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(57) ABSTRACT

A photovoltaic cell is provided, which includes: a substrate;
a tunnel oxide layer and a doping conductive layer sequen-
tially disposed on a first surface of the substrate in a
direction away from the substrate, wherein the tunnel oxide
layer includes nitrogen and phosphorus; a doping surface
field disposed in the substrate, wherein the doping surface
field is in contact with a side of the tunnel oxide layer facing
the substrate, the doping surface field includes a doping
element of a same conductivity type as a doping element in
the substrate, and a doping concentration on a side of the
doping surface field facing the tunnel oxide layer is greater
than a doping concentration on a side of the doping surface
field away from the tunnel oxide layer; and a metal electrode
electrically connected to the doping conductive layer.
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PHOTOVOLTAIC CELL AND
PHOTOVOLTAIC MODULE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of pri-
ority under the Paris Convention to Chinese Patent Appli-
cation No. 202210377280.2 filed on Apr. 11, 2022, which is
incorporated herein by reference in its entirety.

TECHNIC FIELD

[0002] Embodiments of the present disclosure relate in
general to a photovoltaic cell, and more specifically to a
photovoltaic cell, a method for manufacturing the photovol-
taic cell and a photovoltaic module.

BACKGROUND

[0003] The photovoltaic cell has good photoelectric con-
version capability. Generally, a tunnel oxide layer and a
doping conductive layer are disposed on a surface of a
substrate to suppress recombination of carriers on the sur-
face of the substrate in the photovoltaic cell and enhance
passivation effect on the substrate. The tunnel oxide layer
has good chemical passivation effect, and the doping con-
ductive layer has good field passivation effect. In addition,
in order to transmit and collect photogenerated carriers
generated by the photovoltaic cell, electrodes are also dis-
posed on a portion of the surface of the substrate.

[0004] However, conventional photovoltaic cells have low
reliability.

SUMMARY
[0005] Some embodiments of the present disclosure pro-

vide a photovoltaic cell, a method for manufacturing the
photovoltaic cell, and a photovoltaic module, which is at
least conducive to reducing series resistance of the photo-
voltaic cell.

[0006] Some embodiments of the present disclosure pro-
vide a photovoltaic cell including: a substrate; a tunnel oxide
layer and a doping conductive layer sequentially disposed on
a first surface of the substrate in a direction away from the
substrate, where the tunnel oxide layer includes nitrogen and
phosphorus; a doping surface field disposed in the substrate,
where the doping surface field is in contact with a side of the
tunnel oxide layer facing the substrate, the doping surface
field includes a doping element of a same conductivity type
as a doping element included in the substrate, and a doping
concentration on a side of the doping surface field facing the
tunnel oxide layer is greater than a doping concentration on
a side of the doping surface field away from the tunnel oxide
layer; and a metal electrode electrically connected to the
doping conductive layer.

[0007] Insome embodiments, the substrate includes a first
region, where the first region includes a region of the
substrate except for the doping surface field, a doping
concentration of the doping surface field is greater than a
doping concentration of the first region, and the doping
concentration of the doping surface field is less than a
doping concentration of the doping conductive layer.
[0008] In some embodiments, a ratio of the doping con-
centration of the first region to the doping concentration of
the doping surface field is in a range of 1:10000 to 1:1000.
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[0009] In some embodiments, a ratio of the doping con-
centration of the doping surface field to the doping concen-
tration of the doping conductive layer is in a range of 1:100
to 1:10.

[0010] In some embodiments, a ratio of the doping con-
centration on the side of the doping surface field facing the
tunnel oxide layer to the doping concentration on the side of
the doping surface field away from the tunnel oxide layer is
in a range of 1:1000 to 1:10.

[0011] In some embodiments, a doping concentration of
the doping surface field gradually decreases in a direction
along the tunnel oxide layer toward the substrate.

[0012] In some embodiments, a thickness of the doping
surface field is in a range of 20 nm to 60 nm in a direction
along the tunnel oxide layer toward the substrate.

[0013] In some embodiments, at least a portion of the
metal electrode penetrates the tunnel oxide layer and is
coated by the doping surface field.

[0014] In some embodiments, at least a portion of the
substrate corresponding to the metal electrode penetrates the
tunnel oxide layer, and the doping surface field disposed in
the substrate penetrating the tunnel oxide layer is in contact
with the metal electrode.

[0015] In some embodiments, a surface of the doping
surface field in contact with the metal electrode includes a
concave-convex surface.

[0016] In some embodiments, a width of the concave-
convex surface is less than a width of the metal electrode.
[0017] Some embodiments of the present disclosure fur-
ther provide a photovoltaic module including: a cell string
including a plurality of photovoltaic cells electrically con-
nected, where each of the plurality of photovoltaic cells
includes the photovoltaic cell according to the above
embodiments; an encapsulation layer configured to cover a
surface of the cell string; and a cover plate configured to
cover a surface of the encapsulation layer away from the cell
string.

[0018] Some embodiments of the present disclosure fur-
ther provide a method for manufacturing a photovoltaic cell
including: providing a substrate; sequentially forming a
tunnel oxide layer and a doping conductive layer on a first
surface of the substrate in a direction away from the sub-
strate, where the tunnel oxide layer includes nitrogen and
phosphorus; forming a doping surface field in the substrate,
where the doping surface field is in contact with a side of the
tunnel oxide layer facing the substrate, the doping surface
field includes a doping element of a same conductivity type
as a doping element included in the substrate, and a doping
concentration on a side of the doping surface field facing the
tunnel oxide layer is greater than a doping concentration on
a side of the doping surface field away from the tunnel oxide
layer; and forming a metal electrode electrically connected
to the doping conductive layer.

[0019] In some embodiments, the doping surface field is
formed before forming the tunnel oxide layer and the doping
conductive layer, and forming the doping surface field
includes: doping the substrate, where the substrate has first
doping ions; and performing a diffusion treatment on a first
surface of the substrate to form the doping surface field,
where the doping surface field has second doping ions, the
first doping ions have a same conductivity type as the second
doping ions, and a doping concentration of the first doping
ions is less than a doping concentration of the second doping
ions.
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[0020] In some embodiments, the doping concentration of
the first doping ions is in a range of 1x10'® atoms/cm> to
1x10*7 atoms/cm’, and the doping concentration of the
second doping ions is in a range of 1x10'° atoms/cm? to
9%x10%° atoms/cm’.

[0021] In some embodiments, the tunnel oxide layer and
the doping conductive layer are formed after forming the
doping surface field, and forming the tunnel oxide layer and
the doping conductive layer includes: forming the tunnel
oxide layer on a surface of the doping surface field by an
oxidation treatment; depositing an initial conductive layer
on a surface of the tunnel oxide layer; and performing a
diffusion treatment on the initial conductive layer to form the
doping conductive layer, where the doping conductive layer
has third doping ions, the third doping ions have a same
conductivity type as the second doping ions, and a doping
concentration of the third doping ions is greater than the
doping concentration of the second doping ions.

[0022] In some embodiments, the doping concentration of
the third doping ions is in a range of 1 atoms/cm® to 1x10%°
atoms/cm®.

[0023] In some embodiments, forming the tunnel oxide
layer including nitrogen and phosphorus includes: perform-
ing thermal oxidation on the first surface of the substrate to
form an initial oxide layer; performing phosphorus diffusion
on the initial oxide layer to form a first oxide layer including
phosphorus; and performing nitrogen doping on the first
oxide layer to form the tunnel oxide layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] One or more embodiments are described as
examples with reference to the corresponding figures in the
accompanying drawings, and the examples do not constitute
a limitation to the embodiments. The figures in the accom-
panying drawings do not constitute a proportion limitation
unless otherwise stated.

[0025] FIG. 1 is a schematic structural diagram of a
photovoltaic cell according to an embodiment of the present
disclosure.

[0026] FIG. 2 is another schematic structural diagram of a
photovoltaic cell according to an embodiment of the present
disclosure.

[0027] FIG. 3 is yet another schematic structural diagram
of a photovoltaic cell according to an embodiment of the
present disclosure.

[0028] FIG. 4 is still another schematic structural diagram
of a photovoltaic cell according to an embodiment of the
present disclosure.

[0029] FIG. 5 is a schematic structural diagram of a
photovoltaic module according to an embodiment of the
present disclosure.

[0030] FIG. 6 is a schematic structural diagram of a
substrate provided in a method for manufacturing a photo-
voltaic cell according to an embodiment of the present
disclosure.

[0031] FIG. 7 is a schematic structural diagram corre-
sponding to an operation of forming an emitter in a method
for manufacturing a photovoltaic cell according to an
embodiment of the present disclosure.

[0032] FIG. 8 is a schematic structural diagram corre-
sponding to an operation of forming a doping surface field
in a method for manufacturing a photovoltaic cell according
to an embodiment of the present disclosure.
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[0033] FIG. 9 is a schematic structural diagram corre-
sponding to an operation of forming a tunnel oxide layer and
a doping conductive layer in a method for manufacturing a
photovoltaic cell according to an embodiment of the present
disclosure.

[0034] FIG. 10 is a schematic structural diagram corre-
sponding to an operation of forming an antireflection layer
in a method for manufacturing a photovoltaic cell according
to an embodiment of the present disclosure.

[0035] FIG. 11 is a schematic structural diagram corre-
sponding to an operation of forming a first passivation layer
in a method for manufacturing a photovoltaic cell according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] It is known from the background that the conven-
tional photovoltaic cells have low reliability.

[0037] One of reasons for the low reliability of the pho-
tovoltaic cell is as follows. A tunnel oxide layer and a doping
conductive layer are provided on a rear surface of a substrate
in the process of manufacturing the photovoltaic cell, and
the tunnel oxide layer has a good interface passivation effect.
Meanwhile, a metal electrode needs to be provided on the
rear surface of the substrate. Generally, the metal electrode
does not penetrate the tunnel oxide layer, but is in contact
with the doping conductive layer to maintain the good
passivation effect of the tunnel oxide layer. However, due to
the manufacturing process, the metal electrode may partially
penetrate the tunnel oxide layer and directly contact the
substrate, resulting in serious recombination at the interface
between the metal electrode and the substrate, so that an
open circuit voltage and efficiency of the cell are reduced,
thereby reducing the reliability of the photovoltaic cell.

[0038] Embodiments of the present disclosure provides a
photovoltaic cell in which a tunnel oxide layer includes
nitrogen and phosphorus, so as to improve an overall pas-
sivation effect of the tunnel oxide layer. Even if a metal
electrode penetrates the tunnel oxide layer, the penetrated
tunnel oxide layer is able to meet a passivation requirement
of a substrate. A doping surface field is disposed in the
substrate, and the doping surface field is in contact with a
side of the tunnel oxide layer facing the substrate, and the
doping surface field is configured to include a doping
element of the same conductivity type as a doping element
included in the substrate, so that lateral transmission of most
carriers is enhanced, and a series resistance of the cell is
reduced. In this way, even if the metal electrode penetrates
the tunnel oxide layer and is in direct contact with the
substrate, the doping surface field disposed in the substrate
is still able to coat the metal electrode, thereby having a good
interface passivation effect on the metal electrode disposed
in the substrate, and reducing interface recombination
between the metal electrode and the substrate. Furthermore,
a doping concentration on a side of the doping surface field
facing the tunnel oxide layer is configured to be greater than
a doping concentration on a side of the doping surface field
away from the tunnel oxide layer, i.e., a doping concentra-
tion difference is provided in the doping surface field, so that
the carriers transmitted through the metal electrode is able to
be smoothly transmitted into the substrate, thereby increas-
ing transmission efficiency of the carriers. Therefore, even if
the metal electrode penetrates the tunnel oxide layer to the
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substrate, the photovoltaic cell is still able to maintain the
good performance, thereby improving the reliability of the
photovoltaic cell.

[0039] Various embodiments of the present disclosure will
be described in detail below with reference to the accom-
panying drawings. However, those of ordinary skill in the art
should appreciate that many technical details have been
proposed in various embodiments of the present disclosure
for better understanding of the present disclosure. The
technical solutions claimed in the present disclosure is able
to be realized even without these technical details as well as
various changes and modifications based on the following
embodiments.

[0040] FIG. 1 is a schematic structural diagram of a
photovoltaic cell according to an embodiment of the present
disclosure.

[0041] Referring to FIG. 1, the photovoltaic cell includes
a substrate 100, a tunnel oxide layer 110 and a doping
conductive layer 120 sequentially disposed on a first surface
of the substrate 100 in a direction away from the substrate
100, a doping surface field 2 disposed in the substrate, and
a metal electrode 150. The tunnel oxide layer 110 includes
nitrogen and phosphorus. The doping surface field 2 is in
contact with a side of the tunnel oxide layer 110 facing the
substrate 100, the doping surface field 2 includes a doping
element of the same conductivity type as a doping element
included in the substrate, and a doping concentration of the
doping surface field 2 facing the tunnel oxide layer 110 is
greater than a doping concentration of the doping surface
field 2 away from the tunnel oxide layer 110. The metal
electrode 150 is electrically connected to the doping con-
ductive layer 120.

[0042] The substrate 100 is configured to receive incident
light and generate photogenerated carriers. In some embodi-
ments, the substrate 100 may be a silicon substrate 100, and
a material of the silicon substrate 100 may include at least
one of single crystal silicon, polysilicon, amorphous silicon,
or microcrystalline silicon. In some embodiments, a material
of the substrate 100 may also include at least one of
elemental carbon, an organic material, or a multinary-com-
pound. The multinary-compound includes gallium arsenide,
cadmium telluride, copper indium selenium, etc.

[0043] In some embodiments, the photovoltaic cell is a
tunnel oxide passivated contact (TOPCON) cell, the sub-
strate 100 further includes a second surface opposite the first
surface, and both the first surface and the second surface of
the substrate 100 may be configured to receive incident or
reflected light. In some embodiments, the second surface of
the substrate 100 may be provided as a pyramid pile surface
such that the second surface of the substrate 100 has a low
reflectivity to incident light and thus having a high absorp-
tion utilization rate of the light. The first surface of the
substrate 100 may be provided as a non-pyramid pile
surface, such as an approximately laminated step profile, so
that the tunnel oxide layer 110 disposed on the first surface
of the substrate 100 has a high degree of density and
uniformity such that the tunnel oxide layer 110 has a good
passivation effect on the first surface of the substrate 100. In
some embodiments, the first surface may be a rear surface of
the substrate 100, and the second surface may be a front
surface of the substrate 100. In some embodiments, the first
surface may be the front surface of the substrate 100, and the
second surface may be the rear surface of the substrate 100.
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[0044] In some embodiments, the substrate 100 is an
N-type semiconductor substrate 100, i.e., the substrate 100
is doped with N-type doping ions, which may be any of
phosphorus ions, arsenic ions, or antimony ions. The second
surface of the substrate 100 has an emitter, which may be a
P-type doping layer doped with P-type doping ions, and the
emitter and the substrate 100 forms a PN junction of the
photovoltaic cell. In some embodiments, the emitter may be
obtained by diffusion doping on the surface of the substrate
100 with P-type doping ions, and the doped portion of the
substrate 100 is converted to the emitter. Specifically, in
some embodiments, the P-type doping ions may be boron
ions.

[0045] The tunnel oxide layer 110 and the doping conduc-
tive layer 120 may serve as passivation contact layers to
effectively reduce interface recombination and metal contact
recombination of the substrate 100. Meanwhile, the doping
conductive layer 120 is in ohmic contact with the metal
electrode 150. While the metal electrode 150 collects and
transmits carriers for the substrate 100, the good interface
passivation effect of the tunnel oxide layer 110 on the
substrate 100 is maintained. Specifically, a dangling bond on
the surface of the substrate 100 is saturated to reduce an
interface defect state density of the surface of the substrate
100, thereby reducing a recombination rate of carriers by
reducing recombination centers of the surface of the sub-
strate 100.

[0046] However, when the metal electrode 150 penetrates
the tunnel oxide layer 110, a structure of the tunnel oxide
layer 110 is destroyed, so that a contact area between the
tunnel oxide layer 110 and the first surface of the substrate
100 is reduced, thereby greatly weakening the interface
passivation effect of the tunnel oxide layer 110. Based on the
above considerations, in the embodiments of the present
disclosure, nitrogen and phosphorus are added to the tunnel
oxide layer 110 to improve the passivation effect of the
tunnel oxide layer 110, so that the tunnel oxide layer 110 is
still able to meet the interface passivation requirement of the
substrate 100 after the metal electrode 150 penetrates the
tunnel oxide layer 110. Specifically, through the nitrogen
doping, a dielectric constant at the interface of the tunnel
oxide layer 110 is able to be increased, thereby improving
the passivation effect. Considering that an internal resistance
of the photovoltaic cell may be increased after the nitrogen
doping, phosphorus is also doped in the tunnel oxide layer
110 to generate a donor impurity level near a conduction
band in a band gap of the tunnel oxide layer 110 so as to
increase a tunneling current of the carriers, thereby reducing
the series resistance. That is, through the co-doping of
nitrogen and phosphorus, the passivation effect of the tunnel
oxide layer 110 is able to be improved without increasing the
series resistance of the photovoltaic cell.

[0047] In some embodiments, a material of the tunnel
oxide layer 110 may be silicon oxide. After the nitrogen
doping, silicon oxide is converted into SiON,, and the
content of nitrogen needs to be properly configured to
maintain the good passivation performance of the tunnel
oxide layer 110. Because, as the content of nitrogen
increases, the interface of the nitrogen-doped silicon oxide
layer converts from Si—SiO, to Si—SiN,, and a lattice
constant and a thermal expansion coefficient of SiN, has
better adaptation to silicon, resulting in formation of more
defects in the nitrogen-doped silicon oxide layer. Based on
this, y/x+y<15% is provided, and in this range, a gold
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content of nitrogen is able to prevent more defects from
forming in the tunnel oxide layer 110, thereby increasing a
mobility rate of carriers. It should be noted that x represents
the content of oxygen, and y represents the content of
nitrogen.

[0048] In some embodiments, a doping concentration of
phosphorus in the tunnel oxide layer 110 may be in a range
of 1x10'%cm?® to 1x10'%/cm?, for example, 1x10'%cm?,
1x10%/em?, 1x10'%/cm?, 1x10*%/cm?, 1x10'%cm?, 1x10%/
cm®, 1x10'%cm?®, 1x107/cm®, 1x10"%/cm?, etc. In this
range of the doping concentration, phosphorus in the tunnel
oxide layer 110 is able to avoid or reduce the generation of
impurity defects in the tunnel oxide layer 110, thereby
ensuring that the carriers transmitted in the tunnel oxide
layer 110 have a large tunneling current.

[0049] A doping concentration on a side of the doping
surface field 2 facing the tunnel oxide layer 110 is configured
to be greater than a doping concentration on a side of the
doping surface field 2 away from the tunnel oxide layer 110,
i.e., a doping concentration difference is provided in the
doping surface field 2 so that when the metal electrode 150
penetrates the tunnel oxide layer 110 and is coated by the
doping surface field 2, carriers transmitted through the metal
electrode 150 is able to be smoothly transmitted into the
substrate 100 due to the presence of the concentration
difference, thereby further improving the passivation effect
of the doping surface field 2 on the metal electrode 150.
Specifically, in some embodiments, a ratio of the doping
concentration on the side of the doping surface field 2 facing
the tunnel oxide layer to the doping concentration on the side
of the doping surface field 2 away from the tunnel oxide
layer is in a range of 1:1000 to 1:10, for example, 1:1000 to
1:800, 1:8300 to 1:500, 1:600 to 1:300, 1:1000 to 1:100,
1:1000 to 1:50, 1:1000 to 1:10, etc. In this range, the doping
concentration on the side of the doping surface field 2 away
from the tunnel oxide layer 110 is high, so that an overall
doping concentration of the doping surface field 2 is much
higher than a doping concentration of a region of the
substrate 100 except for the doping surface field 2, so that
the doping surface field 2 forms a heavily doped region
relative to the other region of the substrate 100, thereby
forming a high-low junction with a first region of the
substrate 100. On the one hand, a lateral transmission rate of
the carriers is improved and the series resistance of the
photovoltaic cell is reduced. On the other hand, when the
metal electrode 150 penetrates the tunnel oxide layer 110 to
the substrate 100, the doping surface field 2 has a good
passivation effect on the metal electrode 150, thereby reduc-
ing the recombination of carriers at the interface between the
substrate 100 and the metal electrode 150 and increasing the
open circuit voltage of the photovoltaic cell.

[0050] In some embodiments, the doping concentration of
the doping surface field 2 may gradually decrease in a
direction along the tunnel oxide layer 110 toward the sub-
strate 100, so that a concentration difference is formed
between each portion of the doping surface field 2 and an
adjacent region in the direction along the tunnel oxide layer
110 toward the substrate 100, so that each portion of the
doping surface field 2 has a good transmission effect on
carriers and further increases a transmission rate of the
carriers.

[0051] In some embodiments, the substrate 100 includes a
first region 2. The first region 2 includes a region of the
substrate 100 except for the doping surface field 2, a doping
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concentration of the doping surface field 2 is greater than a
doping concentration of the first region 2, and the doping
concentration of the doping surface field 2 is less than a
doping concentration of the doping conductive layer 120.

[0052] The doping concentration of the doping surface
field 2 is configured to be greater than the doping concen-
tration of the first region 100 of the substrate 100, so that the
doping surface field 2 in the substrate 100 forms a heavily
doped region. The heavily doped region forms a high-low
junction with the first region 2 of the substrate 100. When
the metal electrode 150 penetrates the tunnel oxide layer
110, the doping surface field 2 coats the metal electrode 150
and has a passivate effect on the interface between the metal
electrode 150 and the substrate 100, thereby reducing
recombination of carriers at the interface and increasing the
concentration of the carriers. Furthermore, the doping sur-
face field 2 may form an ohmic contact with the metal
electrode 150, thereby further reducing the series resistance
of the photovoltaic cell. Specifically, in some embodiments,
when the substrate 100 is an N-type semiconductor substrate
100, doping ions of the doping surface field 2 may be any of
phosphorus ions, arsenic ions, or antimony ions. Specifi-
cally, in some embodiments, a ratio of the doping concen-
tration of the first region 2 to the doping concentration of the
doping surface field 2 may be in a range of 1:10000 to
1:1000, for example, 1:10000 to 1:8000, 1:8000 to 1:5000,
1:5000 to 1:3000, 1:3000 to 1:1000, etc. In this range, the
doping concentration difference between the doping surface
field 2 and the substrate 100 is large, so that the high-low
junction is able to be formed, which is conducive to reducing
the recombination of the carriers at the interface between the
metal electrode 150 and the substrate 100, thereby enhanc-
ing the transmission capability of the carriers.

[0053] In some embodiments, the doping surface field 2
and the doping conductive layer 120 have the same conduc-
tivity type of doping ions. In some embodiments, when the
doping ions of the doping surface field 2 are N-type doping
ions, the doping ions in the doping conductive layer 120 may
be any of phosphorus ions, arsenic ions, or antimony ions.
The doping concentration of the doping surface field 2 is
configured to be less than the doping concentration of the
doping conductive layer 120, so that a concentration differ-
ence from high to low is formed in a direction along the
doping conductive field 2 toward the substrate 100. Since the
doping conductive layer 120 also plays the role of transmit-
ting the carriers, the carrier concentration of the doping
conductive layer 120 is configured to be high, which facili-
tates the carriers in the doping conductive layer 120 to be
transmitted from the doping conductive layer 120 with
higher doping concentration to the doping surface field 2
with lower doping concentration, thereby accelerating the
transmission rate of the carriers and increasing the open
circuit voltage of the photovoltaic cell.

[0054] Considering that the doping concentration of the
doping conductive layer 120 needs to be kept high so as to
maintain the capability of the doping conductive layer 120
to transmit carriers, and further considering that the doping
concentration of the doping surface field 2 needs to be high
to form a large concentration difference between the doping
surface field 2 and the first region 2 of the substrate 100 so
as to form a heavily doped region. Based on this, in some
embodiments, a ratio of the doping concentration of the
doping surface field 2 to the doping concentration of the
doping conductive layer 120 may be in a range of 1:100 to
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1:10, for example, 1:100 to 1:80, 1:80 to 1:60, 1:60 to 1:40,
1:40 to 1:20, 1:20 to 1:10, etc. In this range, the doping
conductive layer 120 has a high carrier transmission rate,
while the doping surface field 2 has a good passivation effect
on the interface between the metal electrode 150 and the
substrate 100.

[0055] In some embodiments, a thickness of the doping
surface field 2 is in a range of 20 nm to 60 nm in a direction
along the tunnel oxide layer 110 toward the substrate 100
(referring to the direction ‘X’ in the figures). In this range,
on the one hand, the thickness of the doping surface field 150
is large, so that even if the metal electrode 150 of a larger
length penetrates through the tunnel oxide layer 110, the
doping surface field 2 is able to coats the metal electrode 150
s0 as to have a good interface passivation effect on the metal
electrode 150 disposed in the substrate 100, and further
improve the reliability of the photovoltaic cell, thereby
enlarging a process window for manufacturing the metal
electrode 150. On the other hand, since the doping surface
field 2 is formed in the substrate 100, the thickness of the
doping surface field 2 is not excessively large in this range,
so that a size of the substrate 100 is not excessively large,
which is conducive to miniaturization of the photovoltaic
cell.

[0056] FIG. 2 is another schematic structural diagram of a
photovoltaic cell according to an embodiment of the present
disclosure. Referring to FIG. 2, in some embodiments, at
least a portion of the metal electrode 150 penetrates the
tunnel oxide layer 110 and is coated by the doping surface
field 2. Due to the manufacturing process, the metal elec-
trode 150 may penetrate the tunnel oxide layer 110 and be
in contact with the substrate 100. In the embodiments of the
present disclosure, the doping surface field 2 is disposed in
the substrate 100, and the doping surface field 2 coats the
metal electrode 150 disposed in the substrate 100, thereby
having an interface passivation effect on the metal electrode
150 in the substrate 100, and reducing interface recombina-
tion between the metal electrode 150 and the substrate 100.
However, since the metal electrode 150 penetrates to the
substrate 100, carriers transmitted in the metal electrode 150
is able to be directly transmitted into the substrate 100
without passing through the tunnel oxide layer 110, thereby
improving the transmission efficiency of carriers. Consider-
ing that the penetration of the metal electrode 150 through
the tunnel oxide layer 110 may adversely affect the passi-
vation performance of the tunnel oxide layer 110 while the
carrier transmission efficiency is improved, the doping of
nitrogen and phosphorus in the tunnel oxide layer 110 is
further provided to increase the dielectric constant at the
interface of the tunnel oxide layer 110 and improve the
passivation effect of the tunnel oxide layer 110, thereby
improving the reliability of the photovoltaic cell as a whole.

[0057] FIG. 3 is yet another schematic structural diagram
of a photovoltaic cell according to an embodiment of the
present disclosure. Referring to FIG. 3, in some embodi-
ments, at least a portion of a substrate 100 corresponding to
the metal electrode 150 penetrates the tunnel oxide layer
110, and the doping surface field 2 disposed in the substrate
100 penetrating the tunnel oxide layer 110 is in contact with
the metal electrode 150. That is, at least the portion of the
metal electrode 150 is in direct contact with the substrate
100 so that the transmission of carriers by the metal elec-
trode 150 is not limited by the tunnel oxide layer 110 and has
a high transmission efficiency. Meanwhile, the doping sur-
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face field 2 in the substrate 100 is in contact with the metal
electrode 150, which has a good passivation effect on the
interface between the metal electrode 150 and the substrate
100, thereby reducing the recombination of carriers at a
metal interface and increasing the open circuit voltage of the
photovoltaic cell. Specifically, in some embodiments, a
portion of the substrate 100 corresponding to the metal
electrode 150 may be configured to penetrate the tunnel
oxide layer 110 to be in contact with the metal electrode 150.
In some embodiments, the whole substrate 100 correspond-
ing to the metal electrode 150 may be configured to pen-
etrate the tunnel oxide layer 110 to be in contact with the
metal electrode 150.

[0058] FIG. 4 is still another schematic structural diagram
of a photovoltaic cell according to an embodiment of the
present disclosure. Referring to FIG. 4, in some embodi-
ments, the surface of the doping surface field 2 in contact
with the metal electrode 150 is a concave-convex surface.
The concave-convex surface has a large specific surface
area, so that a contact area between the metal electrode 150
and the doping surface field 2 is large, thereby enhancing
that the passivation effect of the doping surface field 2 on the
metal electrode 150.

[0059] Specifically, in some embodiments, a width of the
concave-convex surface may be less than a width of the
metal electrode 150. Compared with the surface of the
doping surface field 2 being planar, the surface where the
doping surface field 2 is in contact with the metal electrode
150 being provided as the concave-convex surface makes
the contact area between the doping surface field 2 and the
metal electrode 150 increase. That is, the surface where the
doping surface field 2 is in contact with the metal electrode
150 is provided as the concave-convex surface, so that a
good passivation effect is able to be achieved when the
concave-convex surface of the doping surface field 2 has a
small width. Based on this, the width of the concave-convex
surface is configured to be less than the width of the metal
electrode 150, so that a volume of the metal electrode 150
penetrating into the tunnel oxide layer 110 is small, thereby
reducing the adverse effect on the passivation effect of the
tunnel oxide layer 110.

[0060] Insome embodiments, the photovoltaic cell further
includes a first passivation layer. The first passivation layer
is disposed on a side of the doping conductive layer 120
away from the substrate 100 to enhance incident effect of
incident light on the substrate 100, and also to enhance the
passivation effect of the doping conductive layer 120 and the
tunnel oxide layer 110. A material of the first passivation
layer may be one or more of silicon oxide, aluminum oxide,
silicon nitride, silicon oxynitride, or silicon oxycarbonitride.
Specifically, in some embodiments, the first passivation
layer may be a single layer structure. In some embodiments,
the first passivation layer may also be a multilayer structure.
[0061] Insome embodiments, the photovoltaic cell further
includes an antireflection layer 160 disposed on a second
surface. The antireflection layer 160 play a role of antire-
flecting the incident light, i.e., reducing the reflectivity of the
substrate 100 to the incident light. In this way, the substrate
100 is able to absorb more incident light, so that utilization
of sunlight is large, and photoelectric conversion perfor-
mance of the photovoltaic cell is further improved.

[0062] In some embodiments, the antireflection layer 160
may be a silicon nitride layer, which may include a material
of silicon nitride having a high refractive index such that
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more incident light enters the substrate 100, thereby increas-
ing utilization of the incident light. In addition, silicon
nitride has a good hydrogen passivation effect, so that the
carrier concentration on the rear surface of the substrate 100
is increased, the carrier recombination is suppressed, and the
open circuit voltage, the short circuit current and filling
factors of the photovoltaic cell are increased. In some
embodiments, the antireflection layer 160 may also be a
multilayer structure, such as a stacked structure consisting of
one or more materials of silicon nitride, silicon oxide, or
silicon oxynitride.

[0063] Insome embodiments, the photovoltaic cell further
includes a second metal electrode 170 disposed on the
second surface of the substrate 100 and penetrating the
antireflection layer 160 to be electrically connected to the
emitter.

[0064] In the photovoltaic cells provided in the above
embodiments, the tunnel oxide layer 110 includes nitrogen
and phosphorus to improve the overall passivation effect of
the tunnel oxide layer 110, and even if the metal electrode
150 penetrates the tunnel oxide layer 110, the interface
passivation performance of the penetrated tunnel oxide layer
110 is able to meet the requirement of the substrate 100. The
doping surface field 2 is disposed in the substrate 100, which
enhances the lateral transmission of most carriers and
reduces the series resistance of the cell. Even if the metal
electrode 150 penetrates the tunnel oxide layer 110 to be in
direct contact with the substrate 100, the doping surface field
2 disposed in the substrate 100 may coats the metal electrode
150, thereby having a good interface passivation effect on
the metal electrode 150 disposed in the substrate 100 and
reducing interface recombination between the metal elec-
trode 150 and the substrate 100. Furthermore, the doping
concentration on the side of the doping surface field 2 facing
the tunnel oxide layer 110 is configured to be greater than the
doping concentration on the side of the doping surface field
2 away from the tunnel oxide layer 110, i.e., the doping
concentration difference is provided in the doping surface
field 2 so that carriers transmitted through the metal elec-
trode 150 is able to be smoothly transmitted into the sub-
strate 100, thereby increasing the transmission efficiency of
the carriers. Therefore, even if the metal electrode 150
penetrates into the substrate 100, the photovoltaic cell is still
able to maintain the good performance, thereby improving
the reliability of the photovoltaic cell.

[0065] Embodiments of the present disclosure further pro-
vides a photovoltaic module. Referring to FIG. 5, the
photovoltaic module includes a cell string, an encapsulation
layer 102, and a cover plate 103. The cell string includes a
plurality of photovoltaic cells electrically connected, each of
which may be the photovoltaic cell according to the above
embodiments. The encapsulation layer 102 is configured to
cover a surface of the cell string. The cover plate 103 is
configured to cover a surface of the encapsulation layer 102
away from the cell string. The photovoltaic cells 101 are
electrically connected in whole or in pieces to form a
plurality of cell strings, and the plurality of cell strings are
electrically connected in series and/or in parallel.

[0066] Specifically, in some embodiments, the plurality of
cell strings may be electrically connected to each other by a
plurality of conductive tapes 104. The encapsulation layer
102 covers a front surface and a rear surface of the photo-
voltaic cell 101. Specifically, the encapsulation layer 102
may be an organic encapsulation adhesive film such as an
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ethylene-vinyl acetate (EVA) adhesive film, a polyolefin
elastomer (POE) adhesive film, a polyethylene terephthalate
(PET) adhesive film, etc. In some embodiments, the cover
plate 103 may be a glass cover plate, a plastic cover plate,
or the like having a light transmitting function. Specifically,
a surface of the cover plate 103 toward the encapsulation
layer 102 may be a concave-convex surface, thereby increas-
ing utilization of incident light.

[0067] Embodiments of the present disclosure further pro-
vides a method for manufacturing a photovoltaic cell. The
method for manufacturing a photovoltaic cell is able to form
the photovoltaic cell provided in the above embodiments.
The following describes the method for manufacturing the
photovoltaic cell provided in the embodiments of the present
disclosure in detail with reference to the accompanying
drawings.

[0068] FIGS. 6 to 11 are schematic structural diagrams of
corresponding operations in a method for manufacturing a
photovoltaic cell according to some embodiments of the
present disclosure.

[0069] FIG. 6 is a schematic structural diagram of a
substrate 100 provided in a method for manufacturing a
photovoltaic cell according to an embodiment of the present
disclosure.

[0070] The substrate 100 is configured to receive incident
light and generate photogenerated carriers. In some embodi-
ments, the substrate 100 may be a silicon substrate 100, and
a material of the silicon substrate 100 may include single
crystal silicon, polysilicon, amorphous silicon, or microc-
rystalline silicon. In some embodiments, a material of the
substrate 100 may also include elemental carbon, an organic
material, or a multinary-compound. The multinary-com-
pound includes gallium arsenide, cadmium telluride, copper
indium selenium, etc.

[0071] Referring to FIGS. 7 to 9, a tunnel oxide layer 110
and a doping conductive layer 120 are sequentially formed
on a first surface of the substrate 100 and in a direction away
from the substrate 100. The tunnel oxide layer 110 includes
nitrogen and phosphorus. A doping surface field 2 is formed,
the doping surface field 2 is disposed in the substrate 100,
and the doping surface field 2 is in contact with a side of the
tunnel oxide layer 110 facing the substrate 100, the doping
surface field 2 includes a doping element of the same
conductivity type as a doping element included in the
substrate 100, and a doping concentration on a side of the
doping surface field 2 facing the tunnel oxide layer 110 is
greater than a doping concentration on a side of the doping
surface field 2 away from the tunnel oxide layer 110. The
doping surface field 2 is configured to include a doping
element of the same conductivity type as a doping element
included in the substrate 100 to enhance the lateral trans-
mission of most carriers and reduce the series resistance of
the cell. In this way, even if the metal electrode 150
penetrates the tunnel oxide layer 110 to be in direct contact
with the substrate 100, the doping surface field 2 disposed in
the substrate 100 may coat the metal electrode 150, thereby
having a good interface passivation effect on the metal
electrode 150 disposed in the substrate 100 and reducing
interface recombination between the metal electrode 150
and the substrate 100. Furthermore, the doping concentra-
tion on the side of the doping surface field 2 facing the tunnel
oxide layer 110 is configured to be greater than the doping
concentration on the side of the doping surface field 2 away
from the tunnel oxide layer 110, i.e., the doping concentra-
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tion difference is provided in the doping surface field 2 so
that carriers transmitted through the metal electrode 150 is
able to be smoothly transmitted into the substrate 100,
thereby increasing the transmission efficiency of the carriers.
[0072] Specifically, in some embodiments, the doping
surface field 2 may be formed before forming the tunnel
oxide layer 110 and the doping the conductive layer 120, and
the operation of forming the doping surface field 2 includes
the following operations.

[0073] The substrate 100 is doped, and the substrate 100
has first doping ions. In some embodiments, the photovoltaic
cell may be an TOPCON cell, and the substrate 100 is an
N-type semiconductor substrate 100, i.e., the first doping
ions are N-type doping ions, and the N-type doping ions may
be any of phosphorus ions, arsenic ions, or antimony ions.
[0074] Referring to FIG. 7, FIG. 7 is a schematic structural
diagram corresponding to an operation of forming an emitter
in a method for manufacturing a photovoltaic cell according
to an embodiment of the present disclosure. As shown in
FIG. 7, an emitter is formed. In some embodiments, the
substrate 100 is an N-type semiconductor substrate 100, and
the emitter may be a P-type emitter. Specifically, a specific
process for forming the emitter may be to perform a boron
diffusion treatment on the first surface of the substrate 100
to form the emitter, and the emitter and the N-type substrate
100 form a PN junction of the photovoltaic cell.

[0075] Referring to FIG. 8, FIG. 8 is a schematic structural
diagram corresponding to an operation of forming a doping
surface field 2 in a method for manufacturing a photovoltaic
cell according to an embodiment of the present disclosure.
A diffusion treatment is performed on the first surface of the
substrate 100 to form the doping surface field 2, the doping
surface field 2 has second doping ions, the first doping ions
and the second doping ions have the same conductivity type,
and a doping concentration of the first doping ions is less
than a doping concentration of the second doping ions. In
some embodiments, when the first doping ions are N-type
doping ions, the second doping ions are also N-type doping
ions, for example, any of phosphorus ions, arsenic ions or
antimony ions. Taking the N-type doping ions being the
phosphorus ions as an example, a phosphorus diffusion
treatment is performed on the first surface of the substrate
100 to form an N-type doping layer on the first surface of the
substrate 100. Specifically, in some embodiments, phospho-
rus ions may be implanted into the first surface of the
substrate 100 by ion implantation, thermal diffusion, laser
doping, etc.

[0076] In some embodiments, after the phosphorus diffu-
sion treatment is completed, it is also necessary to remove
a phosphosilicate glass on the first surface of the substrate
100, so that a thickness of the tunnel oxide layer 110 is
uniform when subsequently forming the tunnel oxide layer
110 on the first surface of the substrate 100, which is
conducive to improving the interface passivation effect of
the tunnel oxide layer 110 on the substrate 100.

[0077] In order to ensure that the doping concentration on
the side of the doping surface field 2 facing the tunnel oxide
layer 110 side is greater than the doping concentration on the
side of the doping surface field 2 away from the tunnel oxide
layer 110 side, in some embodiments, a concentration of the
phosphorus ions implanted into the first surface of the
substrate 100 may be low at an initial stage of the phospho-
rus diffusion treatment and high at a later stage of the
phosphorus diffusion treatment.
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[0078] Specifically, in some embodiments, a doping con-
centration of the first doping ions may be in a range of
1x10*® atoms/cm® to 1x10'7 atoms/cm?, and a doping con-
centration of the second doping ions may be in a range of
1x10% atoms/cm® to 9x10°° atoms/cm’. The doping con-
centration of the first doping ions is much less than the
doping concentration of the second doping ions. In this way,
a formed doping concentration difference between the dop-
ing surface field 2 and the substrate 100 is large, so that the
doping surface field 2 is able to form a heavily doped region
and form a high-low junction with the substrate 100. When
the metal electrode 150 penetrates the tunnel oxide layer 110
to the substrate 100 subsequently, the carrier recombination
at the interface between the metal electrode 150 and the
substrate 100 is reduced, thereby enhancing the carrier
transmission capability. In addition, the doping surface field
2 formed in this range has a good passivation effect on the
metal interface, so that the photovoltaic cell is able to
maintain a good photoelectric performance when the metal
electrode 150 penetrates into the substrate 100, thereby
improving the reliability of the photovoltaic cell.

[0079] Referring to FIG. 9, FIG. 9 is a schematic structural
diagram corresponding to an operation of forming a tunnel
oxide layer 110 and a doping conductive layer 120 in a
method for manufacturing a photovoltaic cell according to
an embodiment of the present disclosure. In some embodi-
ments, the tunnel oxide layer 110 and the doping conductive
layer 120 are formed after the doping surface field 2 is
formed, and the operation of forming the tunnel oxide layer
110 and the doping conductive layer 120 includes the
following operations.

[0080] The tunnel oxide layer 110 is formed on the surface
of the doping surface field 2 by an oxidation treatment. The
tunnel oxide layer 110 includes nitrogen and phosphorus, the
doping of nitrogen is able to increase the dielectric constant
of the interface of the tunnel oxide layer 110, improve the
passivation effect, and raise the open circuit voltage. The
doping of phosphorus is able to increase the tunneling
current of electrons, reduce the internal resistance of the cell,
thereby improving the overall passivation effect of the
tunnel oxide layer 110. Even if the metal electrode 150
penetrates into the substrate 100, the good passivation
performance of the tunnel oxide layer 110 is still able to be
maintained.

[0081] Insomeembodiments, the operation of forming the
tunnel oxide layer 110 including nitrogen and phosphorus
includes the following operations.

[0082] Thermal oxidation is performed on the first surface
of the substrate 100 to form an initial oxide layer.

[0083] Phosphorus diffusion is performed on the initial
oxide layer to form a first oxide layer including phosphorus.
Specifically, a phosphorus source may be used as a doping
source, O, with a flow rate of 10 L/min to 12 L/min is inlet,
and the introduction time is in a range of 3 min to 5 min.
After the introduction is stopped, the phosphorus diffusion is
performed on the initial oxide layer once, a temperature of
the phosphorus diffusion for one time is in a range of 780°
C. to 820° C., and the time for the phosphorus diffusion for
one time is in a range of 50 s to 60 s. In some embodiments,
an in-situ doping method may be used to simultaneously
perform oxidation and phosphorus diffusion treatments, and
the oxidation treatment may be any of an ozone oxidation
method, a high-temperature thermal oxidation method, and
a nitric acid oxidation method. In some embodiments, the
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phosphorus source is POCI; or PH;, the flow rate of 02 is in
a range of 10 L/min to 12 L/min, the introduction time is in
a range of 3 min to 5 min, a temperature of the phosphorus
diffusion for one time is in a range of 780° C. to 820° C., and
the time for the phosphorus diffusion for one time is in a
range of 50 s to 60 s.

[0084] Nitrogen doping is performed on the first oxide
layer to form the tunnel oxide layer 110. Specifically, the
oxidation of the first oxide layer is continued at a tempera-
ture of 500° C. to 530° C. A mixed gas of O, and N,O with
a volume ratio of (2~4):1 is used as the doping source, the
flow rate of the mixed gas is in a range of 8 [/min to 10
L/min, the introduction time is in a range of 3 min to 5 min,
and nitrogen diffusion is performed on the oxidized product
after the introduction was stopped, a temperature of the
nitrogen diffusion is in a range of 500° C. to 530° C., and the
time for the nitrogen diffusion is in a range of 40 s to 60 s.
[0085] An initial conductive layer is deposited on the
surface of the tunnel oxide layer 110. The initial conductive
layer may be formed on the surface of the tunnel oxide layer
110 by a deposition treatment. Specifically, an intrinsic
polysilicon may be deposited on the surface of the tunnel
oxide layer 110 to form the initial conductive layer by the
deposition treatment.

[0086] A diffusion treatment is performed on the initial
conductive layer to form the doping conductive layer 120,
the doping conductive layer 120 has third doped ions, the
third doped ions have the same conductivity type as the
second doped ions, and a doping concentration of the third
doped ions is greater than the doping concentration of the
second doped ions. The doping concentration of the doping
surface field 120 is configured to be less than the doping
concentration of the doping conductive layer 120, so that a
concentration difference from high to low is formed in a
direction along the doping conductive field 2 toward the
substrate 100. Since the doping conductive layer 120 also
plays a role of transmitting carriers, the carrier concentration
of the doping conductive layer 120 is configured to be high,
which facilitates the carriers in the doping conductive layer
120 to be transmitted from the doping conductive layer 120
with a higher doping concentration to the doping surface
field 2 with a lower doping concentration, thereby acceler-
ating the transmission rate of the carriers and increasing the
open circuit voltage of the photovoltaic cell. In some
embodiments, when the second doping ions are phosphorus
ions, the third doping ions may be phosphorus ions, and the
phosphorus ions may be implanted into the first surface of
the substrate 100 by ion implantation, thermal diffusion,
laser doping or the like to form an N-type doped polysilicon
layer as the doping conductive layer 120.

[0087] Specifically, in some embodiments, the doping
concentration of the third doping ions may be in a range of
1 atoms/cm> to 1x10%° atoms/cm?. In this range, the doping
concentration of the doping conductive layer 120 is greater
than the doping concentration of the doping surface field 2,
so that a large concentration difference is formed between
the doping surface field 2 and the first region 2 of the
substrate 100, thereby forming a heavily doped region. In
addition, the doping concentration of the doping conductive
layer 120 formed in this range is able to ensure that the
doping conductive layer 120 has a high transmission rate of
the carriers.

[0088] Referring to FIG. 10, FIG. 10 is a schematic
structural diagram corresponding to an operation of forming
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an antireflection layer 160 in a method for manufacturing a
photovoltaic cell according to an embodiment of the present
disclosure. The antireflection layer 160 is formed on a
second surface of the substrate 100. In some embodiments,
the antireflection layer 160 may be a silicon nitride layer
including a material of silicon nitride. Specifically, in some
embodiments, a plasma enhanced chemical vapor deposition
(PECVD) method may be used to form the antireflection
layer 160, and specifically, a process method for forming the
antireflection layer 160 includes introducing silane and
ammonia gas into a PECVD reaction chamber and perform-
ing ionization to form the antireflection layer 160 on the
second surface of the substrate 100.

[0089] Referring to FIG. 11, FIG. 11 is a schematic
structural diagram corresponding to an operation of forming
a first passivation layer in a method for manufacturing a
photovoltaic cell according to an embodiment of the present
disclosure. The first passivation layer is formed on a surface
of the doping conductive layer 120 away from the substrate
100. In some embodiments, a material of the first passivation
layer may be one or more of silicon oxide, aluminum oxide,
silicon nitride, silicon oxynitride, or silicon oxynitride.
Specifically, in some embodiments, the first passivation
layer may be a single layer structure. In some embodiments,
the first passivation layer may also be a multilayer structure.
Specifically, in some embodiments, the first passivation
layer may be formed using the PECVD method.

[0090] Referring to FIG. 1, the metal electrode 150 is
formed, and the metal electrode 150 is electrically connected
to the doping conductive layer 120. A conductive paste is
printed on the metal electrode 150, and the conductive paste
is sintered to form the metal electrode 150. In some embodi-
ments, the conductive paste may be printed on the metal
electrode 150 on the first surface by screen printing, and then
the conductive paste may be subjected to a high-temperature
sintering treatment, for example, a 750° C. to 850° C. peak
temperature sintering treatment may be used to form the
metal electrode 150. In some embodiments, a conductive
material in the conductive paste may include at least one of
silver, aluminum, copper, tin, gold, lead, or nickel. Since the
doping surface field 2 is formed in the substrate 100, even
if the metal electrode 150 penetrates the substrate 100 during
the process of manufacturing the metal electrode 150, the
doping surface field 2 is still able to coat the metal electrode
150 and produce a good interface passivation effect at a
contact surface of the metal electrode 150 and the substrate
100, thereby ensuring the reliability of the photovoltaic cell.
That is, the photovoltaic cell has good performance regard-
less of whether the metal electrode 150 penetrates the
substrate 100 or not, so that the process window for manu-
facturing the metal electrode 150 is enlarged, and the
process efficiency is improved.

[0091] In some embodiments, the method further includes
forming a second metal electrode 170 on a surface of the
antireflection layer 160, and the second metal electrode 170
penetrates the antireflection layer 160 to be electrically
connected to the emitter. The operation of forming the
second metal electrode 170 includes metallizing the surface
of the antireflection layer 160 through a screen printing
treatment and a high-temperature sintering treatment to form
the second metal electrode 170 electrically connected to the
emitter.

[0092] In the method for manufacturing the photovoltaic
cell provided in the above embodiments, the tunnel oxide
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layer 110 is formed to include nitrogen and phosphorus so as
to improve the overall passivation effect of the tunnel oxide
layer 110. Even if the metal electrode 150 penetrates the
tunnel oxide layer 110, the tunnel oxide layer 110 is still able
to meet the passivation requirement of the substrate 100. The
doping surface field 2 is formed in the substrate 100, and the
doping element of the doping surface field 2 has the same
conductivity type as the doping element of the substrate 100,
which enhances the lateral transmission of most carriers and
reduces the series resistance of the cell. In this way, even if
the metal electrode 150 penetrates the tunnel oxide layer 110
to be in direct contact with the substrate 100, the doping
surface field 2 disposed in the substrate 100 may coat the
metal electrode 150, thereby having a good interface passi-
vation effect on the metal electrode 150 disposed in the
substrate 100, and reducing interface recombination
between the metal electrode 150 and the substrate 100.
Furthermore, the doping concentration on the side of the
doping surface field 2 facing the tunnel oxide layer 110 is
configured to be greater than the doping concentration on the
side of the doping surface field 2 away from the tunnel oxide
layer 110, i.e., the doping concentration difference is pro-
vided in the doping surface field 2 so that carriers transmit-
ted through the metal electrode 150 is able to be smoothly
transmitted into the substrate 100, thereby increasing the
transmission efficiency of the carriers. Therefore, even if the
metal electrode 150 penetrates into the substrate 100, the
photovoltaic cell is still able to maintain the good perfor-
mance, thereby improving the reliability of the photovoltaic
cell.

[0093] Although disclosed above in some embodiments,
the present disclosure is not intended to limit the claims. Any
one of those skilled in the art may make several possible
changes and modifications without departing from the con-
cept of the present disclosure. Therefore, the protection
scope of the present disclosure shall be subject to the scope
defined in the claims of the present disclosure.

[0094] Those of ordinary skill in the art should appreciate
that the embodiments described above are specific embodi-
ments of the present disclosure, and in practical application,
various changes may be made thereto in form and detail
without departing from the scope of the present disclosure.
Any one of those skilled in the art may make their own
changes and modifications without departing from the scope
of the present disclosure. Therefore, the protection scope of
the present disclosure shall be subject to the scope defined
in the claims.

1. A photovoltaic cell, comprising:

a substrate;

a tunnel oxide layer and a doping conductive layer
sequentially disposed on a first surface of the substrate
in a direction away from the substrate, wherein the
tunnel oxide layer includes nitrogen and phosphorus,
wherein doping concentration of the phosphorus in the
tunnel oxide layer is in a range of 1x10'%cm® to
1x10"%/cm?;

a doping surface field disposed in the substrate, wherein
the doping surface field is in contact with a side of the
tunnel oxide layer facing the substrate, the doping
surface field includes a doping element of a same
conductivity type as a doping element in the substrate,
and a doping concentration on a side of the doping
surface field facing the tunnel oxide layer is greater
than a doping concentration on a side of the doping
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surface field away from the tunnel oxide layer, wherein
the doping surface field and the doping conductive
layer have doping ions of a same conductivity type, and
doping concentration of the doping surface field is less
than doping concentration of the doping conductive
layer; and

a metal electrode electrically connected to the doping
conductive layer.

2. The photovoltaic cell according to claim 1, wherein the
substrate includes a first region, wherein the first region
includes a region of the substrate except for the doping
surface field, and the doping concentration of the doping
surface field is greater than a doping concentration of the
first region.

3. The photovoltaic cell according to claim 2, wherein a
ratio of the doping concentration of the first region to the
doping concentration of the doping surface field is in a range
of 1:10000 to 1:1000.

4. The photovoltaic cell according to claim 2, wherein a
ratio of the doping concentration of the doping surface field
to the doping concentration of the doping conductive layer
is in a range of 1:100 to 1:10.

5. The photovoltaic cell according to claim 1, wherein a
ratio of the doping concentration on the side of the doping
surface field facing the tunnel oxide layer to the doping
concentration on the side of the doping surface field away
from the tunnel oxide layer is in a range of 1:1000 to 1:10.

6. The photovoltaic cell according to claim 5, wherein a
doping concentration of the doping surface field gradually
decreases in a direction along the tunnel oxide layer toward
the substrate.

7. The photovoltaic cell according to claim 1, wherein a
thickness of the doping surface field is in a range of 20 nm
to 60 nm in a direction along the tunnel oxide layer toward
the substrate.

8. The photovoltaic cell according to claim 1, wherein at
least a portion of the metal electrode penetrates the tunnel
oxide layer and is coated by the doping surface field.

9. The photovoltaic cell according to claim 1, wherein at
least a portion of the substrate corresponding to the metal
electrode penetrates the tunnel oxide layer, and the doping
surface field disposed in the substrate penetrating the tunnel
oxide layer is in contact with the metal electrode.

10. The photovoltaic cell according to claim 9, wherein a
surface of the doping surface field in contact with the metal
electrode includes a concave-convex surface.

11. The photovoltaic cell according to claim 10, wherein
a width of the concave-convex surface is less than a width
of the metal electrode.

12. A photovoltaic module, comprising:

a cell string including a plurality of photovoltaic cells

electrically connected;

an encapsulation layer configured to cover a surface of the
cell string; and

a cover plate configured to cover a surface of the encap-
sulation layer away from the cell string;

wherein each of the plurality of photovoltaic cells
includes:

a substrate;

a tunnel oxide layer and a doping conductive layer
sequentially disposed on a first surface of the substrate
in a direction away from the substrate, wherein the
tunnel oxide layer includes nitrogen and phosphorus,
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wherein doping concentration of the phosphorus in the
tunnel oxide layer is in a range of 1x10'%cm® to
1x10"%/cm?;

a doping surface field disposed in the substrate, wherein
the doping surface field is in contact with a side of the
tunnel oxide layer facing the substrate, the doping
surface field includes a doping element of a same
conductivity type as a doping element in the substrate,
and a doping concentration on a side of the doping
surface field facing the tunnel oxide layer is greater
than a doping concentration on a side of the doping
surface field away from the tunnel oxide layer, doping
surface field and the doping conductive layer have
doping ions of a same conductivity type, and the doping
concentration of the doping surface field is less than
doping concentration of the doping conductive layer;
and

a metal electrode electrically connected to the doping
conductive layer.

13. The photovoltaic module according to claim 12,
wherein the substrate includes a first region, wherein the first
region includes a region of the substrate except for the
doping surface field, and the doping concentration of the
doping surface field is greater than a doping concentration of
the first region.

14. The photovoltaic module according to claim 13,
wherein a ratio of the doping concentration of the first region
to the doping concentration of the doping surface field is in
a range of 1:10000 to 1:1000.
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15. The photovoltaic module according to claim 13,
wherein a ratio of the doping concentration of the doping
surface field to the doping concentration of the doping
conductive layer is in a range of 1:100 to 1:10.

16. The photovoltaic module according to claim 12,
wherein a ratio of the doping concentration on the side of the
doping surface field facing the tunnel oxide layer to the
doping concentration on the side of the doping surface field
away from the tunnel oxide layer is in a range of 1:1000 to
1:10.

17. The photovoltaic module according to claim 16,
wherein a doping concentration of the doping surface field
gradually decreases in a direction along the tunnel oxide
layer toward the substrate.

18. The photovoltaic module according to claim 12,
wherein a thickness of the doping surface field is in a range
0120 nm to 60 nm in a direction along the tunnel oxide layer
toward the substrate.

19. The photovoltaic module according to claim 12,
wherein at least a portion of the metal electrode penetrates
the tunnel oxide layer and is coated by the doping surface
field.

20. (canceled)

21. The photovoltaic cell according to claim 1, wherein a
ratio of the doping concentration on the side of the doping
surface field facing the tunnel oxide layer to the doping
concentration on the side of the doping surface field away
from the tunnel oxide layer is in a range of 1:1000 to 1:10.

#* #* #* #* #*



