DECLARATION OF STEVEN BAMMELI

I, Steven Bammel, pursuant to 28 U.S.C. § 1746 and 37 C.F R. § 1.68, hereby declare as
follows:

1. I am a Translator for Sun IP.

2. I submit this declaration to certify the accuracy of the English translation of Min-
Ho Choi et al., Solar Cell and Manufacturing Method Thereof, KR Patent 10-1613843 (Nov. 13,
2014).

3. I am qualified to perform Korean to English translations and certify the accuracy
of Korean to English translations.

4. My statements are based on personal knowledge and my review of Min-Ho Chot
et al., Solar Cell and Manufacturing Method Thereof, KR Patent 10-1613843 (Nov. 13, 2014)
and its Korean to English translation. If called as a witness about the facts contained in these
statements, I could testify competently based on such personal knowledge and the investigation I
have conducted.

5. Attached as Exhibit A is, to the best of my knowledge and ability, a true and
accurate copy of Min-Ho Choi et al., Solar Cell and Manufacturing Method Thereof, KR Patent
10-1613843 (Nov. 13, 2014).

6. Attached as Exhibit B is, to the best of my knowledge and ability, a true and
accurate copy of an English translation of Min-Ho Choi et al., Solar Cell and Manufacturing
Method Thereof, KR Patent 10-1613843 (Nov. 13, 2014) (hereinafter “Choi Translation”), which
I translated based on Exhibit A and my personal knowledge of the Korean and English

languages.
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7. Choi Translation is, to the best of my knowledge and ability, a true and accurate
translation of Min-Ho Choi et al., Solar Cell and Manufacturing Method Thereof, KR Patent 10-
1613843 (Nov. 13, 2014).

8. All statements made herein of my own knowledge are true, and all statements
made on information and belief are believed to be true.

9. I have been warned and am aware that these statements are made with the
knowledge that willful false statements and the like so made are punishable by fine or
imprisonment, or both, under 18 U.S.C. § 1001.

10.  Tunderstand that by submitting this declaration I may be asked to appear for a
deposition asking me questions limited to the material in my declaration. With my signature
below, I agree to make reasonable efforts to make myself available for such a deposition at a
reasonable place and time.

* % %
I declare under the penalty of perjury under the laws of the United States that the

foregoing is true and correct. Executed on July 23, 2024 in Incheon, Korea.

Steven Bammel
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Specification

Claims

Claim 1

A solar cell comprising:

a semiconductor substrate including a base region;

a tunneling layer formed entirely on one surface of the semiconductor substrate;

a first conductive impurity layer formed on the tunneling layer;

a second conductive impurity layer formed on the tunneling layer and spaced apart from the first conductive impurity layer;

a barrier layer formed on the tunneling layer, located on the same plane as the first conductive impurity layer and the second conductive
impurity layer, and formed between the first conductive impurity layer and the second conductive impurity layer to space apart the first
conductive impurity layer and the second conductive impurity layer; and

a front surface field layer located on the other surface of the semiconductor substrate, having the same conductivity type as the base region
and a higher doping concentration than the base region,

and wherein the barrier layer includes an intrinsic semiconductor layer.

Claim 2

Deleted

Claim 3

The solar cell of claim 1,

wherein the first conductive impurity layer has n-type conductivity,

the second conductive impurity layer has p-type conductivity, and

the area of the first conductive impurity layer is smaller than the area of the second conductive impurity layer.
Claim 4

The solar cell of claim 3,

wherein the ratio of the total area of the first conductive impurity layer to the entire area of the solar cell is 0.5% to 5%.
Claim 5

The solar cell of claim 1,

wherein the first conductive impurity layer has an island shape surrounded by the barrier layer.
Claim 6

The solar cell of claim 1,

wherein the width of the barrier layer is smaller than the width of the first conductive impurity layer.
Claim 7

The solar cell of claim 1,

wherein the width of the barrier layer is 0.5 4m to 100 ym.

Claim 8

The solar cell of claim 7,

wherein the width of the barrier layer is 1 xm to 30 ym.

Claim 9

The solar cell of claim 1,

wherein the tunneling layer includes at least one of an oxide and a nitride.
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Claim 10
The solar cell of claim 1,

wherein the first conductive impurity layer, the second conductive impurity layer, and the barrier layer are located on the same plane and
include the same semiconductor material.

Claim 11
The solar cell of claim 10,

wherein the first conductive impurity layer, the second conductive impurity layer, and the barrier layer include at least one of amorphous
silicon, microcrystalline silicon, and polycrystalline silicon.

Claim 12

The solar cell of claim 1,

wherein the thickness of the tunneling layer is 0.5 nm to 5 nm.
Claim 13

The solar cell of claim 1,

wherein the thicknesses of the first conductive impurity layer, the second conductive impurity layer, and the barrier layer are 50 nm to 300
nm.

Claim 14

The solar cell of claim 1,

wherein the one surface of the semiconductor substrate has smaller surface roughness than the other surface of the semiconductor substrate.
Claim 15

The solar cell of claim 14,

wherein a field-effect forming layer having fixed charge is formed on the other surface of the semiconductor substrate.
Claim 16

The solar cell of claim 15,

wherein the specific resistance of the semiconductor substrate is 0.5 ohm-cm to 20 ohm-cm,

and the amount of the fixed charge of the field-effect forming layer is 1 x 10'%cm? to 9 x 10**/cm?.

Claim 17

A manufacturing method for a solar cell comprising:

a step of preparing a semiconductor substrate including a base region;

a step of forming a tunneling layer entirely on one surface of the semiconductor substrate;

a step of forming a semiconductor layer on the tunneling layer; and

a doping step of forming a first conductive impurity layer and a second conductive impurity layer spaced apart by the barrier layer by
doping the semiconductor layer with the first conductive impurity and the second conductive impurity, and forming a front surface field
layer having the same conductivity type as the base region and a higher doping concentration than the base region on the other surface of
the semiconductor substrate, and

wherein the barrier layer is located on the same plane as the first conductive impurity layer and the second conductive impurity layer on the
tunneling layer,

and wherein the barrier layer includes an intrinsic semiconductor layer.
Claim 18
The manufacturing method for a solar cell of claim 17,

wherein the doping step includes:
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a step of forming a first doping layer containing the first conductive impurity on the semiconductor layer;
a step of forming an undoped layer on the first doping layer and the first doping layer’s surrounding portion of the semiconductor layer;

a step of forming a second doping layer containing the second conductive impurity entirely on the undoped layer and the semiconductor
layer; and

a diffusion step of forming the first conductive impurity layer, the second conductive impurity layer, and the barrier layer simultaneously
by diffusing the first conductive impurity and the second conductive impurity into the semiconductor layer through thermal treatment,

and wherein, in the diffusion step, the portion where the first conductive impurity is diffused constitutes the first conductive impurity layer,
the portion where the second conductive impurity is diffused constitutes the second conductive impurity layer, and

the undoped region between the first conductive impurity layer and the second conductive impurity layer constitutes the barrier layer.
Claim 19

The manufacturing method for a solar cell of claim 18,

wherein the first doping layer includes a plurality of portions that are spaced apart while having an island shape,

the undoped layer includes a plurality of portions that are spaced apart while having a larger island shape than the plurality of portions of
the first doping layer, and

the second doping layer is entirely formed on the semiconductor layer.
Claim 20
The manufacturing method for a solar cell of claim 18,

wherein either one of the first doping layer and the second doping layer is borosilicate glass (BSG) and the other is phosphosilicate glass
(PSG).

Claim 21

The solar cell of claim 1,

wherein the first conductive impurity layer includes a first branch portion,

the second conductive impurity layer includes a second branch portion,

and the first branch portion and the second branch portion are alternately positioned and formed side by side.
Claim 22

The solar cell of claim 21,

wherein the first branch portion is provided in plurality,

the second branch portion is provided in plurality,

and the barrier layer is located between the first branch portion and the second branch portion.
Claim 23

The solar cell of claim 22,

wherein the first conductive impurity layer further includes a first stem portion connecting the plurality of first branch portions in a
direction intersecting the extension direction of the plurality of first branch portions,

and the second conductive impurity layer further includes a second stem portion connecting the plurality of second branch portions in a
direction intersecting the extension direction of the plurality of second branch portions.

Claim 24
The solar cell of claim 11,

wherein the first conductive impurity layer, the second conductive impurity layer, and the barrier layer are composed of layers having the
same crystal structure as each other.

Claim 25

The solar cell of claim 11,
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wherein the semiconductor substrate has a single crystal structure,

and the first conductive impurity layer and the second conductive impurity layer have a different crystal structure from the semiconductor
substrate.

Claim 26
The manufacturing method for a solar cell of claim 17,

wherein the barrier layer is composed of an undoped region between the first conductive impurity layer and the second conductive impurity
layer.

Claim 27
The manufacturing method for a solar cell of claim 17,
wherein the semiconductor substrate has a single crystal structure,

the semiconductor layer has a different crystal structure from the semiconductor substrate and includes at least one of amorphous silicon,
microcrystalline silicon, and polycrystalline silicon.

Description of the invention
Technical field

The present invention relates to a solar cell and a manufacturing method thereof, and more particularly, to a solar cell with an improved
structure and a manufacturing method thereof.

Background art

Recently, interest in alternative energy sources to replace conventional energy resources such as oil and coal, which are expected to be
depleted, has increased. Among them, solar cells have attracted attention as next-generation cells that convert solar energy into electrical
energy.

These solar cells can be manufactured by forming various layers and electrodes according to design. However, the efficiency of the solar
cell can be determined according to the design of such various layers and electrodes. For the commercialization of solar cells, it is
necessary to overcome low efficiency, and various layers and electrodes need to be designed to maximize the efficiency of the solar cell.

Summary of the invention

Problem to be solved

The present invention aims to provide a solar cell that can enhance reliability and maximize efficiency.
Means for solving the problem

A solar cell according to this embodiment comprises a semiconductor substrate; a tunneling layer formed on one surface of the
semiconductor substrate; a first conductive impurity layer formed on the tunneling layer; a second conductive impurity layer formed on the
tunneling layer and spaced apart from the first conductive impurity layer; and a barrier layer formed between the first conductive impurity
layer and the second conductive impurity layer to space apart the first conductive impurity layer and the second conductive impurity layer.

The method for manufacturing a solar cell according to this embodiment comprises a step of preparing a semiconductor substrate; a step of
forming a tunneling layer on one surface of the semiconductor substrate; a step of forming a semiconductor layer on the tunneling layer;
and a step of forming a first conductive impurity layer and a second conductive impurity layer spaced apart by the barrier layer by doping
the semiconductor layer with the first conductive impurity and the second conductive impurity.

Effects of the invention

In the solar cell according to this embodiment, a barrier layer is formed between the first conductive impurity layer and the second
conductive impurity layer located on the same surface (for example, the back surface) of the semiconductor substrate. Thus, shunts that
occur due to unnecessary shorting between the first conductive impurity layer and the second conductive impurity layer can be prevented.
Additionally, the barrier layer can also prevent connection to unwanted impurity layers if the alignment of the first and second electrodes,
each connected to the first and second conductive impurity layers, slightly deviates. This can improve the open-circuit voltage and fill
factor of the solar cell, thereby increasing the efficiency and output of the solar cell. The manufacturing method of the solar cell according
to the present embodiment can form the solar cell with the above-described structure in a simple manner.

Accordingly, the present embodiment can improve both the properties and productivity of the solar cell.
Brief description of drawings

-5-



[0009]

[0010]

[0011]

[0012]

[0013]

[0014]
[0015]

[0016]

[0017]

[0018]

[0019]

Registered patent 10-1613843

Fig. 1is a cross-sectional view of a solar cell according to an embodiment of the present invention.
Fig. 2 is a partial rear plan view of a solar cell according to an embodiment of the present invention.

Figs. 3a to 3k are cross-sectional views illustrating a method for manufacturing a solar cell according to an embodiment of the present
invention.

Fig. 4 is a rear plan view illustrating a solar cell according to another embodiment of the present invention.
Fig. 5 is a cross-sectional view illustrating a solar cell according to yet another embodiment of the present invention.
Detailed description for implementation of the invention

Hereinafter, embodiments of the present invention will be described in detail with reference to the accompanying drawings. However, the
present invention is not limited to these embodiments and may, of course, be modified in various forms.

In the drawings, portions unrelated to the description are omitted for clarity and brevity of the descriptions, and the same drawing reference
numbers are used for the same or very similar parts throughout the specification. Also, in the drawings, the illustrations of thickness, width,
etc., have been enlarged or reduced for clarity of the descriptions, and the thicknesses, widths, etc., of the present invention are not limited
to those shown in the drawings.

Moreover, in the entire specification, when a part "includes" another part, it does not exclude other parts unless specifically stated
otherwise, and may further include other parts. In addition, when a layer, film, region, plate, etc. is described as being "on" another part, it
includes not only the case of being "directly on" another part but also the case where another part is interposed in-between. When a layer,
film, region, plate, etc. is described as being "directly on" another part, it means that no other part is interposed in-between.

Hereinafter, a solar cell according to an embodiment of the present invention will be described in detail with reference to the accompanying
drawings.

Fig. 1is a cross-sectional view of a solar cell according to an embodiment of the present invention.

Referring to Fig. 1, the solar cell (100) according to the present embodiment comprises a semiconductor substrate (10), a tunneling layer
(20) formed on one surface (for example, the back surface) of the semiconductor substrate (10), a first conductive impurity layer (32)
formed on the tunneling layer (20), a second conductive impurity layer (34), and a barrier layer (36). At this time, the first conductive
impurity layer (32) and the second conductive impurity layer (34) are formed to be spaced apart from each other by the barrier layer (36). It
may also further include first and second electrodes (42, 44) that are connected to the first and second conductive impurity layers (32, 34)
to collect carriers. In addition, an anti-reflective coating (50) may be further formed on another surface of the semiconductor substrate (10).
This will be explained in more detail.

The semiconductor substrate (10) may include a base region (110) containing a first conductive impurity at a low doping concentration. In
this case, the semiconductor substrate (10) may include silicon containing the first conductive impurity, for example. Single crystal silicon
may be used as the silicon, and the first conductive impurity may be n-type or p-type, for example. That is, n-type impurities such as
phosphorus (P), arsenic (As), bismuth (B1), and antimony (Sb), which are group 5 elements, may be used as the first conductive impurity.
Also, p-type impurities such as boron (B), aluminum (Al), gallium (Ga), and indium (In), which are group 3 elements, may be used as the
first conductive impurity.

At this time, the base region (110) may have an n-type impurity as the first conductive impurity. Then, the second conductive impurity
layer (34), which forms a tunnel junction with the base region (110) and the tunneling layer (20), may have p-type conductivity. Then, an
impurity layer (20), which performs the role of an emitter causing photoelectric conversion at the junction with the base region (110), can
be widely formed, thereby effectively collecting holes that move slower than electrons. When light is irradiated onto such a tunnel junction,
electrons generated by the photoelectric effect are collected by the first electrode (22), and holes move toward the front side of the
semiconductor substrate (10) and are collected by the second electrode (42). This generates electrical energy. However, the present
invention is not limited thereto, and it is also possible for the base region (110) and the first conductive impurity layer (32) to be p-type and
the second conductive impurity layer (34) to be n-type.

The front surface of the semiconductor substrate (10) may be textured to have irregularities, such as pyramids. Such texturing can form
irregularities on the front surface of the semiconductor substrate (10). If surface roughness is increased, this can reduce the reflectance of
light incident through the front surface of the semiconductor substrate (10). Therefore, it can increase the amount of light reaching the
tunnel junction formed by the semiconductor substrate (10) and the second conductive impurity layer (34), thereby minimizing light loss.

The rear surface of the semiconductor substrate (10) may have a relatively smooth and flat surface with lower surface roughness than the
front surface through mirror polishing or the like. Thus, light passing through the semiconductor substrate (10) and reaching the rear
surface can be reflected from the rear surface back toward the semiconductor substrate (10). In the case where a tunnel junction is formed
by the tunneling layer (20) on the rear surface of the semiconductor substrate (10) as in this embodiment, the properties of the solar cell
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(100) can greatly vary depending on the properties of the rear surface of the semiconductor substrate (10). Accordingly, no irregularities by
texturing are formed on the rear surface of the semiconductor substrate (10). However, the present invention is not limited thereto, and
various modifications are, of course, possible.

A front surface field layer (120) may be formed on the front surface of the semiconductor substrate (10) (i.e., on the base region (110)).
This front surface field layer (120) is a region doped with a higher concentration of the first conductive impurity than the semiconductor
substrate (10), acting similarly to a back surface field (BSF). That is, it prevents the recombination and annihilation of electrons and holes
separated by incident sunlight at the front surface of the semiconductor substrate (10). However, the present invention is not limited
thereto, and it is also possible not to form the front surface field layer (120). This example will be explained in more detail later with
reference to Fig. 5.

An anti-reflective coating (50) may be formed on the front surface field layer (120). The anti-reflective coating (50) can be formed entirely
over the front surface of the semiconductor substrate (10). The anti-reflective coating (50) reduces the reflectance of light incident on the
front surface of the semiconductor substrate (10) and passivates the defects present on the surface or in the bulk of the front surface field
layer (120).

By reducing the reflectance of light incident through the front surface of the semiconductor substrate (10), the amount of light reaching the
tunnel junction can be increased. Accordingly, it can increase the short circuit current (Isc) of the solar cell (100). By passivating the
defects, it can remove the recombination sites of minority carriers and increase the open-circuit voltage (Voc) of the solar cell (100). As
described above, the anti-reflective coating (50) can increase the open-circuit voltage and short circuit current of the solar cell (100),
thereby improving the conversion efficiency of the solar cell (100).

The anti-reflective coating (50) can be formed of various materials. For example, the anti-reflective coating (50) can be a single layer
selected from the group consisting of a silicon nitride film, a hydrogen-containing silicon nitride film, a silicon oxide film, a silicon
oxynitride film, MgF2, ZnS, TiO2, and CeO», or a multilayer structure combining two or more films. However, the present invention is not
limited thereto, and the anti-reflective coating (50) can, of course, include various materials.

In this embodiment, a tunneling layer (20) is formed on the rear surface of the semiconductor substrate (10). The tunneling layer (20) can
improve the interfacial properties of the rear surface of the semiconductor substrate (10), and the generated carriers can be smoothly
transferred by the tunneling effect. This tunneling layer (20) may include various materials through which a carrier can tunnel, for example,
oxides, nitrides, conductive polymers, etc. At this time, the tunneling layer (20) can be formed entirely over the rear surface of the
semiconductor substrate (10). Accordingly, the rear surface of the semiconductor substrate (10) can be entirely passivated and can be easily
formed without separate patterning.

The thickness of the tunneling layer (20) can be 5 nm or less, and may be 0.5 nm to 5 nm (for example, 1 nm to 4 nm) to sufficiently
implement the tunneling effect. If the thickness of the tunneling layer (20) exceeds 5 nm, the tunneling may not occur smoothly and the
solar cell (100) may not operate; if the thickness of the tunneling layer (20) is less than 0.5 nm, it may be difficult to form the desired
quality of the tunneling layer (20). To further improve the tunneling effect, the thickness of the tunneling layer (20) may be 1 nm to 4 nm.
However, the present invention is not limited thereto and the thickness of the tunneling layer (20) may vary.

And on the tunneling layer (20), a first conductive impurity layer (32) having a first conductive impurity, a second conductive impurity
layer (34) having a second conductive impurity, and a barrier layer (36) positioned between the first conductive impurity layer (32) and the
second conductive impurity layer (34) are formed.

The first conductive impurity layer (32) may include a semiconductor (for example, silicon) containing the same first conductive impurity
as the semiconductor substrate (10). This first conductive impurity layer (32) may be formed by doping a first conductive impurity into
amorphous silicon, microcrystalline silicon, polycrystalline silicon, etc., which can be easily manufactured by various methods, such as
deposition. At this time, it is sufficient if the first conductive impurity is an impurity having the same conductivity type as the
semiconductor substrate (10). That is, if the first conductive impurity is n-type, group 5 elements such as phosphorus (P), arsenic (As),
bismuth (Bi), and antimony (Sb) can be used. If the first conductive impurity is p-type, group 3 elements such as boron (B), aluminum (Al),
gallium (Ga), and indium (In) can be used. This first conductive impurity layer (32) serves to form a back surface field structure to prevent
the loss of carriers due to recombination at the surface of the semiconductor substrate (10). Furthermore, it may serve to reduce contact
resistance at the portion where the first electrode (42) contacts.

The second conductive impurity layer (34) may include a semiconductor (for example, silicon) containing a second conductive impurity
opposite to that of the semiconductor substrate (10). This second conductive impurity layer (34) may be formed by doping a second
conductive impurity into various types of silicon, such as amorphous silicon, microcrystalline silicon, and polycrystalline silicon, which
can be easily manufactured by various methods, such as deposition. At this time, it is sufficient if the second conductive impurity is an
impurity having a conductivity type opposite to that of the semiconductor substrate (10). That is, if the second conductive impurity is p-
type, group 3 elements such as boron (B), aluminum (Al), gallium (Ga), and indium (In) can be used. If the first conductive impurity is n-
type, group 5 elements such as phosphorus (P), arsenic (As), bismuth (Bi), and antimony (Sb) can be used. This second conductive
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impurity layer (34) forms a tunnel junction with the semiconductor substrate (10) and the tunneling layer (20), substantially contributing to
photoelectric conversion.

And the barrier layer (36) is positioned between the first conductive impurity layer (32) and the second conductive impurity layer (34) to
space apart the first conductive impurity layer (32) and the second conductive impurity layer (34) from each other. If the first conductive
impurity layer (32) and the second conductive impurity layer (34) come into contact with each other, a shunt may occur, which can degrade
the performance of the solar cell (100). Therefore, in this embodiment, a barrier layer (36) can be positioned between the first conductive
impurity layer (32) and the second conductive impurity layer (34) to prevent unnecessary shunts.

The barrier layer (36) may include various materials capable of substantially insulating the first conductive impurity layer (32) and the
second conductive impurity layer (34) from each other. That is, an insulating material (for example, oxide, nitride) that has not been doped
(i.e., undoped) can be used as the barrier layer (36). Alternatively, the barrier layer (36) may include an intrinsic semiconductor. At this
time, the first and second conductive impurity layers (32, 34) and the barrier layer (36) may be formed on the same plane and may include
the same semiconductor material (for example, amorphous silicon, microcrystalline silicon, polycrystalline silicon). In such a case, after
forming a semiconductor layer (reference number 30 in Fig. 3c, hereinafter the same) containing a semiconductor material, the first
conductive impurity layer (32) is formed by doping a first conductive impurity into part of the semiconductor layer (30) region, and the
second conductive impurity layer (34) is formed by doping a second conductive impurity into part of the other region, and the region where
the first and second conductive impurity layers (32, 34) are not formed constitutes the barrier layer (36). That is, according to this method,
the manufacturing method of the first and second conductive impurity layers (32, 34) and the barrier layer (36) can be simplified, which
will be described in more detail later in the description of the manufacturing method.

However, the present invention is not limited thereto, and various modifications are, of course, possible. That is, in the drawings, the barrier
layer (30) is illustrated as being formed simultaneously with the first and second conductive impurity layers (32, 34), having substantially
the same thickness. However, in the present invention, if the barrier layer (36) is formed separately from the first and second conductive
impurity layers (32, 34), that is, formed through patterning or the like, the thickness of the barrier layer (36) may not be the same as that of
the first and second conductive impurity layers (32, 34). For example, the barrier layer (36) may have a thicker thickness than the first and
second conductive impurity layers (32, 34) to more effectively prevent shorts between the first and second conductive impurity layers (32,
34). Alternatively, to save materials forming the barrier layer (36), the thickness of the barrier layer (36) may be made smaller than the
thickness of the first and second conductive impurity layers (32, 34). Of course, various modifications are possible.

Here, the area of the second conductive impurity layer (34) having a conductivity type different from that of the base region (110) may be
formed larger than the area of the first conductive impurity layer (32) having the same conductivity type as the base region (110). Thus, the
tunnel junction formed through the tunneling layer (20) between the semiconductor substrate (110) and the second conductive impurity
layer (34) can be made wider. Additionally, as described above, when the base region (110) and the first conductive impurity layer (32)
have n-type conductivity and the second conductive impurity layer (34) has p-type conductivity, holes, which move relatively slower, can
be effectively collected. The planar structure of the first and second conductive impurity layers (32, 34) and the barrier layer (36) will be
described in more detail later with reference to Fig. 2.

An insulating layer (40) may be formed on the first and second conductive impurity layers (32, 34) and the barrier layer (36). The
insulating layer (40) can prevent connections with electrodes that should not be connected to the first and second conductive impurity
layers (32, 34) (that is, the second electrode (44) in the case of the first conductive impurity layer (32)and the first electrode (42) in the case
of the second conductive impurity layer (34)), and may also have an effect of passivating the first and second conductive impurity layers
(32, 34). The insulating layer (40) includes a first opening (402) exposing the first conductive impurity layer (32) and a second opening
(404) exposing the second conductive impurity layer (34).

The insulating layer (40) may be formed to a thickness thicker than the tunneling layer (20). This can enhance the insulating and
passivation properties. The insulating layer (40) can be made of various insulating materials (for example, oxides, nitrides, etc.). For
example, the insulating layer (40) can be a single layer selected from the group consisting of a silicon nitride film, a hydrogen-containing
silicon nitride film, a silicon oxide film, a silicon oxynitride film, MgF», ZnS, TiO», and CeO:, or a multilayer structure combining two or
more films. However, the present invention is not limited thereto, and the insulating layer (40) can, of course, include various materials.

The first electrode (42) is connected to the first conductive impurity layer (32) through the first opening (402) of the insulating layer (40),
and the second electrode (44) is connected to the second conductive impurity layer (34) through the second opening (404) of the insulating
layer (40). Various metal materials can be included in the first and second electrodes (42, 44). Additionally, the first and second electrodes
(42, 44) may have various planar shapes to collect and externally deliver carriers generated while being respectively connected to the first
and second conductive impurity layers (32, 34) without being electrically connected to each other. That is, the present invention is not
limited to the planar shape of the first and second electrodes (42, 44).

Hereinafter, the planar shapes of the first and second conductive impurity layers (32, 34), and the barrier layer (36) will be described in
detail, with reference to Fig. 2. Fig. 2 is a partial rear plan view of a solar cell (100) according to an embodiment of the present invention.
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In Fig. 2, the shapes of the first and second electrodes (42, 44) are merely presented as examples, and the present invention is not limited
thereto. That is, in Fig. 2, a plurality of first and second electrodes (42, 44) are shown to be alternately positioned with distances between
each other. At this time, the plurality of first electrodes (42) shown in Fig. 2 corresponds to the branches (42a) of the first electrode (42)
shown in Fig. 4, and the plurality of second electrodes (44) shown in Fig. 2 corresponds to the branches (44a) of the second electrode (44)
shown in Fig. 4. Therefore, although not separately illustrated in Fig. 2, the stem portion (42b, 44b) connecting the branch portions (42a) of
the first and second electrodes (42) on one side respectively as shown in Fig. 4 may be further provided. However, as described above, the
present invention is not limited thereto, and the shapes, connections structures, etc., of the first and second electrodes (42, 44) can be
variously modified.

Referring to Fig. 2, as described above, in the solar cell (100) according to this embodiment, the first conductive impurity layer (32) is
formed to have a smaller area than that of the second conductive impurity layer (34).

To this end, in this embodiment, the first conductive impurity layer (32) may have an island shape and may be provided in plurality while
being spaced apart from each other. Then, the entire area of the first conductive impurity layer (32) can be positioned on the semiconductor
substrate (10) while minimizing the area of the first conductive impurity layer (32). By doing so, the area of the second conductive impurity
layer (34) can be maximized while effectively preventing surface recombination by the first conductive impurity layer (32). However, the
present invention is not limited thereto, and the first conductive impurity layer (32) may, of course, have various shapes capable of
minimizing the area of the first conductive impurity layer (32).

In addition, although the first conductive impurity layer (32) is illustrated as having a circular shape in the drawings, the present invention
is not limited thereto. Therefore, the first conductive impurity layer (32) may, of course, have planar polygonal shapes, such as elliptical,
triangular, rectangular, hexagonal, etc. shapes.

For example, the ratio of the total area of the first conductive impurity layer (32) to the total area of the solar cell (100) may be 0.5% to
30% (more preferably, 0.5% to 5%). If the total area ratio of the first conductive impurity layer (32) is less than 0.5%, contact resistance
with the first electrode (42) may increase due to inaccurate contact with the first electrode (42). If the area ratio exceeds 30%, as described
above, the area of the second conductive impurity layer (34) becomes smaller, which may reduce the efficiency of the solar cell (100).
Considering solar cell efficiency, it is preferable that the area ratio is 0.5% to 5%.

Also, the first conductive impurity layer (32) may be surrounded by a barrier layer (36). For example, if the first conductive impurity layer
(32) is circular, the barrier layer (36) may have an annular or ring shape. That is, the barrier layer (36) is formed while surrounding the first
conductive impurity layer (32) and serves to space apart the first conductive impurity layer (32) and the second conductive impurity layer
(34), thereby preventing unnecessary shunts. In the drawings, the barrier layer (36) is illustrated as completely surrounding the first
conductive impurity layer (32) to fundamentally prevent the occurrence of shunts. However, the present invention is not limited thereto,
and it is also possible for the barrier layer (36) to partially surround only a part of the outer edge of the first conductive impurity layer (32).

At this time, since the barrier layer (36) serves to space apart the first conductive impurity layer (32) and the second conductive impurity
layer (34), it may be formed to a minimum width sufficient to separate them. That is, the width (T1) of the barrier layer (36) may be
smaller than the width (T2) of the first conductive impurity layer (32), which is formed with a relatively small area. Here, the width (T2) of
the first conductive impurity layer (32) may vary depending on the shape of the first conductive impurity layer (32); in the case of a circular
shape depicted for the first conductive impurity layer (32), it is defined as the diameter, and in the case of a polygon, it is defined as the
long width. Thus, only unnecessary shunts between the first conductive impurity layer (32) and the second conductive impurity layer (34)
can be prevented with a minimum area.

At this time, the width (T1) of the barrier layer (36) may be 0.5 gm to 100 gm. If the width (T1) of the barrier layer (36) is less than 0.5 ym,
the effect of electrically isolating the first and second conductive impurity layers (32, 34) may be insufficient, and if the width (T1) of the
barrier layer (36) exceeds 100 xm, the ratio of the region (i.e., the region corresponding to the barrier layer (36)) that does not substantially
contribute to photoelectric conversion will increase, which may reduce the efficiency of the solar cell (100). Considering the insulation
effect and the efficiency of the solar cell (100), the width (T1) of the barrier layer (36) may be 1 ym to 30 ym.

The width (T2) of the first conductive impurity layer (32) may be 50 gm to 1000 pm. If the width (T2) of the first conductive impurity layer
(32) is less than 50 xm, it may be difficult to make a smooth electrical connection with the first electrode (32), and if it exceeds 1000 xm,
the area of the second conductive impurity layer (34) may be reduced, or its spacing with the first conductive impurity layer (32) may
increase. Considering the connection with the first electrode (32) and the area ratio, the width (T2) of the first conductive impurity layer
(32) may be 100 gm to 500 gm.

The first and second openings (402, 404) formed in the insulating layer (40) may have different shapes in consideration of the shapes of the
first and second conductive impurity layers (32, 34), respectively. That is, a plurality of the first openings (402) may be formed to
correspond to the first conductive impurity layer (32) while being spaced apart from each other, and the second openings (404) may be
formed lengthwise. This considers that the first electrode (42) is positioned on both the first conductive impurity layer (32) and the second
conductive impurity layer (34), and the second electrode (44) is positioned only on the second conductive impurity layer (34). That is, a
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first opening (402) is formed corresponding to the portion of the insulating layer (40) positioned on the first conductive impurity layer (32),
and the first electrode (42) is connected to the first conductive impurity layer (32) by the first opening (402). And the portion of the
insulating layer (40) corresponding to the second conductive impurity layer (34) does not have a first opening (402) so that the first
electrode (42) and the second conductive impurity layer (34) can remain electrically isolated from each other. Since the second electrode
(44) 1s formed only on the second conductive impurity layer (30), the second opening (404) is formed similarly to or the same as the second
electrode (44) such that the second electrode (44) can be entirely in contact on the second conductive impurity layer (34).

As described above, in the solar cell (100) according to this embodiment, a barrier layer (36) is formed between the first conductive
impurity layer (32) and the second conductive impurity layer (34) located on the same surface of the semiconductor substrate (10) (for
example, the rear surface). Thus, shunts that occur due to unnecessary shorting between the first conductive impurity layer (32) and the
second conductive impurity layer (34) can be prevented. Additionally, the barrier layer (36) can also serve to prevent connection to
undesired impurity layers in the event that the alignment of the first and second electrodes (42, 44) respectively connected to the first and
second conductive impurity layers (32, 34) slightly deviates. This can improve the open-circuit voltage and fill factor of the solar cell (100),
thereby increasing the efficiency and output of the solar cell (100).

In this embodiment at this time, the first and second conductive impurity layers (32, 34) and the barrier layer (36) are formed together in
the same process to be able to form a solar cell (100) with an improved structure by a simple process. This will be described in more detail
with reference to Figs. 3a to 3k. Hereinafter, detailed descriptions of the content explained in the above sections will be omitted, and only
parts that are different will be explained in detail.

Figs. 3a to 3k are cross-sectional views illustrating a method for manufacturing a solar cell according to an embodiment of the present
invention.

First, as illustrated in Fig. 3a, in the step (ST10) of preparing the substrate, a semiconductor substrate (10) consisting of a base region (110)
having a first conductive impurity is prepared. In this embodiment, the semiconductor substrate (10) may be made of silicon having an n-
type impurity. The n-type impurity may be a group 5 element, such as phosphorus (P), arsenic (As), bismuth (Bi), or antimony (Sb).

At this time, the front surface of the semiconductor substrate (10) is textured to have irregularities, and the rear surface of the
semiconductor substrate (10) is treated by mirror polishing to have a smaller surface roughness than the front surface of the semiconductor
substrate (10).

Wet or dry texturing can be used for the texturing of the front surface of the semiconductor substrate (10). Wet texturing can be performed
by immersing the semiconductor substrate (10) in a texturing solution, and this has the advantage of a short process time. Dry texturing,
using diamond drills, lasers, etc. to etch the surface of the semiconductor substrate (10), can form irregularities uniformly but has a long
process time and may cause damage to the semiconductor substrate (10). Additionally, reactive ion etching (RIE), etc. can be used to
texture the semiconductor substrate (10). Thus, in the present invention, the semiconductor substrate (10) can be textured by various
methods. The rear surface of the semiconductor substrate (10) can be treated by known mirror polishing methods.

Next, as illustrated in Fig. 3b, a tunneling layer (20) is formed on the rear surface of the semiconductor substrate (10). The tunneling layer
(20) can be formed, for example, by thermal growth methods, deposition methods (e.g., chemical vapor deposition (PECVD), atomic layer
deposition (ALD)), or other methods. However, the present invention is not limited thereto, and the tunneling layer (20) can be formed by
various methods.

Next, as illustrated in Fig. 3c, a semiconductor layer (30) is formed on the tunneling layer (20). The semiconductor layer (30) can consist of
microcrystalline, amorphous, or polycrystalline semiconductors. The semiconductor layer (30) can be formed, for example, by thermal
growth methods, deposition methods (e.g., chemical vapor deposition (PECVD)), or other methods. However, the present invention is not
limited thereto, and the semiconductor layer (30) can be formed by various methods.

Next, as illustrated in Figs. 3d to 3g, a first conductive impurity layer (32), a second conductive impurity layer (34), and a barrier layer (36)
are formed on the semiconductor layer (30). This will be explained in more detail.

That is, as illustrated in Fig. 3d, a first doping layer (322) is formed on portions corresponding to the first conductive impurity layer (32).
The first doping layer (322) can be various layers having a first conductive impurity, such as phosphosilicate glass (PSG). By forming the
first doping layer (322) as phosphosilicate glass, the first doping layer (322) can be easily formed. At this time, the first doping layer (322)
can include a plurality of doping portions corresponding to a plurality of first conductive impurity layers (32). The plurality of doping
portions can have an island shape corresponding to the second conductive impurity layer (32).

This first doping layer (322) can be formed using a mask on the semiconductor layer (30) with a shape corresponding to the first
conductive impurity layer (32). Alternatively, it can be formed on the semiconductor layer (30) with a shape corresponding to the first
conductive impurity layer (32) by methods such as inkjet or screen printing. Alternatively, the material of the first doping layer (322) can
be formed over the entire semiconductor layer (30), and then portions not forming the first conductive impurity layer (32) can be removed
by an etching solution, etching paste, etc., to form the first doping layer (322).
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Next, as illustrated in Fig. 3e, an undoped layer (362) is formed covering the first doping layer (322) and the first doping layer’s
surrounding portion of the semiconductor layer (30). The undoped layer (362) consists of materials that do not include the first and second
conductive impurity layers. For example, the undoped layer (362) can be composed of silicate or insulating films. At this time, the undoped
layer (362) can include a plurality of portions each corresponding to and covering a larger area than the plurality of portions of the first
doping layer.

This undoped layer (362) can be formed on the semiconductor layer (30) with a desired shape using a mask. Alternatively, it can be formed
on the semiconductor layer (30) with a desired shape by methods such as inkjet or screen printing. Alternatively, the material of the
undoped layer (362) can be formed entirely over the first doping layer (322) and the semiconductor layer (30), and then unwanted portions
can be removed by an etching solution, etching paste, etc., to form the undoped layer (362).

Next, as illustrated in Fig. 3f, a second doping layer (342) is formed on the undoped layer (362) and the semiconductor layer (30). The
second doping layer (342) can be various layers having a second conductive impurity, such as borosilicate glass (BSG). By forming the
second doping layer (342) as borosilicate glass, the second doping layer (342) can be easily formed. The second doping layer (342) can be
formed entirely by covering the undoped layer (362) and the semiconductor layer (30).

Next, as illustrated in Fig. 3g, the first conductive impurity in the first doping layer (322) is diffused into the semiconductor layer (30) by
heat treatment to form the first conductive impurity layer (32), and the second conductive impurity in the second doping layer (342) is
diffused into the semiconductor layer (30) to form the second conductive impurity layer (34). Since doping is not performed on the portion
adjacent to the undoped layer (362) and the portion positioned between the first conductive impurity layer (32) and the second conductive
impurity layer (34), the semiconductor layer (30) remains as it is and thus the barrier layer (36) is formed. Accordingly, the barrier layer
(36) is positioned between the first conductive impurity layer (32) and the second conductive impurity layer (34), while keeping the first
conductive impurity layer (32) and the second conductive impurity layer (34) spaced apart.

Also, the first doping layer (322), the undoped layer (324), and the second doping layer (362) are removed. Various known methods can be
applied for removal, for example, by immersing the first doping layer (322), the undoped layer (324), and the second doping layer (362) in
diluted hydrofluoric acid (diluted HF) and then cleaning them with water. However, the present invention is not limited thereto.

Next, as illustrated in Fig. 3h, an insulating layer (40) is formed on the first and second conductive impurity layers (32, 34) and the barrier
layer (36). The insulating layer (40) can be formed by various methods such as vacuum deposition, chemical vapor deposition, spin
coating, screen printing, spray coating, etc.

Next, as illustrated in Fig. 31, a front surface field layer (120) and an anti-reflective coating (50) are formed on the front surface of the
semiconductor substrate (10).

The front surface field layer (120) can be formed by doping the first conductive impurity. For example, the first conductive impurity can be
doped into the semiconductor substrate (10) to form the front surface field layer (120), doing so by various methods such as ion
implantation and thermal diffusion.

The anti-reflective coating (50) can be formed by various methods such as vacuum deposition, chemical vapor deposition, spin coating,
screen printing, or spray coating.

Next, as illustrated in Fig. 3j, openings (402, 404) are formed to expose the first and second conductive impurity layers (32, 34), and as
illustrated in Fig. 3k, the first and second electrodes (42, 44) electrically connected to the first and second conductive impurity layers (32,
34), respectively, are formed. In this case, for example, the first and second electrodes (42, 44) can be formed by various methods, such as
plating or deposition, within the openings.

As another embodiment, after applying paste for forming the first and second electrodes, respectively, to the insulating layer (40) by screen
printing or other methods, the shapes of the first and second electrodes (42, 44) can be formed by processes such as fire-through or laser
firing contact. In this case, since the openings (402, 404) are formed when forming the first and second electrodes (42, 44), a separate
process of forming the openings (402, 404) (process of Fig. 3j) does not need to be added.

According to this embodiment, the first and second conductive impurity layers (32, 34) and the barrier layer (36) can be formed together by
a simple process of doping impurities into a part of the semiconductor layer (30) after forming it, thereby simplifying the manufacturing
method of the solar cell (100) and improving productivity. In particular, by forming the first doping layer (322) and the undoped layer
(342) to have multiple portions, and then forming the second doping layer (362) over the entire surface, the desired shapes of the first and
second conductive impurity layers (32, 34) and the barrier layer (36) can be formed together while minimizing the number of patterning
steps. This greatly improves productivity.

Contrary to this embodiment, in the case where the first and second conductive impurity layers are separated by etching between the first
and second conductive impurity layers, a portion of the semiconductor substrate is etched and exposed to the outside. As a result, damage
occurs to the semiconductor substrate, which can degrade the properties of the solar cell, and separate passivation layers need to be formed
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on the exposed portions of the semiconductor substrate to prevent this. Consequently, the quality of the solar cell is reduced, and
productivity is decreased.

The aforementioned embodiment illustrates that after forming the tunneling layer (20), the first and second conductive impurity layers (32,
34), the barrier layer (34), and the insulating layer (40), a front surface field layer (120) and an anti-reflective coating (50) are formed, and
then the first and second electrodes (42, 44) are formed. However, the present invention is not limited thereto. Therefore, the sequence of
forming the tunneling layer (20), the first and second conductive impurity layers (32, 34), the barrier layer (34), the insulating layer (40),
the front surface field layer (120), the anti-reflective coating (50), and the first and second electrodes (42, 44) can be variously modified.

Furthermore, the aforementioned embodiment illustrates that the first doping layer (322) is formed, and then the undoped layer (362) and
the second doping layer (342) are sequentially formed, but the present invention is not limited thereto. That is, it is also possible to first
form the second doping layer (342), then sequentially form the undoped layer (362) and the first doping layer (322), and it is also possible
to form only the undoped layer (362) in the region corresponding to the barrier layer (36) and then form the first and second doping layers
(322, 342). Thus, the formation sequence of the first and second doping layers (322, 342) and the undoped layer (362) can be variously
modified.

Hereinafter, a solar cell according to another embodiment of the present invention will be described in more detail with reference to Figs. 4
and 5. The detailed descriptions of parts that are the same or similar to those in the aforementioned embo diment will be omitted, and only
different parts will be described in detail.

Fig. 4 is a rear plan view illustrating a solar cell according to another embodiment of the present invention. For clear and concise
illustration, the insulating layer (40) is omitted in Fig. 4.

Referring to Fig. 4, in this embodiment, the first conductive impurity layer (32) may include a first stem portion (32a) formed along the
first edge (upper edge in the drawing) of the semiconductor substrate (10), and a plurality of first branch portions (32b) extending from the
first stem portion (32a) toward the second edge opposite the first edge (lower edge in the drawing). Also, the second conductive impurity
layer (34) may include a second stem portion (34a) formed along the second edge of the semiconductor substrate (31), and a plurality of
second branch portions (34b) extending from the second stem portion (34a) toward the first edge between the first branch portions (32b).
The first branch portions (32b) of the first conductive impurity layer (32) and the second branch portions (34b) of the second conductive
impurity layer (34) can be alternately positioned. This shape can increase the junction area and overall collection of carriers. And a barrier
layer (36) can be formed between the first conductive impurity layer (32) and the second conductive impurity layer (34).

As described above, the area of the first conductive impurity layer (32) may be smaller than that of the second conductive impurity layer
(34). For example, the area of the first and second conductive regions (33, 34) may be adjusted by varying the widths of the first and
second stem portions (32a, 34a) and/or the first and second branch portions (32b, 34b) of the first and second conductive regions (33, 34).

In this case, the first electrode (42) may include a stem portion (42a) formed corresponding to the stem portion (32a) of the first conductive
region (33), and a branch portion (42b) formed corresponding to the branch portion (32b) of the first conductive region (33). Similarly, the
second electrode (44) may include a stem portion (44a) formed corresponding to the stem portion (34a) of the second conductive region
(34), and a branch portion (44b) formed corresponding to the branch portion (34b) of the second conductive region (34). However, the
present invention is not limited thereto, and the first electrode (42) and the second electrode (44) can, of course, have various planar shapes.

Fig. 5 is a cross-sectional view illustrating a solar cell according to yet another embodiment of the present invention.

Referring to Fig. 5, in the solar cell according to this embodiment, the semiconductor substrate (10) consists only of the base region (110),
and no separate front surface field layer (reference number 120 in Fig. 1, hereinafter the same) is formed. Instead, a field-effect forming
layer (52) having fixed charges is formed in contact with the base region (110) of the semiconductor substrate (10). This field-effect
forming layer (52) can generate a certain field effect like the front surface field layer (112) to prevent surface recombination. This field-
effect forming layer (52) can be composed of aluminum oxide having negative charges, or silicon oxide, silicon nitride, etc., which have
positive charges. Although not separately illustrated in the drawings, a separate anti-reflective coating (reference number 50 in Fig. 1) may
be further formed on the field-effect forming layer (52).

Thus, in this embodiment, the semiconductor substrate (10) consists only of the base region (110) without having a separate doping region.
By this, the process for forming a separate doping region can be eliminated, simplifying the process. This can prevent the deterioration of
properties of the solar cell (100) caused by damage to the semiconductor substrate (10) when doping to form a separate doping region.
Here, the amount of fixed charges of the field-effect forming layer (52) can be, for example, 1 x 10?/cm? to 9 x 1013/cm?.

Such an amount of fixed charges can generate a field effect in the semiconductor substrate (10) that does not have a doping region. Further
considering the field effect, the amount of fixed charges may be 1 x 10'%cm? to 1 x 10'3/cm?. However, the present invention is not limited
thereto, and the amount of fixed charges can, of course, be varied.

At this time, the specific resistance of the base region (110) without a doping region being formed may be 0.5 ohm-cm to 20 ohm-cm (for
example, 1 ohm-cm to 15 ohm-cm). Accordingly, in the part adjacent to the field-effect forming layer (52), the specific resistance of the
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semiconductor substrate (10) may be 0.5 ohm-cm to 20 ohm-cm (for example, 1 ohm-cm to 15 ohm-cm). However, this specific resistance
is an example of a case wherein the semiconductor substrate (10) includes an n-type base region (110) using phosphorus (P) as an impurity,
and can vary depending on the conductivity type, type of impurity, etc.

The features, structures, effects, etc. described above are included in at least one embodiment of the present invention and are not limited to
only one embodiment. Moreover, the features, structures, effects, etc. described in each embodiment can be combined or modified in other
embodiments by those skilled in the art to which the embodiments belong. Therefore, the contents related to such combinations and
modifications should be interpreted as being included within the scope of the present invention.

Explanation of symbols

100: solar cell

10: semiconductor substrate

110: base region

20: tunneling layer

30: semiconductor layer

32: first impurity semiconductor layer
34: second impurity semiconductor layer
36: barrier layer

40: insulating layer

50: anti-reflective coating

52: field-effect forming layer
Drawings

Fig. 1

Fig. 2
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