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is controlled within an ideal range, which can ensure that the 
roughness of the rear surface of the semiconductor substrate 
is within an appropriate range, helps to improve the unifor-
mity of the tunnel oxide layer formed on the first texture 
structure, ensure better performance of the tunnel oxide 
layer formed, further inhibit a high local doping concentra-
tion of the doped conductive layer, reduce contact resistivity, 
improve the open-circuit voltage of the solar cell, and 
improve a fill factor and photoelectric conversion efficiency. 

In the first texture structure of the solar cell according to 
Comparative Example 1, in the direction away from the rear 
surface and perpendicular to the rear surface, a distance 
between a top surface of the outermost first substructure and 
a top surface of the first substructure adjacent thereto is less 
than or equal to 2 µm. The smaller the one-dimensional size 
of the top surface of the outermost first substructure, the 
thicker the tunnel oxide layer formed by deposition. The 
uniformity of the tunnel oxide layer decreases, resulting in 
a high local doping concentration of the doped conductive 
layer formed on the surface of the tunnel oxide layer. The 
contact resistivity is increased compared with that in 
Embodiment 1, which leads to the reduction of the open-
circuit voltage of the solar cell, as well as the reduction of 
the fill factor and the photoelectric conversion efficiency. 

The solar cell according to Comparative Example 2 is not 
subjected to an alkali-polishing process after texturing, the 
rear surface has a pyramid-shaped microstructure, and the 
uniformity of the tunnel oxide layer deposited on the pyra-
mid-shaped microstructure decreases, which easily leads to 
a high local doping concentration of the doped conductive 
layer formed on the surface of the tunnel oxide layer. The 
contact resistivity is increased compared with that in 
Embodiment 1, which leads to the reduction of the open-
circuit voltage of the solar cell, as well as the reduction of 
the fill factor and the photoelectric conversion efficiency. 

Although the solar cell according to Comparative 
Example 3, through the treatment of the substructure of the 
first texture structure, inhibits a high local doping concen-
tration of the doped conductive layer, the contact resistivity 
is difficult to further decrease during the metallization due to 
the use of a silicon nitride layer with a high silicon to 
nitrogen ratio. Compared with Embodiment 1, the distance 
between the substructures in the first texture structure of the 
rear surface of the semiconductor substrate and the refrac-
tive index of the second passivation layer are controlled, and 
a synergistic effect of the two can better reduce the contact 
resistivity and improve the open-circuit voltage, the fill 
factor and the photoelectric conversion efficiency of the 
solar cell. 

Although the solar cell according to Comparative 
Example 4, through the treatment of the substructure of the 
first texture structure, inhibits a high local doping concen-
tration of the doped conductive layer, the contact resistivity 
increases during the metallization due to the use of an 
aluminum oxide layer and a silicon nitride layer with a lower 
overall refractive index as the first passivation layer. 

The present disclosure has been disclosed as above with 
preferred embodiments, the present disclosure should not be 
limited by those embodiments. Any person skilled in the art 
may make several possible changes and modifications with-
out departing from the conception of the present disclosure. 
Therefore, the protection scope of the present disclosure 
should be subject to the scope defined by the claims of the 
present disclosure. 

26 
What is claimed is: 
1. A solar cell, comprising: 
a semiconductor substrate, wherein a rear surface of the 

semiconductor substrate has a first texture structure, the 
5 first texture structure has a non-pyramid-shaped micro-

structure and includes two or more first substructures at 
least partially stacked on one another, a top surface of 
the first substructure is a polygonal plane, and a one-
dimensional size of the top surface of the outermost 

10 
first substructure is less than or equal to 45 µm; and 
wherein a front surface of the semiconductor substrate 
has a second texture structure, the second texture 
structure includes a pyramid-shaped microstructure, 
the pyramid-shaped microstructure includes a top por-
tion away from the front surface of the semiconductor 

15 substrate and a bottom portion close to the front surface 
of the semiconductor substrate, and in a direction away 
from the front surface and perpendicular to the front 
surface, a distance between the top portion and the 
bottom portion of the pyramid-shaped microstructure is 

20 less than or equal to 5 µm; 
a first passivation layer located on the second texture 

structure of the front surface of the semiconductor 
substrate; 

a tunnel oxide layer located on the first texture structure 

25 of the rear surface of the semiconductor substrate; 
a doped conductive layer located on a surface of the 

tunnel oxide layer; and 
a second passivation layer located on a surface of the 

doped conductive layer. 
2. The solar cell according to claim 1, wherein for the two 

30 or more first substructures at least partially stacked on one 
another, in the direction away from the rear surface and 
perpendicular to the rear surface, a distance between the top 
surface of the outermost first substructure and the top 
surface of the adjacent first substructure is equal to or less 

35 than 2 µm. 
3. The solar cell according to claim 1, wherein a shape of 

the polygonal plane includes at least one of a diamond, a 
square, a trapezoid, a substantially diamond, a substantially 
square or a substantially trapezoid. 

40 4. The solar cell according to claim 1, wherein a thickness 
of the tunnel oxide layer on the top surface of the outermost 
first substructure is less than a thickness of the tunnel oxide 
layer on a side surface of the outermost first substructure. 

5. The solar cell according to claim 1, wherein the first 
45 texture structure further includes two or more adjacent 

second substructures that do not stacked on one another, and 
a one-dimensional size of a top surface of the second 
substructure away from the rear surface is less than or equal 
to 45 µm. 

50 6. The solar cell according to claim 5, wherein the top 
surface of the second substructure is a polygonal plane. 

7. The solar cell according to claim 1, wherein the tunnel 
oxide layer includes at least one of a silicon oxide layer, an 
aluminum oxide layer, a silicon oxynitride layer, a molyb-

55 denum oxide layer or a hafnium oxide layer, and the tunnel 
oxide layer has a thickness ranging from 0.8 nm to 2 nm. 

8. The solar cell according to claim 1, wherein the second 
passivation layer includes at least one of a silicon nitride 
layer, a silicon oxide layer or a silicon oxynitride layer, and 

60 the second passivation layer has a thickness ranging from 70 
nm to 120 nm. 

9. The solar cell according to claim 1, wherein the first 
passivation layer includes at least one of a silicon oxide 
layer, a silicon nitride layer, an aluminum oxide layer or a 

65 silicon oxynitride layer. 
10. The solar cell according to claim 1, wherein the first 

passivation layer is a stacked passivation structure of an 
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aluminum oxide layer and a silicon nitride layer, the alumi-
num oxide layer has a thickness ranging from 2 nm to 10 nm, 
and the silicon nitride layer has a thickness ranging from 50 
nm to 110 nm. 

11. The solar cell according to claim 1, wherein the first 
passivation layer is a stacked passivation structure of an 
aluminum oxide layer, a silicon nitride layer and a silicon 
oxynitride layer sequentially stacked, the aluminum oxide 
layer has a thickness ranging from 2 nm to 10 nm, the silicon 
nitride layer has a thickness ranging from 40 nm to 80 nm, 
and the silicon oxynitride layer has a thickness ranging from 
10 nm to 60 nm. 

12. The solar cell according to claim 1, wherein the 
semiconductor substrate is an N-type monocrystalline sili-
con substrate, the doped conductive layer is an N-type doped 
polycrystalline silicon layer, an N-type doped microcrystal-
line silicon layer or an N-type doped amorphous silicon 
layer, and the doped conductive layer has a thickness rang-
ing from 60 nm to 200 nm. 

13. A photovoltaic module, comprising a plurality of solar 
cell strings, wherein each of the plurality of solar cell strings 
comprises solar cells, and at least one of the solar cells 
comprises: 

a semiconductor substrate, wherein a rear surface of the 
semiconductor substrate has a first texture structure, the 
first texture structure has a non-pyramid-shaped micro-
structure and includes two or more first substructures at 
least partially stacked on one another, a top surface of 
the first substructure is a polygonal plane, and a one-
dimensional size of the top surface of the outermost 
first substructure is less than or equal to 45 pm; and 
wherein a front surface of the semiconductor substrate 
has a second texture structure, the second texture 
structure includes a pyramid-shaped microstructure, 
the pyramid-shaped microstructure includes a top por-
tion away from the front surface of the semiconductor 
substrate and a bottom portion close to the front surface 
of the semiconductor substrate, and in a direction away 
from the front surface and perpendicular to the front 
surface, a distance between the top portion and the 
bottom portion of the pyramid-shaped microstructure is 
less than or equal to 5 pm; 

a first passivation layer located on the second texture 
structure of the front surface of the semiconductor 
substrate; 

28 
a tunnel oxide layer located on the first texture structure 

of the rear surface of the semiconductor substrate; 
a doped conductive layer located on a surface of the 

tunnel oxide layer; and 
5 a second passivation layer located on a surface of the 

doped conductive layer. 
14. The photovoltaic module according to claim 13, 

wherein for the two or more first substructures at least 
partially stacked on one another, in the direction away from 

10 the rear surface and perpendicular to the rear surface, a 
distance between the top surface of the outermost first 
substructure and the top surface of the adjacent first sub-
structure is equal to or less than 2 pm. 

15 15. The photovoltaic module according to claim 13, 
wherein a shape of the polygonal plane includes at least one 
of a diamond, a square, a trapezoid, a substantially diamond, 
a substantially square or a substantially trapezoid. 

16. The photovoltaic module according to claim 13, 
20 wherein a thickness of the tunnel oxide layer on the top 

surface of the outermost first substructure is less than a 
thickness of the tunnel oxide layer on a side surface of the 
outermost first substructure. 

17. The photovoltaic module according to claim 13, 
25 wherein the first texture structure further includes two or 

more adjacent second substructures that do not stacked on 
one another, and a one-dimensional size of a top surface of 
the second substructure away from the rear surface is less 
than or equal to 45 pm. 

30 18. The photovoltaic module according to claim 17, 
wherein the top surface of the second substructure is a 
polygonal plane. 

19. The photovoltaic module according to claim 13, 
wherein the tunnel oxide layer includes at least one of a 

35 silicon oxide layer, an aluminum oxide layer, a silicon 
oxynitride layer, a molybdenum oxide layer or a hafnium 
oxide layer, and the tunnel oxide layer has a thickness 
ranging from 0.8 nm to 2 nm. 

20. The photovoltaic module according to claim 13, 
40 wherein the second passivation layer includes at least one of 

a silicon nitride layer, a silicon oxide layer or a silicon 
oxynitride layer, and the second passivation layer has a 
thickness ranging from 70 nm to 120 nm. 

* * * * * 
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