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1. A method for preparing double-sided silicon oxide in an N-TOPCon solar cell, characterized in that it
includes the following steps to be performed in sequence:

Step S1. of using N-type silicon as a substrate to prepare a p+ doped region on a front side of the N-type
silicon;

Step S2. of preparing a silicon oxide thin film on the front side of the N-type silicon, and simultaneously
preparing a tunneling oxide layer on a back side of the N-type silicon;

Step S3. of preparing phosphorus-doped polysilicon on the back side of the N-type silicon;

Step S4. of printing metal electrodes after preparing passivation films on the front side and the back side
of the N-type silicon.

2. The method according to claim 1, characterized in that step S2 is performed directly after completion of
the p+ doped region on the front side of the N-type silicon in step S1.

3. The method according to claim 1, characterized in that step S2 further includes: using a PECVD
method to prepare the tunneling oxide layer and the silicon oxide thin film on the back side and the front side
of the N-type silicon, respectively.

4. The method according to claim 3, characterized in that step S2 further includes: respectively installing
ion sources above and below a silicon oxide process chamber to achieve simultaneous preparation of the
tunneling oxide layer and the silicon oxide thin film.

5. The method according to claim 4, characterized in that under conditions of pure oxygen or a
silane/oxygen mixed gas, a pressure of 0.01-50 Pa, and a deposition temperature of 200-500°C, the thicknesses
of the tunneling oxide layer and the silicon oxide thin film are respectively controlled by respectively
controlling the power of upper and lower ion sources.

6. The method according to claim 1, characterized in that step S4 further includes: depositing a
passivation antireflection film on the passivation film after depositing a passivation film on the front side of the
N-type silicon.

7. An N-TOPCon solar cell, characterized in that the solar cell is a solar cell manufactured by the method
according to any one of claims 1-6.

8. An N-TOPCon solar cell module, comprising a front layer material, an encapsulation material, an N-
TOPCon solar cell, an encapsulation material, and a back layer material that are sequentially arranged from top
to bottom, characterized in that: the N-TOPCon solar cell is the N-TOPCon solar cell according to claim 7.

9. An N-TOPCon solar cell system, comprising at least one N-TOPCon solar cell module connected in
series, characterized in that: the N-TOPCon solar cell module is the N-TOPCon solar cell module according to
claim 8.

10. Equipment for preparing double-sided silicon oxide in an N-TOPCon solar cell, comprising a silicon
oxide process chamber filled with a process gas, wherein a first ion source is installed above a carrier plate in
the silicon oxide process chamber, the first ion source being used to generate oxygen ions on the front side of
N-type silicon on the carrier plate, characterized in that a second ion source is installed below the carrier plate
in the silicon oxide process chamber, the second ion source being used to synchronously generate oxygen ions
on the back side of the N-type silicon while the first ion source is operating.

11. The equipment according to claim 10, characterized in that it further comprises a first high-frequency
radio frequency power supply for driving the first ion source to operate, and a second high-frequency radio
frequency power supply for driving the second ion source to operate.

12. The equipment according to claim 10, characterized in that it further comprises gas inlets, the process
gas being input into the silicon oxide process chamber through the gas inlets, wherein there are at least two gas
inlets, respectively located at the top and the bottom of the chamber.

13. The equipment according to claim 10, characterized in that it further comprises a loading chamber, a
heating chamber, an isolation chamber, an amorphous silicon preparation chamber, a cooling chamber, and an
unloading chamber, wherein the loading chamber, the heating chamber, the silicon oxide process chamber, the
isolation chamber, the amorphous silicon preparation chamber, the cooling chamber, and the unloading
chamber are connected in sequence.
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N-TOPCon Solar Cell, Module, System, and Method and Equipment for Preparing Double-sided Silicon
Oxide in a Cell

Technical Field
[0001] The present invention relates to the technical field of solar cells and in particular to an N-TOPCon solar cell,
module, system, and method and equipment for preparing double-sided silicon oxide in a cell.
Background Art
[0002] A tunneling oxide passivated contact (TOPCon) solar cell is an N-type solar cell that has developed rapidly in
recent years. A key feature of this solar cell is that it achieves high-efficiency full-backside passivation and selective
carrier collection by using an ultrathin silicon oxide layer together with a doped polysilicon layer, which can greatly
increase the open-circuit voltage and improve the conversion efficiency, wherein the ultrathin silicon oxide is a very
key thin film layer and provides carrier selectivity. On the other hand, preparing a silicon oxide layer before
depositing the front-side aluminum oxide (AlOs) film can both chemically passivate the P+ surface and increase the
amount of negative charge in the aluminum oxide, enhancing field passivation, overall enhancing the front-side
passivation effect, and increasing the open-circuit voltage. In addition, silicon oxide can also play a role in reducing
contamination on the silicon surface, that is, whether on the front side or the back side of an N-TOPCon cell, the
presence of silicon oxide is required.
[0003] At present, methods for depositing silicon oxide include a thermal oxidation method and nitric acid oxidation;
the thermal oxidation method has disadvantages such as long process time, high energy consumption, and high cost,
and nitric acid oxidation will cause emission of N-containing substances, which is not conducive to environmental
protection. In addition, under normal circumstances, as shown in patent document CN201911262690.7, the silicon
oxide on the front side and the back side of an N-TOPCon cell is prepared separately; after etching, backside
tunneling silicon oxide and polysilicon layer doping are performed, and considering the front-side contamination
problem, a cleaning process step must be added and then the front-side silicon oxide is prepared, resulting in
additional process steps. Other researchers use thermal oxidation to deposit silicon oxide on both sides at the same
time, but such a preparation method cannot separately adjust the thicknesses of the two sides, which narrows the
process tuning window.
Summary of the Invention
[0004] The present invention, while ensuring cleanliness, reduces process steps, solves the problem of a high
number of N-TOPCon process steps, and enhances the core competitiveness of N-TOPCon.
[0005] The present invention is implemented through the following technical solutions:
[0006] Provided is a method for preparing double-sided silicon oxide in an N-TOPCon solar cell, including the
following steps to be performed in sequence:
[0007] Step S1. of using N-type silicon as a substrate to prepare a p+ doped region on the front side of the N-type
silicon;
[0008] Step S2. of preparing a silicon oxide thin film on the front side of the N-type silicon, and simultaneously
preparing a tunneling oxide layer on the back side of the N-type silicon;
[0009] Step S3. of preparing phosphorus-doped polysilicon on the back side of the N-type silicon;
[0010] Step S4. printing metal electrodes after preparing passivation films on the front side and the back side of the
N-type silicon.
[0011] In the method, step S1 further includes: the p+ doped region on the front side of the N-type silicon is
obtained by performing boron diffusion on the front side of the N-type silicon and then removing boron wrap-
around diffusion on the back side of the N-type silicon by a wet etching method, and step S2 is performed
immediately after the wet etching.
[0012] In the method, the wet etching method after boron diffusion further includes: after double-sided texturing of
the N-type silicon, using boron tribromide as a boron source to perform boron diffusion on the front side of the N-
type silicon; for the N-type silicon that has undergone boron diffusion, taking its back side and placing it into a
mixed solution of HF, HNO3, and H2SO4 for etching treatment to remove back-side boron wrap-around diffusion
and obtain a gentle pyramid surface.
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[0013] In the method, step S2 further includes: using a PECVD method to respectively prepare the tunneling oxide
layer and the silicon oxide thin film on the back side and the front side of the N-type silicon, and respectively
installing ion sources above and below a silicon oxide process chamber to achieve simultaneous preparation of the
tunneling oxide layer and the silicon oxide thin film; specifically, under conditions of pure oxygen or a
silane/oxygen mixed gas, a pressure of 0.01-50 Pa, and a deposition temperature of 200-500°C, the thicknesses of
the tunneling oxide layer and the silicon oxide thin film being respectively controlled by respectively controlling the
power of the upper and lower ion sources.

[0014] In the method, step S4 further includes: after depositing a passivation film on the front side of the N-type
silicon, depositing a passivation antireflection film on the passivation film.

[0015] Also provided is an N-TOPCon solar cell, the solar cell being a solar cell manufactured by the above method.
[0016] Also provided is an N-TOPCon solar cell module, comprising a front layer material, an encapsulation
material, an N-TOPCon solar cell, an encapsulation material, and a back layer material that are sequentially arranged
from top to bottom, wherein the N-TOPCon solar cell is the above N-TOPCon solar cell.

[0017] Also provided is an N-TOPCon solar cell system, comprising at least one N-TOPCon solar cell module
connected in series, the N-TOPCon solar cell module being the above-described N-TOPCon solar cell module.
[0018] Also provided is equipment for preparing double-sided silicon oxide in an N-TOPCon solar cell, comprising
a silicon oxide process chamber filled with a process gas, wherein a first ion source is installed above a carrier plate
in the silicon oxide process chamber, the first ion source being used to generate oxygen ions on the front side of N-
type silicon on the carrier plate, the generated oxygen ions reacting with the front surface of the silicon wafer to
form silicon oxide; a second ion source is installed below the carrier plate in the silicon oxide process chamber, the
second ion source being used to synchronously generate oxygen ions on the back side of the N-type silicon while the
first ion source is operating.

[0019] Here, the area of the carrier plate for placing the N-type silicon is hollowed out so that the N-type silicon can
be coated on both sides at the same time.

[0020] Here, the first ion source faces downward to aim at the front side of the N-type silicon to prepare a silicon
oxide thin film on the front side, and the second ion source faces upward to aim at the back side of the N-type
silicon to prepare a tunneling oxide layer on the back side. Of course, the N-type silicon can also be placed with the
front and back sides reversed, so that the first ion source faces downward to prepare the tunneling oxide layer, and
the second ion source faces upward to prepare the silicon oxide thin film.

[0021] Here, the power of the first ion source is controlled so that the thickness of the silicon oxide thin film is 0.3-3
nm, and/or the power of the second ion source is controlled so that the thickness of the tunneling oxide layer is 0.5-2
nm.

[0022] Here, the thickness of the N-type silicon is 150-170 um, and the resistivity is 0.3-2 Q-cm.

[0023] The equipment further includes a first high-frequency radio frequency power supply for driving the first ion
source to operate, and a second high-frequency radio frequency power supply for driving the second ion source to
operate.

[0024] The equipment further includes gas inlets, the process gas being input into the silicon oxide process chamber
through the gas inlets; further, there are at least two gas inlets, respectively located at the top and the bottom of the
chamber.

[0025] The equipment further includes a loading chamber, a heating chamber, an isolation chamber, an amorphous
silicon preparation chamber, a cooling chamber, and an unloading chamber, wherein the loading chamber, the
heating chamber, the silicon oxide process chamber, the isolation chamber, the amorphous silicon preparation
chamber, the cooling chamber, and the unloading chamber are connected in sequence.

[0026] The technical advantages of the present invention include: (1) low energy consumption, low contamination,
and greatly reduced process cost; (2) immediately preparing double-sided silicon oxide after preparing the p+ doped
region, the silicon oxide playing a role of protecting the wafer surface and being able to reduce process
contamination; (3) simultaneously preparing double-sided oxide layers, which can reduce process steps and reduce
equipment and labor costs; (4) good uniformity, ensuring the overall passivation effect of the wafer; (5) being able to
respectively control the thicknesses of double-sided silicon oxide, ensuring the process tuning window; (6) being
able to realize the process technology so that upgrading and modification on equipment is relatively simple and easy
to achieve.

[0027] The above description is only an overview of the technical solutions of the present invention; in order to be
able to more clearly understand the technical means of the present invention so that the present invention can be
implemented according to the contents of the specification, and in order to make the above and other objectives,
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features, and advantages of the present invention more obvious and easy to understand, specific embodiments of the
present invention are exemplarily given below.

Brief Description of the Drawings

[0028] By reading the detailed description of the preferred embodiments below, various other advantages and
benefits will become clear to those of ordinary skill in the art. The drawings are only for the purpose of illustrating
preferred embodiments, and are not considered to limit the present invention. Moreover, throughout the drawings,
the same reference numerals represent the same components.

[0029] FIG. 1 is a schematic cross-sectional view of a cell structure after texturing in step (1) in the method
according to an embodiment of the present invention.

[0030] FIG. 2 is a schematic cross-sectional view of a cell structure after double-sided boron diffusion in step (2) in
the method according to an embodiment of the present invention.

[0031] FIG. 3 is a schematic cross-sectional view of a cell structure after back-side etching and front-side HF
cleaning in step (3) in the method according to an embodiment of the present invention.

[0032] FIG. 4 is a schematic cross-sectional view of a cell structure after depositing double-sided silicon oxide in
step (4) in the method according to an embodiment of the present invention.

[0033] FIG. 5 is a schematic cross-sectional view of a cell structure with amorphous silicon deposited in step (5) in
the method according to an embodiment of the present invention.

[0034] FIG. 6 is a schematic cross-sectional view of a cell structure in which a polysilicon thin film is formed after
annealing in step (6) in the method according to an embodiment of the present invention.

[0035] FIG. 7 is a schematic view of a cell structure after front-side A1203 in step (7) in the method according to an
embodiment of the present invention.

[0036] FIG. 8 is a schematic view of a cell structure after a front-side SiNx passivation antireflection film in step (8)
in the method according to an embodiment of the present invention.

[0037] FIG. 9 is a schematic view of a cell structure after a back-side SiNx passivation film in step (9) in the method
according to an embodiment of the present invention.

[0038] FIG. 10 is a schematic view of a cell structure after metallization in step (10) in the method according to an
embodiment of the present invention.

[0039] FIG. 11 is a schematic diagram of the overall equipment for preparing double-sided silicon oxide of the
present invention.

[0040] FIG. 12 is a schematic diagram of a conventional single-sided silicon oxide preparation process chamber.
[0041] FIG. 13 is a schematic diagram of a double-sided silicon oxide preparation process chamber of the present
invention.

Specific Embodiments

[0042] Exemplary embodiments of the present invention will be described in more detail below with reference to the
accompanying drawings. Although exemplary embodiments of the present invention are shown in the accompanying
drawings, it should be understood that the present invention can be implemented in various forms and should not be
limited by the embodiments described herein. On the contrary, these embodiments are provided so as to enable a
more thorough understanding of the present invention and to fully convey the scope of the present invention to those
skilled in the art.

[0043] A method for preparing double-sided silicon oxide in an N-TOPCon solar cell of the present invention
includes the following steps to be performed in sequence:

[0044] Step S1. of using N-type silicon as a substrate to prepare a p+ doped region on the front side of the N-type
silicon;

[0045] Step S2. of preparing a silicon oxide thin film on the front side of the N-type silicon, and simultaneously
preparing a tunneling oxide layer on the back side of the N-type silicon;

[0046] Step S3. of preparing phosphorus-doped polysilicon on the back side of the N-type silicon;

[0047] Step S4. of printing metal electrodes after preparing passivation films on the front side and the back side of
the N-type silicon.

[0048] In the present invention, by simultaneously depositing double-sided silicon oxide after preparing the p+
doped region, the process time is short, the energy consumption is low, and N emissions can be reduced, and good
uniformity is achieved. In addition, the cell prepared in this way does not need an additional cleaning process step
after preparing the polysilicon layer, because the oxide layer will very well protect the front side and reduce
contamination.

[0049] In one embodiment, step S1 further includes a process in which the p+ doped region on the front side of the
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N-type silicon is obtained by performing boron diffusion on the front side of the N-type silicon and then removing
boron wrap-around diffusion on the back side of the N-type silicon by a wet etching method, and step S2 is
performed immediately after the wet etching. Because double-sided silicon oxide is prepared immediately after wet
etching, the silicon oxide plays a role of protecting the wafer surface and can reduce process contamination.

[0050] Preferably, the wet etching method after boron diffusion further includes: after double-side texturing the N-
type silicon, using boron tribromide as a boron source to perform boron diffusion on the front side of the N-type
silicon; for the N-type silicon that has undergone boron diffusion, taking its back side and placing it into a mixed
solution of HF, HNO3, and H2SO4 for etching treatment to remove back-side boron wrap-around diffusion and
obtain a gentle pyramid surface.

[0051] In one embodiment, step S2 further includes: using a PECVD method to respectively prepare the tunneling
oxide layer and the silicon oxide thin film on the back side and the front side of the N-type silicon.

[0052] Further, in order to simplify the preparation process, the method for depositing double-sided silicon oxide is:
respectively installing ion sources in the upper and lower parts of the silicon oxide process chamber to achieve
simultaneous preparation of the tunneling oxide layer and the silicon oxide thin film; specifically, under conditions
of pure oxygen or a silane/oxygen mixed gas, a pressure of 0.01-50 Pa, and a deposition temperature of 200-500°C,
the thicknesses of the tunneling oxide layer and the silicon oxide thin film are respectively controlled by respectively
controlling the power of the upper and lower ion sources, so that the thicknesses of silicon oxide on the two sides
can be respectively controlled without affecting the process tuning window.

[0053] In one embodiment, step S4 further includes: after depositing a passivation film on the front side of the N-
type silicon, depositing a passivation antireflection film on the passivation film.

[0054] The present invention further provides an N-TOPCon solar cell, the solar cell being a solar cell manufactured
by the above method.

[0055] The present invention further provides an N-TOPCon solar cell module, comprising a front layer material, an
encapsulation material, an N-TOPCon solar cell, an encapsulation material, and a back layer material that are
connected from top to bottom, wherein the N-TOPCon solar cell is the above-described N-TOPCon solar cell. The
structure and working principle of the N-TOPCon solar cell module of this embodiment use technologies well
known in the art, and the improvements of the module provided by the present invention only relate to the above-
mentioned N-TOPCon solar cell, and no changes are made to other parts. Therefore, this specification only describes
the N-TOPCon solar cell and its preparation method in detail, and other components of the N-TOPCon solar cell
module and their working principles are not repeated here. Those skilled in the art can implement the N-TOPCon
solar cell module of the present invention based on the contents described in this specification.

[0056] The present invention further provides an N-TOPCon solar cell system, comprising one or more N-TOPCon
solar cell module connected in series, wherein the N-TOPCon solar cell module is the above-described N-TOPCon
solar cell module. The structure and working principle of the N-TOPCon solar cell system of this embodiment use
technologies well known in the art, and the improvements of the N-TOPCon solar cell system provided by the
present invention only relate to the above-described N-TOPCon solar cell, and no changes are made to other parts.
Therefore, this specification only describes the N-TOPCon solar cell and its preparation method in detail, and other
components of the N-TOPCon solar cell system and their working principles are not repeated here. Those skilled in
the art can implement the N-TOPCon solar cell system of the present invention based on the contents described in
this specification.

[0057] FIG. 12 is a schematic diagram of a conventional single-sided silicon oxide preparation process chamber,
which can coat only the upper surface of a silicon wafer and can only deposit one oxide layer. In order to prepare
double-sided silicon oxide, the present invention also upgrades and modifies the conventional single-sided silicon
oxide preparation process chamber, and further provides equipment for preparing double-sided silicon oxide in an
N-TOPCon solar cell, as shown in FIG. 11 and FIG. 13, comprising a silicon oxide process chamber 131 filled with
a process gas, wherein a first ion source 133 is installed above a carrier plate 132 in the silicon oxide process
chamber 131, the first ion source 133 being used to generate oxygen ions on the front side of N-type silicon 134 on
the carrier plate 132, and a second ion source 135 is installed below the carrier plate 132, the second ion source 135
being used to synchronously generate oxygen ions on the back side of the N-type silicon 134 that is on the carrier
plate 132 while the first ion source 133 is operating.

[0058] With the equipment for preparing double-sided silicon oxide of the present invention, the modification
method is relatively simple and easy to implement, and it only requires installing ion sources on both sides of the
chamber of the silicon oxide preparation process chamber and ensuring that the gas in the chamber is uniform.
[0059] In one embodiment, except for the portion blocked by the support, the area of the carrier plate 132 for
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placing the N-type silicon 134 is entirely hollowed out so that the N-type silicon can be coated on both sides at the
same time.

[0060] In one embodiment, the first ion source 133 faces downward to aim at the front side of the N-type silicon 134
to prepare a silicon oxide thin film on the front side, and the second ion source 135 faces upward to aim at the back
side of the N-type silicon to prepare a tunneling oxide layer on the back side, wherein the power of the first ion
source 132 is controlled so that the thickness of the silicon oxide thin film is 0.3-3 nm, the power of the second ion
source 135 is controlled so that the thickness of the tunneling oxide layer is 0.5-2 nm, the thickness of the N-type
silicon 134 is 150-170 pm, and the resistivity is 0.3-2 Q-cm. Of course, the N-type silicon can also be placed with
the front and back sides reversed, so that the first ion source 133 faces downward to prepare the tunneling oxide
layer, and the second ion source 135 faces upward to prepare the silicon oxide thin film.

[0061] Further, the equipment further includes a first high-frequency radio frequency power supply 136 for driving
the first ion source 133 to operate, and a second high-frequency radio frequency power supply 137 for driving the
second ion source 135 to operate; by setting two power supplies to respectively drive the two ion sources, separate
control of the power of the two ion sources is achieved, thereby respectively adjusting the thicknesses of the upper
and lower silicon oxide film layers.

[0062] In one embodiment, gas inlets are further included, the process gas being input into the silicon oxide process
chamber through the gas inlets; in practice, input of the process gas into the chamber can be controlled by external
equipment.

[0063] Further, the number of gas inlets is two or more, and the gas inlets are evenly distributed at the top and the
bottom of the chamber so that the gas in the entire chamber is uniform.

[0064] Referring to FIG. 11, in one embodiment, by sequentially connecting a loading chamber, a heating chamber,
a silicon oxide process chamber, an isolation chamber, an amorphous silicon preparation chamber, a cooling
chamber, and an unloading chamber, the equipment for preparing double-sided silicon oxide is combined with
chain-type polysilicon preparation equipment to form a two-in-one device, thereby further leveraging the
equipment’s advantages.

[0065] The preparation method of the invention will be described in detail below by specific embodiments.

[0066] Embodiment 1

[0067] An N-type passivated contact structure solar cell of this embodiment, as shown in FIG. 10, comprises, from
top to bottom, a front-side p+ metal electrode 10, a front-side SiNx passivation antireflection film 8, a front-side
Al,Os passivation film 7, a front-side silicon oxide thin film 3, a p+ doped region 2, an n-type silicon substrate 1, a
tunneling oxide layer 2, a back-side n+ doped region 6, a back-side SiNx passivation film 9, and a back-side n+
metal electrode 11.

[0068] A preparation method of the N-type passivated contact structure solar cell of this embodiment includes the
following steps:

[0069] (1) Selecting N-type silicon 1 with a thickness of 150-170 pum, a resistivity of 0.3-2 Q-cm, and a size of
156.75 mm x 156.75 mm as a substrate to perform double-side texturing treatment, and after this step is completed,
the cell structure is as shown in FIG. 1.

[0070] (2) For the surface of the N-type silicon after texturing treatment, using boron tribromide to perform boron
diffusion on the front side of the N-type silicon, wherein the diffusion temperature is 850-1000°C, the duration is 50-
80 min, and the sheet resistance is 80-100 Q/sqr. After this step is completed, the cell structure is as shown in FIG. 2.
[0071] (3) For the N-type silicon that has undergone boron diffusion, taking its back side and placing it into a mixed
solution of HF and HNOs3, and H,SO4 for etching treatment to remove the back-side p+ doped region 2 and obtain a
gentle pyramid surface after etching, wherein HF:HNO3:H>SO4:H>0 = 1:4:0.6:3, and the mass fraction of HF is 20%.
After this step is completed, the cell structure is as shown in FIG. 3.

[0072] (4) Using a PECVD method to respectively prepare an ultrathin tunneling oxide layer 3 and a front-side
silicon oxide thin film 4 on the back side and the front side of the N-type silicon after etching in step (3). The
schematic diagram of the equipment is as shown in FIG. 11. Specifically, ion sources are respectively installed in the
upper and lower parts of the silicon oxide process chamber. During the process, the gas in the entire chamber is the
same and the temperature is the same, and the thickness of the silicon oxide can be respectively controlled by
respectively controlling the power of the upper and lower ion sources. Under conditions of pure oxygen or a
silane/oxygen mixed gas, a pressure of 0.01-50 Pa, and a deposition temperature of 200-500°C, the ion source power
is adjustable within a range of 5-500 W, and the reaction time is 3-200 s, obtaining a tunneling oxide layer 3 with a
thickness of 0.5-2 nm and a front-side silicon oxide thin film 4 with a thickness of 0.3-3 nm, and after this step is
completed, the cell structure is as shown in FIG. 4.
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[0073] (5) Preparing a phosphorus-doped amorphous silicon film 5 by the PVD method. When the N-type silicon
processed by step (4) enters the PVD process chamber to prepare a phosphorus-doped amorphous silicon layer, the
target material is a rotary pure silicon column target material or a phosphorus-doped silicon target material, and
argon gas and phosphine are used to generate argon ions through plasma excitation in a magnetic field and sputter
the silicon target material, thereby producing a phosphorus-doped amorphous silicon thin film; specifically, the
power is 1000-30000 W, the pressure is 0.1-50 Pa, the temperature is 100-700°C, and the reaction time is 3-400 s.
After this step is completed, the cell structure is as shown in FIG. 5.

[0074] It should be noted that a plate-type PECVD method can also be used to prepare a phosphorus-doped
amorphous silicon layer. Specifically, the power is 50-40000 W, the pressure is 0.1-200 Pa, the temperature is 100-
600°C, and the reaction time is 3-400 s.

[0075] (6) Performing rapid annealing treatment for the N-type silicon wafer after step (5), and the phosphorus-
doped amorphous silicon 5 will be converted into the phosphorus-doped polysilicon 6. First, the annealing furnace
vacuumed to below 10* Pa, and then nitrogen is filled for use as a protective gas. During annealing, the vacuum
degree of the annealing furnace is 500-950 mbar, the annealing time is 20-60 min, and the annealing temperature is
800-900°C. After this step is completed, the cell structure is as shown in FIG. 6.

[0076] (7) Performing surface passivation treatment for the annealed N-type silicon, and depositing an Al,O;
passivation film 7 on the front-side silicon oxide film.

[0077] (8) For the N-type silicon wafer after step (7), depositing a SiNx passivation antireflection film 8 on the
AlO3 passivation film 7.

[0078] (9) For the N-type silicon wafer after step (8), using the passivation structure of the SiNx passivation film 9
for the n+ doped region on the back side of the N-type silicon.

[0079] (10) For the N-type silicon wafer after step (9), in the p+ doped region 2 on the front side of the N-type
silicon, using a silver-aluminum paste to print the front-side p+ metal electrode 10 and performing high-temperature
sintering, and in the n+ doped region 6 on the back side of the N-type silicon, using a silver paste to print the back-
side n+ metal electrode 11 and performing high-temperature sintering.

[0080] Finally, it should be noted that the above embodiments are used only to illustrate the technical solutions of
the present invention and are not limitations on the scope of protection of the present invention; although the present
invention has been described in detail with reference to preferred embodiments, those of ordinary skill in the art
should understand that modifications or equivalent substitutions can be made to the technical solutions of the present
invention without departing from the spirit and scope of the technical solutions of the present invention.
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