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AN ADDITIVE FOR CRYSTALLINE SILICON ALKALINE POLISHING LIQUID AND USE
THEREOF
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The present invention relates to an additive for crystalline silicon alkaline polishing liquid and use
thereof, the additive comprising: 0.5 ~2% PEG, 0.5~2% Alkyl polygylcosides, 0.5~2% Ammonium stearate,
1~3% Ethylenediamine, 1~5% Ammonium sulfate, 2~8% Urea and a remaining amount of water. Using an
alkaline solution which is included said additive for pre-polishing surface of silicon chip before texturing
process to achieve excellent polishing effect, polishing could be performed in low alkali concentration, and
increasing uniformity in texturing, significantly increasing open circuit voltage and efficiency of battery.

The present invention also applies to polishing one surface of silicon chip after diffusion.
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An additive for crystalline silicon alkaline polishing liquid and use

thereof
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The present invention relates to an additive for crystalline silicon
alkaline polishing liquid and use thereof, the additive comprising: 0.5
~2% PEG, 0.5~2% Alkyl polygylcosides, 0.5~ 2% Ammonium
stearate, 1 ~3% Ethylenediamine, 1 ~5% Ammonium sulfate, 2~ 8% |
Urea and a remaining amount of water. Using an alkaline solution

which is included said additive for pre-polishing surface of silicon
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chip before texturing process to achieve excellent polishing effect,
polishing could be performed in low alkali concentration, and
increasing uniformity in texturing, significantly increasing open
circuit voltage and efficiency of battery. The present invention also

applies to polishing one surface of silicon chip after diffusion.
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An Additive for Crystalline Silicon Alkaline Polishing Liquid and Use Thereof
(57) Abstract

The present invention relates to an additive for crystalline silicon alkaline polishing liquid and use thereof, the additive
comprising: 0.5~2% PEG, 0.5~2% Alkyl polygylcosides, 0.5~2%Ammonium stearate, 1~3% Ethylenediamine, 1~5%
Ammonium sulfate, 2~8% Urea and a remaining amount of water. Using an alkaline solution which is included said additive for
pre-polishing surface of silicon chip before texturing process to achieve excellent polishing effect, polishing could be performed
in low alkali concentration,and increasing uniformity in texturing, significantly increasing open circuit voltage and efficiency of
battery. The present invention also applies to polishing one surface of silicon chip after diffusion.
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[Title of Invention] (Chinese/English)

An additive for crystalline silicon alkaline polishing liquid and use thereof

[English]

The present invention relates to an additive for crystalline silicon alkaline polishing liquid and use thereof, the additive
comprising: 0.5~2% PEG, 0.5~2% Alkyl polygylcosides, 0.5~2% Ammonium stearate, 1~3% Ethylenediamine, 1~5%
Ammonium sulfate, 2~8% Urea and a remaining amount of water. Using an alkaline solution which is included said additive

for pre-polishing surface of silicon

SEG Solar, EX1011, Page 23



1589655

chip before texturing process to achieve excellent polishing effect, polishing could be performed in low alkali concentration, and
increasing uniformity in texturing, significantly increasing open circuit voltage and efficiency of battery. The present invention
also applies to polishing one surface of silicon chip after diffusion.
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[Representative Drawing]
[Designated Representative Drawing]: Figure 4

[Brief Description of Symbols in the Representative Drawing]:

[If the present application involves a chemical formula, please disclose the chemical formula that best illustrates the
characteristics of the invention]:

none
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Invention Patent Description
(Please do not alter the format or order of this instruction manual.)
[Invention Title] (Chinese/English)
An additive for crystalline silicon alkaline polishing liquid and use thereof
[Technical Field]
This invention relates to an additive for crystalline silicon alkaline polishing liquid and use thereof.
[Prior Art]

The texturing process on silicon wafers is crucial for solar cells. It significantly reduces silicon's reflectivity and increases light
absorption by extending the optical path length within the silicon. Currently, many methods assist in texturing, including various
texturing additives , ensuring 100% texturing yield and making the texturing process a controllable production step. With
advancements in texturing technology, achieving uniform texture is one way to improve cell efficiency. Better texture uniformity
leads to higher cell open voltage and thus higher efficiency. However, current texturing methods often result in poor uniformity,
such as uneven pyramid sizes and the regrowth of smaller pyramids on the pyramid shoulders. Silicon wafers that undergo a pre-
polishing and subsequent texturing process can achieve a uniform pyramid structure , thereby improving cell open voltage and
efficiency. Many companies have explored polishing with a high-concentration alkaline solution followed by texturing in a low-
concentration alkaline solution, resulting in a significant improvement in cell efficiency. However, this pretreatment often causes
problems with appearance. This is because when polishing in a high-temperature, high-alkali solution, sodium silicate is very
easy to remain on the surface. Furthermore, sodium silicate will solidify before entering the texturing tank, which seriously
interferes with the subsequent texturing process of the silicon wafer.
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As a result, the area covered by sodium silicate does not have a pyramidal texture and appears as shiny white spots on the
surface of the silicon wafer, which seriously affects the appearance of the battery and the yield.

Achieving low-temperature, low-alkali-concentration silicon wafer polishing while avoiding corresponding appearance
problems presents both an opportunity and a challenge for polishing additives.

On the other hand, the currently popular PERC cell (Passivated emitter rear contact solar cell) process requires a relatively flat
back surface for aluminum oxide passivation. An optimized approach is to use alkaline solution polishing for the back surface,
which results in a lower surface state density and better passivation. However, typical alkaline solution polishing often results
in a less smooth back surface with too many steps, leading to a reduced passivation effect. Therefore, improving the alkaline
polishing effect to achieve satisfactory passivation results is of great significance for PERC cells.

[Summary of the Invention]

The purpose of this invention is to provide an additive for alkaline polishing fluid of crystalline silicon and its application. When
adding this additive to an alkaline solution during the polishing pretreatment before texturing silicon wafers, excellent polishing
results can be achieved. Silicon wafer polishing can be performed at low alkaline concentrations, improving the uniformity of
the textured surface, thereby significantly improving the open-circuit voltage and battery efficiency. Furthermore, this additive
is also suitable for single-sided polishing of silicon wafers after diffusion, enabling the acquisition of a relatively flat and uniform
back-polished surface, particularly suitable for PERC. Battery technology can help improve the passivation effect of PERC
batteries.

To achieve the above objectives, the present invention provides an additive for a crystalline silicon alkaline polishing solution,
comprising 0.5-2% polyethylene glycol, 0.5-2% alkyl glycoside, 0.5-2% ammonium stearate, 1-3% ethylenediamine, 1-5%
ammonium sulfate, 2-8% urea, and the balance being water.

Preferably, the additives in the crystalline silicon alkaline polishing solution consist of 1-1.5% polyethylene glycol, 1-1.5%
alkyl glycoside, 0.5-1% ammonium stearate, 1-2% ethylenediamine, 2-4% ammonium sulfate, 3-6% urea, and the balance
being water.
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Preferably, the water is deionized water.

The present invention also provides an alkaline polishing solution for crystalline silicon, which is prepared by the following
steps:

1) Dissolve potassium hydroxide, potassium hydroxide, or tetramethylammonium hydroxide in deionized water to obtain an
alkaline solution; the mass percentage of the hydroxide and potassium hydroxide is 1-5%; the mass percentage of the
tetramethylammonium hydroxide is 2-6%.

2) Add the above-mentioned additive to the alkaline solution in step 1) above to obtain crystalline silicon alkaline polishing
solution; wherein the mass ratio of additive to alkaline solution is 1~6:100.

In a preferred embodiment, the sodium hydroxide and potassium hydroxide have a mass percentage content of 2-3%; and the
tetramethylammonium hydroxide has a mass percentage content of 3-5%.

In another preferred embodiment, the sodium hydroxide and potassium hydroxide have a mass percentage content of 1-1.5%;
and the tetramethylammonium hydroxide has a mass percentage content of 2-2.5%.

Preferably, the mass ratio of the additive to the alkaline solution is 2-4:100.

The present invention also provides a method for polishing crystalline silicon, wherein a single-crystal or polycrystalline silicon
wafer is immersed in the above-mentioned polishing liquid for polishing, the temperature is controlled at 60 to 80 degrees Celsius,
and the time is controlled at 0.5 to 5 minutes.

The advantages and beneficial effects of this invention are as follows: It provides an additive for alkaline polishing fluid of
crystalline silicon and its application. When polishing the surface of silicon wafers, adding the additive of this invention to the
alkaline solution can achieve excellent polishing effect. Polishing can be achieved at low alkali concentrations. Furthermore, the
additive of this invention is applicable to the process of polishing before texturing, which can improve the polishing effect of
silicon wafers, reduce costs, shorten reaction time, reduce cell breakage rate, increase cell production capacity, and improve the
photoelectric conversion efficiency of cells.
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Ammonium stearate and ammonium sulfate in the additives enable silicon wafers to obtain a stable and uniform pyramid
structure with relatively small weight reduction; adding ethylenediamine and urea to the polishing system allows for controllable
fabric size and reflectivity in subsequent texturing processes, thereby meeting different requirements.

The additive of this invention accelerates the polishing reaction and enables polishing at low concentrations, saving 15-30% of
alkali usage. This additive has a wide range of applications, suitable for polishing both monocrystalline and polycrystalline
silicon wafers. It is particularly suitable for processes where polishing precedes texturing. The resulting textured surface is more
uniform than that obtained with texturing alone, without any pyramidal distortion, thus improving the open voltage and
increasing battery efficiency by over 0.2%. Weight reduction can be controlled within 0.5-0.7 grams (for 156 monocrystalline
silicon wafers), comparable to conventional alkali texturing processes. Furthermore, this additive is also suitable for processes
where texturing precedes back polishing, resulting in a uniform and smooth textured surface after back polishing.

[Brief Description of the Drawings]|

Figure 1 is a microscope photograph of the polished surface of a conventionally back-polished silicon wafer;
Figure 2 This is a microscope image of the polished surface of the silicon wafer obtained in Embodment 1;
Figure 3 It is a scanning electron microscope image of a conventionally fabricated velvety surface;

Figure 4 This is a scanning electron microscope image of the polished and then textured surface obtained in Embodment 2.

[Embodiments]

The specific embodiments of the present invention will be further described below with reference to the accompanying drawings
and Embodments. The following Embodments are only used to more clearly illustrate the technical solutions of the present
invention and should not be construed as limiting the scope of protection of the present invention.
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The specific technical solution of this invention is as follows:

Embodiment 1

Polishing is performed before texturing, with the polishing process involving the following steps:
1) Additives for preparing alkaline polishing solutions for crystalline silicon:

Using deionized water as a solvent, 2 grams of polyethylene glycol (PEG), 2 grams of alkyl polygylcosides, 2 grams of
ammonium stearate, 3 grams of ethylenediamine, 5 grams of ammonium sulfate, and 8 grams of urea were dissolved in
deionized water to prepare 100 grams of additive.

2) Preparation of alkaline solution:
Dissolve 50 grams of hydroxide in deionized water to obtain 1000 grams of alkaline solution;
3) Add 60 grams of additive to 1000 grams of alkaline solution;

4) Immerse the monocrystalline silicon wafer in the polishing solution for polishing, with the temperature controlled at 80
degrees Celsius and the time controlled at 5 minutes.

Figure 1 shows a microscopic photograph of the polished surface of a conventionally back-polished silicon wafer. It can be
seen that the size of the square blocks on the conventionally back-polished surface is not uniform, and the polished surface is
not smooth. Figure 2 shows a microscopic photograph of the polished surface of the silicon wafer obtained in this
embodiment. It can be seen from Figure 2 that a uniform and smooth square structure has been formed on the silicon wafer
surface, with a size of approximately 20~30 um (micrometers).

Embodimnt 2
Polishing is performed before texturing, with the polishing process involving the following steps:

1) Additives for preparing alkaline polishing solutions for crystalline silicon:
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0.5 g of polyethylene glycol, 0.5 g of alkyl glycoside, 0.5 g of ammonium stearate, 1 g of ethylenediamine, 1 g of ammonium
sulfate, and 2 g of urea were dissolved in deionized water to prepare 100 g of additive.

2) Preparation of alkaline solution:
Dissolve 20 grams of tetramethylammonium hydroxide in deionized water to obtain 1000 grams of alkaline solution;
3) Add 10 grams of additive to 1000 grams of alkaline solution;

4) Immerse the monocrystalline silicon wafer in the polishing solution for polishing, with the temperature controlled at 60
degrees Celsius and the time controlled at 0.5 minutes.

Figure 3 shows a conventional scanning electron microscope (SEM) image of a textured surface. Figure 4 shows an SEM
image of a textured surface obtained in this embodiment after polishing followed by texturing. As can be seen from Figure 4,
the textured surface obtained after the polishing-texturing process is more uniform than the textured surface that has only been
texturing, and the pyramids are not stacked.

Embodiment 3

First, the fabric is velvet-textured, then the back is polished. The polishing process involves the following steps:

1) Additives for preparing alkaline polishing solutions for crystalline silicon:

Using deionized water as a solvent, 1.5 grams of polyethylene glycol and 1.5 grams of alkyl glycoside were added.

1 gram of ammonium stearate, 2 grams of ethylenediamine, 4 grams of ammonium sulfate, and 6 grams of urea were dissolved
in deionized water to prepare 100 grams of additive;

2) Preparation of alkaline solution:
Dissolve 30 grams of potassium hydroxide in deionized water to obtain 1000 grams of alkaline solution;

3) Add 40 grams of additive to 1000 grams of alkaline solution;
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4) Immerse the polycrystalline silicon wafer in the polishing solution for polishing. The temperature is controlled at 70 degrees
Celsius and the time is controlled at 2.5 minutes.

Embodment 4

Based on Embodment 1, the amount of sodium hydroxide was changed to 10 grams and the amount of polyethylene glycol to 1
gram.

Embodment 5

Based on Embodment 1, the amount of sodium hydroxide was changed to 12 grams and the amount of alkyl glycoside was
changed to 1 gram.

Embodment 6

Based on Embodment 1, the amount of hydroxide pot was changed to 15 grams, and the amount of ammonium stearate was
changed to 0.7 grams.

Embodment 7

Based on Embodment 1, the amount of hydroxide flask was changed to 18 grams and the amount of ethylenediamine was
changed to 1.5 grams.

Embodment 8

Based on Embodment 1, the amount of hydroxide pot was changed to 20 grams and the amount of ammonium sulfate was
changed to 1.4 grams.

Embodment 9
Based on Embodment 1, the amount of sodium hydroxide was changed to 25 grams and the amount of urea to 2.5 grams.
Embodment 10

Based on Embodiment 1, the amount of cobalt hydroxide was changed to 30 g, and 15 g of an additive was added to 1,000 g of
an alkaline solution.
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Embodment 11

Based on Embodment 1, the amount of sodium hydroxide was changed to 40 grams and the amount of polyethylene glycol to
1.8 grams.

Embodment 12

Based on Embodment 2, the amount of tetramethylammonium hydroxide was changed to 23 grams and the amount of
polyethylene glycol to 0.7 grams.

Embodment 13
Based on Embodment 2, the tetramethylammonium hydroxide was changed to 25 grams and the alkyl glycoside to 0.6 grams.
Embodment 14

Based on Embodment 2, the amount of tetramethylammonium hydroxide was changed to 27 grams and the amount of
ammonium stearate was changed to 1.5 grams.

Embodment 15

Based on Embodment 2, the amount of tetramethylammonium hydroxide was changed to 30 grams and the amount of
ethylenediamine to 2.5 grams.

Embodment 16

Based on Embodment 2, the amount of tetramethylammonium hydroxide was changed to 40 grams and the amount of
ammonium sulfate to 2 grams.

Embodment 17
Based on Embodment 2, the tetramethylammonium hydroxide was changed to 50 grams, and the urea was 3 grams.
Embodment 18

Based on Embodment 2, the amount of tetramethylammonium hydroxide was changed to 55 grams, and 20 grams of additive
were added to 1000 grams of alkaline solution.
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Embodment 19

Based on Embodment 2, the amount of tetramethylammonium hydroxide was changed to 60 grams and the amount of alkyl
glycoside was changed to 1.7 grams.

Embodment 20

Based on Embodment 3, the amount of potassium hydroxide was changed to 10 grams and the amount of polyethylene glycol
to 1.3 grams.

Embodment 21

Based on Embodment 3, the amount of potassium hydroxide was changed to 13 grams and the amount of alkyl glycoside was
changed to 1.4 grams.

Embodment 22

Based on Embodment 3, the amount of potassium hydroxide was changed to 15 grams and the amount of ammonium sulfate to
2.5 grams.

Embodment 23
Based on Embodment 3, the amount of potassium hydroxide was changed to 17 grams and the amount of urea to 4 grams.
Embodment 24

Based on Embodment 3, the potassium hydroxide was changed to 20 grams, and 30 grams of additive were added to 1000
grams of alkaline solution.

Embodment 25

Based on Embodment 3, the amount of potassium hydroxide was changed to 25 grams and the amount of ammonium sulfate to
4.5 grams.

Embodment 26
Based on Embodment 3, the amount of potassium hydroxide was changed to 40 grams and the amount of urea to 7 grams.

9
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Embodment 27

Based on Embodment 3, the potassium hydroxide was changed to 50 grams, and 50 grams of additive were added to 1000
grams of alkaline solution.

The above description is only a preferred embodiment of the present invention. It should be noted that for those skilled in the
art, several improvements and modifications can be made without departing from the technical principles of the present
invention, and these improvements and modifications should also be considered within the scope of protection of the present
invention.

10
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[Symbol Explanation]

[Biomaterial Storage]
Domestic storage information [Please note in the order of storage institution, date, and number]: None.

Overseas storage information [Please note in the order of storage country, institution, date, and number]: None.

[Sequence List] (Please list on a separate page)

11
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Revised and replaced on December 23, 2016

Scope of patent application

1. An additive for a crystalline silicon alkaline polishing fluid, characterized in that, based on mass, it comprises 0.5-2%
polyethylene glycol, 0.5-2% alkyl glycoside, 0.5-2% ammonium stearate, 1-3% ethylenediamine, 1-5% ammonium sulfate, 2—
8% urea, and the balance being water.

2. The additive for the crystalline silicon alkaline polishing fluid as described in claim 1, characterized in that, based on mass, it
comprises 1-1.5% polyethylene glycol, 1-1.5% alkyl glycoside, 0.5-1% ammonium stearate, 1-2% ethylenediamine, 2-4%
ammonium sulfate, 3-6% urea, and the balance being water.

3. The additive for the crystalline silicon alkaline polishing liquid as described in claim 1 or 2, characterized in that the water is
deionized water.

4. A crystalline silicon alkaline polishing solution, characterized in that it is prepared by means of the following steps, based on
mass:

1) Dissolve sodium hydroxide, potassium hydroxide, or tetramethylammonium hydroxide in deionized water to obtain an
alkaline solution; the mass percentage of sodium hydroxide and potassium hydroxide is 1-5%; the mass percentage of
tetramethylammonium hydroxide is 2-6%.

2) Add the additive of any one of the claims 1 to 3 of the crystalline silicon alkaline polishing liquid to the alkaline solution in
step 1) to obtain the crystalline silicon alkaline polishing liquid; wherein the mass ratio of the additive of the crystalline silicon
alkaline polishing liquid to the alkaline solution is 1 to 6:100.

5. The crystalline silicon alkaline polishing liquid as described in claim 4, characterized in that, based on mass, the sodium
hydroxide and potassium hydroxide have a mass percentage content of 2-3%; and the tetramethylammonium hydroxide has a
mass percentage content of 3-5%.

6. The crystalline silicon alkaline polishing liquid as described in claim 4, characterized in that, based on mass, the sodium
hydroxide and potassium hydroxide have a mass percentage content of 1-1.5%; and the tetramethylammonium hydroxide has a
mass percentage content of 2-2.5%.
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7. The crystalline silicon alkaline polishing solution as described in any one of claims 4 to 6, characterized in that, based on
mass, the mass ratio of the additives in the crystalline silicon alkaline polishing solution to the alkaline solution is 2 to 4:100.

8. A method for polishing crystalline silicon, characterized in that a single-crystal or polycrystalline silicon wafer is immersed
in an alkaline polishing solution of crystalline silicon as described in any one of claims 4 to 7 for polishing, with the temperature
controlled at 60 to 80 degrees Celsius and the time controlled at 0.5 to 5 minutes.
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Schematic

Figure 1
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Figure 3

Figure 4
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Highlights

15 years in translation between Chinese and English in multiple domains with a focus on litigation.

Experience

Translator | Mar 2008 — Present

Extensive experience translating litigation and dispute-related documents, including court pleadings,
judgments, affidavits, witness statements, evidentiary materials, and legal correspondence for use in
cross-border litigation and arbitration.

Proven expertise in financial and corporate translation, covering annual reports, audited financial statements,
investment agreements, shareholder agreements, trust deeds, compliance materials, and internal governance
documents.

Specialized experience in patent and IP translation, including patent specifications, claims, abstracts, office
actions, prosecution history, prior art references, and related technical-legal documentation, with strict
adherence to jurisdiction-specific terminology and formatting requirements.

Partial list of subject matter experience:

Telecommunications Mechanical Engineering
e A4G/LTE, 5G NR, and 6G Standards e Automotive Engineering (EV Drivetrains,
e Network Architecture and Protocols (TCP/IP, RAN, Autonomous Systems)
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o Internet of Things (IoT) and M2M e Aecrospace and Aeronautical Engineering
o Satellite and Microwave Communication e Manufacturing and Tooling (CNC, Additive
e Cybersecurity and Encryption Protocols Manufacturing)
Pharmaceuticals Chemistry
e Drug Delivery e Polymer and Materials Science
¢ Biologics and Monoclonal Antibodies (mAbs) ¢ Organic and Inorganic Synthesis
e Gene and Cell Therapy (CRISPR, mRNA) e Electrochemistry (Batteries, Fuel Cells)
e Small Molecule Synthesis and API Manufacturing e Heterogeneous and Homogeneous Catalysis
e Pharmacokinetics and Pharmacodynamics (ADME) e Nanotechnology and Nanomaterials
e Clinical Trial Protocols and Regulatory e Petrochemicals and Refining Processes
Documentation e Analytical Chemistry and Spectroscopic Methods
e Immunology and Vaccine Development e Biochemistry and Enzymology

e Medicinal Chemistry

Regularly handles high-stakes legal translations submitted to courts, regulators, arbitration panels, and
government authorities, ensuring precision, consistency, and defensibility of terminology.

Deep familiarity with common law and civil law systems, enabling accurate rendering of legal concepts
across jurisdictions without distortion of legal effect or procedural meaning.

Experienced in translating complex, multi-entity and multi-jurisdictional matters, including materials
involving offshore structures, trusts, cross-border investments, and regulatory filings.

Skilled in maintaining terminology consistency across large-volume projects through glossaries, style guides,
and parallel reference materials, particularly in long-running litigation or patent portfolios.

Experienced in producing certified and court-ready translations, including Certificates of Accuracy where
required, and working under tight litigation and regulatory deadlines.

Comfortable collaborating with law firms, in-house legal teams, IP professionals, financial advisors, and
compliance teams, responding to revision requests and clarification queries with precision and
professionalism.

Strong attention to detail, formatting fidelity, and document structure, ensuring translated documents mirror
the original legal and technical layout for seamless reference and submission.
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Education and Training

Bachelor of English Language and Literature, Beijing Language & Culture University (BLCU) (2004-2008)
Master of Professional Studies, Informatics with Concentration in Data Analytics, Northeastern University,
(2022-2024)

Skills & Language Abilities

Bilingual (English-Mandarin) with fluency in Cantonese and basic French
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