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(57) Abstract

The present invention provides a method for preparing a
laminated thin-film passivated contact structure and
applications thereof. The preparation method comprises
the following steps: first, growing a silicon oxide layer
on the surface of a silicon wafer; then depositing an
intrinsic or doped silicon—carbon thin film on the surface
of the silicon oxide layer; and finally depositing at least
one doped amorphous silicon thin-film layer on the
surface of the silicon—carbon thin film, followed by high-
temperature crystallization treatment at 780—1100 °C to
form a tunnel-oxide passivated contact structure. The
present invention avoids silicon thin-film cracking or
delamination while maintaining passivation performance,
thereby ensuring subsequent screen-printing and firing
processes. It also maintains a relatively low sheet
resistance, which is beneficial for metal contacting and
lateral carrier transport. Moreover, the structure is fully
compatible with existing PECVD technology, requires no
additional equipment, and offers strong scalability.
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1. A method for preparing a laminated thin-film passivated contact structure, characterized in that it comprises
the following steps: first, growing a silicon oxide layer on the surface of a silicon wafer; then depositing an
intrinsic or doped silicon—carbon thin film on the surface of the silicon oxide layer; and finally depositing at
least one doped amorphous silicon thin-film layer on the surface of the silicon—carbon thin film, followed by
high-temperature crystallization treatment at 780—1100 °C to form a tunnel-oxide passivated contact structure.
2. The method for preparing a laminated thin-film passivated contact structure according to claim 1,
characterized in that the dopant concentration of the silicon thin-film layer is 1x10" cm™ to 1x10?' cm™.

3. The method for preparing a laminated thin-film passivated contact structure according to claim 1,
characterized in that the thickness of the silicon oxide layer is 1.0-3.5 nm.

4. The method for preparing a laminated thin-film passivated contact structure according to claim 1,
characterized in that the thickness of the silicon—carbon thin film is 3—50 nm.

5. The method for preparing a laminated thin-film passivated contact structure according to claim 1
characterized in that the thickness of the silicon—carbon thin film is 10-20 nm.

6. The method for preparing a laminated thin-film passivated contact structure according to claim 1,
characterized in that the atomic concentration of carbon in the silicon—carbon thin film is greater than 5 at%.
7. The method for preparing a laminated thin-film passivated contact structure according to claim 1,
characterized in that the silicon—carbon thin film is a doped thin film, wherein the dopant atoms may be
electron-donating elements such as nitrogen, phosphorus, or arsenic, or hole-donating elements such as boron,
aluminium, or gallium.

8 An application of the laminated thin-film passivated contact structure according to any one of claims 1-7,
characterized in that it is used in tunnel-oxide passivated contact crystalline silicon solar cells.

SEG Solar, EX1004, Page 11
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Preparation method and application of laminated film passivation contact structure

Technical Field
[0001] The present invention relates to the technical field of solar cells, and more specifically to a method for
preparing a laminated thin-film passivated contact structure and applications thereof.

Background Art
[0002] Passivated contacts, also known as carrier-selective contacts, have become a major research focus in
silicon solar cells in recent years. A passivated contact structure can induce significant band bending at the
silicon surface, allowing one type of charge carrier to pass while blocking the other, thereby enabling effective
carrier collection while suppressing carrier recombination at the interface. Consequently, passivated contact
structures can achieve highly efficient surface passivation and carrier collection, eliminate direct contact
between silicon and metal, and thus enhance the passivation effect, enabling solar cells to obtain a very high
open-circuit voltage.
[0003] Tunnel-oxide passivated contact crystalline silicon solar cells are a typical type of passivated contact
solar cell, also referred to in English as TOPCon. A typical device structure thereof is shown in FIG. 1. It
should be noted that other technologies, such as POLO, monoPoly, and PERPoly, are also based on silicon
oxide/doped polysilicon structures, differing mainly in name. TOPCon technology has attracted considerable
attention from both industry and academia due to its simple structure, excellent passivation performance,
tolerance to high-temperature processes, compatibility with existing production lines, and its ability to
effectively improve cell efficiency.
[0004] The main functional layers of a conventional TOPCon crystalline silicon solar cell consist of two parts:
a silicon oxide passivating tunneling layer and a polysilicon carrier-collection layer. At present, tunnel-oxide
passivated structures can achieve excellent passivation performance. The implied open-circuit voltage (iVoc)
and the single-sided saturation dark current density (Jo) are two key indicators for evaluating passivation
performance, where a higher iV and a lower Jo are preferred. Generally, for n-type TOPCon cells with good
passivation performance, iVoc > 730 mV and Jo <7 fA/cm? can be achieved, and the contact resistivity can be
lower than 20 mQ-cm?, satisfying the contact resistivity requirements for high-efficiency full rear-contact
solar cells.
[0005] At present, major photovoltaic manufacturers have begun to explore the commercialization of
TOPCon structures. TOPCon structures based on doped polysilicon have become an important next-
generation high-efficiency photovoltaic technology with significant application prospects.
[0006] In the preparation of doped polysilicon, TOPCon technology mainly follows two technical routes: one
is the low-pressure chemical vapor deposition (LPCVD) route, and the other is the plasma-enhanced chemical
vapor deposition (PECVD) route. Compared with the LPCVD route, the PECVD route enables high-rate in-
situ doped thin-film deposition without wrap-around deposition, and is therefore considered more suitable for
industrial production.
[0007] The PECVD technical route is implemented as follows: first, a silicon oxide layer is formed on the
surface of a silicon wafer; then, a doped amorphous silicon layer is deposited by PECVD; subsequently, a
high-temperature crystallization process is performed to convert the amorphous silicon into polysilicon,
thereby forming a TOPCon structure.
[0008] However, the PECVD route has a drawback: in order to reduce the sheet resistance of the polysilicon
thin-film layer, the thickness of the PECVD-deposited amorphous silicon film must be increased. Excessively
thick amorphous silicon films are prone to delamination during high-temperature crystallization. The cause
of amorphous silicon film delamination is not fully understood, but it is generally believed that PECVD-
grown amorphous silicon films contain a high hydrogen content. During annealing, hydrogen out-diffusion
may occur, which damages the adhesion between the silicon film and the silicon oxide interface, causing film
delamination. This leads to a significant deterioration in the passivation performance of the TOPCon structure
and renders it unsuitable for subsequent screen-printing and firing processes.
[0009] Solving the delamination problem during silicon thin-film crystallization remains a major challenge
in the PECVD technical route.

3
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Disclosure of Invention

[0010] The technical problem to be solved by the present invention is to overcome the deficiencies of the
prior art described above by providing a method for preparing a laminated thin-film passivated contact
structure that is resistant to silicon thin-film delamination and exhibits excellent passivation performance, as
well as applications thereof.

[0011] The technical solution of the present invention is as follows: a method for preparing a laminated thin-
film passivated contact structure, comprising the following steps: first growing a silicon oxide layer on the
surface of a silicon wafer; then depositing an intrinsic or doped silicon—carbon thin film on the surface of the
silicon oxide layer; and finally depositing at least one doped amorphous silicon thin-film layer on the surface
of the silicon—carbon thin film, followed by a high-temperature crystallization treatment at 780—1100 °C to
form a tunnel-oxide passivated contact structure.

[0012] Preferably, the dopant concentration of the silicon thin-film layer is 110" cm™ to 1x10%' cm™.
[0013] Preferably, the thickness of the silicon oxide layer is 1.0-3.5 nm.

[0014] Preferably, the thickness of the silicon—carbon thin film is 3—-50 nm.

[0015] Most preferably, the thickness of the silicon—carbon thin film is 10-20 nm.

[0016] Preferably, the atomic concentration of carbon in the silicon—carbon thin film is greater than 5 at%.
[0017] The doped silicon—carbon thin film is a doped thin film, wherein the dopant atoms may be electron-
donating elements such as nitrogen, phosphorus, or arsenic, or hole-donating elements such as boron,
aluminum, or gallium.

[0018] The present invention further provides an application of the laminated thin-film passivated contact
structure in tunnel-oxide passivated contact crystalline silicon solar cells.

[0019] The advantages of the laminated thin-film passivated contact structure of the present invention are as
follows: 1) Silicon thin-film cracking or delamination is avoided, passivation performance is maintained, and
subsequent screen-printing and firing processes can be reliably performed. 2) A relatively low sheet resistance
is maintained, which is beneficial for metal contacting and lateral carrier transport. 3) The structure is fully
compatible with existing PECVD technology, requires no additional equipment, and offers strong scalability.
[0020] The reasons why the laminated thin-film structure can achieve the above objectives are as follows: the
silicon—carbon thin film has good adhesion to silicon oxide and also exhibits high mechanical strength.
Therefore, during high-temperature crystallization, the silicon—carbon thin film is less prone to delamination.
Meanwhile, the carbon content in the silicon—carbon thin film can be flexibly adjusted; increasing the carbon
content enhances the adhesion and strength of the film. However, the introduction of carbon increases the
resistivity of the silicon—carbon thin film. If a doped silicon—carbon thin film were to completely replace a
doped amorphous silicon thin film, the overall sheet resistance of the film would become excessively high
(typically >200 €/sq), which is unfavorable for lateral carrier transport. To achieve low sheet resistance, the
present invention adopts a laminated structure solution, in which a heavily doped amorphous silicon thin film
is deposited on top of the underlying silicon—carbon thin film. The amorphous silicon thin film has low
resistivity and can reduce the sheet resistance to a target value, thereby maintaining good lateral carrier
transport performance. In addition, the silicon—carbon thin film has strong impurity diffusion barrier
capability, which is beneficial for maintaining device stability.

[0021] The beneficial effects of the present invention are as follows:

[0022] 1) A laminated thin film is used instead of a single-layer silicon thin film, wherein the bottom thin
film in contact with the silicon oxide is a silicon—carbon thin film. Due to the strong adhesion and mechanical
strength of the silicon—carbon thin film, delamination that typically occurs in conventional single-layer silicon
thin films during high-temperature annealing is effectively avoided, thereby maintaining excellent passivation
performance and enabling solar cells to achieve high open-circuit voltage, short-circuit current, and fill factor.
[0023] 2) A heavily doped polysilicon thin film of appropriate thickness is formed on top of the underlying
silicon—carbon thin film. By utilizing the low resistivity of the polysilicon thin film, a suitable rear-side film
sheet resistance for solar cells is achieved, thereby reducing series resistance and enabling a high fill factor.
[0024] 3) The structural combination of the laminated thin film can be flexibly adjusted according to solar
cell design requirements, and the entire structure can be fabricated using PECVD, providing high flexibility
and facilitating the realization of different device performances. Moreover, the silicon—carbon thin film has
strong impurity diffusion barrier capability, which is beneficial for maintaining device stability.

4
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Drawings

[0025] FIG. 1 shows a TOPCon device structure in the prior art.

[0026] FIG. 2 is an optical microscope image of delamination of an amorphous silicon thin film.

[0027] FIG. 3 is an optical microscope image showing a silicon—carbon thin film/silicon thin-film laminated
structure without film blistering or delamination.

Detailed Description

[0028] The present invention is further described in detail below with reference to specific embodiments;
however, the present invention is not limited to the following embodiments.

[0029] In order to make the objectives, technical solutions, and advantages of the present invention more
clearly understood, the present invention is further described in detail below in conjunction with the
embodiments. It should be understood that the specific embodiments described herein are merely for
explaining the present invention and are not intended to limit the present invention.

[0030] The n-type silicon wafers used in the present invention are 180 pm-thick solar-grade Czochralski-
grown monocrystalline silicon wafers, subjected to double-sided alkaline polishing, with a resistivity of 1-7
Q-cm.

[0031] In the embodiments of the present invention, the preparation method of passivated samples is as
follows: a surface silicon oxide layer is formed by thermal oxidation at 500—-700 °C; the wafers are then
placed into a PECVD chamber, where a phosphorus-doped silicon—carbon thin film of varying thickness is
deposited using silane, phosphine, methane (or ammonia), and hydrogen as reaction gases; thereafter, one or
more phosphorus-doped amorphous silicon thin-film layers with a thickness of 80-200 nm are deposited
using silane, phosphine, and hydrogen as reaction gases; the wafers are then placed into a tube furnace and
subjected to high-temperature treatment at 800—1000 °C for 30 minutes; finally, the passivation performance
and contact performance are tested.

[0032] In the comparative examples, the preparation method of passivated samples adopts a TOPCon
structure formed using phosphorus-doped amorphous silicon thin films. The preparation method is as follows:
a surface silicon oxide layer is formed by thermal oxidation at 500—700°C; the wafers are then placed into a
PECVD chamber, where a phosphorus-doped amorphous silicon thin film with a thickness of 80—200 nm is
deposited using silane, phosphine, and hydrogen as reaction gases; the wafers are subsequently placed into a
tube furnace and subjected to high-temperature treatment at 800—1000°C for 30 minutes; finally, the
passivation performance and contact performance are tested.

[0033] Embodiment 1: Passivation performance and film sheet resistance of phosphorus-doped multilayer
silicon—carbon/silicon thin films

[0034] Laminated thin films with different structures were prepared and subjected to annealing at 880 °C for
30 minutes, and the following passivation and contact performance results were obtained.

[0035]

Comparative Example Sample 1Voc (mV) | Rsh (€/sq)
Structure
c-Si/ SiOy / n*poly-Si (10 nm) 728 >200
¢-Si/ SiOx / n* poly-Si (150 nm) 680 32
Embodiment Sample Structure 1Voe (mV) | Rsh (€/sq)
c-Si/ SiO / n* poly-SiCx (5 nm) / n* 722 >200
poly-Si (40 nm)
¢-Si/ SiOy / 1-poly-SiCx (5 nm) / 734 >200
n*poly-SiCx (5 nm) / n*poly-Si (40
nm)
5
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[0036]

c-Si / SiOy / i-poly-SiCx (5 nm) / n*- | 732 75

poly-SiCx (5 nm) / n*poly-Si (80
nm)

c-Si/ SiOx / i-poly-SiCx (5 nm) / n*- | 731 34

poly-SiCx (5 nm) / n*poly-Si (120
nm)

c-Si/ Si0Oy / 1-poly-SiCx (5 nm) / n*- | 736 25

poly-SiCx (15 nm) / n*poly-Si (150
nm)

[0037] Embodiment 2: Application of Phosphorus-Doped Multilayer Silicon—Carbon/Silicon Thin Films in
Solar Cells

[0038] The solar cell structure is still as shown in FIG. 1. First, boron diffusion is performed on the front
surface of an n-type silicon wafer to form a p* emitter; then backside alkaline polishing is carried out.
Subsequently, a silicon oxide layer is formed on the rear surface by thermal oxidation according to the method
described above. Silicon—carbon thin films with different structures are then deposited by PECVD and
annealed at 880 °C for 30 minutes. Thereafter, Al.Os/SiN passivation layers are formed on the front surface,
and a SiN passivation layer is formed on the rear surface. Front and rear electrodes are formed by screen
printing followed by firing. Finally, the solar cell efficiency is measured using a Newport Oriel SoliA solar
simulator.

[0039]
Rear-Side Structure No. Vo Jse FF (%) | Eff. (%)
(mV) (mA/cm?)
c-Si/ SiOx /n* poly-Si | 1 653 39.45 67.4 17.36
(120 nm)

2 650 39.36 69.3 17.72

¢-Si/ SiOx / n* poly-SiCx | 1 645 38.89 70.3 17.62
(5 nm) / n* poly-Si (40

nm) 2 640 38.65 70.8 | 17.51

c-Si/ SiOy / i-poly-SiCx | 1 676 40.03 81.4 22.03
(5 nm) / n"poly-SiCx (5

nm) / 2 679 40.10 | 81.8 | 2227

6
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[0040]
n* poly-Si(120nm)
c-Si/ SiOx / i-poly-SiCx (5 680 40.78 82.0 22.74
nm) / n*poly-SiCx (15 nm)
/n*poly-Si (150 nm) 681 4083 |8&.1 [22.82

[0041] The foregoing embodiments are merely exemplary implementations of the present invention and do
not impose any limitation on the scope of protection of the present invention. Any technical solutions formed
by equivalent exchange or equivalent substitution shall fall within the scope of protection of the present

invention.
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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.
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e Network Architecture and Protocols (TCP/IP, RAN, Autonomous Systems)
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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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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

SEG Solar, EX1004, Page 21





