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SOLAR CELL AND PHOTOVOLTAIC MODULE 

TECHNICAL FIELD 

[0001] The present disclosure relates to the technical field of photovoltaic cells, and in 

particular, to a solar cell and a photovoltaic module. 

BACKGROUND 5 

[0002] An Interdigitated Back Contact (IBC) solar cell has a light receiving surface with no 

electrode arranged thereon, while positive and negative electrodes are arranged in an 

interdigitated manner on a backlight surface of the solar cell. Compared with the solar cell 

with a partially shielded light receiving surface, the IBS solar cell has a higher short-circuit 

current and thus a higher photoelectric conversion efficiency. 10 

[0003] How to further improve the efficiency of the IBC solar cell is an urgent technical 

problem to be solved. 

SUMMARY 

[0004] An objective of the present disclosure is to provide a solar cell and a photovoltaic 

module, so as to solve the technical problem in the related art, which can improve the 15 

efficiency of the IBC solar cell. 

[0005] The present disclosure provides a solar cell, including: a substrate having a front 

surface and a back surface opposite to the front surface, the back surface includes first regions, 

second regions and gap regions, the first regions and the second regions are staggered and 

spaced from each other in a first direction, and each gap region is provided between one first 20 

region and one second region adjacent to the first region by recessing toward an interior of the 

substrate; a first conductive layer formed over the first region; a second conductive layer 

formed over the second region, the second conductive layer has a conductivity type opposite 
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to the first conductive layer; a first electrode forming electrical contact with the first 

conductive layer; a second electrode forming electrical contact with the second conductive 

layer; and first pyramidal texture structures formed on the back surface corresponding to the 

gap regions. A curved interface region is formed between a side wall of the first conductive 

layer and/or the second conductive layer and a side wall of the gap region adjacent thereto. 5 

[0006] In one or more embodiments, the solar cell further includes a back passivation 

layer formed over a surface of the first conductive layer, a surface of the second conductive 

layer, and a surface of the gap region, the first electrode penetrate through the back 

passivation layer to form electrical contact with the first conductive layer, and the second 

electrode penetrate through the back passivation layer to form electrical contact with the 10 

second conductive layer. 

[0007] In one or more embodiments, a front passivation layer is formed over the front 

surface of the substrate. 

[0008] In one or more embodiments, the substrate is an N-type substrate, the first 

conductive layer includes a P-type doped layer, and the second conductive layer includes an 15 

N-type doped layer. 

[0009] In one or more embodiments, a dielectric layer is formed between at least one of 

the first conductive layer or the second conductive layer and the back surface of the substrate. 

[0010] In one or more embodiments, the dielectric layer includes silicon oxide, aluminum 

oxide, hafnium oxide, silicon nitride, or silicon oxynitride. 20 

[0011] In one or more embodiments, the dielectric layer has a thickness in a range of 0.5 

nm to 3 nm. 

[0012] In one or more embodiments, the dielectric layer does not cover the back surface 

of the substrate corresponding to the gap regions. 

[0013] In one or more embodiments, a distance between a top surface and a bottom 25 

surface of the first pyramidal texture structures ranges from 1 μm to 5 μm. 

[0014] In one or more embodiments, an extent of the curved interface region in the first 

direction ranges from 3 μm to 15 μm. 

[0015] In one or more embodiments, a distance between a top surface and a bottom 

surface of the curved interface region ranges from 2 μm to 5 μm. 30 



Uni-intel Ref. DF221374SG 

3 

[0016] In one or more embodiments, an extent of the gap region in the first direction 

ranges from 50 μm to 200 μm. 

[0017] In one or more embodiments, an extent of the gap region in a normal direction of 

the back surface of the substrate ranges from 1 μm to 6 μm. 

[0018] In one or more embodiments, at least part of a surface of the curved interface 5 

region includes a plurality of protruding texture structures. 

[0019] In one or more embodiments, a ratio of an area of the gap region to an area of the 

back surface of the substrate ranges from 10% to 35%. 

[0020] The present disclosure further provides a method for manufacturing a solar cell, 

including the following steps: providing a substrate having a front surface and a back surface 10 

opposite to the front surface, the back surface includes first regions, second regions and gap 

regions, the first regions and the second regions are staggered and spaced from each other in a 

first direction, and each gap region is provided between one first region and one second 

region adjacent to the first region by recessing toward an interior of the substrate; forming a 

first conductive layer over the back surface of the substrate; performing laser ablation over the 15 

back surface of the substrate to remove the first conductive layer located in the second region 

and the gap region; forming a second conductive layer over the back surface of the substrate; 

forming a first protective layer over a surface of the second conductive layer corresponding to 

the second region; removing the second conductive layer not covered by the first protective 

layer; removing the first protective layer; performing texturing to form first pyramidal texture 20 

structures on the back surface corresponding to the gap regions, a curved interface region is 

formed between a side wall of the first conductive layer and/or the second conductive layer 

and a side wall of the gap region adjacent thereto; and forming a first electrode on the first 

conductive layer, and forming a second electrode on the second conductive layer. 

[0021] The present disclosure further provides a photovoltaic module, including: a solar 25 

cell string including a plurality of solar cells; an encapsulation layer covering a surface of the 

solar cell string; and a cover plate covering a surface of the encapsulation layer facing away 

from the solar cell string. At least one of the plurality of solar cells includes: a substrate 

having a front surface and a back surface opposite to the front surface, the back surface 

includes first regions, second regions and gap regions, the first regions and the second regions 30 



Uni-intel Ref. DF221374SG 

4 

are staggered and spaced from each other in a first direction, and each gap region is provided 

between one first region and one second region adjacent to the first region by recessing 

toward an interior of the substrate; a first conductive layer formed over the first region; a 

second conductive layer formed over the second region, the second conductive layer has a 

conductivity type opposite to the first conductive layer; a first electrode forming electrical 5 

contact with the first conductive layer; a second electrode forming electrical contact with the 

second conductive layer; and first pyramidal texture structures formed on the back surface 

corresponding to the gap regions. A curved interface region is formed between a side wall of 

the first conductive layer and/or the second conductive layer and a side wall of the gap region 

adjacent thereto. 10 

BRIEF DESCRIPTION OF DRAWINGS 

[0022] FIG. 1-1 is a schematic structural diagram of a solar cell according to one or more 

embodiments of the present disclosure; 

[0023] FIG. 1-2 is another schematic structural diagram of the solar cell according to one 

or more embodiments of the present disclosure; 15 

[0024] FIG. 1-3 is another schematic structural diagram of the solar cell according to one 

or more embodiments of the present disclosure; 

[0025] FIG. 2 is a schematic diagram of a partial structure of a solar cell according to one 

or more embodiments of the present disclosure; 

[0026] FIG. 3 is a first schematic structural diagram of a solar cell during manufacturing 20 

according to one or more embodiments of the present disclosure; 

[0027] FIG. 4 is a second schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; 

[0028] FIG. 5 is a third schematic structural diagram of a solar cell during manufacturing 

according to one or more embodiments of the present disclosure; 25 

[0029] FIG. 6 is a fourth schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; 

[0030] FIG. 7 is a fifth schematic structural diagram of a solar cell during manufacturing 
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according to one or more embodiments of the present disclosure; 

[0031] FIG. 8 is a sixth schematic structural diagram of a solar cell during manufacturing 

according to one or more embodiments of the present disclosure; 

[0032] FIG. 9 is a seventh schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; 5 

[0033] FIG. 10 is an eighth schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; 

[0034] FIG. 11 is a ninth schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; 

[0035] FIG. 12 is a tenth schematic structural diagram of a solar cell during 10 

manufacturing according to one or more embodiments of the present disclosure; 

[0036] FIG. 13 is an eleventh schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; 

[0037] FIG. 14 is a twelfth schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; 15 

[0038] FIG. 15 is a thirteenth schematic structural diagram of a solar cell during 

manufacturing according to one or more embodiments of the present disclosure; and 

[0039] FIG. 16 is a schematic structural diagram of a photovoltaic module according to 

one or more embodiments of the present disclosure. 

DESCRIPTION OF EMBODIMENTS 20 

[0040] Embodiments described below with reference to the accompanying drawings are 

illustrative and are only intended to explain the present disclosure and shall not be interpreted 

as limitations on the present disclosure. 

[0041] An interdigitated back contact solar cell is also referred to as an IBC solar cell. 

There is a strict requirement on a pitch width of the IBC solar cell. A wider pitch may affect 25 

transport and collection of minority carriers. Under an identical pitch width, a ratio of an 

emitter to a base may also affect the efficiency of the solar cell. How to improve the 

efficiency of the IBC solar cell without changing a ratio of p+ to n+ of each pitch width at the 
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back surface of the IBC solar cell is an urgent technical problem to be solved. 

[0042] In order to solve the above technical problem, an embodiment of the present 

disclosure provides a solar cell. The solar cell is an IBC solar cell. As shown in FIG. 1-1, FIG. 

1-2 or FIG. 1-3, the solar cell at least includes a substrate 1, a first conductive layer 5, a 

second conductive layer 6, a first electrode 7, and a second electrode 8. 5 

[0043] The substrate 1 has a front surface 2 and a back surface 3 opposite to the front 

surface 2. The front surface 2 is a light receiving surface facing the direction of sunlight, and 

the back surface 3 is a surface opposite to the front surface 2. 

[0044] The substrate 1 may be, for example, a crystalline semiconductor (e.g., crystalline 

silicon) including a dopant of a first conductivity type. The crystalline semiconductor may be 10 

monocrystalline silicon, and the dopant of the first conductivity type may be an N-type dopant 

including Group V elements such as phosphorus (P), arsenic (As), bismuth (Bi), and stibium 

(Sb), or a P-type dopant including Group III elements such as boron (B), aluminum (Al), 

gallium (Ga), and indium (In). 

[0045] The back surface 3 has first regions 101 and second regions 102 staggered and 15 

spaced from each other in a first direction D1. Gap regions 4 recessed toward the interior of 

the substrate 1 are provided between adjacent first and second regions 101, 102. The first 

conductive layer 5 is formed over the first region 101. The second conductive layer 6 is 

formed over the second region 102. The second conductive layer 6 is of a conductivity type 

opposite to the first conductive layer 5. The gap region 4 is configured to physically separate 20 

the first conductive layer 5 from the second conductive layer 6, so that the first conductive 

layer 5 is insulated from the second conductive layer 6 or the first electrode 7 is insulated 

from the second electrode 8 to prevent short circuit of positive and negative electrodes of the 

solar cell or leakage of the solar cell, thereby improving reliability of the solar cell. 

[0046] The first electrode 7 forms electrical contact with the first conductive layer 5, and 25 

the second electrode 8 forms electrical contact with the second conductive layer 6. In some 

embodiments, the first electrode 7 and the second electrode 8 are made from at least one 

conductive metal material such as silver, aluminum, copper, and nickel. 

[0047] A plurality of first pyramidal texture structures are formed on the back surface 3 

corresponding to the gap region 4. The first pyramidal texture structures may be formed 30 
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through a texturing (or etching) process. The texturing process may be any one of chemical 

etching, laser ablation, mechanical etching, plasma etching, or the like. The first pyramidal 

texture structures have good light trapping and antireflection effects, so that light incident on 

the back surface 3 can also be utilized, which increases an effective contact area of the light, 

realizes further utilization of light energy, and improves power generation efficiency of the 5 

solar cell. 

[0048] In some embodiments, a plurality of first pyramidal texture structures such as 

stepped flat texture structures or square frustum texture structures are formed on the back 

surface 3 corresponding to the first regions 101 and the second regions 102, respectively. 

[0049] A curved interface region 10 exists between a side wall of the first conductive 10 

layer 5 and/or the second conductive layer 6 and a side wall of the gap region adjacent thereto 

4. Taking FIG. 2 as an example, a curved interface region 10 is provided between the side 

wall of the second conductive layer 6 and a side wall of a gap region 4 adjacent thereto. The 

curved interface region 10 forms a smooth wall connection, so as to form different light 

trapping structures with surfaces of the first pyramidal texture structures 9 on the gap regions 15 

4, which can increase reflection of incident light on the back surface 3 of the substrate 1and 

increase the amount of light absorbed by the solar cell, without affecting passivation effect of 

the gap region 4, so that the light can be reused by the solar cell, thereby improving 

photoelectric conversion efficiency of the IBC solar cell. In some embodiments, “smooth” 

may refer to that roughness of the curved interface region 10 is less than the first pyramidal 20 

texture structure 9 or the roughness of the curved interface region 10 is less than a set 

threshold. In some embodiments, the second conductive layer 6 and the gap region adjacent 

thereto as shown in FIG. 2 have a similar structure, and a curved interface region 10 may also 

exist between the side wall of the first conductive layer 5 and a side wall of the gap region 4 

adjacent thereto. 25 

[0050] As shown in FIG. 1-1 or FIG. 1-2, the solar cell is an N-type solar cell. That is, the 

substrate 1 is an N-type crystalline silicon substrate, the first conductive layer 5 includes a 

P-type doped layer (i.e., emitter), and the second conductive layer 6 includes an N-type doped 

layer (i.e., base). 

[0051] In some embodiments, as shown in FIG. 1-1, the first conductive layer 5 is formed 30 



Uni-intel Ref. DF221374SG 

8 

inside or over the back surface 3 of the substrate 1. For example, the first conductive layer 5 is 

formed by doping a preset region of the back surface 3 of the substrate 1 with a P-type dopant 

by means of such as deposition, diffusion, or printing. In this case, the P-type dopant has any 

impurity of a conductivity type opposite to the substrate 1. That is, a Group III element such 

as boron (B), aluminum (Al), gallium (Ga), or indium (In) may be used. The first conductive 5 

layer 5 has a same crystal structure as the substrate 1, for example, monocrystalline silicon. A 

dielectric layer 13 is arranged between the second conductive layer 6 and the substrate 1. In 

some embodiments of the present disclosure, the dielectric layer 13 includes one or more of 

silicon oxide, aluminum oxide, hafnium oxide, silicon nitride, or silicon oxynitride. The 

second conductive layer 6 is formed by doping amorphous silicon, microcrystalline silicon, or 10 

polycrystalline silicon with an N-type dopant. The N-type dopant may be any dopant having a 

same conductivity type as the substrate 1. That is, a Group V element such as phosphorus (P), 

arsenic (As), bismuth (Bi), or stibium (Sb) may be used. In some embodiments, the second 

conductive layer 6 is a phosphorus-doped polysilicon layer. The second conductive layer 6 

has a different crystal structure from the substrate 1. 15 

[0052] In some embodiments, as shown in FIG. 1-2, the second conductive layer 6 is the 

same as the second conductive layer 6 in FIG. 1-1, which is not described in detail herein. A 

difference is that the dielectric layer 13 is also arranged between the first conductive layer 5 

and the substrate 1. As an optional technical solution of the present disclosure, the dielectric 

layer 13 includes one or more of silicon oxide, aluminum oxide, hafnium oxide, silicon nitride, 20 

and silicon oxynitride, and the first conductive layer 5 is formed by doping amorphous silicon, 

microcrystalline silicon, or polycrystalline silicon with a P-type dopant. That is, a P-type 

dopant of a Group III element such as boron (B), aluminum (Al), gallium (Ga), or indium (In) 

may be used. In an embodiment, the first conductive layer 5 is a phosphorus-doped 

polysilicon layer. The first conductive layer 5 has a different crystal structure from the 25 

substrate 1. 

[0053] In some embodiments, referring to FIG. 1-3, the solar cell is a P-type solar cell. 

That is, the substrate 1 is a P-type crystalline silicon substrate, the first conductive layer 5 

includes a P-type doped layer (i.e., base), and the second conductive layer 6 includes an 

N-type doped layer (i.e., emitter). 30 
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[0054] The P-type doped layer may form an opening above the substrate 1 through a 

process such as laser ablation, dry etching, wet etching, or mechanical etching to expose the 

P-type crystalline silicon substrate, and then the first electrode 7 may be directly formed on 

the back surface 3 of the P-type crystalline silicon substrate, so that the first electrode 7 comes 

into contact with the back surface 3 to facilitate metal atoms in the first electrode 7 to be 5 

diffused into the back surface 3 to form a base layer. The P-type doped layer includes an alloy 

layer (e.g., an Al-Si alloy layer) formed by a metal electrode and the substrate 1. 

[0055] A dielectric layer 13 is arranged between the second conductive layer 6 and the 

substrate 1. In some embodiments of the present disclosure, the dielectric layer 13 includes 

one or more of silicon oxide, aluminum oxide, hafnium oxide, silicon nitride, or silicon 10 

oxynitride. The second conductive layer 6 is formed by doping amorphous silicon, 

microcrystalline silicon, or polycrystalline silicon with an N-type dopant. The N-type dopant 

may be any dopant having a same conductivity type as the substrate 1. That is, a Group V 

element such as phosphorus (P), arsenic (As), bismuth (Bi), or stibium (Sb) may be used. 

[0056] In an embodiment of the present disclosure, the structure of the IBC solar cell 15 

according to the present disclosure is described with an example in which the substrate 1 is an 

N-type crystalline silicon substrate. 

[0057] Referring to FIG. 1-1, FIG. 14, and FIG. 15, the solar cell further includes a back 

passivation layer 11. The back passivation layer 11 may perform passivation on the back 

surface of the solar cell and dangling bonds at the first conductive layer 5, the second 20 

conductive layer 6, and the gap region 4, which reduces the carrier recombination speed of the 

back surface 3 and improves the photoelectric conversion efficiency. The back passivation 

layer 11 is located over surfaces of the first conductive layer 5, the second conductive layer 6, 

and the gap region 4. The first electrode 7 penetrates through the back passivation layer 11 to 

form electrical contact with the first conductive layer 5. The second electrode 8 penetrates 25 

through the back passivation layer 11 to form electrical contact with the second conductive 

layer 6. 

[0058] In some embodiments of the present disclosure, the back passivation layer 11 may 

be provided with an opening to allow the first electrode 7 and the second electrode 8 to pass 

therethrough to electrically contact with the first conductive layer 5 and the second conductive 30 
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layer 6 respectively, so as to reduce a contact area among the metal electrode, the first 

conductive layer 5 and the second conductive layer 6, which further reduces the contact 

resistance, and thus increases an open-circuit voltage. 

[0059] In some embodiments, the back passivation layer 11 includes a stack structure of at 

least one or more of a silicon oxide layer, a silicon nitride layer, an aluminum oxide layer, or a 5 

silicon oxynitride layer. 

[0060] In some embodiments, the back passivation layer 11 has a thickness in a range of 

10 nm to 120 nm, which may be, for example, 10 nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 

70 nm, 80 nm, 90 nm, 100 nm, 120 nm, or the like, and may also be other values in the range, 

which is not limited herein. 10 

[0061] In some embodiments, a front passivation layer 12 is formed over the front surface 

2 of the substrate 1. The front passivation layer 12 may perform passivation on the front 

surface 2 of the substrate 1, which reduces recombinations of carriers at an interface and 

improves transport efficiency of the carriers, thereby improving the photoelectric conversion 

efficiency of the IBC solar cell. 15 

[0062] In some embodiments, the front passivation layer 12 includes a stack structure of 

at least one or more of a silicon oxide layer, a silicon nitride layer, an aluminum oxide layer, 

or a silicon oxynitride layer. 

[0063] In some embodiments, an antireflection layer 20 is further provided over a surface 

of the front passivation layer 12. The antireflection layer 20 may reduce reflection of incident 20 

light and improve refraction of light, thereby improving the utilization of the light and the 

photoelectric conversion efficiency. In some embodiments, similar to the antireflection layer 

20, the front passivation layer 12 may also reduce the reflection of the incident light. 

[0064] In some embodiments, an ultra-thin dielectric layer 13 is arranged between at least 

one of the first conductive layer 5 and the second conductive layer 6 or the back surface 3 of 25 

the substrate 1. The dielectric layer 13 is configured to perform passivation on an interface of 

the back surface 3 of the substrate 1, which reduces recombinations of carriers at the interface 

and ensures transport efficiency of the carriers. In some embodiments, referring to FIG. 8 to 

FIG. 15, the dielectric layer 13 is arranged between the second conductive layer 6 and the 

back surface 3 of the substrate 1. 30 
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[0065] In some embodiments of the present disclosure, the dielectric layer 13 includes one 

or more of silicon oxide, aluminum oxide, hafnium oxide, silicon nitride, or silicon 

oxynitride. 

[0066] In some embodiments, the dielectric layer 13 has a thickness in a range of 0.5 nm 

to 3 nm. If the thickness of the dielectric layer 13 is excessively large, a tunneling effect of 5 

majority carriers will be affected, and it is difficult to transport the carriers through the 

dielectric layer 13, thereby affecting tunneling and passivation effects of the dielectric layer 

13 and may gradually decrease the photoelectric conversion efficiency of the solar cell. If the 

thickness of the dielectric layer 13 is excessively small, it is not conducive to contact with 

electrode slurry. The dielectric layer 13 has a thickness in a range of 0.5 nm to 3 nm. For 10 

example, the thickness of the dielectric layer 13 may be 0.5 nm, 0.9 nm, 1.0 nm, 1.2 nm, 1.4 

nm, 1.6 nm, 1.8 nm, 2.0 nm, 2.2 nm, 2.4 nm, 2.6 nm, 2.8 nm, 3 nm, or the like, may also be 

other values in the range, which is not limited herein. 

[0067] In some embodiments, the dielectric layer 13 does not cover the back surface 3 of 

the substrate 1 corresponding to the gap region 4. When the first conductive layer 5 is a 15 

P-type doped layer and the second conductive layer 6 is an N-type doped layer, the dielectric 

layer 13 is a tunnel oxide layer. The tunnel oxide layer allows majority carriers to tunnel into 

the first conductive layer 5 and the second conductive layer 6 and blocks the passage of 

minority carriers. Then the majority carriers are transported transversally within the first 

conductive layer 5 and the second conductive layer 6 and collected by the first electrode 7 or 20 

the second electrode 8. The tunnel oxide layer forms a tunnel oxide passivated contact 

structure with the first conductive layer 5 and the second conductive layer 6, which can 

achieve excellent interface passivation and selective collection of carriers, reduce the 

recombinations of the carriers, and improve the photoelectric conversion efficiency of the 

solar cell. It is to be noted that the tunnel oxide layer may not have a perfect tunnel barrier in 25 

practice because it may include, for example, defects such as pinholes, which may cause other 

charge carrier transport mechanisms (such as drift, diffusion) to dominate the tunnel effect. 

[0068] In some embodiments, a distance between a top surface and a bottom surface of 

the first pyramidal texture structures 9 ranges from 1 μm to 5 μm. For example, the distance 

may be 1 μm, 1.5 μm, 2.0 μm, 3.0 μm, 3.5 μm, 4.0 μm, 4.5 μm, 5.0 μm, or the like, may also 30 
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be other values in the range, which is not limited herein. When the distance between the top 

surface and the bottom surface of the first pyramidal texture structures 9 is limited to the 

above range, the first pyramidal texture structures 9 have good light trapping and 

antireflection effects, enabling further improvement of the photoelectric conversion 

efficiency. 5 

[0069] In some embodiments, a distance of the curved interface region 10 in the first 

direction D1 ranges from 3 μm to 15 μm. For example, the distance may be 3 μm, 5 μm, 7 μm, 

9 μm, 11 μm, 13 μm, 15 μm, or the like, may also be other values in the range, which is not 

limited herein. Within the range, reflection of incident light can be increased, and the amount 

of light absorbed by the solar cell can be increased, thereby improving conversion efficiency 10 

of the IBC solar cell. If the distance is excessively small, the effect cannot be significantly 

improved. If the distance is excessively large, an effective area of the back surface 3 is wasted, 

thus reducing the performance of the solar cell. 

[0070] In some embodiments, a distance between a top surface and a bottom surface of 

the curved interface region 10 ranges from 2 μm to 5 μm. For example, the distance may be 1 15 

μm, 1.5 μm, 2.0 μm, 3.0 μm, 3.5 μm, 4.0 μm, 4.5 μm, 5.0 μm, or the like, may also be other 

values in the range, which is not limited herein. When the distance between the top surface 

and the bottom surface of the curved interface region 10 is limited to the above range, the 

curved interface region 10 can increase reflection of incident light, enabling further 

improvement of the photoelectric conversion efficiency. 20 

[0071] In some embodiments, upon verification, when the incident light has a wavelength 

in a range of 900 nm to 1200 nm, reflectivity of the incident light at the back of the solar cell 

can be increased by 1% to 5% due to the addition of the surface structure to the interface 

region. As a result, more incident light reaches the back of the solar cell, and then is reflected 

and absorbed again into the substrate 1, further improving the photoelectric conversion 25 

efficiency by 0.05% to 0.1%. 

[0072] In some embodiments, a distance of the gap region 4 in the first direction D1 

ranges from 50 μm to 200 μm. For example, the distance may be 50 μm, 70 μm, 90 μm, 110 

μm, 130 μm, 150 μm, 170 μm, 190 μm, 200 μm, or the like, may also be other values in the 

range, which is not limited herein. If the gap region 4 is excessively wide, the effective area of 30 
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the back surface 3 may be wasted, and it is difficult to collect effective carriers, thus reducing 

the performance of the solar cell. If the gap region 4 is excessively narrow, good positive and 

negative insulation cannot be achieved. 

[0073] In some embodiments, a distance of the gap region 4 in a normal direction of the 

back surface 3 of the substrate ranges from 1 μm to 6 μm. For example, the distance may be 1 5 

μm, 2 μm, 3 μm, 4 μm, 5 μm, 6 μm, or the like, may also be other values in the range, which 

is not limited herein. 

[0074] In some embodiments, at least part of a surface of the curved interface region 10 

has a plurality of protruding texture structures. The protruding texture structures may include 

non-pyramid structures such as strips, diamonds, squares, and trapezoids or irregular polygon 10 

plane structures. 

[0075] In some embodiments, a ratio of an area of the gap region 4 to an area of the back 

surface 3 of the substrate 1 ranges from 10% to 35%. For example, the ratio may be 10%, 

15%, 20%, 25%, 30%, 35%, or the like, may also be other values in the range, which is not 

limited herein. If the area of the gap region 4 is excessively large, the effective area of the 15 

back surface 3 may be wasted, and it is difficult to collect effective carriers, thus reducing the 

performance of the solar cell. If the area of the gap region 4 is excessively small, good 

positive and negative pole insulation cannot be achieved. 

[0076] Based on the above embodiments, the present disclosure further provides a method 

for manufacturing an N-type solar cell, including the following steps. 20 

[0077] Providing a substrate 1 having a front surface 2 and a back surface 3 opposite to 

the front surface 2, the back surface 3 has first regions 101 and second regions 102 staggered 

and spaced from each other in a first direction D1, gap regions 4 are provided between the 

first regions 101 and the second regions 102 adjacent to each other; 

[0078] Forming a first conductive layer 5 over the back surface 3 of the substrate 1; 25 

[0079] Performing laser ablation on the back surface 3 of the substrate 1 to remove the 

first conductive layer 5 located in the second region 102 and the gap region 4; 

[0080] Forming a second conductive layer 6 over the back surface 3 of the substrate 1; 

[0081] Forming a first protective layer 16 over a surface of the second conductive layer 6 

corresponding to the second region 102; 30 
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[0082] Removing the second conductive layer 6 not covered by the first protective layer 

16; 

[0083] Removing the first protective layer 16; 

[0084] Performing texturing to form a plurality of first pyramidal texture structures 9 on 

the back surface 3 corresponding to the gap region 4, a curved interface region 10 is formed 5 

between a side wall of the first conductive layer 5 and/or the second conductive layer 6 and a 

side wall of the gap regions 4 adjacent thereto; and 

[0085] Forming a first electrode 7 on the first conductive layer 5, and forming a second 

electrode 8 on the second conductive layer 6. 

[0086] By use of the solar cell manufactured with the above manufacturing method, since 10 

the design of a partial structure of the IBC solar cell is optimized, and a curved interface 

region 10 is formed between a side wall of the first conductive layer 5 and/or the second 

conductive layer 6 and a side wall of the gap regions 4 adjacent thereto, so as to increase 

reflection of incident light on the back surface 3 of the substrate 1, increase the amount of 

light absorbed by the solar cell, and thus improve conversion efficiency of the solar cell. 15 

[0087] The solution is specifically introduced below. 

[0088] In step S10, referring to FIG. 3, the substrate 1 is an N-type crystalline silicon 

substrate, the front surface 2 is a light receiving surface facing the direction of sunlight, the 

back surface 3 is a surface opposite to the front surface 2, the first conductive layer 5 is 

formed over the first region 101, and the second conductive layer 6 is formed over the second 20 

region 102. The second conductive layer 6 is of a conductivity type opposite to the first 

conductive layer 5, and the gap region 4 is configured to separate the first conductive layer 5 

from the second conductive layer 6 to improve insulating properties of positive and negative 

poles, prevent leakage of the solar cell, and thus improve reliability of the solar cell. 

[0089] In step S20, referring to FIG. 4 and FIG. 5, the substrate 1 is textured, and a first 25 

conductive layer 5 is formed over the back surface 3 of the substrate 1. In some embodiments 

of the present disclosure, the first conductive layer 5 includes a P-type doped layer (i.e., 

emitter). Boron is doped into the substrate 1 through a diffusion process. The first conductive 

layer 5 is formed over the back surface 3 of the N-type silicon substrate 1, with diffusion 

sheet resistance in a range of 70 ohm/sq to 120 ohm/sq. BSG is also formed by diffusion on 30 
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the doped layer. A BSG layer 14 plays a role of isolation to better protect the first conductive 

layer 5. It may be understood that, in a boron diffusion process, a P-type doped layer and part 

of the BSG layer 14 may also be formed over the front surface 2 of the substrate 1, and this 

part of BSG is required to be removed. For example, the BSG layer 14 on the front surface 2 

is removed using chain HF acid with concentration in a range of 2% to 15%. 5 

[0090] In step S30, referring to FIG. 6 and FIG. 7, laser opening mask is performed on the 

back surface 3 of the substrate 1 to remove the first conductive layer 5 located in the second 

region 102 and the gap region 4. In an embodiment, laser opening mask is performed on the 

back surface 3 first. A laser opening mask pattern is interdigitated. Corresponding to a sum of 

the second region 102 and the gap region 4, the BSG layer 14 in the corresponding regions is 10 

removed, and then laser damages are removed by polishing. For example, a polishing 

temperature is in a range of 50℃ to 65℃, polishing time is less than 800 s, a polishing 

solution includes NaOH with a volume fraction in a range of 1% to 3% or KOH with a 

volume fraction in a range of 1% to 3% and additives with a volume fraction in a range of 0.5% 

to 2.5%, and a polishing depth is in a range of 2 μm to 5 μm. 15 

[0091] In step S40, referring to FIG. 8, a second conductive layer 6 is formed over the 

back surface 3 of the substrate 1. The second conductive layer 6 includes an N-type doped 

layer (i.e., base). In an embodiment, a dielectric layer 13 (tunnel oxide layer) is first grown by 

thermal oxidation. The dielectric layer 13 has a thickness in a range of 0.1 nm to 1 nm. 

Intrinsic polysilicon is deposited on the tunnel oxide layer by low pressure chemical vapor 20 

deposition. The polysilicon has a thickness in a range of 100 nm to 200 nm. Phosphorus is 

doped into the intrinsic polysilicon through a diffusion process. A passivated contact structure 

is formed at the back of the N-type silicon substrate 1. The passivated contact structure is a 

stacked layer of the dielectric layer 13 and the second conductive layer 6. The second 

conductive layer 6 has sheet resistance in a range of 25 ohm/sq to 45 ohm/sq. PSG is also 25 

formed on the N-type polysilicon by diffusion. A PSG layer 15 may serve as a barrier layer, 

and has a thickness in a range of 10 nm to 40 nm. 

[0092] In step S50, referring to FIG. 9, a first protective layer 16 is formed over the 

surface of the second conductive layer 6 corresponding to the second region 102. In some 

embodiments, the first protective layer 16 is an INK protective layer. The PSG layer 15 of the 30 
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second conductive layer 6 is coated with an interdigitated INK protective layer by screen 

printing or ink-jet coating. A pattern of the INK protective layer is an electrode pattern of the 

IBC solar cell. 

[0093] In step S60, the second conductive layer 6 not covered by the first protective layer 

16 is removed, and then the first protective layer 16 is removed. Then, texturing is performed 5 

to form a plurality of first pyramidal texture structures 9 on the back surface 3 corresponding 

to the gap region 4, and a curved interface region 10 exists between a side wall of the first 

conductive layer 5 and/or the second conductive layer 6 and a side wall of the gap regions 4 

adjacent thereto. 

[0094] In S601, referring to FIG. 10, the PSG layer 15 not covered by the first protective 10 

layer 16 is corroded with HF acid with a volume fraction in a range of 2% to 15%, and 

corrosion time is less than 60 s. 

[0095] In S602, referring to FIG. 11, after the PSG layer 15 not covered by the first 

protective layer 16 is removed, the first protective layer 16 is washed off with an alkaline 

solution. The alkaline solution includes NaOH with a volume fraction in a range of 2% to 5% 15 

or KOH with a volume fraction in a range of 2% to 5% and additives with a volume fraction 

in a range of 3% to 7%, and cleaning time is less than 350 s. 

[0096] In S603, referring to FIG. 12, the region not covered by the first protective layer 

16 is textured with a texturing solution. The texturing solution does not react with the BSG 

layer 14 and the PSG layer 15, and the first conductive layer 5 and the dielectric layer 13 not 20 

covered by the first protective layer 16 can be removed so as to texture the gap regions 4 on 

the front surface 2 and the back surface 3 of the substrate 1. A texturing temperature is in a 

range of 70℃ to 80℃, and texturing time is less than 450 s. The texturing solution includes 

NaOH with a volume fraction in a range of 1% to 2% or KOH with a volume fraction in a 

range of 1% to 2% and additives with a volume fraction in a range of 0.5% to 1%. 25 

[0097] In S603, referring to FIG. 13, RCA cleaning is performed on the textured substrate 

1, followed by cleaning in an HF solution with concentration in a range of 1% to 10% to clean 

the surface of the substrate 1 and remove the dielectric layer 13, the BSG layer 14, and the 

PSG layer 15 on the surface of the substrate 1, so as to form different morphologies in 

different regions of the back surface 3. First pyramidal texture structures 9 are formed in the 30 
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gap region 4, and a distance (or height) between the top and the bottom of the first pyramidal 

texture structures 9 ranges from 2 μm to 5 μm. A curved interface region 10 with non-pyramid 

texture is formed at an interface of the gap region 4 and the second conductive layer 6. The 

curved interface region 10 has a width in a range of 3 μm to 15 μm, and a height in a range of 

2 μm to 5 μm. 5 

[0098] In step S70, referring to FIG. 14 and FIG. 15, a front passivation layer 12 and a 

back passivation layer 11 are deposited on the front surface 2 and the back surface 3 of the 

substrate 1, respectively. The front passivation layer 12 is a stacked layer of aluminum oxide, 

silicon oxide, and silicon nitride, and the back passivation layer 11 is aluminum oxide and 

silicon nitride. Silver aluminum slurry and silver slurry are printed on the back surface 3 of 10 

the substrate 1. The silver aluminum slurry is printed and aligned with the first conductive 

layer 5 to form the first electrode 7, and the silver slurry is aligned with the second conductive 

layer 6 to form the second electrode 8, which are sintered to complete metallization. 

[0099] Based on the above embodiments, referring to FIG. 16, the present disclosure 

further provides a photovoltaic module, including: solar cell strings 17, the solar cells 15 

described above are connected to form the solar cell strings 17, and adjacent solar cell strings 

17 are connected by a conductive strip such as a solder strip; an encapsulation layer 18, the 

encapsulation layer 18 is configured to cover surfaces of the solar cell strings 17; and a cover 

plate 9 configured to cover a surface of the encapsulation layer 18 away from the solar cell 

strings 17. 20 

[00100] In some embodiments, at least two solar cell strings 17 are provided. The solar cell 

strings 17 are electrically connected in parallel and/or in series. 

[00101] In some embodiments, the encapsulation layer 18 includes encapsulation layers 

arranged on the front and back of the solar cell strings 17. Materials of the encapsulation layer 

18 include, but are not limited to, EVA, POE, and PET films. 25 

[00102] In some embodiments, the cover plate 19 includes cover plates 19 arranged on the 

front and back of the solar cell strings 17. Materials with good light transmittance are selected 

for the cover plate 19, including but not limited to glass, plastic, and the like. 

[00103] The structure, features and effects of the present disclosure are described in detail 

above according to the embodiments shown in the drawings. The above are only preferred 30 
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embodiments of the present disclosure, but the present disclosure does not limit the scope of 

implementation as illustrated in the drawings. Any changes made in accordance with the 

conception of the present disclosure, or equivalent embodiments modified as equivalent 

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

What is claimed is: 

1. A solar cell, comprising: 

a substrate having a front surface and a back surface opposite to the front surface, 

wherein the back surface includes first regions, second regions and gap regions, the first 5 

regions and the second regions are staggered and spaced from each other in a first direction, 

and each gap region is provided between one first region and one second region adjacent to 

the first region by recessing toward an interior of the substrate; 

a first conductive layer formed over the first region; 

a second conductive layer formed over the second region, wherein the second conductive 10 

layer has a conductivity type opposite to the first conductive layer; 

a first electrode forming electrical contact with the first conductive layer;  

a second electrode forming electrical contact with the second conductive layer; and 

first pyramidal texture structures formed on the back surface corresponding to the gap 

regions, wherein a curved interface region is formed between a side wall of the first 15 

conductive layer and/or the second conductive layer and a side wall of the gap region adjacent 

thereto. 

2. The solar cell according to claim 1, further comprising a back passivation layer 

formed over a surface of the first conductive layer, a surface of the second conductive layer, 

and a surface of the gap region, wherein the first electrode penetrate through the back 20 

passivation layer to form electrical contact with the first conductive layer, and the second 

electrode penetrate through the back passivation layer to form electrical contact with the 

second conductive layer. 

3. The solar cell according to claim 1, wherein a front passivation layer is formed over 

the front surface of the substrate. 25 

4. The solar cell according to claim 1, wherein the substrate is an N-type substrate, the 

first conductive layer comprises a P-type doped layer, and the second conductive layer 

comprises an N-type doped layer. 
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5. The solar cell according to claim 1, wherein a dielectric layer is formed between at 

least one of the first conductive layer or the second conductive layer and the back surface of 

the substrate. 

6. The solar cell according to claim 5, wherein the dielectric layer comprises silicon 

oxide, aluminum oxide, hafnium oxide, silicon nitride, or silicon oxynitride. 5 

7. The solar cell according to claim 5, wherein the dielectric layer has a thickness in a 

range of 0.5 nm to 3 nm. 

8. The solar cell according to claim 5, wherein the dielectric layer does not cover the 

back surface of the substrate corresponding to the gap regions. 

9. The solar cell according to claim 1, wherein a distance between a top surface and a 10 

bottom surface of the first pyramidal texture structures ranges from 1 μm to 5 μm. 

10. The solar cell according to claim 1, wherein an extent of the curved interface region 

in the first direction ranges from 3 μm to 15 μm. 

11. The solar cell according to claim 1, wherein a distance between a top surface and a 

bottom surface of the curved interface region ranges from 2 μm to 5 μm. 15 

12. The solar cell according to claim 1, wherein an extent of the gap region in the first 

direction ranges from 50 μm to 200 μm. 

13. The solar cell according to claim 1, wherein an extent of the gap region in a normal 

direction of the back surface of the substrate ranges from 1 μm to 6 μm. 

14. The solar cell according to claim 1, wherein at least part of a surface of the curved 20 

interface region includes a plurality of protruding texture structures. 

15. The solar cell according to claim 1, wherein a ratio of an area of the gap region to an 

area of the back surface of the substrate ranges from 10% to 35%. 

16. A photovoltaic module, comprising: 

a solar cell string including a plurality of solar cells, wherein at least one of the plurality 25 

of solar cells is the solar cell according to any one of claims 1-13; 

an encapsulation layer covering a surface of the solar cell string; and 

a cover plate covering a surface of the encapsulation layer facing away from the solar 

cell string. 

17. A method for manufacturing a solar cell, comprising: 30 
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providing a substrate having a front surface and a back surface opposite to the front 

surface, wherein the back surface includes first regions, second regions and gap regions, the 

first regions and the second regions are staggered and spaced from each other in a first 

direction, and each gap region is provided between one first region and one second region 

adjacent to the first region by recessing toward an interior of the substrate;  5 

forming a first conductive layer over the back surface of the substrate;  

performing laser ablation over the back surface of the substrate to remove the first 

conductive layer located in the second region and the gap region;  

forming a second conductive layer over the back surface of the substrate;  

forming a first protective layer over a surface of the second conductive layer 10 

corresponding to the second region; 

removing the second conductive layer not covered by the first protective layer;  

removing the first protective layer;  

performing texturing to form first pyramidal texture structures on the back surface 

corresponding to the gap regions, wherein a curved interface region is formed between a side 15 

wall of the first conductive layer and/or the second conductive layer and a side wall of the gap 

region adjacent thereto; and  

forming a first electrode on the first conductive layer, and forming a second electrode on 

the second conductive layer. 
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