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(54) PASTE FOR N-TYPE SOLAR CELL FRONT FINE GRIDS AND PREPARATION METHOD 
THEREFOR

(57) The present invention discloses a type of front
finger paste for N-type solar cells. In parts by weight, the
raw materials for preparing the paste include 1-5 parts
of high-activity glass powder, 1-5 parts of silicon powder,
75-79 parts of aluminum-silicon alloy powder and 15-20
parts of organic component. The front finger paste for
N-type solar cells and its preparation method provided
by the present invention use aluminum paste to replace

the aluminum-doped silver paste used in the existing
technologies, thus reducing the production cost of N-type
solar cells; and the high-activity glass powder contained
in the aluminum paste can eliminate the grooving process
before printing, thus simplifying the process steps, and
it does not damage the passivation layer and can improve
the electrical performance of the solar cell.
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Description

Technical Field

[0001] The invention relates to the field of polymer-
based conductive materials, in particular to a type of front
finger paste for N-type solar cells as well as its prepara-
tion methods.

Background Technology

[0002] With the improvement of people’s awareness
of environmental protection, the development and utili-
zation of clean energy are developing increasingly faster.
Solar energy is inexhaustible and extremely abundant,
making solar cells the focus of research and development
in the field of new energy. Currently, most solar cells
available in the market are P-type solar cells. However,
N-type solar cells have a high conversion rate, low light-
induced decay, good stability, high cost performance and
other advantages. They are gradually attracting attention
in the market. At the same time, N-type solar cells also
have the double-sided power generation capability and
are suitable for building integration and vertical installa-
tion. As a result, their application in the market is more
and more favored by consumers.
[0003] However, N-type solar cells have higher
processing difficulties and production costs despite high-
er efficiency, so their application is subject to certain re-
strictions. The most common N-type solar cell structure
is composed of a p+ doped layer on the front side, an N-
type silicon substrate, and an n+ doped layer on the back
side. The cell’s metallization generally adopts a double-
sided H-type metal grid line structure, where the p+ side
is printed with aluminum-doped silver paste and the n+

side is printed with silver paste. When the aluminum-
doped silver paste is used on the front side, the soldera-
bility of the front side can be improved, but the presence
of silver-aluminum speaks can increase the recombina-
tion possibility of the solar cell. If aluminum paste is used,
the grid line will be unsmooth because aluminum is more
active and has a lower melting point, resulting in the oc-
currence of aluminum beads or aluminum cladding in the
grid line. In addition, in the existing technologies, most
processes for printing fingers (fine grid lines) first make
grooving and then make printing, such as Chinese pat-
ents CN201510207047.X and CN105742378A. Even if
such a process is used, the process not only is compli-
cated, but also can cause some damage to the passiva-
tion layer. In the case of laser grooving, additional proc-
ess equipment is needed, which increases production
costs. If aluminum paste, instead of the aluminum-doped
silver paste, can be used to print fingers on the front side
of the N-type solar cell, the production cost of the N-type
solar cell can be greatly reduced. This will be beneficial
to the mass promotion of N-type solar cells in the market.

Content of the Invention

[0004] In order to solve the above-mentioned prob-
lems, the present invention first provides a type of front
finger paste for N-type solar cells. By weight, the raw
materials for the preparation of the paste include 1-5 parts
of high-activity glass powder, 1-5 parts of silicon powder,
75-79 parts of aluminum-silicon alloy powder, and 15-20
parts of organic component.
[0005] As a preferred technical scheme, by weight, the
raw materials for the preparation of the above-mentioned
high-activity glass powder include 5-20 parts of boric ac-
id, 45-70 parts of lead oxide, 0-10 parts of lithium car-
bonate, 2-15 parts of zinc oxide, 0-10 parts of antimony
trioxide, 5-30 parts of cesium carbonate, and 1-10 parts
of silica.
[0006] As a preferred technical scheme, the silicon
content in the above-mentioned aluminum-silicon alloy
powder is 12-20wt%.
[0007] As a preferred technical scheme, the median
particle size of the above-mentioned high-activity glass
powder is 50-100 nanometers, the median particle size
of silicon powder is 50-100 nanometers, and the median
particle size of aluminum-silicon alloy powder is 1-3 mi-
crons.
[0008] As a preferred technical scheme, by weight, the
raw materials for the preparation of the above-mentioned
organic component include 3-5 parts of organic resin, 1-3
parts of binder, 2-4 parts of thixotropic agent, 1-3 parts
of dispersant, and 5-8 parts of solvent.
[0009] As a preferred technical scheme, the above-
mentioned organic resin is selected from one of acrylic
resin, ethylene-vinyl acetate resin, alkyd resin, amino
resin and epoxy resin, or the mixture of several of them.
[0010] As a preferred technical scheme, the above-
mentioned binder is selected from one of ethyl cellulose,
methyl cellulose and butyl cellulose, or the mixture of
several of them.
[0011] As a preferred technical scheme, the above-
mentioned thixotropic agent is selected from one of
polyamide wax, hydrogenated castor oil, fumed silica and
organic bentonite, or the mixture of several of them.
[0012] As a preferred technical scheme, the above-
mentioned dispersant is selected from one of oleic acid,
stearic acid, polyethylene glycol, tallowyl propylene di-
amine oleate, dimethyl adipate and phosphate trimes-
ters, or the mixture of several of them.
[0013] Secondly, the present invention also provides
a method for preparing the above-mentioned front finger
paste for N-type solar cells. The method comprises the
following steps: mix the organic component uniformly to
obtain an organic mixture, then add the above-mentioned
high-activity glass powder and silicon powder into the
organic mixture and then disperse and mix them uniform-
ly, and then add aluminum-silicon alloy powder into the
resulting mixture and continue to disperse and mix them
uniformly; and finally grind the resulting mixture in a three-
roll machine to obtain the paste after the mixing is com-
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pleted.

Benefits:

[0014]

1. The front finger paste for N-type solar cells and
its preparation method provided by the present in-
vention use aluminum paste to replace the alumi-
num-doped silver paste used in the existing technol-
ogies, thus reducing the production cost of N-type
solar cells; and the high-activity glass powder con-
tained in the aluminum paste can eliminate the
grooving process before printing, thus simplifying the
process steps, and it does not damage the passiva-
tion layer and can improve the electrical performance
of the solar cell.

2. The present invention provides a type of front fin-
ger paste for N-type solar cells. The technical diffi-
culty in preparing the front finger paste for N-type
solar cells is: when the burn-through-type aluminum
paste burns through the front side of a N-type solar
cell, it is difficult to make the burn uniform while form-
ing a good contact. The present invention solves this
difficulty by the following solution: adding high-activ-
ity glass powder in the formula to facilitate burn-
through, and also adding 1-5 parts of silicon powder
in the formula. In the burn-through-type aluminum
paste, the silicon powder is adsorbed on the surface
of the aluminum paste to prevent the further reaction
between the aluminum paste and the silicon sub-
strate, thus making the burn more uniform. And by
adding silicon powder in the formula, the content of
silicon in the aluminum-silicon alloy powder increas-
es. This enhances the melting point of the aluminum-
silicon alloy powder, thereby reducing the corrosion
effect on the silicon substrate.

Embodiments

[0015] The content of the present invention can be fur-
ther understood in combination with the following detailed
description of preferred embodiment schemes as well as
a lot of embodiment cases. Unless otherwise stated, all
technical and scientific terms used herein have the same
meaning as commonly understood by ordinary techni-
cians in the technical field to which the present invention
belongs. If the definition of a specific term disclosed in
the existing technologies is inconsistent with its definition
provided in the present invention, the definition of the
term provided in the present invention shall prevail.
[0016] As used herein, unless the context clearly indi-
cates otherwise, features that do not limit singular and
plural forms are also intended to include plural features.
It should also be understood that, as used herein, the
term "be made of" is synonymous with "comprise", "in-
clude", "consist of", "have", "contain" and/or "be com-

posed of". When such a term is used in the description
of the present invention, it means the stated composition,
step, method, product or device, but does not exclude
the presence or addition of one or more other composi-
tions, steps, methods, products or devices. In addition,
in the description of the embodiment schemes of the
present invention, the use of "preferred", "preferably",
"more preferred" and other similar words refers to the
embodiment schemes of the present invention that can
provide certain beneficial effects under certain circum-
stances. However, under the same or other circumstanc-
es, other embodiment scheme may also be preferable.
In addition, the description of one or more preferred em-
bodiment schemes does not imply that other embodiment
schemes are unavailable, and is not intended to exclude
other embodiment schemes from the scope of the
present invention, either.
[0017] In order to solve the above-mentioned prob-
lems, the present invention first provides a type of front
finger paste for N-type solar cells. By weight, the raw
materials for the preparation of the paste include 1-5 parts
of high-activity glass powder, 1-5 parts of silicon powder,
75-79 parts of aluminum-silicon alloy powder, and 15-20
parts of organic component.
[0018] In some preferred embodiment schemes, the
raw materials for preparing the above-mentioned front
finger paste for N-type solar cells include 2-4 parts of
high-activity glass powder, 2-4 parts of silicon powder,
77∼79 parts of aluminum silicon alloy powder and 16-19
parts of organic component.
[0019] If the content of Al-Si alloy powder is less than
75 wt%, the viscosity of the prepared front finger paste
will be too large and the plasticity of the front finger paste
will be poor, resulting in wide grid lines and a large shad-
ing area during printing. This will lead to low photoelectric
conversion efficiency. If the content of the Al-Si alloy pow-
der is higher than 79wt%, the solid content of the pre-
pared front finger paste will increase, resulting in poor
printability.
[0020] In some preferred embodiment schemes, by
weight, the raw materials for the preparation of the above-
mentioned front finger paste for N-type solar cells include
3 parts of high-activity glass powder, 3 parts of silicon
powder, 78 parts of aluminum-silicon alloy powder and
18 parts of organic component.

High-activity glass powder

[0021] As an inorganic binder, the glass powder can
etch the oxide layer on the surface of the aluminum pow-
der during the high-temperature sintering process, and
drive the aluminum powder particles to arrange on and
adhere to the surface of the solar cell to form a dense
conductive layer.
[0022] In some preferred embodiment schemes, in
parts by weight, the raw materials for the preparation of
the above-mentioned high-activity glass powder include
5-20 parts of boric acid, 45-70 parts of lead oxide, 0-10
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parts of lithium carbonate, 2-15 parts of zinc oxide, 0-10
parts of antimony trioxide, 5-30 parts of cesium carbon-
ate, and 1-10 parts of silica.
[0023] In some preferred embodiment schemes, in
parts by weight, the raw materials for the preparation of
the above-mentioned high-activity glass powder include
12 parts of boric acid, 58 parts of lead oxide, 5 parts of
lithium carbonate, 8 parts of zinc oxide, 5 parts of anti-
mony trioxide, 18 parts of cesium carbonate, and 6 parts
of silica.
[0024] The preparation method of the high-activity
glass powder in the present invention is not particularly
limited and can be any one which is well known to tech-
nicians in the technical field. For example, the mixed in-
organic materials are completely melted into molten
glass in a high-temperature furnace, and then the molten
glass is poured into a rolling mill to make glass flakes,
which are put into a ball mill and crushed into glass pow-
der.
[0025] In some preferred embodiment schemes, the
median particle size of the above-mentioned high-activity
glass powder is 50-100 nanometers; further preferably,
the median particle size of the above-mentioned high-
activity glass powder is 80 nanometers.
[0026] The inventors of the present invention found
that, compared with ordinary glass powder, the high-ac-
tivity glass powder can react with the anti-reflection layer,
making it unnecessary to use the conventional process
of first grooving and then printing on the surface of the
anti-reflection layer, thus avoiding the damage caused
by the grooving on the polysilicon wafer and also greatly
simplifying the process and reducing the cost. The rea-
son for this is that, during the high-temperature sintering
process, the lead oxide in the high-activity glass powder
can react with silicon nitride and penetrate the passiva-
tion film, making the aluminum powder infiltrate into and
form good contact with the silicon wafer, thus reducing
the contact resistance between the finger and the silicon
wafer. In addition, the silicon dioxide generated by the
reaction can supplement the glass powder to further as-
sist the arrangement and adhesion of the aluminum pow-
der on the surface of the cell. There is the generated lead
in the aluminum electrode. If such lead is oxidized into
lead oxide, this can greatly increase the resistivity of the
aluminum electrode. Antimony trioxide can be used as a
catalyst in the lead oxidation process, thus reducing the
content of lead oxide and making it further oxidized into
lead dioxide. This ensures the lower contact resistance
of the aluminum electrode. In addition, the addition of
boron in the glass powder can dope silicon wafers. This
can increase the charge carrier density to a certain ex-
tent. Zinc oxide can promote electron transport, and lith-
ium and cesium are both the active metals of the first
main family and can improve the activity of the glass pow-
der and promote the reaction of the passivation layer.

silicon powder

[0027] silicon powder is silica with extremely small par-
ticle size, and its synergistic effect with glass powder can
appropriately lower the sintering temperature, reduce the
sintering time and improve the sintering efficiency during
the high-temperature sintering process. In the burn-
through-type aluminum paste, silicon powder is ad-
sorbed on the surface of the aluminum paste, preventing
further reaction between the aluminum paste and the sil-
icon substrate, and making the sintering more uniform.
And by adding silicon powder in the formula, the content
of silicon in the aluminum-silicon alloy powder increases.
This enhances the melting point of the aluminum-silicon
alloy powder, thereby reducing the corrosion effect on
the silicon substrate.
[0028] In some preferred embodiment schemes, the
median particle size of the above-mentioned silicon pow-
der is 50-100 nanometers; further preferably, the median
particle size of the above-mentioned silicon powder is 80
nanometers.

Aluminum-silicon alloy powder

[0029] The aluminum-silicon alloy powder provides
metal aluminum for the aluminum paste of the front finger
of the solar cell, giving the finger (fine grid line) the func-
tion of conducting electricity and collecting charges. The
existence of silicon can improve the compatibility of metal
aluminum with the surface of the solar cell and increase
its adhesion on the surface.
[0030] In some preferred embodiment schemes, the
silicon content in the above-mentioned aluminum-silicon
alloy powder is 12-20 wt%; further preferably, the silicon
content in the above-mentioned aluminum-silicon alloy
powder is 15 wt%.
[0031] In some preferred embodiment schemes, the
median particle size of the above-mentioned aluminum-
silicon alloy powder is 1 to 3 microns; further preferably,
the median particle size of the above-mentioned alumi-
num-silicon alloy powder is 2 microns.
[0032] When the particle size of the Al-Si alloy powder
is less than 1mm, safety problems are likely to occur dur-
ing the production process and the explosion probability
increases. When the particle size of the Al-Si alloy pow-
der is greater than 3mm, the contact gap between the Al-
Si alloy powder and the silicon substrate is large and the
contact is uneven, resulting in large contact resistivity
and increased local recombination.
[0033] In some preferred embodiment schemes, the
weight ratio of the above-mentioned high-activity glass
powder, silicon powder and aluminum-silicon alloy pow-
der is 1: (0.5-1.5) : (25-27); further preferably, the weight
ratio of the above-mentioned high-activity glass powder,
silicon powder and aluminum-silicon alloy powder is
1:1:26.
[0034] The inventors of the present invention found
that when high-activity glass powder, silicon powder and
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aluminum-silicon alloy powder are added into the formula
in a certain ratio, a good electrode contact can be
achieved, that is, the contact resistance is low and the
requirements on the preparation process are reduced,
and more energy and cost can thus be saved, due to the
fact that within the preferred range, the reaction between
the high-activity glass powder and the passivation layer
can be controlled. On the one hand, such a ratio can help
form a good contact between the aluminum powder and
the silicon wafer; and on the other hand, it can make the
silicon wafer locally doped. In addition, it does not cause
any damage to the passivation layer and the silicon wafer,
ensuring the stable electrical performance of the solar
cell. The silicon powder supplements the silicon dioxide
in the glass powder and improves the efficiency in the
sintering step. With the assistance of high-activity glass
powder and silicon powder, the aluminum-silicon alloy
powder penetrates into the passivation layer to contact
the silicon wafer; and the presence of silicon in the alloy
reduces the contact among aluminum powder during the
sintering process, that is, it reduces the appearance of
aluminum beads. The inventors of the present invention
found through a large number of experiments that when
the weight ratio of high-activity glass powder, silicon pow-
der and aluminum-silicon alloy powder is 1: (0.5-1.5) :
(25-27), it not only can guarantee the electrical perform-
ance of the solar cell, but also can improve the prepara-
tion process and reduce energy consumption and cost.
An excessive amount of silicon powder can lead to a
reduction in the corrosion effect of the aluminum paste
on the passivation layer, a decrease in the contact be-
tween aluminum powder and silicon wafer, and an in-
crease in the contact resistance. This can reduce the
electric conversion efficiency of the cell. Conversely, a
too little amount of silicon powder can lead to a rise in
the temperature required for sintering, an increase in en-
ergy consumption and a decrease in the adhesion of the
printed finger to the cell’s surface. When the amount of
Al-Si alloy powder is excessive, the aluminum powder in
the aluminum paste will be more likely to form beads,
that is, small aluminum powder particles will shrink se-
verely due to high-temperature sintering, thereby forming
aluminum beads, resulting in a decrease in conductivity.
On the contrary, when the amount of Al-Si alloy powder
is too small, the content of aluminum powder will de-
crease and the conductivity will also reduce.

Organic component

[0035] As the carrier of the paste, the organic compo-
nent enables the aluminum powder and other solid sub-
stances to be evenly dispersed in them and to be stored
stably, so as to produce high-performance fingers during
the printing process.
[0036] In some preferred embodiment schemes, in
parts by weight, the raw materials for the preparation of
the above-mentioned organic component include 3-5
parts of organic resin, 1-3 parts of binder, 2-4 parts of

thixotropic agent, 1-3 parts of dispersant and 5-8 parts
of solvent; further preferably, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0037] In some preferred embodiment schemes, the
above-mentioned organic resin is selected from one of
acrylic resin, ethylene-vinyl acetate resin, alkyd resin,
amino resin and epoxy resin, or the mixture of several of
them; further preferably, the above-mentioned organic
resin is acrylic resin.
[0038] In some preferred embodiment schemes, the
above-mentioned acrylic resin is an acrylic resin solution
with a mass concentration of 25-35%, and the solvent is
terpineol; further preferably, the above-mentioned acrylic
resin is an acrylic resin solution with a mass concentration
of 30%, and the solvent is terpineol.
[0039] In some preferred embodiment schemes, the
above-mentioned binder is selected from one of ethyl
cellulose, methyl cellulose and butyl cellulose, or the mix-
ture of several of them; further preferably, the above-
mentioned binder is ethyl cellulose.
[0040] In some preferred embodiment schemes, the
above-mentioned ethyl cellulose is the mixture of STD-
type ethyl cellulose solution and N-type ethyl cellulose
solution, and the solvent is terpineol.
[0041] In some preferred embodiment schemes, the
weight ratio of the above-mentioned STD-type ethyl cel-
lulose solution and the N-type ethyl cellulose solution is
1:1.
[0042] In some preferred embodiment schemes, the
mass concentration of the above-mentioned STD-type
ethyl cellulose solution is 15-25%, and the mass concen-
tration of the above-mentioned N-type ethyl cellulose so-
lution is 25-35%; further preferably, the mass concentra-
tion of the above-mentioned STD-type ethyl cellulose so-
lution is 20%, and the mass concentration of the above-
mentioned N-type ethyl cellulose solution is 30%.
[0043] In some preferred embodiment schemes, the
relative molecular weight of the above-mentioned STD-
type ethyl cellulose is 2000-5000; further preferably, the
relative molecular weight of the above-mentioned STD-
type ethyl cellulose is 3000.
[0044] In some preferred embodiment schemes, the
relative molecular weight of the above-mentioned N-type
ethyl cellulose is 500-2000; further preferably, the relative
molecular weight of the above-mentioned N-type ethyl
cellulose is 1000.
[0045] The STD-type ethyl cellulose used in the
present invention was produced by DOW, and its brand
name is STD10; the N-type ethyl cellulose was produced
by Ashland and its brand name is N4.
[0046] In some preferred embodiment schemes, the
above-mentioned thixotropic agent is selected from one
of polyamide wax, hydrogenated castor oil, fumed silica
and organic bentonite, or the mixture of several of them;
further preferably, the above-mentioned thixotropic
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agent is polyamide wax.
[0047] In some preferred embodiment schemes, the
above-mentioned polyamide wax is a polyamide wax so-
lution with a mass concentration of 10-20%, and the sol-
vent is terpineol; further preferably, the above-mentioned
polyamide wax is a polyamide wax solution with a mass
concentration of 15%, and the solvent is terpineol.
[0048] In some preferred embodiment schemes, the
above-mentioned dispersant is selected from one of oleic
acid, stearic acid, polyethylene glycol, tallowyl propylene
diamine oleate, dimethyl adipate and phosphotriester, or
the mixture of several of them; further preferably, the
above-mentioned dispersant is the mixture of oleic acid
and tallowyl propylene diamine oleate.
[0049] In some preferred embodiment schemes, the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0050] In some preferred embodiment schemes, the
above-mentioned solvent is selected from one of butyl
carbitol, terpineol, ethylene glycol ethyl ether acetate, di-
ethylene glycol methyl ethyl ether and ethylene glycol
dimethyl ether, or the mixture of several of them; further
preferably, the above-mentioned solvent is butyl carbitol.
[0051] The inventors of the present invention found
that all ingredients in the organic component are polar
substances, which have certain compatibility with inor-
ganic substances, and the presence of dispersants can
further improve the uniform dispersion of inorganic pow-
der in the organic carrier, so that the paste can keep its
properties stable and have no lamination during the stor-
age period and can produce high-performance fingers in
subsequent printing steps. After high-temperature sinter-
ing, the organic phase in the aluminum paste volatilizes
or decomposes, leaving fingers closely attached to the
surface of the solar cell. Inside the fingers, aluminum
powder is densely arranged.
[0052] On the second aspect, the present invention al-
so provides a method for preparing the above-mentioned
front finger paste for N-type solar cells, which includes
the following steps: mix the organic component uniformly
to obtain an organic mixture, then add the above-men-
tioned high-activity glass powder and silicon powder into
the organic mixture and then disperse and mix them uni-
formly, and then add aluminum-silicon alloy powder into
the resulting mixture and continue to disperse and mix
them uniformly; and finally grind the resulting mixture in
a three-roll machine to obtain the paste after the mixing
is completed.
[0053] In some preferred embodiment schemes, the
preparation method of the above-mentioned front finger
paste for N-type solar cells includes the following steps:
mix the organic component uniformly to obtain an organic
mixture, then disperse the organic mixture at a rotation
speed of 400-600rpm for 5∼15s and at 900∼1100rmp for
100∼120s, then add high-activity glass powder and sili-
con powder into the mixture and disperse them at
400∼600rpm for 5∼15s and at 900∼1100rpm for
100∼120s, then add aluminum silicon alloy powder into

the mixture and disperse them at 400∼600rpm for 5-15s
and at 900∼1100rpm for 100-120s, and finally grind the
resulting mixture for 2-5 times in a three-roll machine
after the dispersion is completed.
[0054] In some preferred embodiment schemes, the
preparation method of the above-mentioned front finger
paste for N-type solar cells includes the following steps:
mix the organic component uniformly to obtain an organic
mixture, and then disperse the organic mixture at 500
rpm for 10s and at 1000 rpm for 110s, then add high-
activity glass powder and silicon powder into the mixture
and disperse them at 500rpm for 10s and at 1000rmp for
110s, then add Al-Si alloy powder into the mixture and
disperse them at 500rmp for 10s and at 1000rmp for
110s, and finally grind the resulting mixture for 4 times
in a three-roll machine after the dispersion is completed.

Embodiment cases

[0055] The following embodiment cases illustrate the
technical scheme of the present invention in detail, but
the protection scope of the present invention is not limited
to the embodiment cases. Unless otherwise specified,
the raw materials used in the present invention are all
commercially available.

Embodiment 1:

[0056] Embodiment case 1 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 3
parts of high-activity glass powder, 3 parts of silicon pow-
der, 78 parts of aluminum-silicon alloy powder and 18
parts of organic component.
[0057] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0058] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 15wt%.
[0059] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0060] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0061] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0062] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
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STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0063] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0064] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0065] The above-mentioned solvent is butyl carbitol.
[0066] This embodiment case also provides the prep-
aration method of the aforementioned front finger paste
for N-type solar cells, which includes the following steps:
mix the organic component uniformly to obtain an organic
mixture, then disperse the organic mixture at 500 rpm for
10 seconds and at 1000 rpm for 110 seconds, then add
high-activity glass powder and silicon powder into the
mixture and disperse them at 500rpm for 10s and at
1000rpm for 110s, and then add aluminum-silicon alloy
powder into the mixture and disperse them at 500rpm for
10s and at 1000rpm for 110s, and finally grind the result-
ing mixture for 4 times in a three-roll machine after the
dispersion is finished.
[0067] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0068] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0069] This embodiment case also provides a method
for preparing the aforementioned front finger for N-type
solar cells. The method includes the following steps: use
the above-mentioned front finger paste for N-type solar
cells to print fingers on the front of the solar cell, and dry
the fingers at 255°C for 3 minutes after printing is com-
pleted, and then sinter them at 650°C, the peak sintering
temperature, for 10 seconds.
[0070] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 2:

[0071] Embodiment case 2 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 3

parts of high-activity glass powder, 3 parts of silicon pow-
der, 78 parts of aluminum-silicon alloy powder and 18
parts of organic component.
[0072] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 5 parts of boric acid, 45 parts of lead
oxide, 2 parts of zinc oxide, 5 parts of cesium carbonate,
and 1 part of silicon dioxide.
[0073] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 15wt%.
[0074] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0075] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0076] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0077] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0078] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0079] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0080] The above-mentioned solvent is butyl carbitol.
[0081] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.
[0082] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0083] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0084] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
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solar cells, which is similar to Embodiment case 1.
[0085] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 3:

[0086] Embodiment case 3 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 3
parts of high-activity glass powder, 3 parts of silicon pow-
der, 78 parts of aluminum-silicon alloy powder and 18
parts of organic component.
[0087] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 20 parts of boric acid, 70 parts of lead
oxide, 10 parts of lithium carbonate, 15 parts of zinc ox-
ide, 10 parts of antimony trioxide, 30 parts of cesium car-
bonate and 10 parts of silica.
[0088] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 15wt%.
[0089] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0090] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0091] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0092] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0093] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0094] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0095] The above-mentioned solvent is butyl carbitol.
[0096] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar

cells, which is similar to Embodiment case 1.
[0097] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0098] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0099] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0100] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 4:

[0101] Embodiment case 4 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 1
parts of high-activity glass powder, 1 parts of silicon pow-
der, 70 parts of aluminum-silicon alloy powder and 15
parts of organic component.
[0102] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0103] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 15wt%.
[0104] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0105] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0106] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0107] The above-mentioned binder is ethyl cellulose.
The above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution at a mass ratio of 1:1, and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, and the relative
molecular weight of the above-mentioned N-type ethyl
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cellulose is 1000.
[0108] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0109] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0110] The above-mentioned solvent is butyl carbitol.
[0111] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.
[0112] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0113] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0114] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0115] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 5:

[0116] Embodiment case 5 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 5
parts of high-activity glass powder, 5 parts of silicon pow-
der, 85 parts of aluminum-silicon alloy powder and 20
parts of organic component.
[0117] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0118] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 15wt%.
[0119] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0120] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0121] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-

in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0122] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0123] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0124] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0125] The above-mentioned solvent is butyl carbitol.
[0126] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.
[0127] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0128] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0129] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0130] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 6:

[0131] Embodiment case 6 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 3
parts of high-activity glass powder, 3 parts of silicon pow-
der, 78 parts of aluminum-silicon alloy powder and 18
parts of organic component.
[0132] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0133] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 15wt%.

15 16 



EP 3 813 080 A1

10

5

10

15

20

25

30

35

40

45

50

55

[0134] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0135] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 3 parts of organic resin, 1 parts of binder, 2 parts
of thixotropic agent, 1 parts of dispersant and 5 parts of
solvent.
[0136] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0137] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0138] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0139] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0140] The above-mentioned solvent is butyl carbitol.
[0141] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.
[0142] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0143] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0144] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0145] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 7:

[0146] Embodiment case 7 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the

raw materials for the preparation of the paste include 3
parts of high-activity glass powder, 3 parts of silicon pow-
der, 78 parts of aluminum-silicon alloy powder and 18
parts of organic component.
[0147] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0148] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 15wt%.
[0149] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0150] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 5 parts of organic resin, 3 parts of binder, 4 parts
of thixotropic agent, 3 parts of dispersant and 8 parts of
solvent.
[0151] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0152] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0153] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0154] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0155] The above-mentioned solvent is butyl carbitol.
[0156] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.
[0157] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0158] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
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[0159] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0160] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 8:

[0161] Embodiment case 8 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for preparing the paste include 3 parts of
high-activity glass powder, 3 parts of silicon powder, 78
parts of aluminum and 18 parts of organic component.
[0162] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0163] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum powder is 2
microns.
[0164] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0165] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0166] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0167] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0168] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0169] The above-mentioned solvent is butyl carbitol.
[0170] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.

[0171] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0172] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0173] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0174] Observe the printed finger with naked eyes to
see if any aluminum beads appear in the outer appear-
ance of the finger. Test their contact resistivity. The result
exceeds 1.0 mΩ•cm2.

Embodiment 9:

[0175] Embodiment case 9 provides a type of front fin-
ger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 3
parts of high-activity glass powder, 3 parts of silicon pow-
der, 78 parts of aluminum-silicon alloy powder and 18
parts of organic component.
[0176] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0177] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 12wt%.
[0178] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0179] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0180] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the
solvent is terpineol.
[0181] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
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[0182] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0183] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0184] The above-mentioned solvent is butyl carbitol.
[0185] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.
[0186] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0187] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0188] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0189] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.

Embodiment 10:

[0190] Embodiment case 10 provides a type of front
finger paste for N-type solar cells. In parts by weight, the
raw materials for the preparation of the paste include 3
parts of high-activity glass powder, 3 parts of silicon pow-
der, 78 parts of aluminum-silicon alloy powder and 18
parts of organic component.
[0191] In parts by weight, the raw materials for the
preparation of the above-mentioned high-activity glass
powder include 12 parts of boric acid, 58 parts of lead
oxide, 5 parts of lithium carbonate, 8 parts of zinc oxide,
5 parts of antimony trioxide, 18 parts of cesium carbonate
and 6 parts of silica.
[0192] The silicon content in the above-mentioned alu-
minum-silicon alloy powder is 20wt%.
[0193] The median particle size of the above-men-
tioned high-activity glass powder is 80 nanometers, the
median particle size of silicon powder is 80 nanometers,
and the median particle size of aluminum-silicon alloy
powder is 2 microns.
[0194] In parts by weight, the raw materials for the
preparation of the above-mentioned organic component
include 4 parts of organic resin, 2 parts of binder, 3 parts
of thixotropic agent, 2 parts of dispersant and 6 parts of
solvent.
[0195] The above-mentioned organic resin is acrylic
resin; the above-mentioned acrylic resin is an acrylic res-
in solution with a mass concentration of 30%, and the

solvent is terpineol.
[0196] The above-mentioned binder is ethyl cellulose;
the above-mentioned ethyl cellulose is the mixture of
STD-type ethyl cellulose solution and N-type ethyl cellu-
lose solution, with a mass ratio of 1:1; and the solvent is
terpineol; the mass concentration of the above-men-
tioned STD-type ethyl cellulose solution is 20%, and the
mass concentration of the N-type ethyl cellulose solution
is 30%; the relative molecular weight of the above-men-
tioned STD-type ethyl cellulose is 3000, the relative mo-
lecular weight of the above-mentioned N-type ethyl cel-
lulose is 1000.
[0197] The above-mentioned thixotropic agent is
polyamide wax; the above-mentioned polyamide wax is
a polyamide wax solution with a mass concentration of
15%, and the solvent is terpineol.
[0198] The above-mentioned dispersant is the mixture
of oleic acid and tallowyl propylene diamine oleate; the
weight ratio of the above-mentioned oleic acid and tal-
lowyl propylene diamine oleate is 1:3.
[0199] The above-mentioned solvent is butyl carbitol.
[0200] This embodiment case also provides the prep-
aration method of the front finger paste for N-type solar
cells, which is similar to Embodiment case 1.
[0201] Let the prepared paste stand still at 8062°C for
24 hours, then take it out and restore its temperature to
room temperature, and then let it stand still at -2062 °C
for 24 hours, then take it out and restore its temperature
to room temperature and observe the properties of the
paste and see if there is any lamination to appear.
[0202] This embodiment case also provides a type of
front finger for N-type solar cells. The finger is printed
with the aforementioned front finger paste.
[0203] This embodiment case also provides a method
for preparing the aforementioned front finger of N-type
solar cells, which is similar to Embodiment case 1.
[0204] Observe the printed fingers with naked eyes to
see if their appearance is smooth and flat and if any alu-
minum beads appear. Test their contact resistivity. The
result does not exceed 1.0 mΩ•cm2.
[0205] Finally, it is pointed out that the above-men-
tioned embodiment cases are only the preferred embod-
iment cases of the present invention and are not intended
to limit the present invention. Any modification, equiva-
lent replacement and improvement made within the spirit
and principle of the present invention should all be in-
cluded in the protection scope of the present invention.

Claims

1. A type of front finger paste for N-type solar cells,
which is characterized by that, in parts by weight,
the raw materials for preparing it include 1-5 parts
of high-activity glass powder, 1-5 parts of silicon
powder, 75-79 parts of aluminum-silicon alloy pow-
der and 15-20 parts of organic component.
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2. The front finger paste for N-type solar cells described
in Claim 1, which is characterized by that, in parts
by weight, the raw materials for preparing the above-
mentioned high-activity glass powder include 5-20
parts of boric acid, 45-70 parts of lead oxide, 0-10
parts of lithium carbonate, 2-15 parts of zinc oxide,
0-10 parts of antimony trioxide, 5-30 parts of cesium
carbonate, and 1-10 parts of silicon dioxide.

3. The front finger paste for N-type solar cells described
in Claim 1, which is characterized by that, the silicon
content in the above-mentioned aluminum-silicon al-
loy powder is 12-20 wt%.

4. The front finger paste for N-type solar cells described
in any one of claims 1-3, which is characterized by
that, the median particle size of the above-mentioned
high activity glass powder is 50-100 nanometers,
and the median particle size of silicon powder is
50-100 nanometers, and the median particle size of
the aluminum-silicon alloy powder is 1-3 microns.

5. The front finger paste for N-type solar cells described
in Claim 1, which is characterized by that, in parts
by weight, the raw materials for preparing the above-
mentioned organic component include 3-5 parts of
organic resin, 1-3 parts of binder, and 2-4 parts of
thixotropic agent, 1-3 parts of dispersant, and 5-8
parts of solvent.

6. The front finger paste for N-type solar cells described
in Claim 5, which is characterized by that, the
above-mentioned organic resin is selected from one
of acrylic resin, ethylene-vinyl acetate resin, alkyd
resin, amino resin and epoxy resin, or the mixture of
several of them.

7. The front finger paste for N-type solar cells described
in Claim 5, which is characterized by that, the
above-mentioned binder is selected from one of ethyl
cellulose, methyl cellulose and butyl cellulose, or the
mixture of several of them.

8. The front finger paste for N-type solar cells described
in Claim 5, which is characterized by that, the
above-mentioned thixotropic agent is selected from
one of polyamide wax, hydrogenated castor oil,
fumed silica and organic bentonite, or the mixture of
several of them.

9. The front finger paste for N-type solar cells described
in Claim 5, which is characterized by that, the
above-mentioned dispersant is selected from one of
oleic acid, stearic acid, polyethylene glycol, tallowyl
propylene diamine oleate, and phosphate triester, or
the mixture of several of them.

10. A method for preparing the front finger paste for N-

type solar cells described in any one of Claims 1-9,
which is characterized by that, it comprises the fol-
lowing steps: mix the organic component uniformly
to obtain an organic mixture, then add the above-
mentioned high-activity glass powder and silicon
powder into the organic mixture and then disperse
and mix them uniformly, and then add aluminum-
silicon alloy powder into the resulting mixture and
continue to disperse and mix them uniformly; and
finally grind the resulting mixture in a three-roll ma-
chine to obtain the paste after the mixing is complet-
ed.
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