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The invention discloses a preparation method of a double-sided crystalline silicon solar cell. The method comprises the

following steps of: preparing surface morphology required by a boron-doped surface on a silicon wafer, then performing

boron doping, preparing surface morphology required by a phosphorus-doped surface by using an oxide layer generated
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and a metal electrode on two sides of the silicon wafer. Furthermore, the invention also discloses the double-sided

crystalline silicon solar cell prepared by themethod. The method is simple in technological process and low in
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Claims
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1. The preparation method of the double-sided crystalline silicon solar cell is characterized by comprising the following
steps of:

providing a silicon wafer, wherein one surface of the silicon wafer is selected as a boron doped surface, and the other
surface of the silicon wafer is selected as a phosphorus doped surface;

preparing the surface morphology required by the boron doped surface on the surface of the silicon wafer;

boron doping is carried out on the boron doped surface, a boron doped layer is manufactured, and a boron oxide layer is
grown on the surface of the boron doped layer; removing a winding boron oxide layer formed on the phosphorus doped
surface and the edge in the manufacturing process of the boron doped layer by a hydrofluoric acid water floating method;
preparing the surface morphology required by the phosphorus doped surface on the phosphorus doped surface, and
simultaneously removing a winding boron doped layer formed on the phosphorus doped surface and the edge in the
process of manufacturing the boron doped layer, wherein the boron oxide layer is partially etched or the thickness is kept
unchanged;

manufacturing a battery phosphorus doping layer on the phosphorus doping surface, and growing a phosphorus oxide
layer on the surface of the phosphorus doping surface;

removing a winding phosphorus oxide layer formed at the edge of the phosphorus doped surface in the process of
manufacturing the phosphorus doped layer in a hydrofluoric acid water floating manner;

removing a surrounding phosphorus-expanding doped layer formed at the edge of a phosphorus doped surface in the
process of manufacturing the phosphorus doped layer by using an alkali polishing mode to perform edge isolation on the
silicon wafer, and simultaneously removing phosphorus elements attached to the surface of the boron oxide layer in the
process of manufacturing the phosphorus doped layer, wherein the boron oxide layer and the phosphorus oxide layer are
not completely etched after the alkali polishing;

removing the residual boron oxide layer on the boron doped surface and the residual phosphorus oxide layer on the
phosphorus doped surface in a hydrofluoric acid cleaning mode;

surface passivation is carried out on the boron doped surface and the phosphorus doped surface;

preparing metal electrodes on the boron doped surface and the phosphorus doped surface;

the thickness of the boron oxide layer grown on the surface of the boron doped layer is 30-300nm;

the thickness of the phosphorus oxide layer grown on the surface of the phosphorus doped layer is 3-20nm;

the conditions for removing the hydrofluoric acid water bleaching around the boron expansion oxidation layer are as
follows: the concentration of the hydrofluoric acid solution is 0.5-40%, and the process time is 10-1200s;

the conditions for removing the hydrofluoric acid water bleaching around the phosphorus-expanding oxide layer are as
follows: the concentration of the hydrofluoric acid solution is 0.5-10%, and the process time is 5-300s;

the conditions of the alkali polishing are as follows: selecting aqueous solution of potassium hydroxide or sodium
hydroxide, wherein the concentration of the aqueous solution is 0.5-20%, the concentration of the polishing additive is 0.02-
5%, the temperature of the solution is 45-85 °C, and the polishing time is 10-300s; the polishing additive is used to reduce
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the reaction rate of the oxide layer in the alkaline solution.

2. The method of claim 1, wherein the thickness of the phosphorus oxide layer grown on the surface of the phosphorus
doped layer is at least 5nm thinner than the thickness of the boron oxide layer after the surface morphology required for the
preparation of the phosphorus doped surface.

3. The method of claim 1, wherein the boron doped layer has a sheet resistance of about 20-500 Q/=and the phosphor
doped layer has a sheet resistance of about 20-500 Q/=.

4. The method for preparing the double-sided crystalline silicon solar cell according to claim 1, wherein the conditions for
cleaning the boron oxide layer and the phosphorus oxide layer by hydrofluoric acid are as follows: the concentration of
hydrofluoric acid is 0.5-30%, and the cleaning time is 2-120min.

5. A double-sided crystalline silicon solar cell, characterized in that it is produced by the method according to any one of
claims 1 to 4, comprising a silicon wafer substrate; the boron doped layer, the boron doped surface passivation layer and
the boron doped surface metal electrode are sequentially formed on one surface of the silicon wafer substrate; the
phosphorus doped layer, the phosphorus doped surface passivation layer and the phosphorus doped surface metal
electrode are sequentially formed on the other surface of the silicon wafer substrate.

Description

(CN111640824)

TECHNICAL FIELD

[0001] The invention belongs to the technical field of crystalline silicon solar cell manufacturing, and particularly relates to a
preparation method of a double-sided crystalline silicon solar cell and the double-sided crystalline silicon solar cell prepared
by the method.

BACKGROUND ART

[0002] Solar energy is an environment-friendly energy source, and solar cells convert solar energy into electric energy by
utilizing photovoltaic effect, so that the solar energy becomes the most promising energy source solution in the future. The
crystalline silicon solar cell has the advantages of wide sources of raw materials, low manufacturing cost and the like, and
becomes one of the main technical schemes of the solar cell. In the crystalline silicon solar cell, the double-sided cell is
doped on two sides of the cell in different types to form a built-in electric field on two sides of the cell, so that the crystalline
silicon solar cell has excellent carrier collection capability and can be subjected to double-sided light receiving to improve
the power generation capability. However, compared with a single-sided crystalline silicon solar cell, the double-sided
crystalline silicon solar cell has the advantages that different types of doping are required to be performed on two sides of
the cell, so that in order to avoid mutual interference of the two types of doping, an additional mask is often required to be
used on one side of the cell to block the doping on the other side, the process is relatively complicated, the preparation cost
is increased, and different types of doping exist at the edge of the double-sided crystalline silicon solar cell at the same
time, so that electric leakage at the edge of the cell is increased, and the performance of the cell is reduced.
DISCLOSURE

Disclosure of Invention

[0003] In view of the above, the present invention provides a method for preparing a double-sided crystalline silicon solar
cell, which comprises the steps of preparing a surface morphology required by a boron doped surface on a silicon wafer,
then performing boron doping, preparing a surface morphology required by a phosphorus doped surface by using an oxide
layer generated on the surface of a boron doped layer as a mask, and performing phosphorus doping; removing a
phosphorus oxide layer at the edge of the silicon wafer through hydrofluoric acid water rinsing; performing edge isolation on
the silicon wafer by edge polishing, and protecting the two doped layers of the silicon wafer from being damaged by using
the boron doped surface and the oxide layer of the phosphorus doped surface as masks; and finally, manufacturing
passivation layers and metal electrodes on the two sides of the silicon wafer. Further, the invention also discloses a double-
sided crystalline silicon solar cell manufactured by the method. The method has simple technical process and low
manufacturing cost, can be matched with different types of battery substrates and battery structures, has excellent edge
isolation effect, and can greatly reduce the edge leakage of the double-sided crystalline silicon solar battery.

[0004] Referring to fig. 1, the preparation method of the double-sided crystalline silicon solar cell disclosed by the invention
mainly comprises the following steps:

[0005] a silicon wafer is selected. Can be an n-type monocrystalline silicon wafer, a p-type monocrystalline silicon wafer, an
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n-type polycrystalline silicon wafer or a p-type polycrystalline silicon wafer.

[0006] One surface of the silicon wafer is selected as a boron doped surface, and the surface morphology required by the
boron doped surface is prepared. Specifically, the surface morphology required by the boron doped surface can be
prepared by selecting a polishing or texturing method. The other surface is the phosphorus doped surface.

[0007] And (3) carrying out boron doping on the boron doped surface, manufacturing a boron doped layer of the battery,
and growing a boron oxide layer on the surface of the boron doped surface. The boron doping may be selected from the
group consisting of uniform doping throughout, localized doping, and selective doping. The boron doping can be realized by
combining one or more of the methods of tubular boron diffusion, boron slurry doping, boron ion implantation and the like.
The boron oxide layer is integral and the growth of the boron oxide layer is usually formed at the impurity redistribution
stage of the above method, or can be formed by oxidizing the silicon wafer again after boron doping. The back and edge of
the boron doped surface after the boron oxide layer is formed can form a around-expansion boron doped layer and a
around-expansion boron oxide layer due to the around-expansion phenomenon. The square resistance of the boron doped
layer is about 20-500 omega/=and the thickness of the boron oxide layer on the boron doped surface is about 30-300nm.
[0008] And removing the around-expansion boron oxide layer. The method of hydrofluoric acid water floating is particularly
selected to remove the around-expansion boron oxide layer on the back and the edge of the boron doped surface. The
technological conditions of the hydrofluoric acid water bleaching can be as follows: the concentration of the hydrofluoric
acid solution is 0.5-40%, and the process time is 10-1200s.

[0009] And taking the back surface of the boron doped surface as a phosphorus doped surface, preparing the surface
morphology required by the phosphorus doped surface, and simultaneously removing the surrounding and expanding
boron doped layer. Specifically, the surface morphology required by the phosphorus doped surface can be prepared by
adopting the methods of alkali texturing, alkali polishing, acid etching and acid texturing. In the process, the boron doped
surface is provided with the boron oxide layer, so that the boron oxide layer has a masking effect in the process of
preparing the surface morphology required by the phosphorus doped surface, and the boron doped surface can be
protected from being damaged. After the surface morphology required for preparing the phosphorus doped surface is
finished, the thickness of the boron oxide layer is unchanged or thinned.

[0010] And (3) carrying out phosphorus doping on the phosphorus doped surface, manufacturing a phosphorus doped layer
of the battery, and growing a phosphorus oxide layer on the surface of the phosphorus doped surface. The phosphorus
doping can be selected from uniform doping, local doping and selective doping of the whole surface. The phosphorus
doping can be realized by combining one or more of the methods of tubular phosphorus diffusion, phosphorus slurry
doping, phosphorus ion implantation and the like. Similarly, the phosphorus oxide layer is integral and the growth of the
phosphorus oxide layer is usually formed at the impurity redistribution stage of the above method, or may be formed by
oxidizing the silicon wafer again after phosphorus doping. After the phosphorus oxide layer is formed, a phosphorus-doped
layer and a phosphorus-doped layer are formed on the edge of the silicon wafer due to the phenomenon of coiling and
expanding, and a layer of phosphorus element is attached to the surface of the boron oxide layer on the boron doped
surface due to the phenomenon of coiling and expanding. The square resistance of the phosphorus doped layer is about
20-500 omega/=, the thickness of the phosphorus oxide layer on the phosphorus doped surface is about 3-20nm, and the
thickness of the phosphorus oxide layer is more than 5nm thinner than the residual thickness of the boron oxide layer after
the surface morphology required by the preparation of the phosphorus doped surface is finished.

[0011] And removing the around-phosphorus-expansion oxide layer. Specifically, the method of hydrofluoric acid water
bleaching can be used for removing the around-expansion phosphorus oxide layer. In the process of the hydrofluoric acid
water floating, the boron doped surface is downward contacted with hydrofluoric acid, the edge of the silicon wafer is also
contacted with hydrofluoric acid under the action of the surface tension of a hydrofluoric acid solution, the surrounding
phosphorus oxide layer is removed, and the thickness of the phosphorus oxide layer on the surface of the phosphorus
doped surface is unchanged. The thickness of the boron oxide layer of the boron doped surface is larger than that of the
surrounding phosphorus oxide layer, so that the boron oxide layer cannot be completely removed. Hydrofluoric acid water
bleaching conditions: the concentration of the hydrofluoric acid solution is 0.5-10%, and the process time is 5-300s. After
the hydrofluoric acid water is rinsed, the thickness of the boron oxide layer is reduced by about 3-20nm, and the residual
thickness is more than 5nm. And after the around-phosphorus-expanding oxide layer is removed, the around-phosphorus-
expanding doped layer is exposed at the edge of the silicon wafer.
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[0012] And removing the winding phosphorus-doped layer, and performing edge isolation on the silicon wafer. The around-
expansion phosphorus doped layer is removed by an alkali polishing method, and as the boron oxide layer is arranged on
the surface of the boron doped surface of the silicon wafer and the phosphorus oxide layer is arranged on the surface of
the phosphorus doped surface, the reaction rate of the boron oxide layer and the phosphorus oxide layer in alkali solution
is slower, and the boron doped layer and the phosphorus doped layer cannot be corroded by the alkali solution. The silicon
wafer edge is provided with a phosphorus-surrounding and phosphorus-expanding doped layer, the reaction rate of the
phosphorus-surrounding and phosphorus-expanding doped layer and the alkali solution is high, and the silicon wafer edge
is corroded by the alkali solution, so that edge isolation is realized. The alkali polishing is specifically aqueous solution of
potassium hydroxide or sodium hydroxide. Alkali polishing conditions: sodium hydroxide or potassium hydroxide solution is
selected, the concentration of the alkali solution is 0.5-20%, the concentration of the polishing additive is 0.02-5%, the
temperature of the solution is 45-85 °C, and the polishing time is 10-300s. The polishing additive refers to a chemical
containing substances such as fatty alcohol polyoxyethylene ether and the like, and has the function of reducing the
reaction rate of an oxide layer in an alkali solution. After the alkali polishing, the thickness of the boron oxide layer and the
phosphorus oxide layer is reduced, but the thickness still remains, and a layer of phosphorus element attached to the
surface of the boron oxide layer is removed.

[0013] And removing the boron oxide layer and the phosphorus oxide layer. And removing the boron oxide layer and the
phosphorus oxide layer by using a hydrofluoric acid cleaning method. Hydrofluoric acid cleaning conditions: the
concentration of hydrofluoric acid is 0.5-30%, and the cleaning time is 2-120min.

[0014] The surface passivation is carried out on the silicon wafer, and the surface of the silicon wafer can be passivated by
superposing one or more of aluminum oxide, silicon nitride, silicon oxide, silicon oxynitride, magnesium fluoride and zinc
sulfide. The passivation layer is not limited in its fabrication method.

[0015] And preparing a metal electrode required by the battery. The metal electrode can be manufactured by electroplating,
vapor plating, screen printing and other methods.

[0016] The invention has the following beneficial effects:

[0017] the invention can enable the surface morphology and doping concentration of the boron doping surface and the
phosphorus doping surface to be controlled independently through simple process setting, can not influence each other,
and has a wider process window. The invention can effectively isolate the edge of the silicon wafer, reduce the problem of
electric leakage at the edge of the solar cell and improve the performance of the cell.

[0018] The invention has wide applicability and can be applied to different types of battery structures, such as a p-type
double-sided battery, a p-type back junction battery, an n-type double-sided battery, an n-type back junction battery and the
like.

DRAWINGS DESCRIPTION

[0019] FIG. 1 is a schematic flow chart of a preparation method of a double-sided crystalline silicon solar cell according to
the invention;

[0020] fig. 2 is an n-type positive junction double sided battery prepared as described in example 1, wherein: the device
comprises an 11-n type monocrystalline silicon piece, a 12-boron doped layer, a 13-phosphorus doped layer, a 14-boron
doped surface passivation layer, a 15-phosphorus doped surface passivation layer, a 16-boron doped surface metal
electrode and a 17-phosphorus doped surface metal electrode;

[0021] fig. 3 is an n-type positive junction double sided battery prepared as described in example 2, wherein: the device
comprises a 21-p type monocrystalline silicon wafer, a 22-phosphorus doped layer, a 23-boron doped layer, a 24-
phosphorus doped surface passivation layer, a 25-boron doped surface passivation layer, a 26-phosphorus doped surface
metal electrode and a 27-boron doped surface metal electrode.

INVENTION MODE

Detailed Description

[0022] The invention is further illustrated by the following examples and the accompanying drawings:

[0023] example 1 discloses a method for preparing an n-type positive junction double-sided battery (n-type PERT) shown in
fig. 2, which mainly comprises the following steps:

[0024] 1. an n-type monocrystalline silicon wafer with a (100) crystal orientation is selected, and the resistivity of the silicon
wafer is 1.5 omega cm.
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[0025] 2. One surface of the silicon wafer is selected as a boron doped surface, and a random pyramid-shaped suede
structure is prepared on the boron doped surface by using an alkali suede method. The alkali texturing method commonly
used in the industry is used.

[0026] 3. And (3) carrying out uniform boron doping on the whole surface of the boron doped surface by using a tubular
boron diffusion method, manufacturing a boron doped layer of the battery, and growing a boron oxide layer on the surface
of the boron doped surface. The back and edge of the boron doped surface after boron doping can form a around-
expansion boron doped layer and a around-expansion boron oxide layer due to the around-expansion phenomenon. The
sheet resistance of the boron doped layer was about 100 Q/=and the thickness of the boron oxide layer on the boron doped
surface was about 80nm.

[0027] 4. And taking the back surface of the boron doped surface as a phosphorus doped surface, preparing the surface
morphology required by the phosphorus doped surface by using an acid etching method, simultaneously removing the
around-expansion boron oxide layer and the around-expansion boron doped layer, and reserving the boron oxide layer on
the boron doped surface. After the acid etching is completed, the thickness of the boron oxide layer is basically unchanged.
[0028] 5. And carrying out the whole-surface uniform phosphorus doping on the phosphorus doping surface by using a
tubular phosphorus diffusion method, manufacturing a phosphorus doping layer of the battery, and growing a phosphorus
oxide layer on the surface of the phosphorus doping surface. The edge of the silicon wafer after being doped with
phosphorus can form a phosphorus-doped layer and a phosphorus-doped oxide layer by the surrounding and expanding
phenomenon, and a layer of phosphorus element can be attached to the surface of the boron oxide layer on the boron
doped surface by the surrounding and expanding phenomenon. The sheet resistance of the phosphorus doped layer was
about 50Q/=and the thickness of the phosphorus oxide layer on the phosphorus doped surface was about 10nm.

[0029] 6. And removing the around-phosphorus-expansion oxide layer by using a hydrofluoric acid water bleaching method.
Hydrofluoric acid water bleaching conditions: the concentration of the hydrofluoric acid solution is 3%, and the process time
is 60s. After the hydrofluoric acid water rinse, the boron oxide layer remained at about 65nm thick.

[0030] 7. And removing the around-phosphorus-doped layer by using an alkali polishing method, and performing edge
isolation on the silicon wafer. The alkali polishing is specifically performed by using an aqueous solution of potassium
hydroxide. Alkali polishing conditions: the concentration of the alkali solution is 5%, the concentration of the polishing
additive is 0.1%, the temperature of the solution is 60 °C, and the polishing time is 300s. After the alkali polishing, the boron
oxide layer and the phosphorus oxide layer thickness were reduced by about 5nm.

[0031] 8. And removing the boron oxide layer and the phosphorus oxide layer. And removing the boron oxide layer and the
phosphorus oxide layer by using a hydrofluoric acid cleaning method. Hydrofluoric acid cleaning conditions: the
concentration of hydrofluoric acid is 10%, and the cleaning time is 30min.

[0032] 9. And carrying out surface passivation on the silicon wafer. The boron doped surface passivation layer is a
laminated passivation layer composed of aluminum oxide and silicon nitride, wherein the thickness of the aluminum oxide
is about 5nm, the thickness of the silicon nitride is about 75nm, and the refractive index of the silicon nitride is 2.0. The
phosphorus doped surface uses a laminated passivation layer composed of silicon oxide and silicon nitride, wherein the
thickness of the silicon oxide is about 2nm, and the thickness of the silicon nitride is about 80nm

[0033] 10. The metal electrodes required by the battery are prepared by using a screen printing method, and the metal
electrodes of the boron doped surface and the phosphorus doped surface are all grid line metal electrodes distributed at
equal intervals. Thus, an n-type PERT cell shown in FIG. 2 was obtained.

[0034] Example 2 discloses a method for preparing a p-type positive junction double-sided battery (p-type PERT) shown in
fig. 3, and the main difference between example 1 and example 2 is that the surface morphology of the boron doped
surface and the surface morphology of the phosphorus doped surface are different and can be controlled independently,
and the method mainly comprises the following steps:

[0035] 1. and selecting a p-type monocrystalline silicon wafer with the crystal orientation of (100), wherein the resistivity of
the silicon wafer is 0.8 omega cm.

[0036] 2. One surface of the silicon wafer is selected as a boron doped surface, and the surface morphology required by
the boron doped surface is prepared by an alkali polishing method. The alkali polishing method commonly used in the
industry is used.

[0037] 3. And (3) carrying out uniform boron doping on the whole surface of the boron doped surface by using a tubular
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boron diffusion method, manufacturing a boron doped layer of the battery, and growing a boron oxide layer on the surface
of the boron doped surface. The back and edge of the boron doped surface after boron doping can form a around-
expansion boron doped layer and a around-expansion boron oxide layer due to the around-expansion phenomenon. The
sheet resistance of the boron doped layer was about 30Q/=and the thickness of the boron oxide layer on the boron doped
surface was about 150nm.
[0038] 4. And removing the around-expansion boron oxide layer on the back and the edge of the boron doped surface by
using a hydrofluoric acid water floating method. Hydrofluoric acid water bleaching conditions: the concentration of the
hydrofluoric acid solution is 10 percent, and the process time is 360 seconds.
[0039] 5. And taking the back surface of the boron doped surface as a phosphorus doped surface, preparing a random
pyramid-shaped suede structure on the phosphorus doped surface by using an alkali texturing method, removing the
surrounding and expanding boron doped layer, and reserving the boron oxide layer on the boron doped surface. After alkali
texturing is completed, the thickness of the boron oxide layer is reduced by about 15nm.
[0040] 6. And carrying out the whole-surface uniform phosphorus doping on the phosphorus doping surface by using a
tubular phosphorus diffusion method, manufacturing a phosphorus doping layer of the battery, and growing a phosphorus
oxide layer on the surface of the phosphorus doping surface. The edge of the silicon wafer after being doped with
phosphorus can form a phosphorus-doped layer and a phosphorus-doped oxide layer by the surrounding and expanding
phenomenon, and a layer of phosphorus element can be attached to the surface of the boron oxide layer on the boron
doped surface by the surrounding and expanding phenomenon. The sheet resistance of the phosphorus doped layer is
about 120 Q/=and the thickness of the phosphorus oxide layer on the phosphorus doped surface is about 15nm.
[0041] 7. And removing the around-phosphorus-expansion oxide layer by using a hydrofluoric acid water bleaching method.
Hydrofluoric acid water bleaching conditions: the concentration of the hydrofluoric acid solution is 3 percent and the
process time is 80 seconds. After the hydrofluoric acid water rinse, the boron oxide layer remained approximately 110 a nm
a thick.
[0042] 8. And removing the around-phosphorus-doped layer by using an alkali polishing method, and performing edge
isolation on the silicon wafer. The alkali polishing is specifically performed by using an aqueous solution of potassium
hydroxide. Alkali polishing conditions: the concentration of the alkali solution is 20%, the concentration of the polishing
additive is 5%, the temperature of the solution is 45 °C, and the polishing time is 20s. After the alkali polishing, the boron
oxide layer and the phosphorus oxide layer thickness were reduced by about 10nm.
[0043] 9. And removing the boron oxide layer and the phosphorus oxide layer. And removing the boron oxide layer and the
phosphorus oxide layer by using a hydrofluoric acid cleaning method. Hydrofluoric acid cleaning conditions: the
concentration of hydrofluoric acid is 30%, and the cleaning time is 20min.
[0044] 10. And carrying out surface passivation on the silicon wafer. The boron doped surface passivation layer is a
laminated passivation layer composed of aluminum oxide and silicon nitride, wherein the thickness of the aluminum oxide
is about 15nm, the thickness of the silicon nitride is about 70nm, and the refractive index of the silicon nitride is 2.0. The
phosphorus doped surface uses a stacked passivation layer of silicon oxide and silicon nitride, wherein the silicon oxide is
about 2nm thick and the silicon nitride is about 80nm thick.
[0045] 11. The metal electrodes required by the battery are prepared by using a screen printing method, and the metal
electrodes of the boron doped surface and the phosphorus doped surface are all grid line metal electrodes distributed at
equal intervals. Thus, a p-type PERT cell shown in FIG. 3 was obtained.
[0046] Finally, it should be understood that the above description is only of the preferred embodiments of the present
invention and is not intended to limit the invention, but rather that various modifications and changes will be apparent to
those skilled in the art. Any modification, equivalent replacement, improvement, etc. made within the spirit and principle of
the present invention should be included in the protection scope of the present invention.
English description
(CN111640824)
TECHNICAL FIELD
[0001] The invention belongs to the technical field of crystalline silicon solar cell manufacturing, and particularly relates to a
preparation method of a double-sided crystalline silicon solar cell and the double-sided crystalline silicon solar cell prepared
by the method.
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BACKGROUND ART

[0002] Solar energy is an environment-friendly energy source, and solar cells convert solar energy into electric energy by
utilizing photovoltaic effect, so that the solar energy becomes the most promising energy source solution in the future. The
crystalline silicon solar cell has the advantages of wide sources of raw materials, low manufacturing cost and the like, and
becomes one of the main technical schemes of the solar cell. In the crystalline silicon solar cell, the double-sided cell is
doped on two sides of the cell in different types to form a built-in electric field on two sides of the cell, so that the crystalline
silicon solar cell has excellent carrier collection capability and can be subjected to double-sided light receiving to improve
the power generation capability. However, compared with a single-sided crystalline silicon solar cell, the double-sided
crystalline silicon solar cell has the advantages that different types of doping are required to be performed on two sides of
the cell, so that in order to avoid mutual interference of the two types of doping, an additional mask is often required to be
used on one side of the cell to block the doping on the other side, the process is relatively complicated, the preparation cost
is increased, and different types of doping exist at the edge of the double-sided crystalline silicon solar cell at the same
time, so that electric leakage at the edge of the cell is increased, and the performance of the cell is reduced.
DISCLOSURE

Disclosure of Invention

[0003] In view of the above, the present invention provides a method for preparing a double-sided crystalline silicon solar
cell, which comprises the steps of preparing a surface morphology required by a boron doped surface on a silicon wafer,
then performing boron doping, preparing a surface morphology required by a phosphorus doped surface by using an oxide
layer generated on the surface of a boron doped layer as a mask, and performing phosphorus doping; removing a
phosphorus oxide layer at the edge of the silicon wafer through hydrofluoric acid water rinsing; performing edge isolation on
the silicon wafer by edge polishing, and protecting the two doped layers of the silicon wafer from being damaged by using
the boron doped surface and the oxide layer of the phosphorus doped surface as masks; and finally, manufacturing
passivation layers and metal electrodes on the two sides of the silicon wafer. Further, the invention also discloses a double-
sided crystalline silicon solar cell manufactured by the method. The method has simple technical process and low
manufacturing cost, can be matched with different types of battery substrates and battery structures, has excellent edge
isolation effect, and can greatly reduce the edge leakage of the double-sided crystalline silicon solar battery.

[0004] Referring to fig. 1, the preparation method of the double-sided crystalline silicon solar cell disclosed by the invention
mainly comprises the following steps:

[0005] a silicon wafer is selected. Can be an n-type monocrystalline silicon wafer, a p-type monocrystalline silicon wafer, an
n-type polycrystalline silicon wafer or a p-type polycrystalline silicon wafer.

[0006] One surface of the silicon wafer is selected as a boron doped surface, and the surface morphology required by the
boron doped surface is prepared. Specifically, the surface morphology required by the boron doped surface can be
prepared by selecting a polishing or texturing method. The other surface is the phosphorus doped surface.

[0007] And (3) carrying out boron doping on the boron doped surface, manufacturing a boron doped layer of the battery,
and growing a boron oxide layer on the surface of the boron doped surface. The boron doping may be selected from the
group consisting of uniform doping throughout, localized doping, and selective doping. The boron doping can be realized by
combining one or more of the methods of tubular boron diffusion, boron slurry doping, boron ion implantation and the like.
The boron oxide layer is integral and the growth of the boron oxide layer is usually formed at the impurity redistribution
stage of the above method, or can be formed by oxidizing the silicon wafer again after boron doping. The back and edge of
the boron doped surface after the boron oxide layer is formed can form a around-expansion boron doped layer and a
around-expansion boron oxide layer due to the around-expansion phenomenon. The square resistance of the boron doped
layer is about 20-500 omega/=and the thickness of the boron oxide layer on the boron doped surface is about 30-300nm.
[0008] And removing the around-expansion boron oxide layer. The method of hydrofluoric acid water floating is particularly
selected to remove the around-expansion boron oxide layer on the back and the edge of the boron doped surface. The
technological conditions of the hydrofluoric acid water bleaching can be as follows: the concentration of the hydrofluoric
acid solution is 0.5-40%, and the process time is 10-1200s.

[0009] And taking the back surface of the boron doped surface as a phosphorus doped surface, preparing the surface
morphology required by the phosphorus doped surface, and simultaneously removing the surrounding and expanding
boron doped layer. Specifically, the surface morphology required by the phosphorus doped surface can be prepared by
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adopting the methods of alkali texturing, alkali polishing, acid etching and acid texturing. In the process, the boron doped
surface is provided with the boron oxide layer, so that the boron oxide layer has a masking effect in the process of
preparing the surface morphology required by the phosphorus doped surface, and the boron doped surface can be
protected from being damaged. After the surface morphology required for preparing the phosphorus doped surface is
finished, the thickness of the boron oxide layer is unchanged or thinned.

[0010] And (3) carrying out phosphorus doping on the phosphorus doped surface, manufacturing a phosphorus doped layer
of the battery, and growing a phosphorus oxide layer on the surface of the phosphorus doped surface. The phosphorus
doping can be selected from uniform doping, local doping and selective doping of the whole surface. The phosphorus
doping can be realized by combining one or more of the methods of tubular phosphorus diffusion, phosphorus slurry
doping, phosphorus ion implantation and the like. Similarly, the phosphorus oxide layer is integral and the growth of the
phosphorus oxide layer is usually formed at the impurity redistribution stage of the above method, or may be formed by
oxidizing the silicon wafer again after phosphorus doping. After the phosphorus oxide layer is formed, a phosphorus-doped
layer and a phosphorus-doped layer are formed on the edge of the silicon wafer due to the phenomenon of coiling and
expanding, and a layer of phosphorus element is attached to the surface of the boron oxide layer on the boron doped
surface due to the phenomenon of coiling and expanding. The square resistance of the phosphorus doped layer is about
20-500 omega/=, the thickness of the phosphorus oxide layer on the phosphorus doped surface is about 3-20nm, and the
thickness of the phosphorus oxide layer is more than 5nm thinner than the residual thickness of the boron oxide layer after
the surface morphology required by the preparation of the phosphorus doped surface is finished.

[0011] And removing the around-phosphorus-expansion oxide layer. Specifically, the method of hydrofluoric acid water
bleaching can be used for removing the around-expansion phosphorus oxide layer. In the process of the hydrofluoric acid
water floating, the boron doped surface is downward contacted with hydrofluoric acid, the edge of the silicon wafer is also
contacted with hydrofluoric acid under the action of the surface tension of a hydrofluoric acid solution, the surrounding
phosphorus oxide layer is removed, and the thickness of the phosphorus oxide layer on the surface of the phosphorus
doped surface is unchanged. The thickness of the boron oxide layer of the boron doped surface is larger than that of the
surrounding phosphorus oxide layer, so that the boron oxide layer cannot be completely removed. Hydrofluoric acid water
bleaching conditions: the concentration of the hydrofluoric acid solution is 0.5-10%, and the process time is 5-300s. After
the hydrofluoric acid water is rinsed, the thickness of the boron oxide layer is reduced by about 3-20nm, and the residual
thickness is more than 5nm. And after the around-phosphorus-expanding oxide layer is removed, the around-phosphorus-
expanding doped layer is exposed at the edge of the silicon wafer.

[0012] And removing the winding phosphorus-doped layer, and performing edge isolation on the silicon wafer. The around-
expansion phosphorus doped layer is removed by an alkali polishing method, and as the boron oxide layer is arranged on
the surface of the boron doped surface of the silicon wafer and the phosphorus oxide layer is arranged on the surface of
the phosphorus doped surface, the reaction rate of the boron oxide layer and the phosphorus oxide layer in alkali solution
is slower, and the boron doped layer and the phosphorus doped layer cannot be corroded by the alkali solution. The silicon
wafer edge is provided with a phosphorus-surrounding and phosphorus-expanding doped layer, the reaction rate of the
phosphorus-surrounding and phosphorus-expanding doped layer and the alkali solution is high, and the silicon wafer edge
is corroded by the alkali solution, so that edge isolation is realized. The alkali polishing is specifically aqueous solution of
potassium hydroxide or sodium hydroxide. Alkali polishing conditions: sodium hydroxide or potassium hydroxide solution is
selected, the concentration of the alkali solution is 0.5-20%, the concentration of the polishing additive is 0.02-5%, the
temperature of the solution is 45-85 °C, and the polishing time is 10-300s. The polishing additive refers to a chemical
containing substances such as fatty alcohol polyoxyethylene ether and the like, and has the function of reducing the
reaction rate of an oxide layer in an alkali solution. After the alkali polishing, the thickness of the boron oxide layer and the
phosphorus oxide layer is reduced, but the thickness still remains, and a layer of phosphorus element attached to the
surface of the boron oxide layer is removed.

[0013] And removing the boron oxide layer and the phosphorus oxide layer. And removing the boron oxide layer and the
phosphorus oxide layer by using a hydrofluoric acid cleaning method. Hydrofluoric acid cleaning conditions: the
concentration of hydrofluoric acid is 0.5-30%, and the cleaning time is 2-120min.

[0014] The surface passivation is carried out on the silicon wafer, and the surface of the silicon wafer can be passivated by
superposing one or more of aluminum oxide, silicon nitride, silicon oxide, silicon oxynitride, magnesium fluoride and zinc
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sulfide. The passivation layer is not limited in its fabrication method.

[0015] And preparing a metal electrode required by the battery. The metal electrode can be manufactured by electroplating,
vapor plating, screen printing and other methods.

[0016] The invention has the following beneficial effects:

[0017] the invention can enable the surface morphology and doping concentration of the boron doping surface and the
phosphorus doping surface to be controlled independently through simple process setting, can not influence each other,
and has a wider process window. The invention can effectively isolate the edge of the silicon wafer, reduce the problem of
electric leakage at the edge of the solar cell and improve the performance of the cell.

[0018] The invention has wide applicability and can be applied to different types of battery structures, such as a p-type
double-sided battery, a p-type back junction battery, an n-type double-sided battery, an n-type back junction battery and the
like.

DRAWINGS DESCRIPTION

[0019] FIG. 1 is a schematic flow chart of a preparation method of a double-sided crystalline silicon solar cell according to
the invention;

[0020] fig. 2 is an n-type positive junction double sided battery prepared as described in example 1, wherein: the device
comprises an 11-n type monocrystalline silicon piece, a 12-boron doped layer, a 13-phosphorus doped layer, a 14-boron
doped surface passivation layer, a 15-phosphorus doped surface passivation layer, a 16-boron doped surface metal
electrode and a 17-phosphorus doped surface metal electrode;

[0021] fig. 3 is an n-type positive junction double sided battery prepared as described in example 2, wherein: the device
comprises a 21-p type monocrystalline silicon wafer, a 22-phosphorus doped layer, a 23-boron doped layer, a 24-
phosphorus doped surface passivation layer, a 25-boron doped surface passivation layer, a 26-phosphorus doped surface
metal electrode and a 27-boron doped surface metal electrode.

INVENTION MODE

Detailed Description

[0022] The invention is further illustrated by the following examples and the accompanying drawings:

[0023] example 1 discloses a method for preparing an n-type positive junction double-sided battery (n-type PERT) shown in
fig. 2, which mainly comprises the following steps:

[0024] 1. an n-type monocrystalline silicon wafer with a (100) crystal orientation is selected, and the resistivity of the silicon
wafer is 1.5 omega cm.

[0025] 2. One surface of the silicon wafer is selected as a boron doped surface, and a random pyramid-shaped suede
structure is prepared on the boron doped surface by using an alkali suede method. The alkali texturing method commonly
used in the industry is used.

[0026] 3. And (3) carrying out uniform boron doping on the whole surface of the boron doped surface by using a tubular
boron diffusion method, manufacturing a boron doped layer of the battery, and growing a boron oxide layer on the surface
of the boron doped surface. The back and edge of the boron doped surface after boron doping can form a around-
expansion boron doped layer and a around-expansion boron oxide layer due to the around-expansion phenomenon. The
sheet resistance of the boron doped layer was about 100 Q/=and the thickness of the boron oxide layer on the boron doped
surface was about 80nm.

[0027] 4. And taking the back surface of the boron doped surface as a phosphorus doped surface, preparing the surface
morphology required by the phosphorus doped surface by using an acid etching method, simultaneously removing the
around-expansion boron oxide layer and the around-expansion boron doped layer, and reserving the boron oxide layer on
the boron doped surface. After the acid etching is completed, the thickness of the boron oxide layer is basically unchanged.
[0028] 5. And carrying out the whole-surface uniform phosphorus doping on the phosphorus doping surface by using a
tubular phosphorus diffusion method, manufacturing a phosphorus doping layer of the battery, and growing a phosphorus
oxide layer on the surface of the phosphorus doping surface. The edge of the silicon wafer after being doped with
phosphorus can form a phosphorus-doped layer and a phosphorus-doped oxide layer by the surrounding and expanding
phenomenon, and a layer of phosphorus element can be attached to the surface of the boron oxide layer on the boron
doped surface by the surrounding and expanding phenomenon. The sheet resistance of the phosphorus doped layer was
about 50Q/=and the thickness of the phosphorus oxide layer on the phosphorus doped surface was about 10nm.
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[0029] 6. And removing the around-phosphorus-expansion oxide layer by using a hydrofluoric acid water bleaching method.
Hydrofluoric acid water bleaching conditions: the concentration of the hydrofluoric acid solution is 3%, and the process time
is 60s. After the hydrofluoric acid water rinse, the boron oxide layer remained at about 65nm thick.

[0030] 7. And removing the around-phosphorus-doped layer by using an alkali polishing method, and performing edge
isolation on the silicon wafer. The alkali polishing is specifically performed by using an aqueous solution of potassium
hydroxide. Alkali polishing conditions: the concentration of the alkali solution is 5%, the concentration of the polishing
additive is 0.1%, the temperature of the solution is 60 °C, and the polishing time is 300s. After the alkali polishing, the boron
oxide layer and the phosphorus oxide layer thickness were reduced by about 5nm.

[0031] 8. And removing the boron oxide layer and the phosphorus oxide layer. And removing the boron oxide layer and the
phosphorus oxide layer by using a hydrofluoric acid cleaning method. Hydrofluoric acid cleaning conditions: the
concentration of hydrofluoric acid is 10%, and the cleaning time is 30min.

[0032] 9. And carrying out surface passivation on the silicon wafer. The boron doped surface passivation layer is a
laminated passivation layer composed of aluminum oxide and silicon nitride, wherein the thickness of the aluminum oxide
is about 5nm, the thickness of the silicon nitride is about 75nm, and the refractive index of the silicon nitride is 2.0. The
phosphorus doped surface uses a laminated passivation layer composed of silicon oxide and silicon nitride, wherein the
thickness of the silicon oxide is about 2nm, and the thickness of the silicon nitride is about 80nm

[0033] 10. The metal electrodes required by the battery are prepared by using a screen printing method, and the metal
electrodes of the boron doped surface and the phosphorus doped surface are all grid line metal electrodes distributed at
equal intervals. Thus, an n-type PERT cell shown in FIG. 2 was obtained.

[0034] Example 2 discloses a method for preparing a p-type positive junction double-sided battery (p-type PERT) shown in
fig. 3, and the main difference between example 1 and example 2 is that the surface morphology of the boron doped
surface and the surface morphology of the phosphorus doped surface are different and can be controlled independently,
and the method mainly comprises the following steps:

[0035] 1. and selecting a p-type monocrystalline silicon wafer with the crystal orientation of (100), wherein the resistivity of
the silicon wafer is 0.8 omega cm.

[0036] 2. One surface of the silicon wafer is selected as a boron doped surface, and the surface morphology required by
the boron doped surface is prepared by an alkali polishing method. The alkali polishing method commonly used in the
industry is used.

[0037] 3. And (3) carrying out uniform boron doping on the whole surface of the boron doped surface by using a tubular
boron diffusion method, manufacturing a boron doped layer of the battery, and growing a boron oxide layer on the surface
of the boron doped surface. The back and edge of the boron doped surface after boron doping can form a around-
expansion boron doped layer and a around-expansion boron oxide layer due to the around-expansion phenomenon. The
sheet resistance of the boron doped layer was about 30Q/=and the thickness of the boron oxide layer on the boron doped
surface was about 150nm.

[0038] 4. And removing the around-expansion boron oxide layer on the back and the edge of the boron doped surface by
using a hydrofluoric acid water floating method. Hydrofluoric acid water bleaching conditions: the concentration of the
hydrofluoric acid solution is 10 percent, and the process time is 360 seconds.

[0039] 5. And taking the back surface of the boron doped surface as a phosphorus doped surface, preparing a random
pyramid-shaped suede structure on the phosphorus doped surface by using an alkali texturing method, removing the
surrounding and expanding boron doped layer, and reserving the boron oxide layer on the boron doped surface. After alkali
texturing is completed, the thickness of the boron oxide layer is reduced by about 15nm.

[0040] 6. And carrying out the whole-surface uniform phosphorus doping on the phosphorus doping surface by using a
tubular phosphorus diffusion method, manufacturing a phosphorus doping layer of the battery, and growing a phosphorus
oxide layer on the surface of the phosphorus doping surface. The edge of the silicon wafer after being doped with
phosphorus can form a phosphorus-doped layer and a phosphorus-doped oxide layer by the surrounding and expanding
phenomenon, and a layer of phosphorus element can be attached to the surface of the boron oxide layer on the boron
doped surface by the surrounding and expanding phenomenon. The sheet resistance of the phosphorus doped layer is
about 120 Q/=and the thickness of the phosphorus oxide layer on the phosphorus doped surface is about 15nm.
[0041] 7. And removing the around-phosphorus-expansion oxide layer by using a hydrofluoric acid water bleaching method.
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Hydrofluoric acid water bleaching conditions: the concentration of the hydrofluoric acid solution is 3 percent and the
process time is 80 seconds. After the hydrofluoric acid water rinse, the boron oxide layer remained approximately 110 a nm
a thick.

[0042] 8. And removing the around-phosphorus-doped layer by using an alkali polishing method, and performing edge
isolation on the silicon wafer. The alkali polishing is specifically performed by using an aqueous solution of potassium
hydroxide. Alkali polishing conditions: the concentration of the alkali solution is 20%, the concentration of the polishing
additive is 5%, the temperature of the solution is 45 °C, and the polishing time is 20s. After the alkali polishing, the boron
oxide layer and the phosphorus oxide layer thickness were reduced by about 10nm.

[0043] 9. And removing the boron oxide layer and the phosphorus oxide layer. And removing the boron oxide layer and the
phosphorus oxide layer by using a hydrofluoric acid cleaning method. Hydrofluoric acid cleaning conditions: the
concentration of hydrofluoric acid is 30%, and the cleaning time is 20min.

[0044] 10. And carrying out surface passivation on the silicon wafer. The boron doped surface passivation layer is a
laminated passivation layer composed of aluminum oxide and silicon nitride, wherein the thickness of the aluminum oxide
is about 15nm, the thickness of the silicon nitride is about 70nm, and the refractive index of the silicon nitride is 2.0. The
phosphorus doped surface uses a stacked passivation layer of silicon oxide and silicon nitride, wherein the silicon oxide is
about 2nm thick and the silicon nitride is about 80nm thick.

[0045] 11. The metal electrodes required by the battery are prepared by using a screen printing method, and the metal
electrodes of the boron doped surface and the phosphorus doped surface are all grid line metal electrodes distributed at
equal intervals. Thus, a p-type PERT cell shown in FIG. 3 was obtained.

[0046] Finally, it should be understood that the above description is only of the preferred embodiments of the present
invention and is not intended to limit the invention, but rather that various modifications and changes will be apparent to
those skilled in the art. Any modification, equivalent replacement, improvement, etc. made within the spirit and principle of
the present invention should be included in the protection scope of the present invention.
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