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1
PHOTOVOLTAIC MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Chinese Patent
Application No. 202210391099.7, filed on Apr. 14, 2022, the
content of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

The present disclosure relates to the technical field of
solar photovoltaic modules and, in particular, to a photovol-
taic module.

BACKGROUND

A solar cell module (also called a solar panel) is a core
part of a solar power generation system and is the most
important part of the solar power generation system. The
solar cell module serves as converting solar energy into
electric energy, or sending solar energy into storage batteries
for storage or driving a load to operate. The structure of the
solar cell module sequentially includes from top to bottom
a front panel, a front encapsulation adhesive film, a solar
cell, a back encapsulation adhesive film, and a back panel.
Generally, the front panel is made of transparent glass. The
back panel may be transparent glass or an opaque back plate.
The glass is located in the outermost layer of a photovoltaic
module and is exposed to direct sunlight in an outdoor
environment. On the one hand, good physical properties of
the transparent glass provide good mechanical properties for
the photovoltaic module. On the other hand, light energy is
provided for the solar cell by utilizing high light transmit-
tance of the glass.

In the related art, rolled glass is generally used as a part
of the photovoltaic module and has light transmittance up to
90% to 92%. The light transmittance may reach 94% by
means of, for example, coating. However, during utilization,
the photovoltaic module has a certain gap, so that a part of
the sunlight is directly transmitted through the gap and
cannot shine on the photovoltaic module, resulting in a great
waste. Moreover, another part of the light may be directly
reflected to the ground and cannot be utilized, leading to low
power efficiency of the photovoltaic module.

SUMMARY

In order to overcome the above defects, the present
disclosure provides a photovoltaic module, which enables
light transmitted through a gap of the photovoltaic module
to be reflected to a rear surface of the photovoltaic module
and to be absorbed, and can also increase the utilization rate
of the light reflected by the ground, so as to improve the
power of the photovoltaic module.

According to some embodiments of the present disclo-
sure, a photovoltaic module is provided, including: a plu-
rality of solar cell strings arranged at intervals and each
including a front surface and a rear surface arranged oppo-
site to each other; a first encapsulation adhesive film and a
back panel located on the rear surface of the solar cell string;
and first embossing structures provided on one side of the
back panel away from the first encapsulation adhesive film.
An angle o between a side surface of the first embossing
structure and a plane of the back panel is in a range from 420
to 80°.
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According to some embodiments of the present disclo-
sure, a back panel is provided, including: first embossing
structures provided on one side of the back panel. An angle
a between a side surface of the first embossing structure and
a plane of the back panel is in a range from 42° to 80°.

According to the present disclosure, the first embossing
structures are arranged on one side (i.e., air side) of the back
panel away from the first encapsulation adhesive film, and
an angle a between a side surface of the first embossing
structure and a plane of the back panel ranges from 42° to
80°. During light irradiation, with the arrangement of the
first embossing structures at a certain angle, sunlight is
incident from a gap of the photovoltaic module, and the
incident sunlight can be reflected to the rear surface of the
photovoltaic module after passing through the first emboss-
ing structure, so that the light transmitted through the gap
can be effectively utilized. At the same time, part of the
sunlight is directly incident to the ground, and sunlight
reflected by the ground can also be reflected to the solar cell
string through the first embossing structure, thereby improv-
ing the power of the photovoltaic module.

Other features and advantages of embodiments of the
present disclosure will be set forth in the specification which
follows and in part will become apparent from the specifi-
cation or may be learned from practice of the embodiments
of the present disclosure. The objectives and other advan-
tages of the present disclosure may be realized and attained
by the structure particularly pointed out in the specification
and the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

In order to better illustrate the technical solutions in
embodiments of the present disclosure, the accompanying
drawings used in the description of the embodiments will be
introduced below. It is apparent that, the accompanying
drawings in the following description are only some
embodiments of the present disclosure, and other drawings
can be obtained by those of ordinary skill in the art from the
provided drawings without creative efforts.

FIG. 1 is a schematic diagram showing line transmission
of front sunlight through a first embossing structure accord-
ing to one or more embodiments of the present disclosure;

FIG. 2 is a schematic diagram showing line transmission
of rear sunlight through the first embossing structure accord-
ing to one or more embodiments of the present disclosure;

FIG. 3 is a schematic diagram showing line transmission
of light reflected from the ground through the first emboss-
ing structure when an angle between the first embossing
structure and a back panel is 30° according to one or more
embodiments of the present disclosure;

FIG. 4 is a schematic diagram showing line transmission
of light transmitted through a gap of the photovoltaic
module through the first embossing structure when an angle
between the first embossing structure and the back panel is
20° according to one or more embodiments of the present
disclosure;

FIG. 5 is a schematic diagram showing line transmission
of light reflected from the ground through the first emboss-
ing structure when an angle between the first embossing
structure and the back panel is 450 according to one or more
embodiments of the present disclosure;

FIG. 6 is a schematic diagram showing line transmission
of light transmitted through a gap of the photovoltaic
module through the first embossing structure when an angle
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between the first embossing structure and the back panel is
45° according to one or more embodiments of the present
disclosure;

FIG. 7 is a schematic diagram showing an angle after a
gap distance between solar cell strings, a back panel, and a
first encapsulation adhesive film are taken into account
according to one or more embodiments of the present
disclosure;

FIG. 8 is a schematic diagram showing light transmission
of light escape after a gap distance between solar cell strings,
a back panel, and a first encapsulation adhesive film are
taken into account according to one or more embodiments of
the present disclosure;

FIG. 9 is a schematic structural diagram of a solar cell
string composed of a plurality of solar cells;

FIG. 10 is a schematic diagram showing an angle after a
gap distance between solar cells, a back panel, and a first
encapsulation adhesive film are taken into account according
to one or more embodiments of the present disclosure;

FIG. 11 is a schematic structural diagram of first emboss-
ing structures arranged in rows and columns according to
one or more embodiments of the present disclosure;

FIG. 12 is a schematic structural diagram of first emboss-
ing structures misaligned in columns according to one or
more embodiments of the present disclosure;

FIG. 13 is a test chart of a misalignment rate of the first
embossing structures misaligned in columns according to
one or more embodiments of the present disclosure; and

FIG. 14 is a schematic structural diagram of a photovol-
taic module with second embossing structures according to
one or more embodiments of the present disclosure.

REFERENCE SIGNS

100: photovoltaic module;
10: solar cell string;
20: first encapsulation adhesive film;
30: back panel;
31: first embossing structure;
32: second embossing structure;
40: second encapsulation adhesive film;
50: front panel;
60: air side;
70: solar cell.

DESCRIPTION OF EMBODIMENTS

In order to better understand the technical solution of the
present disclosure, embodiments of the present disclosure
are described in detail below with reference to the accom-
panying drawings.

It is to be made clear that the described embodiments are
only some rather than all of the embodiments of the present
disclosure. All other embodiments obtained by those of
ordinary skill in the art based on the embodiments in the
present disclosure without creative efforts fall within the
protection scope of the present disclosure.

The terms used in the embodiments of the present dis-
closure are intended only to describe particular embodi-
ments and are not intended to limit the present disclosure. As
used in the embodiments of the present disclosure and the
appended claims, the singular forms of “a/an”, “the”, and
“said” are intended to include plural forms, unless otherwise
clearly specified by the context.

It is to be understood that the term “and/or” used herein
is merely an association relationship describing associated
objects, indicating that three relationships may exist. For
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example, A and/or B indicates that there are three cases of
A alone, A and B together, and B alone. In addition, the
character “/” herein generally means that associated objects
before and after it are in an “or” relationship.

It is to be noted that the location terms such as “upper”,
“lower”, “left”, and “right” described in the embodiments of
the present disclosure are described with reference to the
angles shown in the accompanying drawings, and should not
be construed as limitations on the embodiments of the
present disclosure. In addition, in the context, it is to be
further understood that, when one element is referred to as
being connected “above” or “below” another element, the
one element may be directly connected “above” or “below”
the another element, or connected “above” or “below” the
another element via an intermediate element.

It is to be noted that the steps shown in a flowchart of the
accompanying drawings may be performed, for example, in
a computer system with a group of computer executable
instructions. In addition, although a logical sequence is
shown in the flowchart, the sequence of the steps of each
embodiment is not limited to the sequence arranged in this
specification. In some cases, the implementation steps may
be adjusted according to specific requirements, and the steps
shown or described are performed in a different order than
the sequence shown herein.

Existing photovoltaic modules 100 mainly include a
double-glass photovoltaic module 100 and a single-glass
photovoltaic module 100 according to cover plate materials
used. A double-glass photovoltaic module 100 sequentially
includes, from top to bottom, a front plate glass, a front
encapsulation adhesive film, a solar cell, a solder strip, a
frame, a back plate glass, and a junction box. The front plate
glass is generally coated with a rolled glass with light
transmittance of typically 94%. Since less light is incident
on the rear surface, and coating may increase the cost to
some extent, an ordinary rolled glass is adopted on the rear
surface. An embossed shape is generally adopted on a
contact side of the rolled glass in contact with a back
encapsulation adhesive film. A current shape is generally
regular hexagonal. The regular hexagonal pattern increases
a contact area between the rolled glass and the encapsulation
adhesive film, so as to improve bonding force between the
rolled glass and the encapsulation adhesive film. However,
when facing the light coming from a gap of solar cells or a
gap of solar cell strings of the photovoltaic module 100, the
existing rolled glass cannot well reflect the light on the solar
cell for utilization, which loses certain photovoltaic utiliza-
tion efficiency. In addition, part of the sunlight is directly
incident to the ground, and a very small part of the light
incident to the ground is reflected towards the photovoltaic
module 100, so that rear power of the photovoltaic module
100 cannot be effectively improved.

In order to improve the utilization of light, a gap film
application technology is generally adopted in the related
art. However, the gap film application technology may result
in an increase in the cost. Moreover, a manufacturing
process for the gap film application technology is not
mature, resulting in limited applications thereof.

Thus, in order to overcome the imperfections of the
related art, according to some embodiments of the present
disclosure, a photovoltaic module 100 is provided, as shown
in FIG. 1 and FIG. 2, so as to form first embossing structures
at a certain angle on one side of a back panel 30 of the
photovoltaic module 100 away from an adhesive film, which
can effectively utilize gap light and light reflected by the
ground, thereby effectively improving front power and rear
power of the photovoltaic module 100.
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According to some embodiments of the present disclo-
sure, a photovoltaic module 100 is provided, including: a
plurality of solar cell strings 10 arranged at intervals and
each including a front surface and a rear surface arranged
opposite to each other, a first encapsulation adhesive film 20
and a back panel 30 located on the rear surface of the solar
cell strings 10, and first embossing structures 31 arranged on
one side of the back panel 30 away from the first encapsu-
lation adhesive film 20. An angle between a side surface of
the first embossing structure 31 and a horizontal plane of the
back panel 30 is in a range from 42° to 80°.

In the above solution, the applicant finds that the first
embossing structures 31 are arranged on one side (i.e., air
side 60) of the back panel 30 away from the first encapsu-
lation adhesive film 20, and an angle o between a side
surface of the first embossing structure 31 and a horizontal
plane of the back panel 30 ranges from 42° to 80°. As a
result, during light irradiation, sunlight is incident through a
gap of the photovoltaic module 100, and the sunlight inci-
dent through the gap can be reflected to the rear surface of
the photovoltaic module 100 after passing through the first
embossing structures 31, enabling the light transmitted
through the gap to be effectively utilized, thereby improving
the front power of the photovoltaic module 100. At the same
time, part of the sunlight is directly incident to the ground,
reflected by the ground and then refracted and reflected
therefrom. The refracted light is incident to the rear surface
of the photovoltaic module 100. Due to the existence of the
first embossing structures 31, the light reflected by the
ground passes through the first embossing structures 31
which can reduce the reflection, so that most of the sunlight
passes through the glass and is incident to the solar cell, to
increase the transmittance of light, and the sunlight reflected
by the ground is fully utilized, thereby improving the rear
power of the photovoltaic module 100.

In some embodiments, the back panel 30 is generally
made of transparent glass. The transparent back panel 30 can
reduce the reflection of light during operation, thus improv-
ing the transmittance of light. The first embossing structure
31 is integrated with the back panel 30 through a rolling
technology. The first embossing structure 31 is, for example,
a protrusion at a particular angle on the back panel 30.

In some embodiments, the first encapsulation adhesive
film 20 may be made of at least one of polyolefin elastomer
(POE) and ethylene-vinyl acetate copolymer (EVA). The
POE includes polyolefin elastomers such as ethylene-octene
copolymer, ethylene-butene copolymer, ecthylene-hexene
copolymer and the like. In an example, ethylene-octene
copolymer is used. The adhesive film made of POE has low
water permeability, good PID resistance, high resistance and
easy preservation. Therefore, power generation efficiency of
the photovoltaic module can be improved by use of the
adhesive film made of POE. The EVA is a thermosetting hot
melt adhesive, which has no viscosity at room temperature.
After hot pressing under a condition, EVA is subjected to
melt adhesion, crosslinking and curing, and becomes com-
pletely transparent. The first encapsulation adhesive film 20
can separate the solar cell from the back panel 30, and can
also play a certain role in damping and cushioning, which is
conducive to enhancing the structural strength and service
life of the photovoltaic module 100.

In some embodiments, the front surface of the solar cell
string 10 is a surface facing the sun (i.e., light receiving
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surface), and the rear surface of the solar cell string 10 is a
surface facing away from the sun (i.e., backlight surface).

In some embodiments, the angle o between the side
surface of the first embossing structure 31 and the horizontal
plane of the back panel 30 may be, for example, 42°, 45°,
47°, 48°, 49°, 50°, 53°, 55°, 59°, 60°, 65°, 71°, 75° 78° or
80°. When a is less than 42° a critical angle of total
reflection between glass and air is not reached, and less light
is reflected. As shown in FIG. 3, when the angle between the
side surface of the first embossing structure 31 and the
horizontal plane of the back panel 30 is 30°, sunlight
reflected from the ground may partially escape after passing
through the first embossing structure, and thus the sunlight
is not effectively utilized. As shown in FIG. 4, when the
angle o between the side surface of the first embossing
structure 31 and the horizontal plane of the back panel 30 is
20°, after sunlight is transmitted through the gap and passes
through the first embossing structure, most of the sunlight
may partially escape, and a utilization rate of the sunlight
may be greatly reduced. When a is greater than 80°, a light
trap structure is formed, and after multiple times of total
reflection, less light eventually returns to the rear surface of
the solar cell. Therefore, in order to increase the utilization
rate of sunlight, in the present disclosure, the angle o
between the side surface of the first embossing structure 31
and the horizontal plane of the back panel 30 is defined in
a range from 42° to 80°. As shown in FIG. 1, a plurality of
first embossing structure 31 are arranged on the back panel
30. In the defined range of the angle o in the present
disclosure, sunlight passes through the first embossing struc-
tures, and may be reflected and/or refracted multiple times
on adjacent embossing structures, thereby enhancing the
absorption of light. FIG. 5 and FIG. 6 are diagrams of a light
transmission path when the angle o is 45°. As shown in FIG.
5, sunlight reflected from the ground passes through the first
embossing structure 31 and then is reflected and refracted,
and the refracted light is directly incident on the photovol-
taic module. The reflected light may be incident on adjacent
first embossing structures, then subjected to multiple times
of reflection and refraction, and finally incident on the
photovoltaic module, thereby increasing the utilization rate
of'the sunlight. As shown in FIG. 6, after passing through the
first embossing structure 31, sunlight transmitted through
the gap of the photovoltaic module is subjected to multiple
times of reflection and then incident on the photovoltaic
module, and the utilization rate of the sunlight can reach
95%.

In some embodiments, to enable front light and rear light
to be highly utilized, the angle a between the side surface of
the first embossing structure 31 and the horizontal plane of
the back panel 30 ranges from 47° to 50°.

In some embodiments, the angle o between the side
surface of the first embossing structure 31 and the horizontal
plane of the back panel 30 ranges from 42° to 80°. When
sunlight is transmitted through the gap of the photovoltaic
module (a gap between adjacent solar cell strings and/or a
gap between adjacent solar cells) and subjected to multiple
times of reflection through the first embossing structure 31,
the angle finally reflected has an angle less than 36°, so as
to enable the light transmitted through the gap of the
photovoltaic module to be reflected to the rear surface of the
photovoltaic module for utilization.

In some embodiments, when the angle a between the side
surface of the first embossing structure 31 and the horizontal
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plane of the back panel 30 ranges from 42° to 80°, in
consideration of a width of the gap between solar cell
strings, sunlight is transmitted through the gap between
adjacent solar cell strings and subjected to multiple times of
reflection through the first embossing structure 31, an angle
P between the light finally reflected and a sidewall of the
solar cell string meets the following relation:

O<psarctan(D,/L) ),

where D, denotes a distance of the gap between adjacent
solar cell strings 10, and L denotes a sum of thicknesses of
the first encapsulation adhesive film 20 and the back panel
30.

As shown in FIG. 7, arctan (D, /L) denotes a critical angle
at which a sunlight reflection path finally reaches the solar
cell string. When the critical angle meets the formula (1), it
is guaranteed that, when the light reaches glass of the back
panel 30 through the gap between the solar cell strings, the
light is reflected from an interface between the glass of the
back panel 30 and the air back to the rear surface of the solar
cell for full utilization. Since the back panel 30 and the first
encapsulation adhesive film 20 are made of transparent
materials, the light may be reflected to the solar through the
back panel 30 for full utilization, and the light may also be
reflected to the solar cell through the first encapsulation
adhesive film 20 for utilization. When p>arctan (D,/L), as
shown in FIG. 8, gap light between adjacent solar cell strings
10 cannot be incident to the solar cell strings 10 after being
reflected by the first embossing structure 31, resulting in
escape of the light and ineffective utilization of the light, and
thus leading to low power of the photovoltaic module 100.

In some embodiments, as shown in FIG. 9, the solar cell
string 10 includes a plurality of solar cells 70 connected in
series or in parallel, and a gap exists between two adjacent
solar cells 70. A gap may also exist between two adjacent
solar cell strings 10. That is, the gap of the photovoltaic
module 100 includes the gap between two adjacent solar
cells and/or the gap between two adjacent solar cell strings
10.

In some embodiments, based on the same situation, when
the angle o between the side surface of the first embossing
structure 31 and the horizontal plane of the back panel 30
ranges from 42° to 80°, in consideration of a width of the gap
between solar cell strings 70, sunlight is transmitted through
the gap between adjacent solar cell strings 70 and subjected
to multiple times of reflection through the first embossing
structure 31, an angle vy between the light finally reflected
and a sidewall of the solar cell meets the following relation:

O<ysarctan(D,/L) (2),

where D, denotes a distance of the gap between adjacent
solar cells 70.

As shown in FIG. 10, arctan (D,/L) denotes a critical
angle at which a sunlight reflection path finally reaches the
solar cell. When the critical angle meets the formula (2), it
is guaranteed that, when the light reaches glass of the back
panel 30 through the gap between the solar cells, the light is
reflected from an interface between the glass of the back
panel 30 and the air back to the rear surface of the solar cell
for full utilization. Since the back panel 30 and the first
encapsulation adhesive film 20 are made of transparent
materials, the light may be reflected to the solar cell through
the back panel 30 for utilization, and the light may also be
reflected to the solar cell through the first encapsulation
adhesive film 20 for utilization.

The critical angle R and the critical angle v are required
to meet the formula (1) and the formula (2), and thus can
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increase front power of the photovoltaic module 100. In
consider of the fact that the distance D, between the solar
cell strings 10 is larger than the distance D, between the
solar cells, that is, the gap between the solar cell strings 10
is larger and more gap light exists, it is preferred that the
angle between the first embossing structure 31 and the back
panel 30 meets the formula (1).

In some embodiments, the first embossing structure 31
has a depth ranging from 10 pm to 100 um. The first
embossing structure 31 is a protrusion provided on the side
of the back panel 30 away from the first encapsulation
adhesive film 20. The depth of the first embossing structure
31 may be, for example, 10 pm, 20 pm, 30 pm, 42 um, 50
pm, 60 um, 70 pm, 80 um, 90 pm or 100 um. In the above
defined range, the reflection effect of light can be improved,
and dust accumulation is prevented, so as to improve the
utilization rate of sunlight.

In some embodiments, the first embossing structures 31
are arranged periodically on the back panel 30. In an
example, the first embossing structures 31 may be arranged
in rows and columns on the back panel 30. Referring to the
schematic structural diagram of the back panel on which the
first embossing structures are arranged in rows and columns
in FIG. 11. Alternatively, the first embossing structures 31
may be misaligned in rows and columns, so that the first
embossing structures 31 on the back panel 30 show certain
regularity, and more first embossing structures 31 can be
arranged on the back panel 30, so as to use more sunlight.

In some embodiments, the photovoltaic module 100 is
arranged outdoors for operation, and the sunlight does not
shine vertically all day. Therefore, the first embossing struc-
tures 31 are misaligned on the back panel 30 to enhance
incoming light. The first embossing structures 31 may be
misaligned in rows on the back panel 30, and the first
embossing structures 31 may also be misaligned in columns
on the back panel 30. FIG. 12 is a schematic structural
diagram of a back panel on which first embossing structures
are misaligned in columns.

In some embodiments, a misalignment rate of the first
embossing structures 31 is 30% to 70%. In an example,
when the first embossing structures 31 are misaligned in
columns, as shown in FIG. 13, the depth of the first
embossing structures 31 is [, and an overlap depth of the
first embossing structures 31 in adjacent columns (i.e., a
length after the first embossing structures 31 in adjacent
columns overlap) is 1, where 1=1.*(30%-70%). For
example, 1 may be 0.3 1,04 1,0.5L,0.6 Lor0.7 L. When
the misalignment rate of the first embossing structures 31 is
less than 30%, fewer first embossing structures 31 are
arranged, and thus less sunlight is utilized. When the mis-
alignment rate of the first embossing structures 31 is greater
than 70%, part of the sunlight easily escapes from adjacent
interfaces of the first embossing structures 31 when
reflected. Similarly, when the first embossing structures 31
are misaligned in rows, an overlap length of the first
embossing structures 31 in adjacent rows is 30% to 70% of
the length of the first embossing structures 31. The overlap
length of the first embossing structures 31 in adjacent rows
may be 30%, 42%, 50%, 60% or 70% of the length of the
first embossing structures 31. In the present disclosure, the
misalignment rate of the first embossing structures 31 is
controlled within the above range, so that more light can be
incident to the glass of the back panel 30, reducing the
number of times of refraction and reflection between the
glass of the back panel 30 and the air.

In some embodiments, a shape of the first embossing
structure 31 includes at least one of a polygonal cone shape
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and an arc-surface pit shape. The first embossing structure
31 in the polygonal cone shape and/or the arc-surface pit
shape may reflect and refract more sunlight, helping to
increase the utilization rate of the sunlight. The first emboss-
ing structure 31 according to the present disclosure may be
engraved by a press roller to form the polygonal cone shape
and/or the arc-surface pit shape according to the present
disclosure. The back panel 30 with the first embossing
structures 31 may be formed by rapid cooling of a glass
liquid through the press roller. For example, the back panel
30 with the first embossing structures 31 may also be formed
by laser engraving.

In some embodiments, the embossing structure in the
polygonal cone shape may be a structure in a normal cone
shape or an inverted cone shape. In an example, the structure
in the inverted cone shape is used, which can reduce
scratches caused by contact between the glass during the
manufacturing of the back panel 30.

In some embodiments, the first embossing structure 31 is
a protrusion arranged on the back panel 30, and a projection
thereof on the back panel 30 is in the shape of a polygon or
an arc.

In some embodiments, the polygonal cone shape may be
a circular cone shape or a pyramid shape. The polygonal
pyramid shape includes at least one of a triangular pyramid,
a quadrilateral pyramid, a pentagonal pyramid, a hexagonal
pyramid, and an octagonal pyramid. The polygonal circular
cone shape includes at least one of a triangular circular cone,
a quadrilateral circular cone, a pentagonal circular cone, a
hexagonal circular cone, and an octagonal circular cone. In
an example, the polygonal cone shape may be an inverted
triangular pyramid, that is, an inverted pyramid structure.

In some embodiments, when sunlight passes through the
first embossing structure 31, light is reflected and refracted
mainly by using a plane of an edge of the polygonal
pyramid, so that part of the light is directly reflected to the
solar cell, thereby increasing the utilization rate of the
sunlight and improving front power of the photovoltaic
module 100. The light may also be reflected by using an arc
surface in the arc-surface pit shape, so that part of the light
is directly reflected to the solar cell, thereby increasing the
utilization rate of the sunlight.

In some embodiments, in the present disclosure, the
arrangement of the first embossing structure 31 can increase
the utilization rate of sunlight incident from the front surface
of the photovoltaic module 100 and the utilization rate of
sunlight incident from the rear surface of the photovoltaic
module 100.

For a double-sided double-glass photovoltaic module, the
existence of particular first embossing structures 31 can
increase the transmittance of light, and light transmitted
through the gap of the photovoltaic module 100 may be
reflected to the rear surface of the photovoltaic module 100
via the first embossing structures 31, thereby improving the
front power of the photovoltaic module 100. At the same
time, since the first embossing structures 31 are provided on
the side of the back panel 30 away from the first encapsu-
lation adhesive film 20, that is, located on the air side 60 of
the rear surface of the photovoltaic module 100, reflection of
the sunlight reflected from the ground is reduced on an
interface between the glass of the first embossing structures
31 and the air, and the amount of sunlight incident on the
rear surface of the photovoltaic module 100 increases,
thereby improving the rear power of the photovoltaic mod-
ule 100.

For a single-sided double-glass photovoltaic module 100,
the particular first embossing structures 31 can increase the
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transmittance of light, and light transmitted through the gap
of the photovoltaic module 100 may be reflected to the rear
surface of the photovoltaic module 100 via the first emboss-
ing structures 31, so that the rear power of the photovoltaic
module 100 can be improved with almost no additional cost.

Based on the above, in the present disclosure, the first
embossing structures 31 with directional reflection and
refraction are designed on the side of the back panel 30 away
from the first encapsulation adhesive film 20, which can
target regions where front light may escape (e.g., gaps
between solar cell strings 10 and gaps between solar cells),
and increase the utilization rate of the front light, thereby
improving the front power of the photovoltaic module 100.
At the same time, since the first embossing structures 31 are
arranged on the air side 60 of the rear surface of the
photovoltaic module 100, the light reflected by the ground
can be reflected and refracted multiple times on the back
panel 30 and finally incident on the photovoltaic module
100, thereby improving the rear power of the photovoltaic
module 100. In the present disclosure, in conjunction with
an actual situation of the module and the manufacturing of
the glass by glass manufacturers, characteristics of angle,
arrangement, and pattern depth are considered for the design
of the first embossing structure. Only the pattern of the back
panel 30 is changed finally, so that the front power of the
photovoltaic module is increased by 1.6%, the rear power of
the photovoltaic module is increased by 4.7%, and double-
sided power gain of the photovoltaic module is increased by
2.7%.

In some embodiments, the back panel 30 is connected to
the first encapsulation adhesive film 20, and if embossing
structures are arranged on the side of the back panel con-
nected to the first encapsulation adhesive film, the emboss-
ing structures may be filled with the adhesive film, resulting
in a waste of the first encapsulation adhesive film. Therefore,
the side of the back panel 30 close to the first encapsulation
adhesive film 20 is set smooth, and a smooth side surface of
the back panel 30 is connected to the solar cell string through
the first encapsulation adhesive film 20.

In some embodiments, the back panel 30 is bonded to the
rear surface of the solar cell string 10 through the first
encapsulation adhesive film 20. In order to enhance the
adhesion of the back panel 30 and the solar cell string 10, in
the present disclosure, the side of the back panel 30 close to
the first encapsulation adhesive film 20 is provided with
second embossing structures 32. The arrangement of the
second embossing structures 32 leads to an increase in a
contact area between the back panel 30 and the first encap-
sulation adhesive film 20, thereby enhancing the adhesion of
the back panel 30 and the solar cell string 10. The arrange-
ment of the second embossing structures 32 also enables the
sunlight to shine on the second embossing structures 32 and
to be reflected to the solar cell string 10, so as to improve the
power of the photovoltaic module 100.

In some embodiments, as shown in FIG. 14, the side of the
back panel 30 close to the first encapsulation adhesive film
20 is provided with second embossing structures 32. A
setting angle and arrangement of the second embossing
structures 32 may be the same as those of the first embossing
structures 31.

In some embodiments, the second embossing structures
32 are in direct contact with the first encapsulation adhesive
film 20, and in order to prevent the influence on the adhesion
of the first encapsulation adhesive film 20, a depth of the
second embossing structures 32 is less than the first emboss-
ing structures 31 in the present disclosure. The greater the
depth of the second embossing structures 32 on the back
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panel 30, the more difficult the manufacturing, and the more
the first encapsulation adhesive film 20 with which the
embossing structures are filled. Therefore, the depth of the
second embossing structures 32 defined in the present dis-
closure can improve reflection efficiency of the front light
while reducing costs, thereby improving the overall perfor-
mance of the photovoltaic module 100.

In some embodiments, the second embossing structure 32
has a depth ranging from 20 pm to 80 um.

In an example, the depth of the second embossing struc-
ture 32 may be 20 um, 30 pm, 40 um, 50 pm, 60 um, 70 pm
or 80 um.

Based on the above, in the present disclosure, embossing
structures are designed respectively on two sides of the back
panel 30 inside the photovoltaic module 100, which can
increase the utilization rate of the sunlight, improve front
power and rear power of the photovoltaic module 100, and
improve the overall performance of the photovoltaic module
100.

In some embodiments, the photovoltaic module 100 fur-
ther includes a front panel 50 and a second encapsulation
adhesive film 40 that are located on the front surface of the
photovoltaic module 100.

The front panel 50 is generally made of transparent coated
glass. The front panel 50 generally has a thickness ranging
from 3.2 mm to 10 mm, and the light transmittance thereof
is required to be above 90%.

In some embodiments, the second encapsulation adhesive
film 40 may be made of at least one of POE and EVA. POE
includes polyolefin elastomers such as ethylene-octene
copolymer, ethylene-butene copolymer and ethylene-hexene
copolymer. In an example, ethylene-octene copolymer is
used. The adhesive film made of POE has low water
permeability, good PID resistance, high resistance and easy
preservation. Therefore, power generation efficiency of the
photovoltaic module can be improved by use of the adhesive
film made of POE. EVA is a thermosetting hot melt adhe-
sive, which has no viscosity at room temperature. After hot
pressing under a certain condition, EVA is subjected to melt
adhesion, crosslinking and curing, and becomes completely
transparent. The second encapsulation adhesive film 40 can
separate the solar cell from the back panel 30, and can also
play a certain role in damping and cushioning, which is
conducive to enhancing the structural strength and service
life of the photovoltaic module 100.

In some embodiments, the photovoltaic module 100 fur-
ther includes a frame. The frame may be made of aluminum
alloy or stainless steel. When aluminum alloy is selected for
forming the frame, the strength and corrosion resistance of
the frame are good. The frame may support and protect the
entire solar panel. The photovoltaic module 100 may also be
connected to an external photovoltaic bracket through the
frame. A plurality of photovoltaic modules 100 may be
connected to each other to form a photovoltaic power
station.

In some embodiments, the photovoltaic module 100 fur-
ther includes a junction box. After positive and negative
poles of a solar cell module are extracted from the back, a
special electrical connection box is required so as to realize
connection with an external circuit. The junction box may
also protect the power generation system of the entire solar
panel, which is equivalent to a current transfer station. When
a solar cell is short-circuited, the short-circuited solar cell
string may be automatically disconnected by using the
junction box.

In any one of the above embodiments, the solar cell may
be any one of a conventional monocrystalline cell, a passi-
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vated emitter and rear cell (PERC), a TOPCon solar cell, and
a heterojunction (HJT) solar cell. Compared with conven-
tional solar cells, the PERC shows a good efficiency advan-
tage, which can increase the industrial efficiency by 1% to
1.5% than the conventional solar cells. The TOPCon or HJT
solar cell is an N-type crystalline silicon high-efficiency cell,
and theoretical efficiency thereof may reach more than 28%.
The TOPCon or HIT solar cell is a currently popular
high-efficiency silicon-based solar cell scheme. The conven-
tional monocrystalline cell, the PERC monocrystalline cell,
the TOPCon solar cell and the HIT solar cell all have good
characteristics of converting light energy into electric
energy, and can well improve conversion efficiency of the
light energy of the solar cell, thereby increasing the utiliza-
tion rate of the light energy of the solar cell. That is, the
conventional monocrystalline cell, the PERC monocrystal-
line cell, the TOPCon solar cell and the HIT solar cell all
have good characteristics of converting light energy into
electric energy, and can well improve conversion efficiency
of the light energy of the solar cell, thereby increasing the
utilization rate of the light energy.

Examples of the solar cell are provided below.

A solar cell includes: a semiconductor substrate, the
semiconductor substrate including a front surface and a rear
surface; an emitter, a front passivation layer and/or an
anti-reflection layer sequentially located on the front surface
of'the semiconductor substrate; a conductive layer and a rear
passivation layer located on the rear surface of the semi-
conductor substrate; a front electrode in contact with the
emitter, the front electrode passing through the front passi-
vation layer to form ohmic contact with the emitter; and a
rear electrode in contact with the conductive layer, the rear
electrode passing through the rear passivation layer to form
ohmic contact with the conductive layer.

The front surface of the semiconductor substrate may
refer to a light receiving surface, that is, a surface receiving
sunlight. The rear surface of the semiconductor substrate
may refer to a surface opposite to the front surface. In some
embodiments, the solar cell formed is a single-sided solar
cell, the front surface may refer to the light receiving
surface, and the rear surface may refer to a backlight surface.
In some embodiments, the solar cell formed is a double-
sided solar cell, and the front surface and the rear surface
may both be light receiving surfaces.

In some embodiments, the semiconductor substrate is an
N-type crystalline silicon substrate (or silicon wafer). A
P-type doping layer may be formed on the front surface of
the semiconductor substrate by any one or more processes of
high-temperature diffusion, paste doping and ion implanta-
tion, so as to form a PN junction in the semiconductor
substrate. In some embodiments, the semiconductor sub-
strate may be one of a monocrystalline silicon substrate, a
polycrystalline silicon substrate, a microcrystalline silicon
substrate, or a silicon carbide substrate.

In some embodiments, the front surface of the semicon-
ductor substrate has a texture structure. The texture structure
includes a pyramidal microstructure. The pyramidal micro-
structure may be, for example, a tetrahedron, a substantial
tetrahedron, a pentahedron, or substantial pentahedron struc-
ture. The pyramidal microstructure may be formed by tex-
turing the semiconductor substrate. The texturing may be,
for example, chemical etching, laser etching, mechanical
process, or plasma etching. The pyramidal microstructure
enables better filling when metal paste forms an electrode by
screen printing, so as to obtain excellent electrode contact,
which can effectively reduce series resistance of the solar
cell and increase the filling factor.
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In some embodiments, the front passivation layer includes
a stacked structure of at least one or more of a silicon oxide
layer, a silicon nitride layer, an aluminium oxide layer, or a
silicon oxynitride layer.

In some embodiments, the front passivation layer has a
thickness in a range from 10 nm to 120 nm, which may be,
for example, 10 nm, 20 nm, 30 nm, 42 nm, 50 nm, 60 nm,
70 nm, 80 nm, 90 nm, 100 nm or 120 nm, and may also be
other values in the range, which is not limited herein.

Further, the rear surface of the semiconductor substrate
may also has a texture structure. The texture structures of the
front surface and the rear surface may be identical or
different. Arrangement of texture structures in different
shapes on the front surface and the rear surface of the
semiconductor substrate, i.e., the formation of a pyramidal
texture structure on the front surface and a non-pyramid
texture structure on the rear surface, enables the formed
solar cell to have a light trap structure at different levels,
thereby increasing an effective contact area of light.

In some embodiments, the conductive layer may be a
doped polysilicon layer, a doped microcrystalline silicon
layer, or a doped amorphous silicon layer. The doped
conductive layer has a doped element of a same conductivity
type as the semiconductor substrate.

When the semiconductor substrate is an N-type monoc-
rystalline silicon substrate, the doped conductive layer is an
N-type doped polysilicon layer, an N-type doped microc-
rystalline silicon layer, or an N-type doped amorphous
silicon layer. The doped element may be an N-type doping
element such as phosphorus.

In some embodiments, the rear passivation layer includes
at least one or more of a silicon nitride layer, a silicon oxide
layer, or a silicon oxynitride layer. The second passivation
layer has a thickness ranging from 70 nm to 120 nm.

In some embodiments, when the rear passivation layer is
stacked with a silicon nitride layer and a silicon oxide layer,
or stacked with a silicon nitride layer and a silicon oxynitride
layer, the silicon nitride layer is located on a surface of the
doped conductive layer, and the silicon oxide layer or the
silicon oxynitride layer is located on a surface of the silicon
nitride layer.

In some embodiments, the front electrode and the rear
electrode may be formed by sintering metal conductive paste
coated on surfaces of the front passivation layer and the rear
passivation layer. In some embodiments, the front electrode
or the rear electrode may be made of a metal material such
as silver, aluminum, copper, or nickel.
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In some embodiments, the present disclosure further
provides a back panel. The back panel is the back panel 30
described in the above photovoltaic module. In an example,
at least one side of the back panel 30 is provided with first
embossing structures 31, and an angle between a side
surface of the first embossing structure 31 and a horizontal
plane of the back panel 30 ranges from 42° to 80°. The first
embossing structure 31 is integrated with the back panel 30
through a rolling technology. The first embossing structure
31 is, for example, a protrusion at a certain angle on the back
panel 30.

The angle o between the side surface of the first emboss-
ing structure 31 and the horizontal plane of the back panel
30 may be, for example, 42°, 45°, 47°, 48°, 49°, 50°, 53°,
55°, 59°, 60°, 65°, 71°, 75°, 780 or 80°. In an example, the
angle o between the side surface of the first embossing
structure 31 and the horizontal plane of the back panel 30
ranges from 47° to 50°.

In some embodiments, the first embossing structure 31
has a depth ranging from 10 pm to 100 um. The first
embossing structure 31 is a protrusion arranged on at least
one side. The depth of the first embossing structure 31 may
be, for example, 10 um, 20 pm, 30 pum, 42 um, 50 pm, 60 um,
70 um, 80 pm, 90 um or 100 pm.

In some embodiments, the first embossing structures 31
are arranged periodically on the back panel 30.

In some embodiments, the first embossing structures 31
are misaligned on the back panel 30, and a misalignment rate
of the first embossing structures 31 is in a range from 30%
to 70%. In an example, the misalignment rate of the first
embossing structures 31 may be 30%, 40%, 50%, 60% or
70%.

In some embodiments, a shape of the first embossing
structure 31 includes at least one of a polygonal cone shape
and an arc-surface pit shape. The polygonal cone shape may
be a circular cone shape or a pyramid shape. The polygonal
pyramid shape includes at least one of a triangular pyramid,
a quadrilateral pyramid, a pentagonal pyramid, a hexagonal
pyramid, or an octagonal pyramid. The polygonal circular
cone shape includes at least one of a triangular circular cone,
a quadrilateral circular cone, a pentagonal circular cone, a
hexagonal circular cone, or an octagonal circular cone. In an
example, the polygonal cone shape may be an inverted
triangular pyramid, that is, an inverted pyramid structure.

The photovoltaic module in the present disclosure is
further described below according to specific embodiments.

Photovoltaic modules in Embodiments 1-12 and Com-
parative Examples 1-3 are all manufactured according to
parameters in Table 1 below, and front power and rear power
of the photovoltaic modules are measured.

TABLE 1

Photovoltaic modules in embodiments and comparative examples

Double-
Depth  Misalignment Rear surface Front surface sided
Angle (pm) rate (%) of of photovoltaic of photovoltaic power

a of first of first first module module gain (%) of

Shape of first embossing embossing embossing Current Power  Cuwrrent Power  photovoltaic
Category embossing structure structure structure structure (mA)  gain (%) (mA)  gain (%) module
Embodiment 1 Inverted pyramid 42° 50 60% 6.607 0.55% 5.765 3.13% 87.26%
Embodiment 2 Inverted pyramid 43° 50 60% 6.599 0.43% 5.805 3.85% 87.97%
Embodiment 3 Inverted pyramid 44° 50 60% 6.583 0.18% 5.828 4.26% 88.53%
Embodiment 4 Inverted pyramid 45° 50 60% 6.577 0.09% 5.86 4.83% 89.10%
Embodiment 5 Inverted pyramid 46° 50 60% 6.598 0.41% 5.851 4.67% 88.68%
Embodiment 6 Inverted pyramid 47° 50 60% 6.673 1.55% 5.849 4.63% 87.65%
Embodiment 7 Inverted pyramid 48° 50 60% 6.674 1.57% 5.855 4.74% 87.73%
Embodiment 8 Inverted pyramid 49° 50 60% 6.667 1.46% 5.844 4.54% 87.66%
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TABLE 1-continued

Photovoltaic modules in embodiments and comparative examples

Double-
Depth  Misalignment Rear surface Front surface sided
Angle (um) rate (%) of of photovoltaic of photovoltaic power
a of first of first first module module gain (%) of
Shape of first embossing embossing embossing Current Power  Current Power  photovoltaic
Category embossing structure structure structure structure (mA)  gain (%) (mA)  gain (%) module
Embodiment 9 Inverted pyramid 50° 50 60% 6.649 1.19% 5.842 4.51% 87.86%
Embodiment 10 Inverted pyramid 60° 50 60% 6.57 -0.08% 5.80 3.83% 88.39%
Embodiment 11 Inverted pyramid 70° 50 60% 6.57 -0.08% 5.85 4.56% 89.02%
Embodiment 12 Inverted pyramid 80° 50 60% 6.57 -0.06% 5.84 4.44% 88.90%
Embodiment 13 Arc-surface pit 50° 50 60% 6.251 1.15% 5.84 4.49% 87.80%
shape
Comparative Inverted pyramid 0° 50 60% 6.57 0.00% 5.59 0.00% 85.07%
Example 1
Comparative Inverted pyramid 30° 50 60% 6.57 -0.05% 5.60 0.09% 85.19
Example 2
Comparative Inverted pyramid 85 50 60% 6.55 -0.06% 5.60 0.09% 85.17%
Example 3

As can be seen from Table 1 above, in the photovoltaic
module manufactured according to the present disclosure, an
angle o between a side surface of the first embossing
structure 31 and a horizontal plane of the back panel 30
ranges from 42° to 80° so that during light irradiation
sunlight is incident through a gap of the photovoltaic module
100, and the sunlight incident through the gap can be
reflected to the rear surface of the photovoltaic module 100
after passing through the first embossing structure 31,
enabling the light transmitted through the gap to be effec-
tively utilized, thereby improving the front power of the
photovoltaic module 100. At the same time, part of the
sunlight is directly incident to the ground, reflected by the
ground and then refracted and reflected. The refracted light
will incident to the rear surface of the photovoltaic module
100. Due to the existence of the first embossing structure 31,
the light reflected by the ground passes through the first
embossing structure 31, which can reduce the reflection, so
that more light is incident to the rear surface of the photo-
voltaic module to increase utilization rate of the light
reflected by the ground, thereby increasing the rear power of
the photovoltaic module 100.

The angle o between the first embossing structure 31 and
the back panel 30 in Comparative Example 1 to Compara-
tive Example 3 is less than or greater than the range defined
in the present disclosure, which may lead to a decrease in the
utilization rate of the sunlight passing through the emboss-
ing structure, thereby resulting in low front power and rear
power of the photovoltaic module 100.

The above are merely some embodiments of the present
disclosure, and are not intended to limit the present disclo-
sure. Any modification, equivalent replacement, improve-
ment and the like within the principle of the present disclo-
sure all fall within the protection scope of the present
disclosure.

What is claimed is:

1. A photovoltaic module, comprising:

a solar cell string having a front surface and a rear surface

arranged opposite to each other;
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a first encapsulation adhesive film located on the rear

surface of the solar cell string; and

a back panel located on a rear surface of the first encap-

sulation adhesive film,
wherein the back panel comprises a flat plate and first
embossing structures on a rear surface of the flat plate,

each of the first embossing structures is a pyramidal
microstructure comprising: a polygonal base on the rear
surface of the flat plate, an apex pointing away from the
rear surface of the flat plate, and a side surface,

the first embossing structures are exposed to external air,

and the front surface of the solar cell string is a
light-receiving surface, and

wherein the photovoltaic module further comprises sec-

ond embossing structures on a front surface of the flat
plate, wherein each of the second embossing structures
is a pyramidal microstructure comprising: a polygonal
base on the front surface of the flat plate, an apex
pointing away from the front surface of the flat plate,
and a side surface.

2. The photovoltaic module according to claim 1, wherein
an angle between the side surface of each first embossing
structure and the rear surface of the flat plate ranges from
42° to 80°.

3. The photovoltaic module according to claim 1, wherein
a distance between the rear surface of the flat plate and the
apex of the pyramidal microstructure in the first embossing
structures is greater than a distance between the front surface
of'the flat plate and the apex of the pyramidal microstructure
in the second embossing structures.

4. The photovoltaic module according to claim 1, wherein
the second embossing structures are in contact with the first
encapsulation adhesive film.

5. The photovoltaic module according to claim 1, wherein
the polygonal bases of the first embossing structures are
spaced apart from one another.
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