cell (100), the tunnel layer (22) and the first
conductive region (22) positioned at the back edge of the semiconductor substrate (110) are
removed to form the isolation unit (I). Accordingly, the first passivation film (24) is formed to
cover the edge portion of the rear surface of the semiconductor substrate (110) exposed by the
tunneling layer (22) and the second conductive typical region (22) (i.e., the portion corresponding

to the isolation unit (I)). This prevents the passivation characteristics from being deteriorated by
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the isolation unit (I). At this time, the structure and manufacturing process of the solar cell (100)
can be prevented from becoming complicated by using the first passivation film (24) without using
a separate passivation film.

<44> Additionally, the first passivation film (24), which is the first insulating film, can comprise
a side unit (24a) that extends to the side surface of the semiconductor substrate (110). If the side
unit (24a) of the first passivation film (24) is provided, the first passivation film (24) can be formed
while stably covering the entire back surface of the semiconductor substrate (110).

<45> The second passivation film (34), which is the second insulating film, and the anti-reflection
film (36) can also comprise side units (34a, 36a) that extend to the side surface of the
semiconductor substrate (110). At this time, the second insulating film may be positioned closer
to the semiconductor substrate (110) on the side of the semiconductor substrate (110), and the first
insulating film may be positioned on the second insulating film. More specifically, the side surface
(34a) of the second passivation film (34) may contact the side surface of the semiconductor
substrate (110), the side surface (36a) of the anti-reflection film (36) may contact the side surface
(34a) of the second passivation film (34), and the side surface (24a) of the first passivation film
(24) may contact the side surface (36a) of the anti-reflection film (36). According to this, in the
process of forming the first passivation film (24), the second insulating film is first formed so that
the second conductive region (30) can be stably protected, and then the first insulating film is
formed. This will be described in more detail later.

<46> However, the present invention is not limited thereto, and at least one of the side units (24a,
34a, 36a) does not have to be provided on the side surface of the semiconductor substrate (110),

or the stacking order of these may be different.
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<47> Referring to FIG. 2, the planar shape of the first electrode (42) will be described in detail,
and then the planar shape of the second electrode (44) will be described in detail.

<48> Referring to FIG. 2, the first electrode (42) may comprise a plurality of finger electrodes
(42a) that are spaced apart from each other while having a constant pitch. In the drawing, the finger
electrodes (42a) are shown as being parallel to each other and parallel to the edge of the
semiconductor substrate (110), but the present invention is not limited thereto. In addition, the first
electrode (42) may comprise a bus bar electrode (42b) that is formed in a direction intersecting the
finger electrodes (42a) and connects the finger electrodes (42a). This bus bar electrode (42b) may
be provided only one, or, as shown in FIG. 2, may be provided in a plurality of pieces while having
a pitch greater than the pitch of the finger electrodes (42a). At this time, the width of the busbar
electrode (42b) may be larger than the width of the finger electrode (42a), but the present invention
is not limited thereto. Accordingly, the width of the busbar electrode (42b) may be equal to or
smaller than the width of the finger electrode (42a).

<49> When viewed in cross section, the finger electrode (42a) and the busbar electrode (42b) of
the first electrode (42) may be formed by penetrating the passivation film (24), which is the first
insulating film. That is, the opening (102) may be formed to face both the finger electrode (42a)
and the busbar electrode (42b) of the first electrode (42). However, the present invention is not
limited thereto. As another example, the finger electrode (42a) of the first electrode (42) may be
formed by penetrating the first passivation film (24), and the busbar electrode (42b) may be formed
on the first passivation film (24). In this case, the opening (102) may be formed in a shape
corresponding to the finger electrode (42a), and does not have to be formed in a portion where

only the busbar electrode (42b) is positioned.
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<50> As described above, in the present embodiment, an isolation unit () is formed along the edge
of the semiconductor substrate (110) where the tunneling layer (22) and the first conductive region
(20) are not formed. Accordingly, the first electrode (42) formed on the first conductive region (20)
is not formed in the isolation unit (). Accordingly, the end of the finger electrode (42a) and the
bus bar electrode (44b) of the first electrode (42) is positioned at least a first distance (D1) apart
from the edge of the semiconductor substrate (110).

<51> The second electrode (44) may comprise a finger electrode and a bus bar electrode
corresponding to the finger electrode (42a) and the bus bar electrode (42b) of the first electrode
(42), respectively. Except for the content of the isolation unit (), the content of the finger electrode
(42a) and the busbar electrode (42b) of the first electrode (42) can be applied as is to the finger
electrode (42a) and the busbar electrode (42b) of the second electrode (44). Further, the the content
related to the first passivation film (24), which is the first insulating film in the first electrode (42),
can be applied as is to the second passivation film (34), which is the second insulating film, and
the anti-reflection film (36) in the second electrode (44). At this time, the width, pitch, etc. of the
finger electrode (42a) and the bus bar electrode (42b) of the first electrode (42) may be the same
as or different from the width, pitch, etc. of the finger electrode and the bus bar electrode of the
second electrode (44).

<52> However, the present invention is not limited thereto; the planar shapes of the first electrode
(42) and the second electrode (44) may be different from each other, and various other
modifications are possible.

<53> As described above, in the present embodiment, the first and second electrodes (42, 44) of
the solar cell (100) have a certain pattern, so that the solar cell (100) has a bi-facial structure in
which light can be incident on the front and back of the semiconductor substrate (110). Thereby,

the amount of light used in the solar cell (100) can be increased, contributing to improving the
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efficiency of the solar cell (100). However, the present invention is not limited to this, and it is
also possible to have a structure in which the first electrode (42) is formed entirely on the back
side of the semiconductor substrate (110). Various other modifications are possible.

<54> At this time, by forming an isolation unit (I) on the back side of the semiconductor substrate
(110), it is possible to effectively prevent the first conductive region (20) and the second
conductive region (30) from being unnecessarily connected to each other. Further, the surface of
the semiconductor substrate (110) where the isolation unit (1) formed by removing the tunneling
layer (22) and the first conductive region (20) is positioned can be covered and passivated by a
first insulating film (first passivation film (24)) covering the first conductive region (20). By this,
the isolation unit (I) can be passivated with a simple structure, thereby minimizing problems such
as surface recombination. That is, the efficiency and reliability of the solar cell (100) can be
improved and the failure rate can be reduced by a simple structure.

<55> The method for manufacturing the solar cell (100) is described in detail with reference to
FIGS. 4a to 4j. Detailed descriptions of the contents already described will be omitted, and only
the contents not described will be described in detail.

<56> FIGS. 4a to 4j are cross-sectional views illustrating a method for manufacturing a solar cell
according to an embodiment of the present invention.

<57> As shown in FIG. 4a, a texturing process is performed on the front and back of the
semiconductor substrate (110) to form a texture. Wet or dry texturing can be used for texturing the
semiconductor substrate (110). Wet texturing can be performed by immersing the semiconductor

substrate (110) in a texturing solution, and has the advantage of a short process
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time. Dry texturing is a method of cutting the surface of a semiconductor substrate (110) using a
diamond grill or laser, etc., and while it can form unevenness evenly, the process time is long and
damage to the semiconductor substrate (110) may occur. In addition, the semiconductor substrate
(110) may be textured using reactive ion etching (RIE), etc. In this way, the semiconductor
substrate (110) may be textured in various ways in the present invention.

<58> For simplicity, the drawing shows that the side surface of the semiconductor substrate (110)
is not provided with texture due to texturing. In addition, since the thickness of the semiconductor
substrate (110) is very small, it may be difficult to clearly recognize the texture due to texturing.
However, the present invention is not limited thereto. The side surface of the semiconductor
substrate (110) may also be provided with texture due to texturing. And texturing of the
semiconductor substrate (110) can also be performed during the subsequent process.

<59> As shown in FIG. 4b, a tunneling layer (22) is formed entirely on each of the two sides of
the semiconductor substrate (110). At this time, the tunneling layer (22) can also be formed entirely
on the side surface of the semiconductor substrate (110).

<60> Here, the tunneling layer (22) can be formed by, for example, thermal oxidation, chemical
oxidation, deposition (for example, atmospheric pressure chemical vapor deposition (APCVD),
low pressure chemical vapor deposition (LPCVD)), etc. In addition, after forming the tunneling
layer (22) with a thin thickness, the thickness or reliability of the tunneling layer (22) can be
increased by subsequent heat treatment in a furnace. However, the present invention is not limited
thereto, and the tunneling layer (22) can be formed by various methods. Here, the tunneling layer

(22) can be formed of a silicon oxide layer.
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<61> For example, in the present embodiment, the tunneling layer (22) can be formed in a substrate
atmosphere comprising a raw material at a temperature higher than room temperature and a
pressure lower than normal pressure. In the present embodiment, the raw material gas may
comprise oxygen gas, so that the tunneling layer (22) may be formed as an oxide layer. More
specifically, the tunneling layer (22) may be formed as a thermal oxide material (e.g., thermal
silicon oxide) layer formed by a reaction between oxygen and a semiconductor material (e.g.,
silicon) of a semiconductor substrate (110) at a high temperature.

<62> At this time, in the present embodiment, the raw material gas does not comprise all the raw
material forming the tunneling layer (22); it only comprises oxygen gas among the oxides forming
the tunneling layer (22) and does not comprise other raw material. For example, when the tunneling
layer (22) comprises silicon oxide, it only has oxygen gas as the raw material gas and does not
comprise gas comprising silicon, which is another raw material. Accordingly, the tunneling layer
(22) is formed by a thermal oxidation process in which oxygen of the oxygen gas diffuses into the
interior of the semiconductor substrate (110) and reacts with the semiconductor material. In
contrast, in the deposition process, etc., a silane (SiH4) base comprising silicon is supplied together
with an oxygen base comprising oxygen as a raw material base. In this case, the oxygen separated
from the oxygen base by thermal decomposition and the silicon separated from the silane gas react
chemically to form silicon oxide. When forming the tunneling layer (22), the gas atmosphere may
comprise various gases in addition to the oxygen gas as a raw material gas.
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<63> Further, when forming the tunneling layer (22), the pressure is lower than the atmospheric
pressure, so that even if the tunneling layer (22) is formed by a thermal oxidation process at a
relatively high temperature (for example, 600°C or higher), the growth rate of the tunneling layer
(22) can be maintained low by the low pressure. By such means, the thickness of the tunneling
layer (22) can be significantly reduced. For example, when forming the tunneling layer (22), the
temperature can be controlled to 600°C to 800°C and the pressure can be set to 600 Torr or lower,
so that the thickness of the tunneling layer (22) can be effectively controlled.

<64> As such, in the present embodiment, since the temperature and pressure must be controlled
together when forming the tunneling layer (22), the tunneling layer (22) of the present embodiment
cannot be formed in a conventional furnace that cannot control pressure, and the tunneling layer
(22) must be formed in apparatus that can control both temperature and pressure. Accordingly, in
the present embodiment, the tunneling layer (22) can be formed by a thermal oxidation process
inside the deposition apparatus, etc. At this time, since low pressure must be implemented, the
tunneling layer (22) can be formed in a low pressure chemical vapor deposition apparatus.

<65> Since the semiconductor layer (reference symbol 30 in FIG. 4c) formed on the tunneling
layer (22) is formed by the deposition apparatus, if the tunneling layer (22) is formed in the
deposition apparatus, the tunneling layer (22) and the intrinsic semiconductor layer (20) can be
formed by an in-situ process that is performed continuously within the same deposition apparatus
(more specifically, a low pressure chemical vapor deposition apparatus). If the tunneling layer (22)
and the intrinsic semiconductor layer (200) are formed by the in-situ process in this way, the
manufacturing process can be greatly simplified, and the manufacturing cost, manufacturing time,

etc. can be greatly reduced.
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<66> The temperature inside the deposition apparatus is controlled by applying heat or cooling
heat for a long time, and it takes a long time to stabilize the temperature, while the gas
atmosphere and pressure can be controlled by the type and amount of the substrate supplied into
the deposition apparatus. Therefore, the substrate atmosphere and pressure can be controlled
more easily than the temperature.

<67> Considering this, in the present embodiment, the temperature difference between the
formation temperature of the tunneling layer (22) and the deposition process of the intrinsic
semiconductor layer (200) can be within 200°C (i.e., 0°C to 200°C). More specifically, the
temperature difference between the formation temperature of the tunneling layer (22) and the
deposition process of the intrinsic semiconductor layer (200) can be within 100°C (i.e., 00°C to
100°C). This is because the formation temperature of the tunneling layer (22) can be relatively
increased by forming the tunneling layer (22) at a low pressure, thereby reducing the temperature
difference with the deposition process of the intrinsic semiconductor layer (200). In this way, the
temperature, which is relatively difficult to control, can be maintained without significant change,
so that the efficiency of the in-situ process of continuously forming the tunneling layer (22) and
the intrinsic semiconductor layer (200) can be further improved. On the other hand, the gas
atmosphere of the deposition process of the intrinsic semiconductor layer (200) is different from
the gas atmosphere at the time of forming the tunneling layer (22), and the pressure of the
deposition process of the intrinsic semiconductor layer (200) can be the same as or different from
the pressure at the time of forming the tunneling layer (22). This will be explained in more detail
later when explaining the deposition process of the intrinsic semiconductor layer (200).

<68> As shown in FIG. 4c, an intrinsic semiconductor layer (200) is formed entirely on the
tunneling layer (22) on each side of the semiconductor substrate (110). At this time, the intrinsic
semiconductor layer (200) may also be formed entirely on the tunneling layer (22) positioned on
the side of the semiconductor substrate (110). In this way, if the intrinsic semiconductor layer (200)
is positioned on both sides, doping, damage, etc. of the entire surface of the semiconductor
substrate (110) can be effectively prevented in the process of doping the first conductive region
(20).
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<69> In the present embodiment, the intrinsic semiconductor layer (200) can be formed by
chemical vapor deposition, and more specifically, by low-pressure chemical vapor deposition.
Accordingly, as described above, the intrinsic semiconductor layer (200) can be formed by the
tunneling layer (22) and the in-situ process. However, the present invention is not limited thereto,
and the in-situ process does not have to be applied to the tunneling layer (22) and the intrinsic
semiconductor layer (200).

<70> The gas used in the deposition process of the intrinsic semiconductor layer (200) may
comprise a gas (for example, silane gas) comprising a semiconductor material constituting the
intrinsic semiconductor layer (200). In the present embodiment, since the intrinsic semiconductor
layer (200) is deposited to have intrinsic properties, the gas atmosphere may be composed only of
a gas containing a semiconductor material. By this, the supply gas ring can be purified and the
purity of the formed intrinsic semiconductor layer (200) can be improved. However, the present
invention is not limited thereto, and a separate gas, etc. can be further used to accelerate the
deposition process of the intrinsic semiconductor layer (200) or to improve the characteristics of
the intrinsic semiconductor layer (200). Moreover, in the deposition process of the intrinsic
semiconductor layer (200), in addition to the gas containing the semiconductor material, nitrogen
oxide (N20) and/or oxygen (O2) can be injected together to control the crystal grain size,
crystallinity, etc.

<71> The deposition temperature of the intrinsic semiconductor layer (200) can be the same as or
lower than the temperature at the time of forming the tunneling layer (22). In particular, if the

deposition temperature of the intrinsic semiconductor layer (200) is lower than the temperature at
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the time of forming the tunneling layer (22), the characteristics of the intrinsic semiconductor layer
(200) directly involved in the photoluminescence conversion can be made uniform. Alternatively,
the deposition temperature of the intrinsic semiconductor layer (200) may be 500°C to 700°C. This
is limited to a temperature suitable for depositing the intrinsic semiconductor layer (200) having a
different crystal structure from the semiconductor substrate (110). As described above, since the
temperature of the tunneling layer (22) is the same as or similar to the deposition temperature of
the intrinsic semiconductor layer (200), the process can be simplified since time for controlling
the temperature, time for stabilizing the temperature, etc. are not required.

<72> Additionally, the deposition pressure of the intrinsic semiconductor layer (200) may be a
pressure lower than atmospheric pressure, for example, 600 Torr or less (for example, 1 Torr to
600 Torr). Maintaining the deposition pressure below 1 Torr may have been a process limitation,
and the process time of the intrinsic semiconductor layer (200) may be significantly extended,
making it difficult to apply to actual mass production. If the deposition pressure exceeds 600 Torr,
the uniformity of the intrinsic semiconductor layer (200) may deteriorate. Alternatively, the
deposition pressure of the intrinsic semiconductor layer (200) may be equal to or less than the
pressure at the time of forming the tunneling layer (22). In particular, if the deposition pressure of
the intrinsic semiconductor layer (200) is made smaller than the pressure at the time of forming
the tunneling layer (22), the characteristics of the intrinsic semiconducting layer (200) directly
involved in photoelectric conversion can be made uniform.

<73> This will be explained in more detail. The intrinsic semiconductor layer (200) is formed by
thermally decomposing a gas comprising a semiconductor material (e.g., silicon) and depositing
the semiconductor material on the tunneling layer (22). However, if the temperature and/or
pressure are increased to increase the deposition rate, the dispersion of crystallinity within the
intrinsic semiconductor layer (200) increases. Since the crystallinity of the intrinsic semiconductor
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layer (200) is involved in the carrier movement speed, if the crystallinity dispersion of the intrinsic
semiconductor layer (200) becomes large, the characteristics of the intrinsic semiconductor layer
(200) may become uneven. On the other hand, the tunneling layer (22) is formed with a very thin
thickness, and the crystallinity does not greatly affect the characteristics of the tunneling layer (22).
Considering this, even though the intrinsic semiconductor layer (200) should be formed with a
thickness thicker than the tunneling layer (22), the deposition temperature and/or pressure of the
intrinsic semiconductor layer (200) is lowered to a level lower than that during the formation of
the tunneling layer (22), thereby improving the yield of the intrinsic semiconductor layer (200).
<74> However, the present invention is not limited thereto, and the gas atmosphere, temperature,
pressure, etc. of the intrinsic semiconductor layer (200) may be varied in various ways.

<75> In this way, the intrinsic semiconductor layer (200) can be formed by changing the type of
gas supplied after the formation of the tunneling layer (22) and controlling the amount of gas
supplied. For example, after the formation of the tunneling layer (22) is completed, the gas (e.g.,
oxygen gas, nitrogen gas, chlorine gas, etc.) used in the formation of the tunneling layer (22) is
removed by pumping and purging, and then the agent for forming the intrinsic semiconductor layer
(200) (e.g., gas comprising a semiconductor material) is injected to form the intrinsic
semiconductor layer (200).

<76> Accordingly, the process of forming the tunneling layer (22) and the intrinsic semiconductor
layer (200) can be simplified. In addition, when the tunneling layer is formed as in the past and the
semiconductor substrate on which the tunneling layer is formed is taken out of the apparatus, there
is a problem in that the tunneling layer is contaminated with impurities or the thickness of the
tunneling layer becomes thicker due to additional oxidation. In the present embodiment, since the
intrinsic semiconductor layer (200) is formed continuously within the apparatus in which the
tunneling layer (22) is formed, the tunneling layer (22) is not exposed to the outside before the
intrinsic semiconductor layer (200) is formed. Therefore, it is possible to prevent problems that
may occur when the tunneling layer (22) is exposed to the outside before the formation of the

intrinsic semiconductor layer (200).
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<77> For reference, when using plasma chemical vapor deposition (PECVD), a separate
crystallization annealing process must be performed to have a polycrystalline structure after
forming the intrinsic semiconductor layer (200). Accordingly, the structure becomes complicated
and the performance may also be low. In addition, plasma chemical vapor deposition is a cross-
sectional process, so it may be difficult to form the intrinsic semiconductor layer (200) entirely on
both sides of the semiconductor substrate (110).

<78> Next, as shown in FIG. 4d, the intrinsic semiconductor layer (200) positioned at least on the
back side of the semiconductor substrate (110) is doped with a first conductive dopant to form a
first conductive region (20a). At this time, in the present embodiment, the first conductive dopant
can be doped by the thermal diffusion method. This is because the thermal diffusion method
enables doping while minimizing the characteristic depth of the tunneling layer (22). On the other
hand, the ion implantation method, etc., can reduce the yield of the tunneling layer (22) due to the
activation thermal reduction that occurs at a high temperature after the ion injection.

<79> For example, as shown in FIG. 4d, the first conductive region (20a) can be formed as a whole
by heat treatment in a gas atmosphere containing the first conductive dopant. When the first
conductive region (20a) has an n-type, the heat treatment can be performed in a base atmosphere
containing POCIs. Alternatively, when the first conductive region (20a) has a p-type, the heat

treatment can be performed in a gas atmosphere containing BBr3.
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<80> In this way, the process of forming the first-conductivity region (20a) using a gas containing
the first-conductivity dopant can be simplified. However, by this process, doping is performed on
the front and side surfaces of the semiconductor substrate (110) as well as the back surface of the
semiconductor substrate (110). In the present embodiment, since there is a portion of the intrinsic
semiconductor layer (200) that is removed in a subsequent process on the front and side surfaces
of the semiconductor substrate (110), unnecessary doping of the front and side surfaces of the
semiconductor substrate (110) with the first-conductivity dopant can be fundamentally prevented.
<81> As another example, as shown in FIG. 5, a first doping layer (210) comprising a first
conductive dopant is formed on at least an intrinsic semiconductor layer (200) positioned on the
back side of a semiconductor substrate (110), and the first conductive dopant comprised in the first
doping layer (210) is diffused by heat treatment to form a first conductive region (20a). As an
example, the first doping layer (210) may comprise phosphorus silicate glass (PSG), boron silicate
glass (BSG), etc. Such a first doping layer (210) can be easily formed by deposition, etc.

<82> For example, the first doping layer (210) is formed by atmospheric pressure chemical vapor
deposition, etc.; it is formed on the back and/or side of the semiconductor substrate (110) and is
not formed on the front. Accordingly, the first conductive region (20a) is formed only on the back
and/or side of the semiconductor substrate (110), and the genuine semiconductor layer (200) can
remain on the front surface.

<83> Next, as shown in FIG. 4e, a mask layer (202) is formed on the first conductive region (20a)
positioned on the back of the semiconductor substrate (110) to correspond to the first conductive
region (reference symbol | in FIG. 4f; the same applies hereinafter) that should remain outside of

the isolation unit. More specifically, the area of the mask layer (202) may be smaller than the area
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of the semiconductor substrate (110). By removing a portion of the undesired first-conductivity
region (20a) by this method, the remaining first-conductivity region (reference numeral 20 of FIG.
4f; same as the lower portion) other than the isolation unit (I) can have a smaller area than the
semiconductor substrate (110).

<84> As an example, the mask layer (202) can be spaced apart from each side (or edge) of the
semiconductor substrate (110) by a certain second distance (D2). If the mask layer (202) has an
area equal to or larger than the semiconductor substrate (110), it may be difficult to effectively
remove a portion of the first-conductivity region (20a) positioned adjacent to the side of the
semiconductor substrate (110) on the back surface of the semiconductor substrate (110). The
second distance (202) can be controlled so that the first-conductivity region (20) can have a desired
value at the first distance (DI) spaced apart from the back edge of the semiconductor substrate
(110). For example, the second distance (D2) may have a value of 1 mm or less (for example, 1
nm to 1 mm) so that the first distance (D1) may have a value of 1 mm or less (for example, 1 nm
to 1 mm). However, the present invention is not limited thereto, and the second distance (D2) may
have a different value.

<85> The mask layer (202) may comprise a material that is not removed in the process of removing
the first conductive region (20a) comprising the semiconductor material. For example, the mask
layer (202) that is not etched in the etching solution used in the process of removing the first
conductive region (20 a) may comprise an oxide, a nitride, a resin, etc. For example, the mask
layer (202) may be composed of a silicon nitride layer, so that the mask layer (202) may be formed

by a simple process.
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<86> Next, as shown in FIG. 4f, the first conductive region (20) and the tunneling layer (22) that
are not covered by the mask layer (202) are removed to form an isolation unit (I). For example,
the first conductive region (20) and the tunneling layer (22) can be removed by wet etching using
an alkaline solution (for example, a KOH solution). According to wet etching, the first conductive
region (20) and the tunneling layer (22) positioned on the isolation unit (1) of the front, side, and
back of the semiconductor substrate (110) can be removed by a simple and easy process. The first
conductive region (20) can be selectively and easily removed by an alkaline solution, and the
tunneling layer (22) having a very small thickness, although an oxide, can also be easily removed
together with the first conductive region (20). Thereby, the first conductive region (20) and the
tunneling layer (22) having a smaller area than the semiconductor substrate (110) and separated
from the rear edge of the semiconductor substrate (110) by a first distance (DI) can be formed.
<87> The first conductive region (20) and the tunneling layer (22) can have a shape in which the
area becomes smaller as they are pushed away from the semiconductor substrate (110) by wet
etching, and the side surface can be formed to be rounded. However, the present invention is not
limited thereto. The first conductive type region (20) and the tunneling layer (22) can be removed
by various methods such as reactive ion etching and dry etching, and the first conductive type
region (20) and the tunneling layer (22) can have different shapes.

<88> After removing a part of the first conductive type region (20) and the tunneling layer (22) to
form the isolation unit (1), the mask layer (202) can be removed thereafter. The mask layer (202)

can be removed by various methods depending on the material. For example, when the mask layer
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(202) comprises oxides, nitrides, etc., it can be removed by a process using diluted hydrofluoric
acid. The mask layer (202) can be removed by a separate process, or can be naturally removed by
a cleaning process comprising a solution containing diluted hydrofluoric acid. However, the
present invention is not limited thereto, and various methods known as methods for removing the
mask layer (202) can be used.

<89> Then, as shown in FIG. 4g, a second conductive region (30) is formed on the front side of
the semiconductor substrate (110). The second conductive region (30) can be formed as a doping
region that constitutes a part of the semiconductor substrate (110) by doping the second conductive
dopant into the semiconductor substrate (110).

<90> The second conductive region (30) can be formed by various known methods. For example,
the second conductive region (30) can be formed by a thermal diffusion method. This is because
the thermal diffusion method enables doping while minimizing the characteristic degradation of
the tunneling layer (22). On the other hand, the characteristics of the tunneling layer (22) can be
deteriorated by the activation heat treatment performed at a high temperature after ion injection,
such as the ion injection method.

<91> For example, as shown in FIG. 4g, a capping film (204) is formed on the side and back of
the semiconductor substrate (110) and a second conductive region (30) can be formed on the front
surface of the semiconductor substrate (110) by heat-treating in a gas atmosphere containing a
second conductive dopant. When the second conductive region (30) has a p-type, heat treatment

can be performed in a base atmosphere containing BBrs. Alternatively, if the second conductive
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type region (30) has an n-type, it can be heat-treated in a substrate atmosphere comprising POC1s.
After the second conductive type region (30) is formed, the capping film (204) can be removed.
The capping film (204) can be a variety of films that can block the doping of the second conductive
type dopant, and can be removed by a removal method according to the material.

<92> As another example, as shown in FIG. 6, a second doping layer (310) comprising a second
conductive type dopant is formed on the entire surface of a semiconductor substrate (110), and the
second conductive type dopant comprised in the second doping layer (310) is diffused into the
inside of the semiconductor substrate (110) by heat treatment to form the second conductive type
region (30). For example, the second doping layer (310) may comprise boron silicate glass (BSG),
phosphorus silicate glass (PSG), etc. This second doping layer (310) can be easily formed by
deposition, etc. For example, the second doping layer (310) is formed by atmospheric pressure
chemical vapor deposition, etc., and is not formed on the back surface of the semiconductor
substrate (110).

<93> Next, as shown in FIG. 4h, a second insulating film is formed on the front surface of the
semiconductor substrate (110). For example, a second passivation film (34) and an antireflection
film (36) are formed on the second conductive region (30) on the front surface of the
semiconductor substrate (110). At this time, an insulating layer (i.e., a second passivation film (34)
and an anti-reflection film (36)) may also be formed on the side of the semiconductor substrate
(110). For example, at least a portion of the insulating film (for example, the second passivation
film (34)) positioned on the front side of the semiconductor substrate (110) may be in contact with

the second conductive region (30).
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<94> The second passivation film (34) or anti-reflection film (36) can be formed by various
methods such as vacuum deposition, chemical vapor deposition, spin coating, screen printing, or
spray coating. However, when forming the second passivation film (34) or anti-reflection film (36),
if cross-sectional deposition such as plasma-induced chemical vapor deposition (PECVD) is used,
the second passivation film (34) or anti-reflection film (36) can be formed only on the front and/or
side. Therefore, a separate patterning process for the second passivation film (34) or anti-reflection
film (36) is not required.

<95> Next, as shown in FIG. 4i, a first insulating film is formed on the back side of the
semiconductor substrate (110). For example, on the back side of the semiconductor substrate (110),
a first passivation film (24) is formed on the first conductive region (20) and the back side of the
semiconductor substrate (110). At this time, an insulating layer (i.e., the first passivation film (24))
may also be formed on the side of the semiconductor substrate (110).

<96> More specifically, the first passivation film (24) may be formed to extend continuously over
the first conductive region (20), the side of the first conductive region (20) and the tunneling layer
(22), the back side of the semiconductor substrate (110), and the side of the semiconductor
substrate (110). At this time, the first passivation film (24) can contact the back surface of the first
conductive region (20), the side surface of the first conductive region (20) and the tunneling layer
(22), and the back surface of the semiconductor substrate (110). In this way, after edge isolation is
achieved by the isolation unit (1), the first passivation film (24) can be formed without a separate

process, and the isolation unit (1) can be passivated together.
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<97> For example, the first passivation film (24) can be formed by various methods such as
vacuum deposition, chemical vapor deposition, spin coating, screen printing, or spray coating. At
this time, when forming the first passivation film (24) or the anti-reflection film (36), if cross-
sectional deposition such as plasma-induced chemical vapor deposition (PECVD) is used, the first
passivation film (24) can be formed only on the back side or side. Therefore, a separate patterning
process for the first passivation film (24) is not required.

<98> In the present embodiment, the second insulating film covering the front side of the
semiconductor substrate (110) is first formed, and then the first insulating film covering the back
side of the semiconductor substrate (110) is formed. According to this example, it is possible to
prevent the characteristics of the first conductive region (20) from being deteriorated or damaged
during the process of forming the first insulating film. In particular, when the first conductive
region (20) is an emitter region, the characteristics of the first conductive region (20) may be very
important. However, the present invention is not limited thereto. In the present embodiment, the
first insulating film covering the rear side of the semiconductor substrate (110) may be formed
first, and then the second insulating film covering the front side of the semiconductor substrate
(110) may be formed. In this case, the first insulating film covering the rear side of the
semiconductor substrate (110) may be positioned (for example, in contact) on the side of the
semiconductor substrate (110), and the second insulating film covering the front side of the
semiconductor substrate (110) may be positioned (for example, in contact) thereon.

<99> Next, as shown in FIG. 4j, first and second electrodes (42, 44) connected to the first and
second conductive regions (20, 30) are formed, respectively.

<100> For example, first and second openings (102, 104) are formed in the first and second

insulating films by a patterning process, and then the first and second electrodes (42, 44) are

53-37
Petitioner Canadian Solar (USA) Inc., Ex. 1008, p. 38



Submission Date: 2015-08-31

formed while filling the first and second openings (102, 104). At this time, the first and second
openings (102, 104) can be formed by various methods such as laser ablation using a laser, or
using an etching solution or etching paste. In addition, the first and second electrodes (42, 44)
can be formed by various methods such as plating or deposition.

<101> As another example, it is also possible to form the first and second electrodes (42, 44) of
the above-described shape by applying the paste for forming the first and second electrodes to the
first and second insulating films, respectively, by screen printing, etc., and then performing fire
through or laser firing contact, etc. In this case, since the first and second openings (102, 104) are
naturally formed when the first and second electrodes (42, 44) are formed, there is no need to add
a process for forming the first and second openings (102, 104) separately.

<102> Accordingly, the isolation part (I) can be formed by a simple process, and the isolation part
(1) can be passivated by the first passivation film (24), which is the first insulating film, to prevent
problems due to surface recombination. As a result, the defect rate of the solar cell (100) can be
reduced by a simple process, thereby improving productivity.

<103> The features, structures, effects, etc. described above are comprised in at least one
embodiment of the present invention, and are not necessarily limited to only one embodiment.
Furthermore, the advantages, structures, effects, etc. exemplified in each embodiment can be
combined or modified and implemented in other embodiments by a person having ordinary skill
in the art pertaining to the embodiments. Therefore, the contents related to such combinations and
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modifications should be interpreted as being comprised in the scope of the present invention.

[Description of Symbols]

<104> 100: solar cell

110: semiconductor substrate

22:
20:
30:
24:
34:
36:
42:

44:

tunneling layer

first conductive region
second conductive region
first passivation film
second passivation film
antireflection film

first electrode

second electrode
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[Claims]
[Claim 1]
A solar cell covering one surface of a semiconductor substrate, comprising:

a tunneling layer positioned on one surface of a semiconductor substrate,
a first conductive region positioned on the tunneling layer,
a first insulating film passivating the first conductive region on the first conductive region,

a second conductive region positioned on the other surface of the semiconductor substrate and
configured as a doping region,

a first electrode connected to the first conductive region, and
a second electrode connected to the second conductive region;

wherein an isolation unit is positioned at an edge portion of one side of the semiconductor
substrate where the tunneling layer and the first conductive region are not positioned, and

the first insulating film covers one side of the semiconductor substrate where the isolation unit is
positioned.

[Claim 2]
The solar cell according to claim 1,

wherein the first insulating film contacts one surface of the semiconductor substrate where the
isolation unit is positioned.
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[Claim 3]

The solar cell according to claim 1,

wherein the width of the above isolation unit is 1 mm or less
[Claim 4]

The solar cell according to claim 3,

wherein the width of the isolation unit is 1 nm to 1 mm or less.
[Claim 5]

The solar cell according to claim 1,

wherein the area of the first conductive region becomes smaller as it becomes distant from the
semiconductor substrate.

[Claim 6]
The solar cell according to claim 1,

wherein the side surface of the first conductive region has a round shape

[Claim 7]
The solar cell according to claim 1,

wherein the first insulating film comprises a side surface unit that extends to the side surface of
the semiconductor substrate.
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[Claim 8]
The solar cell according to claim 7,

further comprising a second insulating film positioned on the second conductive region,

wherein the second insulating film comprises a side unit formed on the side surface of the
semiconductor substrate, and

the side unit of the first insulating film is positioned on the side surface unit of the second
insulating film on the side surface of the semiconductor substrate.

[Claim 9]
A method for manufacturing a solar cell, comprising:

a step of forming respective tunneling layers on one side and the other side of a semiconductor
substrate;

a step of forming an intrinsic semiconductor layer on the tunneling layer on both sides of the
semiconductor substrate;

a step of doping a first conductive dopant on at least a portion of the intrinsic semiconductor
layer positioned on one side of the semiconductor substrate to form a first conductive region;

a step of entirely removing the tunneling layer and the intrinsic semiconductor layer or the first
conductive region, which are positioned at least on the other side of the semiconductor substrate;

a step of doping a second conductive dopant on the other side of the semiconductor substrate to
form a second conductive region composed of a doping region;

a step of forming a first insulating film covering the first conductive region; and

a step of forming an electrode comprising a first electrode connected to the first conductive
region and a second electrode connected to the second conductive region;

wherein in the step of removing, the tunneling layer and the edge portion of the first conductive
region positioned on one side of the semiconductor substrate are removed together to form an
isolation unit, and

the first insulating film covers one side of the semiconductor substrate where the isolation unit is
positioned.

[Claim 10]

The method for manufacturing a solar cell according to claim 9,
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wherein the first insulating film is in contact with one side of the semiconductor substrate where
the isolation unit is positioned.

[Claim 11]

The method for manufacturing a solar cell according to claim 9,
wherein the width of the above isolation unit is 1 mm or less.

[Claim 12]

The method for manufacturing a solar cell according to claim 10,
wherein the width of the above isolation unitis 1 nm to 1 mm or less.
[Claim 13]

The method for manufacturing a solar cell according to claim 9,
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wherein the step of removing comprises:

a step of forming a mask layer having a smaller area than the semiconductor substrate on the first
conductive region on the other side of the semiconductor substrate,

a step of etching the first conductive region and the tunneling layer positioned in a part where the
mask layer is not formed, and

a step of removing the mask layer.
[Claim 14]
The method for manufacturing a solar cell according to claim 13,

wherein the distance between the rear edge of the semiconductor substrate and the edge of the
mask layer is 1 mm or less.

[Claim 15]

The method for manufacturing a solar cell according to claim 9,

wherein the step of removing is performed by reactive ion etching (RIE) or wet etching.
[Claim 16]

The method for manufacturing a solar cell according to claim 9,

wherein the area of the first conductive region becomes smaller as it moves away from the
semiconductor substrate.
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[Claim 17]

The method for manufacturing a solar cell according to claim 9,

wherein the side surface of the first conductive region has a round shape.
[Claim 18]

The method for manufacturing a solar cell according to claim 9,

wherein a step of forming a second insulating film covering the second conductive region is
further comprised between the step of forming the second conductive region and the step of
forming the first insulating film, the second insulating film is positioned on the side surface of
the semiconductor substrate, and the first insulating film is positioned on the second insulating
film.

[Claim 19]
The method for manufacturing a solar cell according to claim 9,

wherein the step of forming the first conductive region or the step of forming the second
conductive region is formed using a thermal diffusion method.

[Claim 20]
The method for manufacturing a solar cell according to claim 9,

wherein the tunneling layer or the intrinsic semiconductor layer is formed in a low-pressure
chemical vapor deposition device.
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[Abstract]

[Abstract]

A solar cell according to an embodiment of the present invention comprises a tunneling layer
positioned on one surface of a semiconductor substrate, a first conductive region positioned on the
tunneling layer, a first insulating film passivating the first conductive region on the first conductive
region, a second conductive region positioned on the other surface of the semiconductor substrate
and configured as a doping region, a first electrode connected to the first conductive region, and
a second electrode connected to the second conductive region. An isolation unit is positioned at an
edge portion of one side of the semiconductor substrate where the tunneling layer and the first
conductive region are not positioned. The first insulating film covers one side of the semiconductor

substrate where the isolation unit is positioned.

[Representative Drawing]
FIG. 1
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[Drawings]
[FIG. 1]
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[FIG. 2]
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[FIG. 3]
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[FIG. 4c]
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[FIG. 4f]
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[FIG. 4i]
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