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Monocrystalline silicon bifacial solar cells and their preparation
methods

(57) Abstract

This invention discloses a monocrystalline silicon bifacial solar |y

cell. On the front side of a monocrystalline silicon substrate, a 5] B
front textured structure, a front PN emitter junction, a front B ; T .
passivation antireflection dielectric layer, and a front electrode are e e
sequentially formed. On the back side of the monocrystalline

silicon substrate, a back textured structure, a back surface field, a I

back passivation antireflection dielectric layer, and a back B

electrode are sequentially formed. The back textured structure is

characterized by being a platform-shaped textured surface. The

platform structures are dispersed, or laid flat, or partially

dispersed, partially laid flat, partially connected, and partially

overlapping on the silicon substrate. Each platform structure has

a lower plane connected to the silicon substrate and an upper

plane opposite to the lower plane. The lower plane is larger than

the upper plane. The side length of the upper plane is 2 to 10 um,

and the height of the platform structure is 1 to 8 um. This

invention also discloses a method for fabricating a

monocrystalline silicon bifacial solar cell. This invention can

optimize the minority carrier surface recombination and optical

absorption characteristics of bifacial solar cells, thereby

improving quantum conversion efficiency.
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1. A monocrystalline silicon bifacial solar cell, wherein a front textured morphology structure (1), a front PN emitter
junction (2), a front passivation antireflection dielectric layer (3), and a front electrode (4) are sequentially formed on the front
side of a monocrystalline silicon substrate (100), and a back textured morphology structure (5), a back surface field (6), a
back passivation antireflection dielectric layer (7), and a back electrode (8) are sequentially formed on the back side of the
monocrystalline silicon substrate, characterized in that: the back textured morphology structure (5) is a platform-shaped
textured surface, and each platform structure (5a) is dispersed, or laid flat, or partially dispersed, partially laid flat, partially
connected, and partially overlapping on the silicon substrate; the platform structure (5a) has a lower plane connected to the
silicon substrate (100) and an upper plane opposite to the lower plane, the size of the lower plane being larger than that of the
upper plane; the side length of the upper plane is 2 to 10 pm, and the height of the platform structure (5a) is 1 to 8 um.

2. The monocrystalline silicon bifacial solar cell according to claim 1, characterized in that: the front passivation
antireflection dielectric layer (3) and the back passivation antireflection dielectric layer (7) are respectively composed of
single-layer film or multi-layer film made of silicon oxide, silicon nitride, silicon oxynitride, aluminum oxide, silicon carbide,
amorphous silicon, microcrystalline silicon, indium tin oxide or titanium oxide.

3. The monocrystalline silicon bifacial solar cell according to claim 1, characterized in that: the front electrode (104) and
the back electrode (108) are one or more metals or alloys of silver, aluminum, copper, nickel, titanium, tin, lead, cadmium,
gold, and zinc.

4. A method for preparing a monocrystalline silicon bifacial solar cell, used to prepare the monocrystalline silicon bifacial
solar cell according to any one of claims 1-3, comprising the following steps:

S1: Texturing the surface of a single-crystal silicon substrate;

S2: Front-side doping forms an emitter junction;

S3: Remove the impurity-containing glass layer on the back;

S4: The back platform structure was prepared by wet chemical method, and the back-side doped layer was removed,;
S5: Back-side doping forms a back surface field;

S6: Prepare front and back passivation and antireflection dielectric layers;

S7: Prepare the front and back electrodes.

5. The method for preparing a monocrystalline silicon bifacial solar cell according to claim 4, characterized in that: in
step S4, the chemical reagents used in the wet chemical method for preparing the back platform structure are one or more
aqueous solutions of sodium hydroxide, potassium hydroxide, tetramethylammonium hydroxide, nitric acid, phosphoric acid,
hydrofluoric acid, ethanol, isopropanol or ethylene glycol; the preparation temperature is 60 to 80°C, and the time is 10 to
900 seconds.

6. The method for preparing a monocrystalline silicon bifacial solar cell according to claim 4, characterized in that:
between steps S2 and S3, the following step is further included:

S2-1: front-side deposition of a barrier layer: a process barrier layer of silicon oxide thin film is deposited on the front
side by PECVD, with a thickness of 50 to 300 nm.

7. The method for preparing a monocrystalline silicon bifacial solar cell according to claim 4, characterized in that:
between steps S5 and S6, the following step is further included:

S5-1: using hydrofluoric acid to remove the silicon oxide, phosphosilicate glass on the front side and the borosilicate
glass on the back side.

SEG Solar, EX1005, Page 10
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Monocrystalline silicon bifacial solar cells and their preparation methods
Technical Field
[0001] This invention relates to a solar cell and its preparation method, and more particularly to a monocrystalline silicon
bifacial solar cell and its preparation method, belonging to the field of solar cell technology.

Background Art

[0002] Improving battery conversion efficiency while reducing or even maintaining manufacturing costs is a constant goal
and a key to enhancing competitiveness in the industry. Compared to traditional crystalline silicon solar cells that receive
light from only one side, bifacial solar cells utilize two light-receiving surfaces (front and back) to achieve higher photocurrent
density, significantly increasing power generation. Depending on the installation site and environment, photovoltaic power
generation systems based on bifacial solar cells can achieve a power gain of 10% to 30%.

[0003] The structure of a bifacial solar cell includes: textured surface structures on the front and back sides, a pn junction
emitter, a passivation and antireflection dielectric layer, and front and back electrodes. Among these, the textured surface on
the back side effectively improves the absorption of ground- and ambient reflected light on the back side of the bifacial cell,
making it a crucial structural element. Currently, the back side of bifacial solar cells employs a similar textured surface
structure to the front side, with closely spaced, overlapping pyramids obtained through texturing. While this close-packed
pyramid structure maximizes the absorption of direct sunlight, it is not necessarily the optimal light absorption structure for
diffuse reflection, and the higher surface area can lead to minority carrier recombination. Therefore, the back side structure
of bifacial solar cells requires further optimization.

Summary of the Invention
[0004] In view of the above-mentioned technical problems existing in the prior art, the present invention provides a
monocrystalline silicon bifacial solar cell, which optimizes the minority carrier surface load and optical absorption
characteristics of the solar cell and improves the quantum conversion efficiency.
[0005] In another aspect, the present invention provides a method for preparing a monocrystalline silicon bifacial solar cell,
thereby improving the conversion efficiency and production efficiency of the solar cell.
[0006] Therefore, the present invention adopts the following technical solution:
[0007] A monocrystalline silicon bifacial solar cell is formed by sequentially forming a front-side texturing morphology
structure on the front side of a monocrystalline silicon substrate (100).
(1) A front PN emitter junction (2), a front passivation antireflection dielectric layer (3), and a front electrode (4) are
sequentially formed on the back side of a single-crystal silicon substrate. A back textured morphology structure (5), a back
surface field (6), a back passivation antireflection dielectric layer (7), and a back electrode (8) are formed in sequence. The
back textured morphology structure (5) is a platform-shaped textured surface. Each platform structure (5a) is dispersed, or
laid flat, or partially dispersed, partially laid flat, partially connected, and partially overlapping on the silicon substrate. The
platform structure (5a) has a lower plane connected to the silicon substrate (100) and an upper plane opposite to the lower
plane. The size of the lower plane is larger than that of the upper plane. The side length of the upper plane is 2 to 10 um, and
the height of the platform structure (5a) is 1 to 8 um.
[0008] Further, the front passivation antireflection dielectric layer (3) and the back passivation antireflection dielectric layer
(7) are respectively single-layer films or multi-layer films composed of silicon oxide, silicon nitride, silicon oxynitride,
aluminum oxide, silicon carbide, amorphous silicon, microcrystalline silicon, indium tin oxide or titanium oxide.
[0009] Further, the front electrode (104) and the back electrode (108) are one or more metals or alloys of silver, aluminum,
copper, nickel, titanium, tin, lead, cadmium, gold, and zinc.
[0010] In this invention, “dispersed” means that the bottoms of each platform structure (5a) do not contact each other; “flat”
means that the bottoms of each adjacent platform structure (5a) contact each other but do not overlap or intersect; “partially
connected” means that the bottoms of some adjacent platform structures (5a) contact each other but do not overlap or
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intersect; “partially overlapping” means that some adjacent platform structures (5a) overlap each other; “partially dispersed,
partially flat, partially connected, and partially overlapping on the silicon substrate” can be any combination of two or more
of the four distribution methods.

[0011] In another aspect, the present invention provides a method for preparing a monocrystalline silicon bifacial solar cell,
comprising the following steps:

[0012] S1: Texturing the surface of a single-crystal silicon substrate;

[0013] S2: Front-side doping forms an emitter junction;

[0014] S3: Remove the glass layer containing impurities on the back side;

[0015] S4: Prepare the back platform structure using a wet chemical method and remove the back-side doped layer;

[0016] S5: Back-side doping forms a back surface field;

[0017] S6: Prepare front and back passivation antireflection dielectric layers;

[0018] S7: Prepare the front and back electrodes.

[0019] In step S4, the chemical reagents used in the wet chemical method to prepare the back platform structure are one or
more aqueous solutions of sodium hydroxide, potassium hydroxide, tetramethylammonium hydroxide, nitric acid, phosphoric
acid, hydrofluoric acid, ethanol, isopropanol or ethylene glycol; the preparation temperature is 60 to 80°C and the time is 10
to 900 seconds.

[0020] Further, between steps S2 and S3, the following step is also included: S2-1: Front-side deposition of a barrier layer.
[0021] Further, between steps S5 and S6, the following steps are also included: S5-1: Use hydrofluoric acid to remove the
silicon oxide, phosphosilicate glass on the front side and the borosilicate glass on the back side.

[0022] The monocrystalline silicon bifacial solar cell of the present invention reduces the surface area of the textured surface
on the back of the cell by providing a platform-shaped textured surface, which significantly reduces the recombination of
photogenerated minority carriers on the back surface; the reflection of long-wavelength light incident from the front surface
increases and the transmission decreases, and the light is reabsorbed by the solar cell. Therefore, the platform-shaped
morphology on the back can optimize the surface recombination and optical absorption characteristics of minority carriers in
the bifacial solar cell, thereby improving the quantum conversion efficiency.

[0023] The method for preparing a monocrystalline silicon bifacial solar cell of the present invention only adds a wet chemical
method to prepare the back platform morphology structure. The process is relatively simple and suitable for low-cost, large-
scale, and stable industrial manufacturing.

Brief Description of the Drawings

[0024] Figure 1 is a schematic diagram of the structure of the monocrystalline silicon bifacial solar cell of the present invention;
[0025] Figure 2 is a microscope photograph of the platform-shaped textured surface of the present invention;

[0026] Wherein, 100 is a single crystal silicon substrate, 1 is a front textured morphology structure, 2 is a front doped emitter
junction, 3 is a front passivation antireflection dielectric layer, 4 is a front electrode, 5 is a back textured morphology structure,
Sa is a platform structure, 6 is a back surface field, 7 is a back passivation antireflection dielectric layer, and 8 is a back
electrode; the corresponding product structures in the figure are only schematic diagrams and are not drawn to scale.

Detailed Description of the Embodiments
[0027] In order to enable those skilled in the art to better understand the present invention, the technical solutions of the
present invention will be clearly and completely described below with reference to the accompanying drawings in the
embodiments of the present invention.
[0028] Embodiment 1:
[0029] This embodiment describes the application of the present invention to P-type single-crystal silicon. As shown in FIG1,
a front-side texturing structure 1 is sequentially formed on the front side of the P-type single-crystal silicon substrate 100. In
this embodiment, it consists of a front-side pyramidal texturing surface, a front phosphorus-doped emitter junction 2, a front
passivation antireflection dielectric layer 3, and a front electrode 4. On the back of the P-type single-crystal silicon
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substrate, a back texturing structure 5, a back-side boron-doped back surface field 6, a back passivation antireflection dielectric
layer 7, and a back electrode 8 are sequentially formed. As shown in FIG2, the back texturing structure 5 is a platform-shaped
texturing surface. Each platform structure 5a is dispersed, or partially connected, or partially overlapping, or partially
dispersed, partially connected, and partially overlapping distributed on the silicon substrate.

[0030] In this embodiment, the platform structures Sa are partially dispersed and partially overlapped on the silicon substrate.
As shown in FIG1, the platform structure 5a has a lower plane connected to the silicon substrate 100 and an upper plane
opposite to the lower plane. The size of the lower plane is larger than that of the upper plane, the side length of the upper
plane is 2 um , and the height of the platform structure 5a is 1 pm . The front passivation antireflection dielectric layer 3 is a
single-layer film made of silicon nitride with a thickness of 70 to 80 nm; the back passivation antireflection dielectric layer 7
is a double-layer film made of aluminum oxide and silicon nitride, wherein the aluminum oxide film is 20 to 30 nm thick and
the silicon nitride film is 50 to 70 nm thick. The front electrode 104 and the back electrode 108 are both silver gate electrodes.
[0031] Embodiment 2:

[0032] The difference between this embodiment and Embodiment 1 is that in the back texturing structure 5, each platform
structure 5a is partially dispersed and partially connected on the silicon substrate. The side length of the upper plane of the
platform structure 5a is 10 um , and the height of the platform structure 5a is 8 um. The front passivation antireflection
dielectric layer 3 is a single-layer film made of silicon oxynitride with a thickness of 70 to 80 nm; the back passivation
antireflection dielectric layer 7 is a double-layer film made of titanium oxide and silicon oxide, wherein the titanium oxide
film thickness is 20 to 30 nm and the silicon oxide film thickness is 50 to 70 nm. Both the front electrode 4 and the back
electrode 8 are copper electrodes.

[0033] Embodiment 3:

[0034] This embodiment describes the application of the present invention to N-type single-crystal silicon. As shown in FIG1,
a front pyramid-shaped textured surface 1, a front boron-doped emitter junction 2, a front passivation antireflection dielectric
layer 3, and a front electrode 4 are sequentially formed on the front side of the N-type single-crystal silicon substrate 100. On
the back side of the N-type single-crystal silicon substrate, a back textured morphology structure 5, a phosphorus-doped back
surface field 6 formed by back phosphorus doping, a back passivation antireflection dielectric layer 7, and a back electrode 8
are sequentially formed. The back textured morphology structure 5 is a platform-shaped textured surface, and each platform
structure Sa is dispersedly distributed on the silicon substrate. As shown in FIG1, the platform structure 5a has a lower plane
connected to the silicon substrate 100 and an upper plane opposite to the lower plane. The size of the lower plane is larger
than that of the upper plane. The side length of the upper plane is 4 um , and the height of the platform structure Sa is 3 pm .
The front passivation antireflection dielectric layer 3 is a bilayer film made of aluminum oxide and silicon nitride, wherein
the aluminum oxide film is 20 to 30 nm thick and the silicon nitride film is 50 to 70 nm thick; the back passivation
antireflection dielectric layer 7 is a single layer film made of silicon nitride, with a film thickness of 70 to 80 nm; the front
electrode 4 and the back electrode 8 are both silver gate electrodes.

[0035] Embodiment 4:

[0036] The difference between this embodiment and embodiment 3 is that: in the back-side texturing morphology structure
5, each platform structure 5a is partially overlapped on the silicon substrate, and the non-overlapping parts can be dispersed
or laid flat; the side length of the upper plane of the platform structure 5a is 7 um, and the height of the platform structure Sa
is 6 um . The front passivation antireflection dielectric layer 3 is a bilayer film made of indium tin oxide and amorphous
silicon, wherein the indium tin oxide film thickness is 60 to 80 nm and the amorphous silicon film thickness is 5 to 20 nm;
the back passivation antireflection dielectric layer 7 is a bilayer film made of indium tin oxide and amorphous silicon, wherein
the indium tin oxide film thickness is 60 to 80 nm and the amorphous silicon film thickness is 5 to 20 nm; the front electrode
4 and the back electrode 8 are both silver electrodes.

[0037] Embodiment 5:

[0038] A method for preparing a monocrystalline silicon bifacial solar cell, used to prepare the P-monocrystalline silicon
bifacial solar cell described in Embodiment 1, includes the following steps:

[0039] S1: Texturing the surface of a single-crystal silicon substrate: Using an alkaline texturing solution containing sodium
hydroxide and isopropanol at a temperature of 80°C, texturing is performed on the surface of a p-type single-crystal silicon
substrate 100 to form a front textured surface morphology 1, while removing the silicon wafer cutting damage layer.

[0040] S2: Front-side doping to form an emitter junction: Phosphorus doping is performed to form a front doped emitter
junction 2. Phosphorus doping can be performed by tube furnace diffusion with phosphorus oxychloride source, ion
implantation, or diffusion by coating with a phosphorus-containing impurity layer. The diffusion sheet resistance is 40 to 200
Q/o.
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[0041] S2-1: Front-side deposition barrier layer: A process barrier layer with a thickness of 50 to 300 nm is deposited on the
front side using PECVD to deposit a silicon oxide thin film;

[0042] S3: Remove the impurity-containing glass layer on the back side: Use hydrofluoric acid to remove the phosphosilicate
glass layer on the back side;

[0043] S4: Prepare the back plateau structure by wet chemical method and remove the back doping: Use an alkaline solution
containing tetramethylammonium hydroxide and isopropanol at a temperature of 80°C for 10 to 900s to prepare the back-side
texturing morphology structure 5, while removing the back phosphorus doping layer.

[0044] S5: Back surface doping to form a back surface field: Boron doping is performed to form a back surface field 6. Boron
doping can be performed by tube furnace diffusion with boron tribromide source, ion implantation, or diffusion by coating
with a boron-containing impurity layer. The diffusion sheet resistance is 60 to 200 Q /0.

[0045] S5-1: Use hydrofluoric acid to remove the silicon oxide, phosphosilicate glass on the front side and the borosilicate
glass on the back side;

[0046] S6: Preparation of front and back passivation antireflection dielectric layers: The front silicon nitride passivation
antireflection dielectric layer 3 and the back aluminum oxide/silicon nitride passivation antireflection dielectric layer 7 are
prepared by PECVD; the thickness of the front silicon nitride is 70 to 80 nm, the thickness of the back aluminum oxide is 20
to 30 nm, and the thickness of the silicon nitride is 50 to 70 nm;

[0047] S7: Preparation of front and back electrodes: Silver-containing grid line electrodes 4 and 8 are prepared on the front
and back sides respectively by screen printing, and then sintered at high temperature. The sintering temperature is 850 to
900°C.

[0048] Of course, in step S4, an acidic solution containing nitric acid and hydrofluoric acid can also be used to prepare the
back platform structure.

[0049] The preparation method of Embodiment 2 is the same as that of Embodiment 1.

[0050] Embodiment 6:

[0051] A method for preparing a monocrystalline silicon bifacial solar cell, used to prepare the N monocrystalline silicon
bifacial solar cell described in Embodiment 3, includes the following steps:

[0052] S1: Texturing the surface of a single-crystal silicon substrate: Using an alkaline texturing solution containing sodium
hydroxide and isopropanol at a temperature of 80°C, texturing is performed on the surface of an n-type single-crystal silicon
substrate 100 to form a front textured surface morphology 1, while removing the silicon wafer cutting damage layer.

[0053] S2: Front-side doping to form an emitter junction: Boron doping is performed to form a front boron-doped emitter
junction 2. Phosphorus doping can be achieved by tube furnace diffusion with a boron tribromide source, ion implantation,
or diffusion with a boron-containing impurity layer. The diffusion sheet resistance is 60 to 200 Q /o.

[0054] S2-1: Front-side deposition barrier layer: A process barrier layer with a thickness of 50 to 300 nm is deposited on the
front side using PECVD to deposit a silicon oxide thin film;

[0055] S3: Remove the impurity-containing glass layer on the back: Use hydrofluoric acid to remove the borosilicate glass
layer on the back;

[0056] S4: Prepare the back plateau structure by wet chemical method and remove the back doping: Use an alkaline solution
containing tetramethylammonium hydroxide and isopropanol at a temperature of 80°C for 10 to 900 s to prepare the back-
side texturing morphology structure 5, while removing the back boron doping layer.

[0057] S5: Back-side doping to form a back surface field: Phosphorus doping is performed to form a back surface field 6.
Phosphorus doping can be performed by tube furnace diffusion with phosphorus oxychloride source, ion implantation, or
diffusion by coating with a phosphorus-containing impurity layer. The diffusion sheet resistance is 40 to 200 € /o.

[0058] S5-1: Use hydrofluoric acid to remove the silicon oxide, borosilicate glass on the front side and the phosphosilicate
glass on the back side;

[0059] S6: Preparation of front and back passivation antireflection dielectric layers: The front alumina/silicon nitride
passivation antireflection dielectric layer 3 and the back silicon nitride passivation antireflection dielectric layer 7 are prepared
by PECVD,; the front alumina thickness is 20 to 30 nm, the silicon nitride thickness is 50 to 70 nm, and the back silicon nitride
thickness is 70 to 80 nm;

[0060] S7: Preparation of front and back electrodes: Silver-containing grid line electrodes 4 and 8 are prepared on the front
and back sides respectively by screen printing, and then sintered at high temperature. The sintering temperature is 850 to
900°C.

[0061] The preparation method of Embodiment 4 is the same as that of Embodiment 3.

[0062] Obviously, the described embodiments are only some embodiments of the present invention, and not all embodiments.

6

SEG Solar, EX1005, Page 14



CN 105826411 B Description Page 5 of 5

Based on the embodiments of this invention, all other embodiments obtained by those skilled in the art without creative effort
should fall within the scope of protection of this invention.
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Figure 1

Sa

Figure 2
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