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PHOTOVOLTAIC CELL AND PHOTOVOLTAIC MODULE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority to Chinese Patent Application No. 

202310173021.2, filed on February 14, 2023, the content of which is incorporated herein by 

reference in its entirety. 5 

TECHNICAL FIELD 

[0002] The present disclosure relates to the technical field of photovoltaic power 

generation, and in particular, to a photovoltaic cell and a photovoltaic module. 

BACKGROUND 

[0003] A photovoltaic module includes photovoltaic cells and electrode lines, and 10 

adjacent photovoltaic cells are electrically connected through the electrode lines to realize 

series and parallel connection between photovoltaic cells. Each of the photovoltaic cells 

includes a semiconductor substrate, a passivation layer, and busbars and electrode pads 

applied to a surface of the passivation layer. electrode pads are arranged at intervals along an 

extension direction of each of the busbars, and divide the busbar into connection lines. The 15 

electrode line is fixedly connected to the electrode pad, and the electrode line covers the 

busbar, to collect currents on the photovoltaic cells. 

SUMMARY 

[0004] The present disclosure provides a photovoltaic cell and a photovoltaic module, 

which reduce risks of deformation of and damage to the photovoltaic cell after soldering and 20 

cooling. 

[0005] In a first aspect of the present application, a photovoltaic cell is provided, 



DF230142SG 

2 

including: 

[0006] a semiconductor substrate; 

[0007] a passivation layer arranged on a surface of the semiconductor substrate; 

[0008] busbars arranged on the passivation layer, the busbars extending along a first 

direction, busbars being spaced apart along a second direction, and in the first direction and 5 

the second direction, one being a length direction of the photovoltaic cell, and the other being 

a width direction of the photovoltaic cell; and 

[0009] electrode pads configured to be electrically connected to an electrode line, and 

arranged on a side of the busbars facing away from the passivation layer along a thickness 

direction of the photovoltaic cell, or arranged on the passivation layer, one of the busbars 10 

including connection lines spaced apart along the first direction, and adjacent connection lines 

being electrically connected through the electrode pad; 

[0010] along the thickness direction of the photovoltaic cell, a vertical distance between a 

highest point of the electrode pad and a surface of the passivation layer is L1, and a vertical 

distance between the busbars and the surface of the passivation layer is L2, where L1 and L2 15 

satisfy L1≥L2. 

[0011] In the present disclosure, L1≥L2. When the electrode line is placed on the 

electrode pad, in the thickness direction of the photovoltaic cell, and/or in the first direction, 

and/or in the second direction, there is a gap between the electrode line and the busbar. After 

the electrode line and the electrode pad are soldered and fixed and is cooled to room 20 

temperature, a naturally bending portion of the electrode line is straightened under thermal 

expansion and cold contraction, thereby reducing risks of deformation of the electrode pad 

and warping of the semiconductor substrate caused by shrinkage of the electrode line and 

reducing risks of deformation of and damage to the photovoltaic cell after soldering and 

cooling. 25 

[0012] In some embodiments, L1 and L2 satisfy 0≤L1-L2≤0.5 mm. 

[0013] In some embodiments, along the thickness direction of the photovoltaic cell, when 

L1>L2, the busbars have a cuboid structure extending along the first direction. 

[0014] In some embodiments, along the thickness direction of the photovoltaic cell, part 

of the busbar is bent towards a direction close to the semiconductor substrate to form a first 30 
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bending portion; and 

[0015] a projection of the first bending portion in the second direction is in a shape of U, 

V, or S. 

[0016] In some embodiments, the semiconductor substrate is provided with a groove, and 

at least part of the first bending portion is located in the groove. 5 

[0017] In some embodiments, along the second direction, a portion of one of the busbars 

is bent towards a direction away from the electrode pad to form a second bending portion; and 

[0018] a projection of the second bending portion in the thickness direction of the 

photovoltaic cell is in a shape of U, V, or S. 

[0019] In some embodiments, a projection of one of the busbars in the second direction is 10 

in a shape of a rectangle. 

[0020] In some embodiments, along the thickness direction of the photovoltaic cell, a 

portion of one of the busbars is bent towards a direction close to the semiconductor substrate 

to form a recessed portion; and 

[0021] a contour of a section of the recessed portion in the thickness direction of the 15 

photovoltaic cell is in a shape of an arc, U, or V. 

[0022] In a second aspect of the present disclosure, a photovoltaic module is provided, 

including: 

[0023] photovoltaic cells, adjacent photovoltaic cells being electrically connected through 

an electrode line, one of the photovoltaic cells including a first surface and a second surface 20 

arranged oppositely along an own thickness direction, the first surface being located on a side 

facing sunlight; 

[0024] first photovoltaic glass arranged on the first surface, a first adhesive film being 

arranged between the first photovoltaic glass and the first surface; and 

[0025] a back support structure arranged on the second surface, a second adhesive film 25 

being arranged between the back support structure and the second surface; 

[0026] the back support structure being a back sheet or second photovoltaic glass; 

[0027] wherein the photovoltaic cell includes a semiconductor substrate, a passivation 

layer, busbars, and electrode pads, and the electrode line is electrically connected to the 

electrode pads; 30 
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[0028] the passivation layer is arranged on a surface of the semiconductor substrate; 

[0029] each of the busbars is arranged on the passivation layer, the busbar extends along a 

first direction, busbars are spaced apart along a second direction, and in the first direction and 

the second direction, one is a length direction of the photovoltaic cell, and the other is a width 

direction of the photovoltaic cell; 5 

[0030] along a thickness direction of the photovoltaic cell, the electrode pad is arranged 

on a side of the busbar away from the passivation layer, or each of the electrode pads is 

arranged on the passivation layer, the busbar includes connection lines spaced apart along the 

first direction, and adjacent connection lines are electrically connected through the electrode 

pad; and 10 

[0031] along the thickness direction of the photovoltaic cell, a vertical distance between a 

highest point of the electrode pad and a surface of the passivation layer is L1, and a vertical 

distance between the busbars and the surface of the passivation layer is L2, where L1 and L2 

satisfy L1≥L2. 

[0032] In the present disclosure, there is a gap between the electrode line and the busbar, 15 

which increases a deformation margin of the electrode line, and reduces risks of deformation 

of the electrode pad and warping of the semiconductor substrate caused by shrinkage of the 

electrode line. During machining, assembly, and use of the photovoltaic module, risks of 

shrinkage of and damage to the electrode line and deformation of the photovoltaic cell caused 

by changes in ambient temperature and changes in a temperature of the photovoltaic module 20 

are reduced, thereby improving operation stability of the photovoltaic module and prolonging 

the service life of the photovoltaic module. 

[0033] In some embodiments, a diameter d of the electrode line satisfies 0.1 mm≤d≤0.5 

mm. 

[0034] It should be understood that the general description above and the detailed 25 

description in the following are merely exemplary and illustrative, and cannot limit the 

present disclosure. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0035] FIG. 1 is a sectional view of a photovoltaic module according to the present 

disclosure in some embodiments; 

[0036] FIG. 2 is a sectional view of the photovoltaic module according to the present 

disclosure in some other embodiments; 5 

[0037] FIG. 3 is a schematic diagram of a surface structure of a photovoltaic cell 

according to the present disclosure in some embodiments; 

[0038] FIG. 4 is a schematic diagram of a partial structure of the photovoltaic cell in FIG. 

3 connected to an electrode line in some embodiments, where the electrode line is in a shrunk 

state; 10 

[0039] FIG. 5 is a schematic diagram of a partial structure of the photovoltaic cell in FIG. 

3 connected to the electrode line in some other embodiments, where the electrode line is in an 

unshrunk state; 

[0040] FIG. 6 is a schematic structural diagram of the electrode line in FIG. 5 after 

shrinkage; 15 

[0041] FIG. 7 is a schematic diagram of a partial structure of the photovoltaic cell in FIG. 

3 connected to the electrode line in some other embodiments, where the electrode line is in a 

shrunk state; 

[0042] FIG. 8 is a schematic diagram of a partial structure of the photovoltaic cell in FIG. 

3 connected to the electrode line in some other embodiments, where the electrode line is in a 20 

shrunk state; 

[0043] FIG. 9 is a schematic diagram of a partial structure of the photovoltaic cell in FIG. 

3 connected to the electrode line in some other embodiments, where the electrode line is in a 

shrunk state; 

[0044] FIG. 10 is a schematic diagram of a partial structure of the photovoltaic cell in FIG. 25 

3 connected to the electrode line in some other embodiments, where the electrode line is in a 

shrunk state; 

[0045] FIG. 11 is a schematic structure diagram of the photovoltaic cell according to the 

present disclosure connected to the electrode line in some other embodiments; and 
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[0046] FIG. 12 is a schematic diagram of a surface structure of the photovoltaic cell in 

FIG. 11. 

[0047] Reference signs: 

 1: photovoltaic cell; 

  11: busbar; 5 

    111: connection line; 

    112: first bending portion; 

    113: second bending portion; 

    114: recessed portion; 

  12: electrode pad; 10 

  13: semiconductor substrate; 

    131: groove; 

  14: passivation layer; 

 2: electrode line; 

  21: connecting region; 15 

  22: suspending region; 

 10: photovoltaic cell string; 

 20: first photovoltaic glass; 

 30: first adhesive film; 

 40: second adhesive film; 20 

 50: back support structure. 

[0048] The accompanying drawings herein, which are incorporated in and constitute a 

part of this specification, illustrate embodiments consistent with the present disclosure and, 

together with the specification, serve to explain principles of the present disclosure. 

DESCRIPTION OF EMBODIMENTS 25 

[0049] In order to better understand the technical solutions of the present disclosure, 

embodiments of the present disclosure will be described in detail below in conjunction with 

the accompanying drawings. 
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[0050] It should be clear that the described embodiments are only some rather than all of 

the embodiments of the present disclosure. Based on the embodiments in the present 

disclosure, all other embodiments obtained by those of ordinary skill in the art without 

creative efforts fall within the protection scope of the present disclosure. 

[0051] Terms used in the embodiments of the present disclosure are only for the purpose 5 

of describing specific embodiments, and are not intended to limit the present disclosure. 

Singular forms of "a/an", "the", and "said" used in the embodiments of the present disclosure 

and the appended claims are intended to include plural forms, unless otherwise clearly 

specified in the context. 

[0052] It should be understood that the term "and/or" used herein describes an association 10 

relationship between associated objects and represents that three relationships may exist. For 

example, A and/or B may represent the following three cases: only A exists, both A and B 

exist, and only B exists. In addition, the character "/" herein generally indicates an "or" 

relationship between the associated objects. 

[0053] It is to be noted that orientation terms such as "up", "down", "left", and "right" 15 

described in the embodiments of the present disclosure are described from the perspective 

shown in the accompanying drawings, and should not be construed as limiting the 

embodiments of the present disclosure. Besides, in this context, it is to be further understood 

that one element described as being connected "on" or "under" another element not only 

means that the element may be directly connected "on" or "under" the another element, but 20 

also means that the element may be indirectly connected "on" or "under" the another element 

through an intermediate element. 

[0054] In the related art, the electrode line is directly attached to the surface of the 

photovoltaic cell. After the electrode line and the electrode pad are soldered and fixed at a 

certain soldering temperature, when the electrode line and the photovoltaic cell are cooled to 25 

room temperature, due to different thermal expansion coefficients of the electrode line and the 

photovoltaic cell, shrinkage of the electrode line leads to warping of the photovoltaic cell, 

increasing a risk of damage to the photovoltaic cell. 

[0055] Some embodiments of the present disclosure provide a photovoltaic module. As 

shown in FIG. 1 and FIG. 2, the photovoltaic module includes first photovoltaic glass 20, a 30 
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first adhesive film 30, a photovoltaic cell string 10, a second adhesive film 40, and a back 

support structure 50. Along a thickness direction of the photovoltaic module, the first 

adhesive film 30 and the second adhesive film 40 are oppositely arranged on two sides of the 

photovoltaic cell string 10, and the first adhesive film 30 is located on a side of the 

photovoltaic cell string 10 facing sunlight. The first photovoltaic glass 20 is arranged on a 5 

side of the first adhesive film 30 away from the photovoltaic cell string 10, and the back 

support structure 50 is arranged on a side of the second adhesive film 40 away from the 

photovoltaic cell string 10. The photovoltaic cell string 10 includes photovoltaic cells 1, and 

adjacent photovoltaic cells 1 are electrically connected through an electrode line 2 to improve 

operation efficiency and operation performance of the photovoltaic module. 10 

[0056] In some embodiments, the back support structure 50 may be a back sheet. That is, 

the back support structure 50 is made of an opaque material to enhance structural strength of a 

side of the photovoltaic module facing away from the sunlight and facilitate mounting of the 

photovoltaic module, thereby simplifying a mounting structure of the photovoltaic module 

and shortening a mounting cycle of the photovoltaic module. In this case, the photovoltaic 15 

module is a single glass module. 

[0057] In some other embodiments, the back support structure 50 is second photovoltaic 

glass. That is, the back support structure 50 is made of a light-transmitting material, so that 

the side of the photovoltaic module facing away from the sunlight can absorb part of the light, 

thereby improving utilization of the sunlight by the photovoltaic module and improving 20 

photoelectric conversion efficiency of the photovoltaic module. In this case, the photovoltaic 

module is a double glass module. A specific material and a type of the back support structure 

50 and a type of the photovoltaic module are not limited in the embodiments of the present 

disclosure. 

[0058] A diameter d of the electrode line 2 satisfies 0.1 mm≤d≤0.5 mm. For example, the 25 

diameter of the electrode line 2 may be 0.1 mm, 0.2 mm, 0.35 mm, 0.46 mm, 0.5 mm, or the 

like, so as to facilitate machining of the electrode line 2 and reduce a material cost and a 

machining cost of the electrode line 2. At the same time, 0.1 mm≤d≤0.5 mm, which increases 

flexibility of a size of the electrode line 2, thereby improving replaceability of the electrode 

line 2, so as to facilitate subsequent maintenance and replacement of the electrode line 2 and 30 
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reduce a maintenance cost of the photovoltaic module. 

[0059] A thickness of the photovoltaic cell 1 is less than or equal to 140 μm. For example, 

the thickness of the photovoltaic cell 1 may be 100 μm, 115 μm, 126 μm, 132 μm, 140 μm, or 

the like, so as to facilitate machining of the photovoltaic cell 1 and reduce a material cost and 

a machining cost of the photovoltaic cell 1. 5 

[0060] A side of the photovoltaic cell 1 facing the sunlight is a front surface of the 

photovoltaic cell 1, and a side of the photovoltaic cell 1 facing away from the sunlight is a 

back surface of the photovoltaic cell 1. 

[0061] In some embodiments, as shown in FIG. 1, the electrode line 2 has one end located 

on the back surface of the photovoltaic cell 1 and the other end bending and extending along a 10 

thickness direction of the photovoltaic cell 1, and is connected to front surfaces of adjacent 

photovoltaic cells 1, so as to improve stability of connection between the electrode line and 

the adjacent photovoltaic cells 1. 

[0062] In some other embodiments, as shown in FIG. 2, the electrode line 2 is located on 

the back surface of the photovoltaic cell 1. In this case, the photovoltaic cell 1 is a back 15 

contact cell, and the electrode line 2 is located on the back surface of the photovoltaic cell 1, 

which reduces shielding of the front surface of the photovoltaic cell 1 by the electrode line 2, 

thereby increasing a sunlight receiving area of the front surface of the photovoltaic cell 1 and 

then improving photoelectric conversion efficiency of the photovoltaic cell 1. 

[0063] When the photovoltaic cell string 10 has a structure as shown in FIG. 1, that is, 20 

when the electrode line 2 has one end soldered and fixed to the back surface of the 

photovoltaic cell 1 and the other end fixed to the front surface of the adjacent photovoltaic 

cell 1, after the photovoltaic cell string 10 has been soldered and is cooled to room 

temperature, the electrode line 2 shrinks under thermal expansion and cold contraction. Since 

the front surface and the back surface of the photovoltaic cell 1 are fixedly connected to the 25 

electrode line 2, shrinkage of the electrode line 2 has little effect on warping of the 

photovoltaic cell 1. 

[0064] When the photovoltaic cell 1 is the back contact cell, that is, only the back surface 

of the photovoltaic cell 1 is fixedly connected to the electrode line 2, after the photovoltaic 

cell string 10 has been soldered and is cooled to room temperature, the electrode line 2 30 
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shrinks under thermal expansion and cold contraction, and the photovoltaic cell 1 may warp 

towards a direction of the electrode line 2 under the pulling of the electrode line 2, so there is 

a risk of damage to the photovoltaic cell 1. 

[0065] In order to solve the problem of the warping of the back contact cell, in a second 

aspect, some embodiments of the present disclosure provide a photovoltaic cell 1. As shown 5 

in FIG. 3 to FIG. 12, the photovoltaic cell 1 includes a semiconductor substrate 13, a 

passivation layer 14, busbars 11, and electrode pads 12. The electrode line 2 is electrically 

connected to the electrode pad 12. The passivation layer 14 is arranged on a surface of the 

semiconductor substrate 13. The busbar 11 is arranged on a surface of the passivation layer 14. 

The busbar 11 extends along a first direction X, and busbars 11 are spaced apart along a 10 

second direction Y. In the first direction X and the second direction Y, one is a length direction 

of the photovoltaic cell 1, and the other is a width direction of the photovoltaic cell 1. 

[0066] In some embodiments, as shown in FIG. 3 and FIG. 4, along a thickness direction 

Z of the photovoltaic cell 1, the electrode pad 12 is arranged on a side of the busbar 11 away 

from the passivation layer 14. That is, during manufacturing of the photovoltaic cell 1, the 15 

busbar 11 is manufactured on the passivation layer 14 first, and then the electrode pad 12 is 

manufactured on the busbar 11. A vertical distance between a highest point of the electrode 

pad 12 and the surface of the passivation layer 14 is L1, and a vertical distance between the 

busbar 11 and the surface of the passivation layer 14 is L2. L1>L2. 

[0067] When the electrode line 2 is placed on the electrode pad 12, in the thickness 20 

direction Z of the photovoltaic cell 1, there is a gap between the electrode line 2 and the 

busbar 11, so that a connecting region 21 for connection with the electrode pad 12 and a 

suspending region 22 in a suspended state located above the gap are formed on the electrode 

line 2. When the electrode line 2 is placed on the electrode pad 12 and the electrode line 2 is 

not soldered and fixed to the photovoltaic cell 1, at least part of the suspending region 22 can 25 

bend into the gap, thereby increasing a deformation margin of the electrode line 2. After the 

electrode line 2 is soldered and fixed to the electrode pad 12 and is cooled to room 

temperature, part of the suspending region 22 naturally bent on the electrode line 2 is 

straightened under thermal expansion and cold contraction, thereby reducing risks of 

deformation of the electrode pad 12 and warping of the semiconductor substrate 13 caused by 30 
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shrinkage of the electrode line 2 and reducing a risk of deformation of and damage to the 

photovoltaic cell 1 after soldering and cooling. At the same time, during machining, assembly, 

and use of the photovoltaic module, risks of shrinkage of and damage to the electrode line 2 

and deformation of the photovoltaic cell 1 caused by changes in ambient temperature and 

changes in a temperature of the photovoltaic module are reduced, thereby improving 5 

operation stability of the photovoltaic module and prolonging the service life of the 

photovoltaic module. 

[0068] In some other embodiments, as shown in FIG. 3, FIG. 5, and FIG. 6, the electrode 

pad 12 is arranged on the passivation layer 14, the busbar 11 includes connection lines 111 

spaced apart along the first direction X, and adjacent connection lines 111 are electrically 10 

connected through the electrode pads 12. That is, the electrode pads 12 and the busbars 11 are 

simultaneously manufactured during the manufacturing of the photovoltaic cell 1. L1≥L2. 

When the electrode line 2 is placed on the electrode pad 12, in the thickness direction Z of the 

photovoltaic cell 1, and/or in the first direction X, and/or in the second direction Y, there is a 

gap between the electrode line 2 and the busbar 11, so as to reduce risks of deformation of the 15 

electrode pad 12 and warping of the semiconductor substrate 13 caused by shrinkage of the 

electrode line 2, thereby reducing a risk of deformation of and damage to the photovoltaic cell 

1 after soldering and cooling. At the same time, risks of shrinkage of and damage to the 

electrode line 2 and deformation of the photovoltaic cell 1 caused by changes in ambient 

temperature and changes in a temperature of the photovoltaic module are reduced, thereby 20 

improving operation stability of the photovoltaic module and prolonging the service life of the 

photovoltaic module. 

[0069] A specific structure of the busbar 11 is shown in FIG. 5 to FIG. 12. In some 

embodiments, along the thickness direction Z of the photovoltaic cell 1, when L1>L2, as 

shown in FIG. 5 and FIG. 6, the busbar 11 has a cuboid structure extending along the first 25 

direction X. That is, along the first direction X, the thickness of the busbar 11 is consistent, so 

as to simplify the structure of the busbar 11 and reduce the manufacturing cost of the busbar 

11. In this embodiment, when the electrode line 2 is placed on the electrode pad 12, there is a 

gap between the electrode line 2 and the busbar 11 in the thickness direction Z of the 

photovoltaic cell 1. 30 
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[0070] In some other embodiments, the structure of the busbar 11 is shown in FIG. 7 and 

FIG. 9. Along the thickness direction Z of the photovoltaic cell 1, part of the busbar 11 is bent 

towards a direction close to the semiconductor substrate 13 to form a first bending portion 112, 

so that there is a gap between the electrode line 2 and the busbar 11 in the thickness direction 

Z of the photovoltaic cell 1. 5 

[0071] In this embodiment, when L1=L2, as shown in FIG. 7, part of the busbar 11 can 

support the electrode line 2, which increases an expansion/contraction margin of the electrode 

line 2, also increases stability of a connection structure between the electrode line 2 and the 

photovoltaic cell 1, and reduces a risk of damage due to a small contact area between the 

electrode line 2 and the electrode pad 12. When L1>L2, as shown in FIG. 9, the busbar 11 is 10 

provided with the first bending portion 112, which can increase thicknesses of the busbar 11 

and the electrode line 2 and also increase a distance between the electrode line 2 and the 

busbar 11, thereby reducing risks of short service life and poor operation efficiency of the 

photovoltaic cell 1 caused by a thin busbar 11 and improving operation stability of the 

photovoltaic cell 1. 15 

[0072] Furthermore，a projection of the first bending portion 112 in the second direction Y 

is in a shape of U, V, or S or has other deformed structures. The specific shape of the first 

bending portion 112 is not limited in the present disclosure. 

[0073] For example, as shown in FIG. 7 and FIG. 9, the semiconductor substrate 13 is 

provided with a groove 131, and at least part of the first bending portion 112 is located in the 20 

groove 131. 

[0074] In this embodiment, part of the passivation layer 14 is located in the groove 131, 

so that the passivation layer 14 has a pit recessed along the thickness direction Z of the 

photovoltaic cell 1, and at least part of the first bending portion 112 is located in the pit, which 

reduces risks of local protrusion of the busbar 11 and abutment against the electrode line 2 25 

caused by interference of the first bending portion 112 with the passivation layer 14, thereby 

improving flatness of the busbar 11 on the surface of the passivation layer 14 and improving 

accuracy and stability of a distance between the first bending portion 112 and the electrode 

line 2. 

[0075] In some other embodiments, the structure of the busbar 11 is shown in FIG. 8 and 30 
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FIG. 10. Along the thickness direction Z of the photovoltaic cell 1, part of the busbar 11 is 

bent towards the direction close to the semiconductor substrate 13 to form a recessed portion 

114. That is, along the first direction X, the thickness of the busbar 11 is inconsistent, and the 

thickness of the busbar 11 decreases at the recessed portion 114. As a result, there is a gap 

between the electrode line 2 and the busbar 11 in the thickness direction Z of the photovoltaic 5 

cell 1. 

[0076] In this embodiment, the busbar 11 is provided with the recessed portion 114, which 

meets a requirement for the gap between the electrode line 2 and the busbar 11 and also 

simplifies structures of the busbar 11 and the semiconductor substrate 13, thereby simplifying 

manufacturing processes of the semiconductor substrate 13, the passivation layer 14, and the 10 

busbar 11, reducing manufacturing costs of the semiconductor substrate 13, the passivation 

layer 14, and the busbar 11, and shortening manufacturing cycles of the semiconductor 

substrate 13, the passivation layer 14, and the busbar 11. At the same time, the busbar 11 is 

provided with the recessed portion 114, which can reduce a height of the electrode pad 12, 

thereby reducing machining difficulty and a machining cost, i.e., a material cost, of the 15 

electrode pad 12. At the same time, structural stability of the electrode pad 12 is improved, 

and a risk of damage to the electrode pad 12 due to an external force during machining, 

mounting, transportation, and use is reduced, thereby prolonging the service life of the 

electrode pad 12, prolonging the service life of the photovoltaic cell 1 and the photovoltaic 

module, and improving operation stability of the photovoltaic cell 1 and the photovoltaic 20 

module. 

[0077] Furthermore, a contour of a section of the recessed portion 114 in the thickness 

direction Z of the photovoltaic cell 1 is in a shape of an arc, U, or V or has other deformed 

structures. The specific shape of the recessed portion 114 is not limited in the present 

disclosure. 25 

[0078] In some other embodiments, the structure of the busbar 11 is shown in FIG. 11 and 

FIG. 12. Along the second direction Y, part of the busbar 11 is bent towards a direction away 

from the electrode pad 12 to form a second bending portion 113. That is, in a plane defined by 

the first direction X and the second direction Y, part of the busbar 11 is bent and deformed 

towards two sides of the electrode line 2 to form the second bending portion 113. As a result, 30 
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there is a gap between the electrode line 2 and the busbar 11 in the first direction X and/or the 

second direction Y. In this case, the second bending portion 113 is located on one side or two 

sides of the suspending region 22 in the second direction Y. 

[0079] In this embodiment, the busbar 11 is provided with the second bending portion 113 

bent in the plane defined by the first direction X and the second direction Y, so that L1 may be 5 

equal to L2, thereby simplifying machining procedures of the electrode pad 12 and the busbar 

11 and reducing machining difficulty and a machining cost of the busbar 11. 

[0080] Furthermore, One or more second bending portions 113 may be provided. second 

bending portions 113 are distributed along the first direction X, and bent directions of 

adjacent second bending portions 113 are opposite. A projection of the second bending portion 10 

113 in the thickness direction Z of the photovoltaic cell 1 is in a shape of U, V, or S or has 

other deformed structures. The specific number and the specific shape of the second bending 

portion 113 are not limited in the embodiments of the present disclosure. 

[0081] In addition, along the first direction X, the thickness of the busbar 11 is consistent, 

that is, a projection of the busbar 11 in the second direction Y is in a shape of a rectangle, so 15 

as to simplify the structure of the busbar 11 and further reduce the machining cost of the 

busbar 11. 

[0082] During the manufacturing of the busbar 11, the structure of the busbar 11 may be 

one structure in any one of the above embodiments, or two or more in the above embodiments 

may be combined to increase diversity and flexibility of the structure of the busbar 11. 20 

[0083] In any one of the above embodiments, L1 and L2 satisfy 0≤L1-L2≤0.5 mm. For 

example, a difference between L1 and L2 may be 0 mm, 0.1 mm, 0.2 mm, 0.35 mm, 0.4 mm, 

0.5 mm, or the like. 

[0084] In this embodiment, if L1-L2>0.5 mm, the height of the electrode pad 12 is larger, 

which increases machining difficulty of the electrode pad 12 and increases machining 25 

materials of the electrode pad 12, thereby increasing the machining cost and the material cost 

of the electrode pad 12. Therefore, if 0≤L1-L2≤0.5 mm, the machining difficulty and the 

machining cost of the electrode pad 12 are reduced while there is a gap between the electrode 

line 2 and the busbar 11. 

[0085] To sum up, as shown in FIG. 4, when the electrode pad 12 is arranged on the 30 
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busbar 11, L1>L2. In this case, the busbar 11 may further have the first bending portion 112 

as shown in FIG. 7, to increase a distance between the busbar 11 and the electrode line 2 and 

also reduce the height of the electrode pad 12. Additionally/alternatively, the busbar 11 may 

further have the recessed portion 114 as shown in FIG. 8, to increase the distance between the 

busbar 11 and the electrode line 2 and also reduce the height of the electrode pad 12. 5 

Additionally/alternatively, the busbar 11 may further have the second bending portion 113 as 

shown in FIG. 12, so that there is a gap between the busbar 11 and the electrode line in the 

first direction X and/or the second direction Y, thereby further increasing a size of the 

suspending region 22 of the electrode line 2. 

[0086] When the electrode pad 12 is placed on the passivation layer 14 and the electrode 10 

pad 12 divides the busbar 11 into connection lines 111 as shown in FIG. 6 and when L1=L2, 

the busbar 11 has the first bending portion 112 as shown in FIG. 7, so that there is a gap 

between the busbar 11 and the electrode line 2 in the thickness direction Z of the photovoltaic 

cell 1. Additionally/alternatively, the busbar 11 has the recessed portion 114 as shown in FIG. 

8, so that there is a gap between the busbar 11 and the electrode line 2 in the thickness 15 

direction Z of the photovoltaic cell 1. Additionally/alternatively, the busbar 11 has the second 

bending portion 113 as shown in FIG. 12, so that there is a gap between the busbar 11 and the 

electrode line 2 in the first direction X and/or the second direction Y. 

[0087] As shown in FIG. 6, when the electrode pad 12 is placed on the passivation layer 

14 and the electrode pad 12 divides the busbar 11 into connection lines 111 and when L1>L2, 20 

the busbar 11 has a same thickness in the thickness direction Z of the photovoltaic cell 1 along 

the first direction X. Alternatively, the busbar has one or more of the first bending portion 112 

as shown in FIG. 7, the recessed portion 114 as shown in FIG. 8, and the second bending 

portion 113 as shown in FIG. 12. 

[0088] In addition, in some embodiments, busbars 11 and electrode pads 12 have a same 25 

structure, so as to facilitate machining of the busbars 11 and the electrode pads 12, thereby 

shortening machining cycles of the busbars 11 and the electrode pads 12 and reducing 

machining costs of the busbars 11 and the electrode pads 12. 

[0089] In some other embodiments, busbars 11 distributed along the second direction Y 

and the electrode pads 12 have different structures. That is, during actual machining and 30 
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manufacturing, one part of the busbars 11 and the electrode pads 12 are machined according 

to the related art. That is, the busbars 11 and the electrode pads 12 are simultaneously 

manufactured, and after the electrode lines 2 are fixedly connected to the electrode pad 12, 

there are no gaps between the electrode line 2 and the part of the busbars 11. At the same time, 

structures of the other part of the busbars 11 and the electrode pads 12 are a combination of 5 

one or more structures in any one of the above embodiments, so that there are gaps between 

the electrode lines 2 and the part of the busbars 11. 

[0090] In this embodiment, there is a gap between the electrode line 2 and part of the 

busbar 11, which reduces a total machining cost of the busbar 11 and reduces an influence of 

shrinkage of the electrode line 2 on the warping of the photovoltaic cell 1, thereby prolonging 10 

the service life and improve operation stability of the photovoltaic cell. 

[0091] The above descriptions are only preferred embodiments of the present disclosure, 

and are not intended to limit the present disclosure. For those skilled in the art, various 

modifications and changes may be made to the present disclosure. Any modifications, 

equivalent replacements, improvements, and the like made within the spirit and the principle 15 

of the present disclosure shall fall within the protection scope of the present disclosure. 
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CLAIMS 

What is claimed is: 

1. A photovoltaic cell (1), comprising: 

a semiconductor substrate (13); 

a passivation layer (14) arranged on a surface of the semiconductor substrate (13); 5 

busbars (11) arranged on the passivation layer (14), wherein the busbars (11) extend 

along a first direction (X), and are spaced apart from one another along a second direction (Y), 

wherein one of the first direction (X) and the second direction (Y) is a length direction of the 

photovoltaic cell (1), and the other of the first direction (X) and the second direction (Y) is a 

width direction of the photovoltaic cell (1); and 10 

electrode pads (12) configured to be electrically connected to an electrode line (2), 

wherein the electrode pads (12) are arranged on a side of the busbars (11) facing away from 

the passivation layer (14) along a thickness direction (Z) of the photovoltaic cell (1), or are 

arranged on the passivation layer (14) along a thickness direction (Z) of the photovoltaic cell 

(1), wherein, one of the busbars (11) comprises connection lines (111) spaced apart from each 15 

other along the first direction (X), and adjacent connection lines (111) are electrically 

connected through corresponding electrode pad (12); 

wherein, along the thickness direction (Z) of the photovoltaic cell (1), a vertical distance 

between a highest point of the electrode pad (12) and a surface of the passivation layer (14) is 

L1, and a vertical distance between the busbars (11) and the surface of the passivation layer 20 

(14) is L2, where L1 and L2 satisfy L1≥L2. 

 

2. The photovoltaic cell according to claim 1, wherein L1 and L2 satisfy 0≤L1-L2≤0.5 

mm. 

 25 

3. The photovoltaic cell according to claim 2, wherein L1 and L2 satisfy 0.1≤L1-L2≤0.4 

mm. 

 



DF230142SG 

18 

4. The photovoltaic cell according to claim 1, wherein, when L1>L2, the busbars (11) 

have a cuboid structure extending along the first direction (X) along the thickness direction (Z) 

of the photovoltaic cell (1). 

 

5. The photovoltaic cell according to claim 1, wherein, part of the busbars (11) is bent 5 

towards a direction close to the semiconductor substrate (13) to form a first bending portion 

(112) along the thickness direction (Z) of the photovoltaic cell (1); and 

a projection of the first bending portion (112) in the second direction (Y) is in a shape of 

U, V, or S. 

 10 

6. The photovoltaic cell according to claim 5, wherein the semiconductor substrate (13) 

is provided with a groove (131), and at least part of the first bending portion (112) is located 

in the groove (131). 

 

7. The photovoltaic cell according to claim 1, wherein, a portion of one of the busbars 15 

(11) is bent towards a direction facing away from the electrode pad (12) to form a second 

bending portion (113) along the second direction (Y); and 

a projection of the second bending portion (113) in the thickness direction (Z) of the 

photovoltaic cell (1) is in a shape of U, V, or S. 

 20 

8. The photovoltaic cell according to claim 7, wherein a projection of one of the busbars 

(11) in the second direction (Y) is in a shape of a rectangle. 

 

9. The photovoltaic cell according to claim 1, wherein, along the thickness direction (Z) 

of the photovoltaic cell (1), a portion of one of the busbars (11) is bent towards a direction 25 

close to the semiconductor substrate (13) to form a recessed portion (114); and 

a contour of a section of the recessed portion (114) in the thickness direction (Z) of the 

photovoltaic cell (1) is in a shape of an arc, U, or V. 

 

10. The photovoltaic cell according to claim 7, wherein, along the thickness direction (Z) 30 
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of the photovoltaic cell (1), a portion of one of the busbars (11) is bent towards a direction 

close to the semiconductor substrate (13) to form a recessed portion (114); and 

a contour of a section of the recessed portion (114) in the thickness direction (Z) of the 

photovoltaic cell (1) is in a shape of an arc, U, or V. 

 5 

11. A photovoltaic module, comprising: 

photovoltaic cells (1), wherein, adjacent photovoltaic cells (1) are electrically connected 

through a corresponding electrode line (2), one of the photovoltaic cells (1) comprises a first 

surface and a second surface arranged oppositely along an thickness direction (Z) of the 

photovoltaic cells, and the first surface is located on a side facing sunlight; 10 

first photovoltaic glass (20) arranged on the first surface, wherein a first adhesive film 

(30) is arranged between the first photovoltaic glass (20) and the first surface; and 

a back support structure (50) arranged on the second surface, wherein a second adhesive 

film (40) is arranged between the back support structure (50) and the second surface; 

wherein the back support structure (50) is a back sheet or second photovoltaic glass; 15 

wherein the photovoltaic cell (1) comprises a semiconductor substrate (13), a passivation 

layer (14), busbars (11), and electrode pads (12), and the electrode line (2) is electrically 

connected to a corresponding electrode pad (12); 

wherein the passivation layer (14) is arranged on a surface of the semiconductor 

substrate (13); 20 

the busbars (11) are arranged on the passivation layer (14), extends along a first direction 

(X), and spaced apart from each other along a second direction (Y), and, one of the first 

direction (X) and the second direction (Y) is a length direction of the photovoltaic cell (1), 

and the other of the first direction (X) and the second direction (Y) is a width direction of the 

photovoltaic cell (1); 25 

the electrode pad (12) is arranged on a side of the busbars (11) facing away from the 

passivation layer (14), or is arranged on the passivation layer (14) along a thickness direction 

(Z) of the photovoltaic cell (1), one of the busbars (11) comprises connection lines (111) 

spaced apart from one another along the first direction (X), and adjacent connection lines (111) 

are electrically connected through corresponding electrode pad (12); and 30 
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along the thickness direction (Z) of the photovoltaic cell (1), a vertical distance between 

a highest point of the electrode pad (12) and a surface of the passivation layer (14) is L1, and 

a vertical distance between the busbars (11) and the surface of the passivation layer (14) is L2, 

where L1 and L2 satisfy L1≥L2. 

 5 

12. The photovoltaic module according to claim 11, wherein a diameter d of the 

electrode line (2) satisfies 0.1 mm≤d≤0.5 mm. 

 

13. The photovoltaic cell according to claim 11, wherein L1 and L2 satisfy 0≤L1-L2≤0.5 

mm. 10 

 

14. The photovoltaic cell according to claim 13, wherein L1 and L2 satisfy 

0.1≤L1-L2≤0.4 mm. 

 

15. The photovoltaic cell according to claim 11, wherein, when L1>L2, the busbars (11) 15 

have a cuboid structure extending along the first direction (X) along the thickness direction (Z) 

of the photovoltaic cell (1). 

 

16. The photovoltaic cell according to claim 11, wherein, part of the busbars (11) is bent 

towards a direction close to the semiconductor substrate (13) to form a first bending portion 20 

(112) along the thickness direction (Z) of the photovoltaic cell (1); and 

a projection of the first bending portion (112) in the second direction (Y) is in a shape of 

U, V, or S. 

 

17. The photovoltaic cell according to claim 16, wherein the semiconductor substrate (13) 25 

is provided with a groove (131), and at least part of the first bending portion (112) is located 

in the groove (131). 

 

18. The photovoltaic cell according to claim 11, wherein, a portion of one of the busbars 

(11) is bent towards a direction facing away from the electrode pad (12) to form a second 30 
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bending portion (113) along the second direction (Y); and 

a projection of the second bending portion (113) in the thickness direction (Z) of the 

photovoltaic cell (1) is in a shape of U, V, or S. 

 

19. The photovoltaic cell according to claim 18, wherein a projection of one of the 5 

busbars (11) in the second direction (Y) is in a shape of a rectangle. 

 

20. The photovoltaic cell according to claim 11, wherein, along the thickness direction 

(Z) of the photovoltaic cell (1), a portion of one of the busbars (11) is bent towards a direction 

close to the semiconductor substrate (13) to form a recessed portion (114); and 10 

a contour of a section of the recessed portion (114) in the thickness direction (Z) of the 

photovoltaic cell (1) is in a shape of an arc, U, or V. 
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