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1. —FpF X PECVD i % 2 fb iE P AL B i 5 M (1) 7 3, LR IEAE T, B G AERE 1 S AL )
A/ B ) B ALY 2R 10 2R 4 UPECVD i 28 15 2 AR A ek 3 5, S8 J5 e i e AR K A5 21 22 d ik
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FFELL T BAR D 8, K A sUPECVD % 45 1% B L N 25 R 1l 4%

D HE il B e RN A 28 A 5

2) PUAR EALRE 4 IR E100-600°C, LSS R B A AL ik 8L SON RO S T &
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100:0.1-100, 5 JE N60-300Pa , LA T ZE2000-8000W, 5 SHiE Wr k. 11 51130, LA ] Jy
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D ETZB AR EEE EPURRITZ S AR A T IR IR A KE R, TS
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5) fm B K RE BN R K, 1B KR B 760-1100°C, 3B KB [H] 91024043 8

2 W EAUR) B SR 1 BT IR 114 APECVD Il £ 2 d Al Bl A B s 25 ¥4 (1) O v, FLARRAEAE T, P
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3 R AR B SRk 2 BT iR 1145 APECVD Il % 2 d Rk Bl AL B s 25 24 (1) O v, FLARRAEAE T, P
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BEEEA
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[0004] Pl | 3 FEEET-LPCVDE; A il £ TOPCon ¥« LAnZ TOPConHA, 1 9 1] , thl 44 iR «
[0005] 1Dk FiE vl , LT il 4K 5

[0006]  2) IE[EH 3 A ;

[0007]  3) T HfbZ I s

[0008] 4 IEMH K& AbAE;

[0009]  B) R A #EAIELERE i 1 R 100 1) 2% )& FE AR T 3nm ) U A A s B[R] 38 5 75 223043
[0010]  6) SR FME AL S AHUTAR 72 (LPCVD) il 4% — J2 AN Y 22 i Ak Ve S 5 1) 4% 100-150nm
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[0012] &) IETHITEBE, bR EALHE I8 75 22040 8
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[0014] 10D i) % 1F T B A 98 S5z HE B 5 T 93k S I 5

[0015]  11) Z2PHENI;

[0016]  12) past,

[0017]  13) MRS A4

[oo18]  JLrb, 3PURA-9, IL/NIE D TRAZ il 45 W 15 44 TOPCon 25 #4 BT A (1) 20 3R
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[0022]  3) T2 14 « fill 4 S A IR AE 22 it ik R 1S5 20 BRIK) U I TR £E.280 73 B L L,
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[0028]  ESMflik, AT IR I SAPECVD i % 2 b iE AL B2 Ak &5 M 1 5 2%, LR DL Rk D
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[0029] 1) &E Fr vl , XU 1l 98 5

[0030]  2) ik A IE Y 1
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[0032] ) 7ERE v i R T i) 2% )& PEAR T 3nm ¥ AL RE 5
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[0034]  6) i A IETHITE T

[0035] ) & AR ALIB K s

[0036] ) fhl] % 1 THI Bl A 9 S B 5 TH 9k S I

[0037]  9) 2| EfI il ;

[0038]  10)kest.

[0039]  fENEALE, K FHAS A PECVDBE & 3 B DL R 25 IR 1] 4%

[0040] D) REF{BEYEJEINA S

[0041]  2) YIAREALRE : 3 JEE IR E 100-600°C, DL &< 8l — S bR BRSO O S48 T
1000scem=5000scem, S & A30-300Pa, JLAA D) #62000-8000W , 5 AdH Wr bt 1:5-1: 30, YA
8] 4 10-1000F5 ;

[0042]  3) R TH A LY T Z BB E SRR . A TR R A 2, U2 DI Th
RN, ER R, R E BB RASHON 4 RIR £ 100-700°C, PLEEKE A S B e N X
AR, B RS ARR 29 910005 cem=5000scem, = # ()3 B b SiHa:Hz i PH3=1:0-100:
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[0043] D IEIZHBAESEERE LRI Z S8R e O 7S m i AR Kl 2, 11
JE T VTR T 2R 18K HAR S BN - 4o IR S 100-700°C, AR W&/ B e o R NSk, =
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FH )R L SiHa i Ho :PH3=1:0-100:0. 1100, 5 & A30-200Pa , LA T ZK5000-15000W , 5 45
WG 1:5-1:30, YLARKS [A] 9 120-120088
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[0049] D T4 1 T 2R, RKFRAC 7 e B2, 38 7 AR i R R 2
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[0051] &1 JYBAT TOPCons #4 A BH HE i 5 ) 7s =
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[0053] [T A L Ak SEZ it A8 0 AR i B At — 2D PR A8 B L (ELAS R B AR PR T DA R BoAR S
Jiti 5] o

[0054]  sEzjiti 45 7 FH B n Bk F A5 8 (100D S 1, J5 B 9 1804k , i BH 28 g 1—7 Wk 4 JEE
Ko pHE A5 B : (100D Fh1a), JE BE N 180TICK , FELFH #2790 . 51 . SRR AR EL K o I 11 g FLAR S it
il

[0055] )it 51

[0056]  RHIFTRnAIE fr, BRIV, P9 L RIFER S50 . BARACER U F

[0057] 1. ®EFVEVESEHONAT 88

[0058] 2. PUAASALAE : FF IR EE400°C, LA (N20) 9 Je B <44, I & 3000s cem, RN
200Pa , YLAR T Z 2000, S 55058 Wr LL 2ms : 10ms , YUARE (6] 912085 5

[0059] 3. TESEALAEE LUTARTZ 5 WAk & Ak v B - 44 IR IR B 600°C, SiHa: Ho: PHa=
1500scem: 10000scem: 1500scem, <& N250Pa , YLAR ZHER2000W , S 4538 W Lt 3ms : 45ms , YR
i [6] 60075 ;

[0060] 4. FEIZBWEAR SR EYTRRTT)Z 5 A5 5 fek i 4o SR IR £ 600°C, SiHa: Ho:
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PH3=1500sccm: 10000sccm: 1500scem, <& N 150Pa, YL AL TR 8000W , £ A i It bt 3ms : 45ms ,
DURAIS 8] R 18040 5

[0061] 5. ffAkiR 4k :800°CiE K INf [A] £ 5404 #i.

[0062]  f )5 K HSinton WCT—120MAE i 1 2 I B4 R o B i 19 P S5 B8 35 JF i vl IR
iVoo &~ 725 mV,iVoe /A NT16~734 mV, X N[ PR I A Jo ~8 fA/cm’,

[0063]  SiZjsti {2

[0064]  RHIFTRnBIE fr, BRI Z , P9 ERIFER 549 . BARACER T -

[0065] 1. R IBEHEE RN A ST

[0066] 2. PTAVEALEE : IR EE400°C, LA ALK (CO» [ N AAK , i & 5000scem, =,
JEN220Pa , LA T 2500, 5 4558 Wr Lt 2ms : 30ms , YUARE 8] 9 120F5 5

[0067] 3. PURRIEB W i ik v 5 < 4 JIC IR 2 500°C, SiHa: Ho: PH3=1000sccem: 10000scem:
1000scem, S & A250Pa , JUAR TR 2000W , S A5 KT LE 3ms : 75ms , YIRS 8] 50080 ;

[0068] 4. YTARIIJZ 15 0% F & Aok 8 B« 4 KR £ 500°C, SiHa: H2: PH3=1000scem:
10000scem: 1000scem, < 2H200Pa , YL A T ZE 10000W, 5 4538 Wr b 3ms : 75ms , PLARS [A] g
20080

[0069] 5. fhAkiR K :800°CiE kI A £ 404 8.

[0070]  f%J5 K HSinton WCT—-120AE i 1 2 1 B A0 0R B o 19 P S50 B 5 JF i L TR
iVoo &= 723 mV,iVoe 2} i AT14~733 mV, Kt ) R AT R Jo ~8 fA/cm’.

[0071] Syt fsl3

[0072]  RHIFTRnBUE fr, BRI, g% ERIFER S50 . BARACER T -

[0073] 1. HEAVEVESEHONAT 88

[0074] 2. PURAEALEE : )RR EE400°C, LA (N20) S e B4, it #:3000scem, U A
200Pa , YLAR T2 2000, S 55038 Wr LL 2ms : 10ms , YUARE (6] 912085 5

[0075] 3. VYUARIZ4BHAE S Ak 4R IRLEE600°C, SiHa s Ho : Bo2He=1500scem: 2000scem:
1500scem, S & A250Pa , TR TR 1800W, S ATIE KT Lt 3ms : 45ms , YIRS 8] 6008 ;

[0076] 4. YUARIT)Z 45 W0 E &b fek SR : 4 IR B2600°C, SiHa: Ho: BaHe=1600sccm:
10000scem: 1600scem, < A 150Pa, YPLAA T ZE 10000W, 5 4538 Wr bt 3ms : 45ms , PLARS [A] g
30085

[0077] 5. fEAkIR K : 780°CIE KIS [ 2912053 %k o

[0078]  f& )5 K HSinton WCT-120AE i 1 2 1 B A 0R B i 19 P S50 B 35 JF i L IR
iVoo & 672 mV,iVoeZ) Aii A668~679 mV, Kt o ) L AT i Jo ~78 fA/cm’,

[0079]  sjitifs4

[0080] R HHIWRERHE K pBYek v, KR 404% )2, BT 9% b [ AR R 4544 o B ER a0 F
[0081] 1. HEAVEVESEHNAT S8

[0082] 2. PTRASEALEE : 4 )RR EE400°C, LA (N20) S e B4, it 8:2000scem, U A
240Pa, YUAR T2 2500, S 55038 Wr LE 2ms : 20ms , YUARE [A] 910085 5

[0083] 3. PIRRIEB MR i ik v 5 < 4 JIC IR E600°C, SiHa: Ho: PH3=1500sccem: 10000scem:
1500scem, S % A250Pa , YL IR 2000 , 5 A5E W Lt 3ms : 60ms , YA [A] 60058 ;

[0084] 4. YUARITJZ 5 0% F & 1ok 8 B« 4 KR £ 600°C, SiHa: H2: PH3=1500sccem:
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10000scem: 1500scem, A 150Pa , YL AR T2 13000W, 5 4538 Wr b 3ms : 60ms , PLARS [A] g
240Fb ;

[0085] 5. ffAkiR 4k :900°CiE K INf A £ 8304 Fi.

[0086]  f% )5 K HSinton WCT—-120AE i 1 2 1 B A R o B i 19 P S5 B 5 JF i fEL IR
Voo & 716 mV,iVoe /M A NT710~723 mV, % R L AT i Jo ~11 fA/cm’,

[0087] Syt fs5

[0088] =% FHnZMFk F, TOPCongh A4 i) il £ EAR I T ik

[0089] 1. HEAVEVESEHNAT S

[0090] 2. PTRASEALEE : 4 )RR EE400°C, LA (N20) A e B4, it #:3500scem, UK A
200Pa, FTER B 2000W, 5 A3E W7 B 2ms = 15ms , YTARES [8] 5 200F0 ;

(00911 3. PIRRIJZ B0k b A I - 4o SIS iR B£600°C, SiHa: Ha : PH3=1500sccm: 8000scem:
1500scem, S & H220Pa , PLAL T ZE2000W , 5 45038 Wr bt 3ms : 55ms , LA (8] 960075 ;

[0092] 4. PURALTJZ ISR b Ak T 15 - 4 JECHRL £ 600°C, SiHa: Ha : PH3=1500scem: 8000scem:
1500scem, S5 A 180Pa, YT AR T 11000W , 5 45 K Lt 3ms : 55ms , YLARE (8] 30055 ;

[0093] 5. fhAkiE -k :850°CiE kIt [a] £1 A304

[0094] 6. )4 Bin B TOPCon L 2% 422 . T%.

[0095]  Sijitifl6

[0096] =% FHInZMF -, TOPCon gt A4 1) il £ EAR I T ik

[0097] 1. #EFIBELEE RN A ST

[0098] 2. ffill& A A0HE SR VALY (600°C/20min) il & A AR s

(00991 3. PURRIJZ B0k AL il Ak eI - 4o JiS iR BE400°C, SiHa: Ha : PH3=1500sccm: 8000scem:
1500scem, S K H220Pa , YA T ZE2000W , 5 45038 Wr bt 3ms : 55ms , LA (8] 960075 ;

[0100] 4. PURATTJZ ISR b hek T8 5 - 4 JECHRL £ 400°C, SiHa: Ha : PH3=1500scem: 8000scem:
1500scem, S H 2 180Pa, LA THZE11000W, S 453 Wr bk 3ms : 55ms , YUARHT 8] A 1000F0 ;
[0101] 5. FhAkiR K :880°CIiE K INf [A] £ 4304 £l

[0102]  fJ5 K HSinton WCT-120AE i 1 2 1 B A0 0R B il 19 P S50 B 5 JF i L TR
iVoo & 733 mV, iVoed A AT20~733 mV, %S (K R A R Jo ~4 fA/cn’,

[0103] DL AN A R B B R AAE S e Y5 451, X6 AR B A 37 Y Bl AS A0 AT AT PR il o LSRG R T
ST W Bl B B I B R T7 &, VK TE AR R BRI RG22 N
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contact structures by tubular PECVD

(57) Abstract
This invention discloses a method for preparing
polycrystalline silicon passivated contact structures using
tubular PECVD. The method includes preparing a doped
amorphous silicon thin film on the surface of silicon oxide n wafer
and/or silicon nitride using tubular PECVD, followed by
high-temperature crystallization annealing to obtain the
polycrystalline silicon passivated contact structure. This
invention not only produces high-quality TOPCon
structures with passivation efficiency completely equivalent
to LPCVD technology—specifically, the iVoc of n-type
silicon wafers with double-sided passivation using n-type
TOPCon can reach 720-750 mV—but also significantly
simplifies the production process.
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1. A method for preparing polycrystalline silicon passivated contact structures by tubular PECVD, characterized in that
it includes preparing a doped amorphous silicon thin film on the surface of silicon oxide and/or silicon nitride by tubular
PECVD, and then obtaining the polycrystalline silicon passivated contact structure by high-temperature crystallization
annealing.

The following specific steps are included in the preparation using a tubular PECVD device:
1) After cleaning, the silicon wafers are placed in a graphite boat;

2) Deposition of silicon oxide: substrate temperature 100-600°C, nitrous oxide, carbon dioxide or oxygen as reaction
gas, flow rate 1000sccm-5000sccm, gas pressure 30-300Pa, deposition power 2000-8000W, RF on/off ratio 1:5-1:30,
deposition time 10-1000 seconds.

3) Depositing a phosphorus-doped amorphous silicon film (I-layer) on the back silicon oxide: To reduce interface
bombardment, the deposition power, deposition rate, and thickness of the phosphorus-doped amorphous silicon film (I-layer)
are relatively low. Specific parameters are as follows: substrate temperature 100-700°C, silane, hydrogen, and phosphine as
reactant gases, with a flow rate of 1000 sccm-5000 sccm for each gas, a flow rate ratio of SiH4:H2:PHs = 1:0-100:0.1-100, gas
pressure 60-300 Pa, deposition power 2000-8000 W, RF on/off ratio 1:5-1:30, and deposition time 60-600 seconds.

4) Depositing a phosphorus-doped amorphous silicon film II on the phosphorus-doped amorphous silicon film I: In order
to improve the film growth rate, the deposition power of the phosphorus-doped amorphous silicon film II is increased; the
specific parameters are: substrate temperature 100-700°C, silane, hydrogen and phosphine as reaction gases, the flow ratio of
the three SiHa:H2:PHs=1:0-100:0.1-100, gas pressure 30-200Pa, deposition power 5000-15000W, RF on/off ratio 1:5-1:30,
and deposition time 120-1200 seconds;

5) Crystallization annealing: Place the silicon wafer into a tube annealing furnace, anneal at a temperature of 760-1100°C,
and anneal for 10-240 minutes.

2. The method for preparing polycrystalline silicon passivated contact structures by tubular PECVD according to claim
1, wherein the thickness of the doped amorphous silicon thin film is 20-400 nm.

3. The method for preparing polycrystalline silicon passivated contact structures by tubular PECVD according to claim
2, wherein the thickness of the doped amorphous silicon thin film is 100-150 nm.

4. The method for preparing polycrystalline silicon passivated contact structures by tubular PECVD according to claim
1, wherein the doped amorphous silicon thin film is a phosphorus-doped amorphous silicon thin film or a boron-doped
amorphous silicon thin film.

SEG Solar, EX1029, Page 10
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Method for preparing polycrystalline silicon passivated contact structures by tubular PECVD

Technical Field
[0001] This invention relates to the field of solar cell technology, specifically to a method for preparing polycrystalline silicon
passivated contact (TOPCon) structures using tubular PECVD.

Background Art

[0002] Tunneling oxygen/polycrystalline silicon passivated contact (TOPCon) solar cells are a novel type of silicon solar cell
proposed by the Fraunhofer Institute in Germany in 2013. A thin layer of ultrathin silicon oxide (less than 2 nm thick) is
coated on the back of the cell, followed by a layer of doped amorphous silicon, and then annealed at high temperature to form
heavily doped polycrystalline silicon. Taking n-type phosphorus-doped TOPCon as an Embodiment, the basic structure of
the cell is shown in Figure 1, and the typical passivation sheet structure is shown in Figure 2. The back structure of the cell
is, in sequence, an n-type silicon wafer/ultrathin tunneling oxide layer/n+ polycrystalline silicon layer/metal electrode layer.
Depending on the cell structure design, the polycrystalline silicon can also be boron-doped polycrystalline silicon.

[0003] Currently, with the adoption of TOPCon technology, back-side passivation has been significantly improved, and the
efficiency of n-type TOPCon cells is higher than that of n-PERT cells. The single-sided power generation efficiency of
existing n-PERT cells is about 21.5%-22%, while the single-sided power generation efficiency of bifacial n-TOPCon cells is
about 22.5%-23.5%.

[0004] Industrially, TOPCon structures are mainly fabricated using LPCVD technology. Taking an n-type TOPCon battery
as an Embodiment, the fabrication process is as follows:

[0005]1) Silicon wafer cleaning and double-sided texturing;

[0006]2) Front side boron expansion;

[0007]3) Back side chemical polishing;

[0008]4) Long silicon nitride on the front side;

[0009]5) Silicon oxide with a thickness of less than 3 nm is prepared on the back surface of the silicon wafer by thermal
oxidation; the time usually takes 30 minutes;

[0010]6) An intrinsic polycrystalline silicon thin film is prepared by low-pressure chemical vapor deposition (LPCVD); it
usually takes 120-150 minutes to prepare 100-150 nm polycrystalline silicon.

[0011]7) The intrinsic polycrystalline silicon film is transformed into a phosphorus-doped polycrystalline silicon film by low-
pressure phosphorus diffusion method; the diffusion process usually takes 90-120 minutes.

[0012]8) Front side cleaning to remove silicon nitride; usually takes 20 minutes;

[0013]9) Clean the back side to remove the phosphosilicate glass layer;

[0014]10) Prepare a front passivation antireflection film and a back antireflection film;

[0015] 11) Screen printing;

[0016]12) Sintering;

[0017]13) Test grading.

[0018] Steps 4-9, a total of six steps, are necessary steps for preparing the phosphorus-doped TOPCon structure.

[0019] The main shortcomings of existing LPCVD methods for preparing TOPCon structures include:

[0020]1) Long process steps: The preparation of silicon oxide/phosphorus-doped polycrystalline silicon requires six process
steps. The manufacturing process is still relatively complex and cumbersome. Additional diffusion and cleaning processes
are required, which increases the production complexity and reduces the yield of battery products.

[0021]2) A total of three types of special equipment are required, including: LPCVD furnace, diffusion furnace, and front-
side special cleaning machine. At the same time, the prices of the relevant equipment are high, which increases the production
cost.
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[0022]3) Long process time: The total time for steps such as preparing silicon oxide, intrinsic polycrystalline silicon, and
phosphorus diffusion is more than 280 minutes, which is very long and greatly reduces the battery yield.

Summary of the Invention

[0023] To address the above problems, this invention develops a TOPCon structure fabrication technology based on tubular
PECVD. The power supply used for tubular PECVD can be either a low-frequency power supply or a radio frequency power
supply. Tubular PECVD technology can not only fabricate high-quality TOPCon structures, but its passivation efficiency is
completely equivalent to that of LPCVD technology. Specifically, the iVoc of n-type silicon wafers with double-sided
passivation using n-type TOPCon can reach 720-750mV; at the same time, it can also greatly simplify the production process.
[0024] This invention provides a method for preparing polycrystalline silicon passivated contact structures using tubular
PECVD, comprising preparing a doped amorphous silicon thin film on the surface of silicon oxide and/or silicon nitride using
tubular PECVD, followed by high-temperature crystallization annealing to obtain the polycrystalline silicon passivated
contact structure. The silicon oxide and/or silicon nitride include silicon oxide layers (SiOx), silicon nitride layers (SiNx),
silicon oxynitride layers (SiOxNy), and combinations of different stacks thereof.

[0025] Preferably, the thickness of the doped amorphous silicon thin film is 20-400 nm.

[0026] More preferably, the thickness of the doped amorphous silicon thin film is 100-150 nm.

[0027] Preferably, the doped amorphous silicon film is a phosphorus-doped amorphous silicon film or a boron-doped
amorphous silicon film.

[0028] Preferably, the method for preparing polycrystalline silicon passivated contact structures by tubular PECVD includes
the following specific steps:

[0029]1) Silicon wafer cleaning and double-sided texturing;

[0030]2) Boron expansion on the front side of the silicon wafer;

[0031]3) Chemical polishing of the back side of the silicon wafer;

[0032]4) Prepare silicon oxide with a thickness of less than 3 nm on the back surface of the silicon wafer;

[0033]5) Phosphorus-doped amorphous silicon films with a thickness of 20-400 nm were prepared on silicon oxide using
tubular PECVD;

[0034]6) Cleaning the front side of the silicon wafer;

[0035]7) High-temperature crystallization annealing;

[0036]8) Prepare a front passivation antireflection film and a back antireflection film;

[0037]9) Screen printing;

[0038]10) Sintering.

[0039] As the most preferred method, the preparation is carried out using a tubular PECVD equipment according to the
following steps:

[0040]1) After cleaning, the silicon wafer is placed in a graphite boat;

[0041]2) Deposition of silicon oxide: substrate temperature 100-600°C, nitrous oxide, carbon dioxide or oxygen as reaction
gas, flow rate 1000sccm-5000sccm, gas pressure 30-300Pa, deposition power 2000-8000W, RF on/off ratio 1:5-1:30,
deposition time 10-1000 seconds;

[0042]3) Deposit a phosphorus-doped amorphous silicon thin film on the back silicon oxide: In order to reduce interface
bombardment, the deposition power of the thin film is small, the rate is low, and the thickness is also small; the specific
parameters are: substrate temperature 100-700°C, silane, hydrogen and phosphine are used as reaction gases, the flow rate of
each gas is about 1000sccm-5000sccm, the flow rate ratio of the three is SiH4:H2:PH3=1:0-100:0.1-100, the gas pressure is
60-300Pa, the deposition power is 2000-8000W, the RF on/off ratio is 1:5-1:30, and the deposition time is 60-600 seconds;
[0043]4) Deposit a phosphorus-doped amorphous silicon film on the phosphorus-doped amorphous silicon film: In order to
improve the film growth rate, the deposition power of the second layer film is increased; the specific parameters are: substrate
temperature 100-700°C, silane, hydrogen and phosphine as reaction gases, the flow ratio of the three SiHa:H2:PHs=1:0-
100:0.1-100, gas pressure 30-200Pa, deposition power 5000-15000W, RF on/off ratio 1:5-1:30, deposition time 120-1200
seconds;
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[0044]5) Crystallization annealing: The silicon wafer is placed in a tube annealing furnace, the annealing temperature is 760-
1100°C, and the annealing time is 10-240 minutes.

[0045] The beneficial effects of the present invention are as follows: In summary, using tubular PECVD has the following
advantages:

[0046]1) The core process steps of TOPCon are reduced to four steps, a total of three steps are reduced, which greatly reduces
the number of processes and reduces the complexity of the process.

[0047]2) Only two types of special equipment are required: tubular PECVD and high-temperature annealing furnace. At the
same time, the equipment is inexpensive, saving costs.

[0048] 3) Significantly shortened process time. First, tubular PECVD has a small wafer diameter, thus eliminating the need
to prepare a silicon nitride mask layer on the front side of the silicon wafer, and also avoiding the subsequent tedious front-
side cleaning and etching work. Second, tubular PECVD can simultaneously prepare silicon oxide and doped amorphous
silicon thin films within the tube. Silicon oxide can be prepared directly within the PECVD tube, eliminating the need for
other methods to prepare silicon oxide and then transfer it to the furnace, reducing the transfer process. Third, tubular PECVD
has a very fast rate for preparing amorphous silicon thin films; the total time for preparing a 100nm amorphous silicon thin
film is typically less than 10 minutes. Fourth, the amorphous silicon thin film is in-situ doped, eliminating the need for further
diffusion processes. Even with subsequent crystallization treatment, the total time required to prepare TOPCon structures
using tubular PECVD is approximately 90-120 minutes, significantly lower than the 280 minutes required by LPCVD.
[0049]4) Because the process steps are saved, the breakage rate of silicon wafers is greatly reduced, and the yield of the
production process is improved.

[0050]5) In addition, depending on the process requirements, methane (CHa4) can be introduced to prepare doped silicon
carbide, ammonia (CHa4) can be introduced to prepare doped silicon nitride, and carbon dioxide (COz) or nitrous oxide (N20)
can be introduced to prepare doped silicon oxide.

Breif Description of the Drawings
[0051] Figure 1 is a schematic diagram of the existing TOPCon solar cell structure.
[0052] Figure 2 is a schematic diagram of a typical existing passivation sheet structure.

Detailed Description of the Embodiments

[0053] The present invention will be further described in detail below with reference to specific embodiments, but the present
invention is not limited to the following specific embodiments.

[0054] Information on the n-type silicon wafer used in the embodiments: (100) crystal orientation, thickness of 180
micrometers, resistivity of 1-7 ohm-cm. Information on the p-type silicon wafer: (100) crystal orientation, thickness of 180
micrometers, resistivity of 0.5-1.5 ohm-cm. The following are specific embodiments.

[0055] Embodiment 1

[0056] Using the n-type silicon wafer, the surface damage layer is removed, and the same structure is deposited on both sides.
The specific processing is as follows:

[0057]1. After cleaning, the silicon wafer is placed in a graphite boat;

[0058]2. Deposition of silicon oxide: substrate temperature 400°C, nitrous oxide (N20) as reaction gas, flow rate 3000sccm,
gas pressure 200Pa, deposition power 2000W, RF on/off ratio 2ms:10ms, deposition time 120 seconds.

[0059]3. Deposit a phosphorus-doped amorphous silicon thin film on the silicon oxide layer: substrate temperature 600°C,
SiH4:H2:PH5=1500sccm:10000sccm: 1500scem, gas pressure 250Pa, deposition power 2000W, RF on/off ratio 3ms:45ms,
deposition time 600 seconds;

[0060] 4. Deposit a phosphorus-doped amorphous silicon film II on the phosphorus-doped amorphous silicon film I: substrate
temperature 600°C, SiH:H.: pHs=1500sccm:10000sccm:1500scem, gas pressure is 150Pa, deposition power is 8000W, RF
on/off ratio is 3ms:45ms, deposition time is 180 seconds;
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[0061] 5. Crystallization annealing: Annealing at 800°C for about 40 minutes.

[0062] Finally, the surface passivation effect of the sample was tested using a Sinton WCT-120. The average implied open-
circuit voltage iVoc=725mV, the iVoc distribution was 716~734mV, and the corresponding average surface saturation current
Jo=8fA/cm?.

[0063] Embodiment 2

[0064] Using the n-type silicon wafer, the surface damage layer is removed, and the same structure is deposited on both sides.
The specific process is as follows:

[0065] 1. After cleaning, the silicon wafer is placed in a graphite boat;

[0066] 2. Deposition of silicon oxide: substrate temperature 400°C, carbon dioxide (CO-) as reaction gas, flow rate 5000sccm,
gas pressure 220Pa, deposition power 2500W, RF on/off ratio 2ms:30ms, deposition time 120 seconds.

[0067] 3. Deposition of phosphorus-doped amorphous silicon thin film I: substrate temperature 500°C,
SiH4:H2:PH3=1000sccm:10000sccm:1000scecm, gas pressure 250Pa, deposition power 2000W, RF on/off ratio 3ms:75ms,
deposition time 500 seconds;

[0068] 4. Deposition of phosphorus-doped amorphous silicon thin film II: substrate temperature 500°C, SiH4:H2:PHs =
1000sccm:10000sccm:1000scem, gas pressure is 200Pa, deposition power is 10000W, RF on/off ratio is 3ms:75ms,
deposition time is 200 seconds;

[0069] 5. Crystallization annealing: Annealing at 800°C for about 40 minutes.

[0070] Finally, the surface passivation effect of the sample was tested using a Sinton WCT-120. The average implied open-
circuit voltage iVoc=723mV, the iVoc distribution was 714~733mV, and the corresponding surface saturation current
Jo=8fA/cm?.

[0071] Embodiment 3

[0072] Using the n-type silicon wafer, the surface damage layer is removed, and the same structure is deposited on both sides.
The specific process is as follows:

[0073] 1. After cleaning, the silicon wafer is placed in a graphite boat;

[0074] 2. Deposition of silicon oxide: substrate temperature 400°C, nitrous oxide (N20) as reaction gas, flow rate 3000sccm,
gas pressure 200Pa, deposition power 2000W, RF on/off ratio 2ms:10ms, deposition time 120 seconds.

[0075] 3. Deposition of boron-doped amorphous silicon thin film I: substrate temperature 600°C,
SiH4:H2:B2Hs=1500sccm:2000sccm:1500scecm, gas pressure 250Pa, deposition power 1800W, RF on/off ratio 3ms:45ms,
deposition time 600 seconds;

[0076] 4. Deposition of boron-doped amorphous silicon thin film II: substrate temperature 600°C, SiH4:H2:B2Hs=1600sccm:
10000sccm:1600scem, gas pressure is 150Pa, deposition power is 10000W, RF on/off ratio is 3ms:45ms, deposition time is
300 seconds;

[0077] 5. Crystallization annealing: Annealing at 780°C for about 120 minutes.

[0078] Finally, the surface passivation effect of the sample was tested using a Sinton WCT-120. The average implied open-
circuit voltage iVoc=672mV, the iVoc distribution was 668~679mV, and the corresponding surface saturation current
Jo=T78fA/cm?.

[0079] Embodiment 4

[0080] A 1 ohm-centimeter p-type silicon wafer is used, the surface damage layer is removed, and the same structure is
deposited on both sides. The specific processing is as follows:

[0081] 1. After cleaning, the silicon wafer is placed in a graphite boat;

[0082] 2. Deposition of silicon oxide: substrate temperature 400°C, nitrous oxide (N20) as reaction gas, flow rate 2000sccm,
gas pressure 240Pa, deposition power 2500W, RF on/off ratio 2ms:20ms, deposition time 100 seconds.

[0083] 3. Deposition of phosphorus-doped amorphous silicon thin film I: substrate temperature 600°C,
SiH4:H2:PH5=1500sccm:10000sccm:1500scem, gas pressure 250Pa, deposition power 2000W, RF on/off ratio 3ms:60ms,
deposition time 600 seconds;

[0084] 4. Deposition of phosphorus-doped amorphous silicon thin film II: substrate temperature 600°C,
SiH4:H2:PH3=1500sccm:10000sccm:1500scem, gas pressure 150Pa, deposition power 13000W, RF on/off ratio 3ms:60ms,
deposition time 240 seconds;
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[0085] 5. Crystallization annealing: Annealing at 900°C for about 30 minutes.

[0086] Finally, the surface passivation effect of the sample was tested using a Sinton WCT-120. The average implied open-
circuit voltage iVoc=716 mV, the iVoc distribution was 710~723 mV, and the corresponding surface saturation current Jo=11
fA/cm?.

[0087] Embodiment 5

[0088] The fabrication of the TOPCon structure using an n-type silicon wafer is described in detail below:

[0089] 1. After cleaning, the silicon wafer is placed in a graphite boat;

[0090] 2. Deposition of silicon oxide: substrate temperature 400°C, nitrous oxide (N20) as reaction gas, flow rate 3500sccm,
gas pressure 200Pa, deposition power 2000W, RF on/off ratio 2ms:15ms, deposition time 200 seconds.

[0091] 3. Deposition of phosphorus-doped amorphous silicon thin film 1. substrate temperature 600°C,
SiH4:H2:PH3=1500sccm:8000sccm:1500scecm, gas pressure 220Pa, deposition power 2000W, RF on/off ratio 3ms:55ms,
deposition time 600 seconds;

[0092] 4. Deposition of phosphorus-doped amorphous silicon thin film II: substrate temperature 600°C,
SiH4:H2:PH3=1500sccm:8000sccm:1500sccm, gas pressure 180Pa, deposition power 11000W, RF on/off ratio 3ms:55ms,
deposition time 300 seconds;

[0093] 5. Crystallization annealing: Annealing at 850°C for about 30 minutes.

[0094] 6. Finally, an n-type TOPCon battery with an efficiency of 22.7% was prepared.

[0095] Embodiment 6

[0096] The fabrication of the TOPCon structure using an n-type silicon wafer is described in detail below:

[0097] 1. After cleaning, the silicon wafer is placed in a graphite boat;

[0098] 2. Preparation of silicon oxide: Silicon oxide was prepared by thermal oxidation (600°C/20min);

[0099] 3. Deposition of phosphorus-doped amorphous silicon thin film I: substrate temperature 400°C,
SiHa:H2:PH3=1500sccm:8000sccm:1500sccm, gas pressure 220Pa, deposition power 2000W, RF on/off ratio 3ms:55ms,
deposition time 600 seconds;

[0100] 4. Deposition of phosphorus-doped amorphous silicon thin film II: substrate temperature 400°C,
SiHa:H2:PH3=1500sccm:8000sccm:1500sccm, gas pressure 180Pa, deposition power 11000W, RF on/off ratio 3ms:55ms,
deposition time 1000 seconds;

[0101] 5. Crystallization annealing: Annealing at 880°C for about 30 minutes.

[0102] Finally, the surface passivation effect of the sample was tested using a SintonWCT-120. The average implied open-
circuit voltage iVoc=733 mV, the iVoc distribution was 720~733 mV, and the corresponding surface saturation current Jo~4
fA/cm?.

[0103] The above are merely exemplary embodiments of the present invention and do not constitute any limitation on the
scope of protection of the present invention. All technical solutions formed by equivalent exchange or equivalent substitution
fall within the scope of protection of the present invention.
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