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COATING APPARATUS, METHOD AND SYSTEM, SOLAR CELL, 

MODULE, AND POWER GENERATION SYSTEM   

 

TECHNICAL FIELD 

[0001] The present disclosure relates to solar cell processing, in particular to a heterojunction 

solar cell film deposition apparatus, method and system, solar cell, module, and power 

generation system. 

 

BACKGROUND 

[0002] Silicon heterojunction solar cell is a solar cell technology that deposits amorphous 

silicon-based films on the surface of crystalline silicon to form a heterojunction. Compared 

with traditional crystalline silicon cells and silicon film cells, it has the advantages of simple 

process, high power generation and low power cost, and have become a hot spot in the 

photovoltaic industry. 

[0003] Amorphous silicon-based films of intrinsic layer i/doped layer n or intrinsic layer 

i/doped layer p are deposited on the upper and lower surfaces of crystalline silicon by PECVD 

technology in silicon heterojunction solar cell which are characterized by thin and multi-

layered films. Generally, one type of amorphous silicon film requires 2 to 10 different reaction 

gases and process conditions to complete the deposition, which is achieved through process 

recipe control to achieve the best silicon surface passivation and heterojunction doping effect. 

[0004] The existing mass-produced PECVD film deposition apparatus usually adopts in-line 

chamber arrangement, and the deposition process of amorphous silicon film layer is realized 
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by setting a single or multiple closed chambers. For example, the patent with Publication No. 

CN110835726A provides a method of processing the intrinsic layer and the doped layer in 

separate chambers, and the vacuum pump and the vacuum lock in each chamber are used to 

control the processing environment of each chamber. 

[0005] In the current solar cell processing technology, the photoelectric conversion efficiency 

is generally about 22.8%, even if the efficiency is increased by 0.1%, a large cost is required. 

In the commercialization of mass production, how to improve the processing efficiency is more 

important. However, in the research on the deposition of intrinsic amorphous silicon-based film 

passivation layer by PECVD, the influence of process parameters such as gas source type, flow 

rate of various gases, deposition power density, deposition time, deposition pressure and so on 

is mostly studied, while the research on processing efficiency is less. One of the reasons is that 

the processing efficiency is absolutely affected by the deposition rate, and the deposition 

efficiency is affected by most of the above process parameters, which are coupled together, and 

it is difficult to distinguish which influence is caused by the deposition rate alone. 

[0006] Based on the above reasons, how to reduce the deposition time of heterojunction solar 

cells on the basis of the existing technology through further exploration and research is of great 

significance to the commercial mass production of the solar cell. 

 

SUMMARY 

[0007] 1. The technical problem to be solved by the present disclosure 

[0008] The purpose of the present disclosure is to overcome the disadvantage of low overall 
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processing efficiency of solar cell wafers in the prior art, and provide a heterojunction solar 

cell film deposition apparatus, which can improve the processing efficiency by optimizing the 

chamber setting. 

[0009] Further, the present disclosure also provides a film deposition method for a 

heterojunction solar cell, which is based on a film deposition processing equipment, and can 

process a plurality of solar cells at the same time, thereby improving the overall processing 

efficiency. 

[0010] Further, the present disclosure also provides a heterojunction solar cell film deposition 

system, which uses two sets of equipment to form a complete production line, and can 

efficiently complete the deposition processing of two surfaces of solar cell wafers. 

[0011] Further, the present disclosure also provides a heterojunction solar cell. The solar cell 

processed by the new film deposition method has better performance and longer service life, 

especially applied to solar module and power generation systems. 

[0012] 2. Technical solution 

[0013] To achieve the above objectives, the technical solution provided by the present 

disclosure is: 

[0014] A heterojunction solar cell film deposition apparatus configured to deposit an 

amorphous silicon-based film of a heterojunction solar cell and comprising a process chamber, 

wherein the process chamber includes: at least two intrinsic process chambers configured to 

deposit an intrinsic layer silicon film; at least one doping process chamber configured to deposit 

an N-type silicon film or a P-type silicon film; wherein the chambers are isolated by isolation 
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valves, the chambers of the film deposition apparatus are linearly arranged in an order of a 

loading chamber, a preheating chamber, the at least two intrinsic process chambers, the at least 

one doping process chamber, and an unloading chamber, a pressure difference between the 

process chambers of the same type is less than 20%; wherein the preheating chamber includes: 

a heating preheating chamber configured to heat a carrier plate loaded with a solar cell wafer 

to be processed; and a preheating buffer chamber located between the heating preheating 

chamber and the intrinsic process chamber and configured to adjust gas and pressure 

atmosphere. 

[0015] In one of the embodiments, the unloading chamber includes an unloading buffer 

chamber and a discharging unloading chamber. 

[0016] In one of the embodiments, in a direction of a processing sequence, a proportion of 

hydrogen in a latter intrinsic process chamber is higher than or equal to a proportion of 

hydrogen in a former intrinsic process chamber. 

[0017] In one of the embodiments, the intrinsic process chamber and the doping process 

chamber are provided with a capacitance-coupling flat plate structure configured to form the 

film by chemical vapor deposition. 

[0018] In one of the embodiments, a flat plate capacitance distance between the capacitance-

coupling flat plate in the process chamber and the carrier plate loaded with the solar cell wafer 

to be processed is 5mm to 60mm. 

[0019] In one of the embodiments, wherein the flat plate capacitance distances between the at 

least two the process chambers are different. 
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[0020] In one of the embodiments, one or more process chambers are provided with an 

independent heating module therein configured to adjust a working temperature of the 

chambers to be within 100ºC to 400ºC. 

[0021] In one of the embodiments, the temperatures in at least two process chambers are 

different. 

[0022] In one of the embodiments, the film deposition apparatus is provided with the carrier 

plate configured to load the solar cell wafer to be processed, the carrier plate is transferred by 

a roller mechanism, a transmission speed of a roller is 100mm/s to 800mm/s. 

[0023] In one of the embodiments, the transmission speed of the roller is 200mm/s to 700mm/s. 

[0024] In one of the embodiments, the transmission speed of the roller is 300mm/s to 600mm/s. 

[0025] In one of the embodiments, an upper surface of the carrier plate is coated with an 

insulating coating. 

[0026] In one of the embodiments, a lower surface of the carrier plate is coated with a 

conductive coating. 

[0027] In one of the embodiments, the carrier plate is a composite structure comprising a base 

plate and a support unit, the base plate is provided with a plurality of placing portions arranged 

in an array, and the support unit is provided in each placing portion. In an embodiment, the 

carrier plate is a C/C(carbon-carbon) graphite composite structure, which includes the base 

plate made of C/C composite material and the support unit made of graphite material. 

[0028] In one of the embodiments, the preheating chamber heat the carrier plate and the loaded 

solar cell wafer on the carrier plate by a non-contact heating method. 
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[0029] In one of the embodiments, the non-contact heating method is a heating method using 

an infrared lamp tube or a heating wire, the infrared lamp tube or the heating wire is located at 

a bottom of the preheating chamber and heats the carrier plate from a lower side; or the non-

contact heating method includes a heating method using an infrared lamp tube and a heating 

wire, the infrared lamp tube is located in the preheating chamber and is located on a lower side 

of the carrier plate, and the heating wire is located in the preheating chamber and is located on 

an upper side of the carrier plate. 

[0030] In one of the embodiments, the intrinsic process chamber and the doping process 

chamber are connected to corresponding vacuum pumps configured to evacuate the chambers, 

and an angle valve and/or a butterfly valve are provided to control the pressure of the chambers. 

[0031] In one of the embodiments, the chambers of the same type share one vacuum pump, 

and a pipeline of the vacuum pump is provided with the angle valve and/or the butterfly valve, 

and a plug-in valve. 

[0032] In one of the embodiments, two to six intrinsic process chambers are provided, and one 

to four doping process chamber is provided. 

[0033] In one of the embodiments, the heterojunction solar cell film deposition apparatus 

includes the loading chamber, the preheating chamber, two intrinsic process chambers, one 

doping process chamber, and the unloading chamber that are linearly arranged in sequence 

from front to back. 

[0034] In one of the embodiments, the heterojunction solar cell film deposition apparatus 

includes the loading chamber, the preheating chamber, three intrinsic process chambers, one 
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doping process chamber, and the unloading chamber that are linearly arranged in sequence 

from front to back; or the heterojunction solar cell film deposition apparatus includes the 

loading chamber, the preheating chamber, three intrinsic process chambers, two doping process 

chambers, and the unloading chamber that are linearly arranged in sequence from front to back; 

or the heterojunction solar cell film deposition apparatus includes the loading chamber, the 

preheating chamber, four intrinsic process chambers, two doping process chambers, and the 

unloading chamber that are linearly arranged in sequence from front to back. 

[0035] In one of the embodiments, the heterojunction solar cell film deposition apparatus 

includes the loading chamber, the heating preheating chamber, the preheating buffer chamber, 

three intrinsic process chambers, two doping process chambers, and the unloading chamber 

that are linearly arranged in sequence from front to back; or the heterojunction solar cell film 

deposition apparatus includes the loading chamber, the heating preheating chamber, the 

preheating buffer chamber, four intrinsic process chambers, two doping process chambers, the 

unloading buffer chamber, and the unloading chamber that are linearly arranged in sequence 

from front to back; or the heterojunction solar cell film deposition apparatus includes the 

loading chamber, the heating preheating chamber, the preheating buffer chamber, five intrinsic 

process chambers, three doping process chambers, the unloading buffer chamber, and the 

discharging unloading chamber that are linearly arranged in sequence from front to back. 

[0036] In one of the embodiments, an isolation chamber is provided between the intrinsic 

process chamber and the doping process chamber, and the chambers are isolated by isolation 

valves. 
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[0037] In one of the embodiments, the heterojunction solar cell film deposition apparatus 

includes the loading chamber, the preheating chamber, three intrinsic process chambers, the 

isolation chamber, the doping process chamber, and the unloading chamber that are linearly 

arranged in sequence from front to back; or the heterojunction solar cell film deposition 

apparatus includes the loading chamber, the preheating chamber, three intrinsic process 

chambers, the isolation chamber, two doping process chambers, and the unloading chamber 

that are linearly arranged in sequence from front to back; or the heterojunction solar cell film 

deposition apparatus includes the loading chamber, the preheating chamber, four intrinsic 

process chambers, the isolation chamber, two doping process chambers, and the unloading 

chamber that are linearly arranged in sequence from front to back. 

[0038] In one of the embodiments, the heterojunction solar cell film deposition apparatus 

includes the loading chamber, comprising the loading chamber, the heating preheating chamber, 

the preheating buffer chamber, three intrinsic process chambers, the isolation chamber, and two 

doping processes chambers and the unloading chamber that are linearly arranged in sequence 

from front to back; or the heterojunction solar cell film deposition apparatus includes the 

loading chamber, the heating preheating chamber, the preheating buffer chamber, four intrinsic 

process chambers, the isolation chamber, two doping process chambers, an unloading buffer 

chamber, and a discharging unloading chamber that are linearly arranged in sequence from 

front to back; or the heterojunction solar cell film deposition apparatus includes the loading 

chamber, the heating preheating chamber, the preheating buffer chamber, five intrinsic process 

chambers, the isolation chamber, three doping process chambers, an unloading buffer chamber, 
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and a discharging unloading chamber that are linearly arranged in sequence from front to back; 

or the heterojunction solar cell film deposition apparatus includes the loading chamber, the 

heating preheating chamber, the preheating buffer chamber, six intrinsic process chambers, the 

isolation chamber, four doping process chambers, an unloading buffer chamber, and a 

discharging unloading chamber that are linearly arranged in sequence from front to back. 

[0039] In one of the embodiments, the heterojunction solar cell film deposition apparatus 

further includes a return mechanism, wherein the return mechanism sends the carrier plate back 

to a feeding station using a roller or a belt structure. 

[0040] A method for producing a heterojunction solar cell using the above-mentioned cell film 

deposition apparatus, includes: after the loading chamber is fed, the carrier plate is heated 

through the heating preheating chamber, then the gas and pressure atmosphere are adjusted in 

the preheating buffer chamber, then the carrier plate is sent to the intrinsic process chamber, 

and the film deposition processing of the intrinsic layer silicon film is completed in steps in at 

least two intrinsic process chambers, and then the carrier plate is sent to the doping process 

chamber, and the deposition of N-type silicon film or P-type silicon film is completed through 

at least one doping process chamber, when the doping process chamber is working, the intrinsic 

process chamber is in a waiting state or deposit and coat the heterojunction solar cell wafer on 

another carrier plate. 

[0041] In one of the embodiments, the carrier plate is transferred synchronously though a roller 

mechanism, when the carrier plate is transferred between adjacent process chambers, the 

isolation valve between the chambers is opened, and process gas is constantly introduced into 
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the chambers. 

[0042] In one of the embodiments, the method includes: S1, the carrier plate is fed in the 

loading chamber; S2, the carrier plate is preheated by non-contact heating in the heating 

preheating chamber to reach a temperature required by the process, then go to the preheating 

buffer chamber to adjust the gas and pressure atmosphere in the chamber so that the carrier 

plate directly enters the intrinsic process chamber; S3, film deposition processing is performed 

in the first intrinsic process chamber, a film deposition is performed on the capacitance-

coupling flat plate structure based on chemical vapor deposition method in the process chamber, 

and after the processing is completed, the carrier plate enters next intrinsic process chamber to 

continue film deposition processing; S4, the processing of the intrinsic layer silicon film is 

completed in the intrinsic process chamber, and then the carrier plate enters the doping process 

chamber to perform the film deposition process of the N-type silicon film or the P-type silicon 

film; S5, after step S4 is completed, the carrier plate is unloaded through the unloading chamber; 

and S6, the rollers of the return mechanism return the carrier plate to the loading chamber, and 

the carrier plate is kept warm during the process. 

[0043] A heterojunction solar cell film deposition system includes at least two groups of the 

above-mentioned heterojunction solar cell film deposition apparatus, wherein one of the 

heterojunction solar cell film deposition apparatus is configured to deposit and coat the intrinsic 

layer silicon film and N-type silicon film on one side of the solar cell wafer, another one of the 

heterojunction solar cell film deposition apparatus is configured to deposit and coat the intrinsic 

layer silicon film and P-type silicon film on the other side of the solar cell wafer. 
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[0044] A heterojunction solar cell is provided, wherein the above-mentioned heterojunction 

solar cell film deposition apparatus is used to perform silicon film process. 

[0045] A heterojunction solar module of the present disclosure includes a plurality of 

heterojunction solar cells connected in series, the cell is a heterojunction solar cell processed 

by the above-mentioned heterojunction solar cell film deposition apparatus or method. 

[0046] A photovoltaic power generation system includes the above-mentioned heterojunction 

solar module, which is used for solar power generation. 

[0047] 3. Beneficial effect 

[0048] Compared with the prior art, the technical solution provided by the present disclosure 

has the following beneficial effects: 

[0049] (1) The present disclosure expands the intrinsic process chamber. In the traditional 

technology, the film processing in a single closed chamber is decomposed into multiple 

continuous intrinsic process chambers for processing and deposition, which can reduce the 

processing waiting time of solar cell wafers. The same equipment can process multiple solar 

cell wafers at the same time, thus improving the processing efficiency. 

[0050] (2) The present disclosure adopts the scheme of multiple intrinsic process chambers and 

multiple doping process chambers, which is not only more conducive to the processing control 

of the film layers in different thickness regions, but also can be balanced in time and create a 

foundation for the synchronous transmission of each carrier plate. In addition, in order to ensure 

the processing quality, gas delivery is maintained during the movement of the carrier plate, and 

the gas ratio and pressure are controlled to a certain extent, so as to prevent the chamber from 
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being polluted and ensure the effective operation of the corresponding processing process. 

[0051] (3) The present disclosure is based on the idea of using multiple chambers for 

processing the same film layer, reducing the residence time in each chamber, and reducing the 

retention time in the accessory chamber for non-deposition processing, so as to improve the 

processing efficiency. It is also possible to provide an isolation chamber between the intrinsic 

process chamber and the doping process chamber to avoid the mixing of gases between two 

different types of chambers, and can reduce the vacuum pumping time in the processing process 

and ensure the effective operation of the corresponding processing process. On this basis, the 

processing system can complete the processing of the front and back sides of the solar cell 

wafer on a carrier plate, which has great practical value. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a schematic diagram of a film deposition apparatus with two intrinsic process 

chambers. 

[0053] FIG. 2 is a structure view of a carrier plate. 

[0054] FIG. 3 is a schematic diagram of an embodiment with three intrinsic process chambers 

and two doping process chambers. 

[0055] FIG. 4 is a schematic diagram of an embodiment with four intrinsic process chambers 

and two doping process chambers. 

[0056] FIG. 5 is a schematic diagram of an embodiment with five intrinsic process chambers 

and three doping process chambers. 
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[0057] FIG. 6 is a schematic diagram of an embodiment with an isolation chamber. 

[0058] FIG. 7 is a schematic diagram of an embodiment with a buffer chamber and an isolation 

chamber. 

[0059] Description of elements in the drawings: 

[0060] 1: loading chamber;  

[0061] 2: preheating chamber;  

[0062] 3: intrinsic process chamber;  

[0063] 4: doping process chamber;  

[0064] 5: unloading chamber;  

[0065] 6: carrier plate;  

[0066] 7: roller mechanism;  

[0067] 8: return mechanism;  

[0068] 9: isolation valve;  

[0069] 10: vacuum pump;  

[0070] 11: plasma power supply and process gas;  

[0071] 12: process gas;  

[0072] 13: isolation chamber. 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0073] The present disclosure will now be described in detail with reference to the 

accompanying drawings and embodiments in order to further understand the present disclosure. 
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[0074] The structures, proportions, sizes, etc. shown in the drawings are only used to cooperate 

with the contents disclosed in the specification for the understanding and reading of those who 

are familiar with the technology, and are not used to limit the conditions for the implementation 

of the present disclosure, so they have no technical significance. Any modification of the 

structure, change of the scale relationship or adjustment of the size, without affecting the 

efficacy and the purpose of the present disclosure, should still fall within the scope of the 

technical content disclosed in the present disclosure. Meanwhile, the terms such as "up", 

"down", "left", "right" and "middle", etc. quoted in the specification are only for the sake of 

clarity of description, and are not used to limit the scope of implementation. The change or 

adjustment of the relative relationship should also be regarded as the scope of implementation 

of the present disclosure without substantial change in technical content. 

[0075] First embodiment 

[0076] A heterojunction solar cell film deposition apparatus according to the embodiment is 

configured to deposit an amorphous silicon-based film of a heterojunction solar cell wafer, 

which may include a loading chamber 1, a preheating chamber 2, a process chamber, an 

unloading chamber 5 and other basic chamber structures required for processing that are 

arranged linearly. 

[0077] The loading chamber 1 is configured to feed and as an entry of a carrier plate. 

[0078] The preheating chamber 2 is used for preheating the carrier plate. The carrier plate can 

be preheated by a non-contact heating method to reach a temperature required by the process. 

[0079] The process chamber is used for deposition processing. According to the process 



 

 15 

requirements, a corresponding gas is introduced, a vacuum pump 10 is used to form a vacuum 

environment or maintain an air pressure, a plasma power supply and the process gas 11 are 

used to form a processing environment, and an intrinsic layer silicon film and an N or P type 

silicon film are deposited in the process chamber. 

[0080] The unloading chamber 5 is configured to cool the carrier plate 6 and unload the solar 

cell wafer on the carrier plate. The chamber may be connected to the vacuum pump 10 and the 

process gas 12 for adjusting the environment in the chamber. 

[0081] During processing, the carrier plate 6 is configured to load the solar cell wafer to be 

processed. The chambers are arranged linearly. A roller mechanism 7 is provided in cooperation 

with the chambers so that the carrier plate can pass through each of the chambers. The structure 

of part of the apparatus can be referred to patents, such as CN110835739A, CN110835736A, 

and CN110527988A. 

[0082] One side of the solar cell wafer is successively coated with an intrinsic silicon film and 

an N-type silicon film, and the other side of the solar cell wafer is successively coated with an 

intrinsic silicon film and a P-type silicon film. The processing of the solar cell in the 

embodiment only refers to the processing of one side thereof. 

[0083] Referring to FIG. 1, the improvement of the embodiment is that the process chamber 

includes an intrinsic process chamber 3 and a doping process chamber 4. At least two intrinsic 

process chambers are provided for the deposition of an intrinsic layer silicon film process. The 

doping process chamber is used for the deposition of N-type silicon film or P-type silicon film. 

The intrinsic process chamber and the doping process chamber are isolated from each other by 
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an isolation valve 9.  

[0084] In an embodiment, two intrinsic process chambers and one doping process chamber are 

provided. The doping process chamber is used for deposition processing of N-type silicon film 

or P-type silicon film, which can be performed according to process requirements. As for the 

specific method of deposition, a plasma chemical vapor deposition or a hot wire chemical vapor 

deposition can be used. 

[0085] In the embodiment, the intrinsic process chamber is further divided into chambers, so 

that a deposition work of one intrinsic process chamber in the prior art is decomposed into 

multiple intrinsic process chambers, and the same processing process is decomposed by time. 

In the process of film deposition, this process is equivalent to adding process procedures and 

processing equipment, which appears to be at a disadvantage in the progress of commercial 

mass production of amorphous silicon solar cells. However, based on the processing equipment, 

when the solar cell wafer on one carrier plate is processed with N-type silicon film or P-type 

silicon film in the doping process chamber, the intrinsic process chamber can process the solar 

cell wafer on the other carrier plate at the same time. Alternatively, two carrier plates are 

simultaneously deposited in two intrinsic process chambers within a certain period of time. 

[0086] As for a conventional processing equipment, whether for processing of intrinsic layer 

silicon film, or for depositing N-type silicon film or P-type silicon film, it requires to be stacked 

repeatedly layer by layer to form a layer structure. Therefore, only after the processing of one 

side of the solar cell wafer on one carrier plate is completed, the processing of the solar cell 

wafer on the next carrier plate can be performed, resulting in a long waiting time. In the 
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embodiment, the solar cell wafers on two carrier plates can be processed at the same time, 

thereby reducing the waiting time and improving the processing efficiency. 

[0087] Second embodiment 

[0088] This embodiment further defines the solution in the first embodiment. The intrinsic 

process chamber and the doping process chamber are provided with a capacitance-coupling flat 

plate structure for forming a film by chemical vapor deposition. In this solution, the plasma 

chemical vapor deposition is preferably used to form the film. In the structure, the capacitance-

coupling flat plate structure is connected to RF(radio frequency) or VHF RF(very high 

frequency radio frequency) power supply, and the frequency of the RF power supply is 10MHz 

to 100MHz. 

[0089] When the intrinsic layer silicon film is coated, the frequency of the RF power supply 

between different intrinsic process chambers can be set as required. 

[0090] The thickness and defect density of the intrinsic layer silicon film have a significant 

impact on a conversion efficiency of a solar cell. By decomposing the intrinsic layer silicon 

film processing process, it is easier to control process parameters for the film processing in 

different thickness ranges, so as to improve the overall intrinsic layer silicon film deposition 

quality and improve the product performance. 

[0091] In another embodiment, a flat plate capacitance distance between the capacitance-

coupling flat plate in the process chamber and the carrier plate loaded with the solar cell wafer 

to be processed is 5mm to 60mm, such as, 10mm, 25mm, 35mm, 48mm, etc. The flat plate 

capacitance distances between different chambers can be the same or different, which is set 
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according to the actual process conditions. Preferably, the capacitance distances between the 

capacitance-coupling flat plates in at least part of the chambers are different to meet the process 

requirements for deposition of different films. 

[0092] Third embodiment 

[0093] In the heterojunction solar cell film deposition apparatus of this embodiment, a roller 

mechanism is provided at a bottom of each chamber, and the carrier plate is transferred through 

the roller mechanism. 

[0094] Referring to FIG. 1, the carrier plate does not move during a static film deposition 

process. When transmission is required, the carrier plate can move at a speed of 90mm/s to 

800mm/s. When the carrier plate moves, the carrier plate passes through the loading chamber 

1, the preheating chamber 2, the intrinsic process chamber I1, the intrinsic process chamber I2, 

the doping process chamber D1, and the unloading chamber 5 linearly arranged, and the roller 

mechanism is used to transport of the carrier plate. 

[0095] More preferably, the speed of the carrier plate can be controlled at 200mm/s to 700mm/s, 

and preferably, the speed of the roller is 300mm/s to 600mm/s, such as, 320mm/s. 

[0096] If the speed is too high, the carrier plate is easy to vibrate, and the mutual friction 

between the silicon wafer and the carrier plate will also cause the silicon wafer to wear. If the 

speed is too small, the efficiency cannot be effectively improved. Therefore, the speed range 

of 300mm/s to 600mm/s is preferred. 

[0097] In some embodiments, the film deposition apparatus further includes a return 

mechanism 8, the return mechanism 8sends the carrier plate back to a feeding station using a 
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roller or a belt structure, so that the carrier plate can be used for the next cycle.  

[0098] Further, an upper surface of the carrier plate is coated with an insulating film deposition 

to avoid affecting the potential uniformity of the surface of the solar cell wafer. 

[0099] Further, a lower surface of the carrier plate is coated with a conductive film deposition 

to additionally ground the carrier plate, so that the influence of the charge distributed on the 

carrier plate on the plating film can be effectively prevented. 

[0100] Referring to FIG. 2, the carrier plate is a composite structure, including a base plate and 

a support unit located on the base plate. In an embodiment, the carrier plate is a C/C(carbon-

carbon) graphite composite structure, the base plate is made of C/C composite material, and 

the support unit is made of graphite material. 

[0101] The base plate is provided with a plurality of placing portions, preferably the plurality 

of placing portions are arranged in a rectangular array, and each placing portion is provided 

with one support unit. In this embodiment, the placing portion may be a groove provided on 

the base plate, and the groove only penetrates one end surface of the base plate. The placing 

portion may also be an opening provided on the base plate, and the opening penetrates two 

opposite end surfaces of the base plate. The support unit is also provided with a silicon wafer 

placement area for placing the silicon wafer. When the silicon wafer (solar cell wafer to be 

processed) is coated, the support unit is mounted to the placing portion on the substrate, and 

the silicon wafer is placed in the silicon wafer placement area on the support unit. This method 

is the preferred embodiment, and other carrier plate structures can also be used, mainly for 

placing the product to be processed. 
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[0102] Fourth embodiment 

[0103] As another embodiment, this embodiment further defines a preheating mechanism. In 

this embodiment, the carrier plate is preheated by a non-contact heating method to reach a 

temperature required by the process. The non-contact heating method includes a heating 

method using an infrared lamp tube, a heating wire, and other methods similar to an 

electromagnetic coil heating. 

[0104] Preferably, in this embodiment, the infrared lamp tube is used for heating, and the 

infrared lamp tube is located at a bottom of the preheating chamber to preheat the bottom of 

the carrier plate. 

[0105] In another embodiment, the heating wire may be provided in the chamber for heating, 

and the heating wire may be provided above or below the carrier plate. 

[0106] As another embodiment, in this embodiment, the carrier plate is preheated by non-

contact heating to reach the temperature required by the process. The non-contact heating 

method includes a heating method using an infrared lamp tube and a heating wire, and the two 

non-contact heating methods are combined. In this embodiment, the infrared lamp tube is 

arranged in the preheating chamber and located on a lower side of the carrier plate, and the 

heating wire is arranged in the preheating chamber and located on an upper side of the carrier 

plate. A heating speed of the infrared lamp tube is fast, and it is easy to cause the temperature 

of the surface of the carrier plate to be too high. The heating wire heating is relatively uniform, 

but the efficiency is low. By combining the two methods and limiting the structure, the heating 

method of this embodiment has better effect and efficiency. 
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[0107] In order to save the preheating time, in another embodiment, a return mechanism 8 may 

be provided during the return of the carrier plate to preheat or keep the carrier plate warm, so 

that the preheating time is shorter and the preheating is more uniform during the processing of 

the next solar cell. 

[0108] Fifth embodiment 

[0109] On the basis of the fourth embodiment, in order to achieve the preheating effect, two 

preheating chambers can be provided for preheating processing. The same heating method can 

be used in the two preheating chambers, for example, the infrared lamp tubes are used for 

heating. 

[0110] In another method, different heating methods can be used for heating, for example, one 

uses the infrared lamp tube for heating and the other one uses the heating wire for heating. 

[0111] Sixth embodiment 

[0112] As an embodiment, in this embodiment, an independent heating module is provided in 

one or more process chambers to adjust a working temperature of the chamber, which is 100ºC 

to 400ºC. 

[0113] During the deposition process, the heating module can be used to heat the chamber to 

control the temperature of the two chambers to be different, or control the temperature of all 

chambers to be different. 

[0114] The temperature of the chamber is controlled according to specific process conditions. 

In order to meet different process requirements, the temperatures of different process chambers 

are mostly different. In an embodiment, the temperature in one of the chambers may be 120ºC, 
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and the temperature in the other chamber may be 200ºC. 

[0115] Seventh embodiment 

[0116] In combination with the above embodiments, in the heterojunction solar cell film 

deposition apparatus in this embodiment, process gas will be introduced into the process 

chamber during processing, and gas delivery will be maintained when the isolation valve 

between two process chambers of the same type is opened. For the process gas introduced into 

the intrinsic process chamber, it is defined that the hydrogen proportion in the latter intrinsic 

process chamber is higher than the hydrogen proportion in the former intrinsic process chamber, 

or the hydrogen proportion in the latter intrinsic process chamber is equal to the hydrogen 

proportion in the former intrinsic process chamber. The equality mentioned here means that the 

two are basically the same, and slight changes are allowed. 

[0117] Further, the pressure difference between two adjacent intrinsic process chambers is less 

than 20%. The pressure difference referred hereto refers to the ratio of the pressure difference 

relative to one of the chambers. The pressure difference can be zero and not more than 20%, 

so as to stabilize the balance of the overall environment of the two chambers. 

[0118] In addition, when a plurality of process chambers of the same type are evacuated, a 

plurality of vacuum pumps can be provided to evacuate respectively. Preferably, referring to 

FIG. 3, a vacuum pump is used to connect multiple chambers, and a vent valve is provided on 

a transmission pipeline. The vent valve is an angle valve or a butterfly valve, which is 

configured to control the pressure in the chamber, or two vent valves are provided at the same 

time, and the corresponding valve to be operated is selected as required. When the butterfly 
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valve is used, a larger pressure change can be controlled, while the angle valve can adjust the 

pressure in a small range. In addition, a plug-in valve can be provided on the pipeline to control 

the on-off of the pipeline. 

[0119] It should be noted that in the above embodiments, when a single vacuum pump is used 

to connect the multiple chambers, the multiple chambers should be the same type of chambers, 

that is, all are intrinsic process chambers or all are doping process chambers. 

[0120] In this embodiment, the gas ratio and pressure difference between different chambers 

are utilized to avoid the pollution of the chamber deposition environment, so that a workpiece 

transfer between adjacent chambers can be realized without the isolating chamber. 

[0121] In another embodiment, it is also possible not to continue to deliver gas after the 

isolation valve is opened, and after the transmission is completed, the isolation valve is closed, 

it takes a certain period of time to evacuate the chamber through the vacuum pump, so as to 

avoid environmental pollution in the chamber.  

[0122] Eighth Embodiment 

[0123] In combination with the above embodiments, as a further improvement of the 

heterojunction solar cell film deposition apparatus, 2 to 6 intrinsic process chambers and 1 to 

4 doping process chambers may be provided. 

[0124] In cooperation with it, multiple loading chambers and multiple unloading chambers can 

also be provided. 

[0125] For the multi-chamber structure, the roller mechanism and the carrier plate can be 

synchronously transferred, that is, the rollers are driven to rotate synchronously, so that 
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different carrier plates can move synchronously. 

[0126] The roller mechanism can also be controlled in sections, that is, partial rollers can be 

used to drive the carrier plate to move independently, and the processing time difference 

between different chambers can be adjusted. 

[0127] Ninth Embodiment 

[0128] Preferably, the heterojunction solar cell film deposition apparatus includes one loading 

chamber, one preheating chamber, three intrinsic process chambers, one doping process 

chamber, and one unloading chamber, which are linearly arranged in sequence from front to 

back. 

[0129] The three intrinsic process chambers are respectively an intrinsic process chamber I1, 

an intrinsic process chamber I2, and an intrinsic process chamber I3. The three intrinsic process 

chambers cooperatively complete the deposition process of the intrinsic layer silicon film. 

[0130] In the structure of the solar cell film deposition apparatus, the processing time of each 

intrinsic process chamber is shortened, and the processing time of the doping process chamber 

may be relatively longer. A time difference can be adjusted by using the segmented control 

scheme of the roller mechanism. 

[0131] Tenth Embodiment 

[0132] As an improvement, 3 to 5 intrinsic process chambers and 2 to 3 doping process 

chambers may be provided. 

[0133] Referring to FIG. 3, in this embodiment, the heterojunction solar cell film deposition 

apparatus includes one loading chamber, one preheating chamber, three intrinsic process 
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chambers, two doping process chambers, and one unloading chamber, which are linearly 

arranged in sequence from front to back. 

[0134] In this embodiment, the doping process chamber is also divided into two chambers, the 

doping process chamber D1 and the doping process chamber D2, so that the N-type silicon film 

or the P-type silicon film is cooperatively completed by the two doping process chambers. 

[0135] Eleventh Embodiment 

[0136] Referring to FIG. 4, in this embodiment, the heterojunction solar cell film deposition 

apparatus includes one loading chamber, one preheating chamber, four intrinsic process 

chambers, which are the intrinsic process chamber I1, the intrinsic process chamber I2, the 

intrinsic process chamber I3, and the intrinsic process chamber I4, two doping process 

chambers, which are the doping process chamber D1, the doping process chamber D2, two 

unloading chambers, which are the unloading buffer chamber U1, the discharging unloading 

chamber U2, which are linearly arranged in sequence from front to back. The four intrinsic 

process chambers cooperatively complete the deposition process of the intrinsic layer silicon 

film. The two doping process chambers are continuously delivered with gas when the carrier 

plate is transferred, and the pressure can be controlled by the butterfly valve. 

[0137] FIG. 5 shows another embodiment, the heterojunction solar cell film deposition 

apparatus includes one loading chamber, the preheating chambers, which are the heating 

preheating chamber H1, the preheating buffer chamber H2, five intrinsic process chambers, 

which are the intrinsic process chamber I1, the intrinsic process chamber I2, the intrinsic 

process chamber I3, the intrinsic process chamber I4, the intrinsic process chamber I5, three 
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doping process chamber, which are the doping process chamber D1, the doping process 

chamber D2, the doping process chamber D3, the unloading chambers, which are the unloading 

buffer chamber U1, the discharging unloading chamber U2, which are linearly arranged in 

sequence from front to back. 

[0138] When five intrinsic process chambers are used, the deposition processing time in each 

intrinsic process chamber is further shortened. In order to balance the processing time, it is 

better to provide three doping process chambers. After adjustment, a synchronous motion of 

the roller mechanism can be used to realize the synchronous processing of multiple solar cell 

wafers, which can greatly shorten the processing time. 

[0139] In addition, two or three preheating chambers and unloading chambers can also be used, 

so as to balance the processing time of each chamber as a whole. It should be noted that the 

loading chamber, the preheating chamber and the unloading chamber are not limited to the 

functions of loading and unloading and preheating, and corresponding buffer spaces can be 

provided according to different process requirements. For example, the unloading chamber is 

divided into two portions, including the unloading buffer chamber and the discharging 

unloading chamber. The unloading buffer chamber is configured to adjust the temperature and 

air pressure environment. The discharging unloading chamber is completely in contact with the 

atmosphere for unloading. The structure can be considered as two unloading chambers, or can 

be considered as two portions of one unloading chamber, without specific limitation. 

[0140] Similarly, the loading chamber and the preheating chamber are not limited to a single 

chamber structure even if there is no limitation in the number in the specification. 
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[0141] In one embodiment, the preheating chamber may include the heating preheating 

chamber and the preheating buffer chamber, and the film deposition apparatus includes one 

loading chamber, one heating preheating chamber, two preheating buffer chambers, the 

intrinsic process chamber I1, the intrinsic process chamber I2, the intrinsic process chamber I3, 

the intrinsic process chamber I4, the intrinsic process chamber I5, the doping process chamber 

D1, the doping process chamber D2, the doping process chamber D3, the unloading buffer 

chamber, the discharging unloading chamber. 

[0142] When more than three intrinsic process chambers are used, the doping process chamber 

preferably adopts multiple chamber structures, which can better balance the time. The 

preheating buffer chamber and the unloading buffer chamber can also be used to shorten the 

vacuuming time, improve the overall processing efficiency, and achieve better results. 

[0143] Twelfth Embodiment 

[0144] In combination with the above embodiments, in this embodiment, an isolation valve is 

used to isolate the intrinsic process chamber and the doping process chamber, and an isolation 

chamber 13 is provided between the intrinsic process chamber 3 and the doping process 

chamber 4. 

[0145] The film deposition apparatus includes one loading chamber, one preheating chamber, 

the intrinsic process chamber I1, the intrinsic process chamber I2, the intrinsic process chamber 

I3, the isolation chamber, the doping process chamber D1, the doping process chamber D2, and 

one unloading chamber. 

[0146] On the one hand, the isolation chamber can be used as a gas environment adjustment 
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region between the intrinsic process chamber and the doping process chamber, on the other 

hand, the isolation chamber can be used as an adjustment region for the deposition time of the 

intrinsic process chamber and the doping process chamber, so as to avoid the excessive 

adjustment of the environmental conditions such as pressure and gas in order to adapt to the 

processing time. 

[0147] Thirteenth Embodiment 

[0148] As an extension of the twelfth embodiment, a plurality of intrinsic process chambers 

may be provided to cooperate with a plurality of doping process chambers. For example, the 

film deposition apparatus includes one loading chamber, one preheating chamber, the intrinsic 

process chamber I1, the intrinsic process chamber I2, the intrinsic process chamber I3, the 

intrinsic process chamber I4, one isolation chamber, the doping process chamber D1, the 

doping process chamber D2, and one unloading chamber. 

[0149] Referring to FIG. 6, as an extension, the preheating chamber may include the heating 

preheating chamber and the preheating buffer chamber. The film deposition apparatus includes 

one loading chamber 1, the heating preheating chamber H1, the preheating buffer chamber H2, 

the intrinsic process chamber I1, the intrinsic process chamber I2, the intrinsic process chamber 

I3, the intrinsic process chamber I4, the isolation chamber 13, the doping process chamber D1, 

the doping process chamber D2, one unloading buffer chamber U1, and one discharging 

unloading chamber U2. 

[0150] For another example, the film deposition apparatus includes one loading chamber 1, the 

heating preheating chamber H1, the preheating buffer chamber H2, the intrinsic process 
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chamber I1, the intrinsic process chamber I2, the intrinsic process chamber I3, the intrinsic 

process chamber I4, the intrinsic process chamber I5, the isolation chamber, the doping process 

chamber D1, the doping process chamber D2, the doping process chamber D3, one unloading 

buffer chamber U1, one discharging unloading chamber U2. 

[0151] The two portions of the unloading chamber are only for the purpose of unloading, and 

there is a gradual process of changing the temperature and gas environment before the solar 

cell wafer is contacted with the atmosphere. In some embodiments, it can also be considered 

as two unloading chambers. 

[0152] As an extension, the film deposition apparatus includes one loading chamber, one 

heating preheating chamber, two preheating buffer chambers, the intrinsic process chamber I1, 

the intrinsic process chamber I2, the intrinsic process chamber I3, the intrinsic process chamber 

I4, the intrinsic process chamber I5, the intrinsic process chamber I6, the isolation chamber, 

the doping process chamber D1, the doping process chamber D2, the doping process chamber 

D3, the doping process chamber D4, one unloading buffer chamber U1, and one discharging 

unloading chamber U2. 

[0153] When five or six intrinsic process chambers are used, the number of doping process 

chambers is generally three or four, and the isolation chamber is provided between the intrinsic 

process chamber and the doping process chamber, so that the deposition time can be matched 

with the intrinsic process chamber. The number of decomposition of the process chambers can 

be determined according to the number of silicon film. 

[0154] Fourteenth embodiment  
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[0155] In combination with the above embodiments, when a doped layer has more film layers, 

as another embodiment, three intrinsic process chambers are provided in this embodiment, and 

four doping process chambers are provided. 

[0156] The film deposition apparatus includes one loading chamber, one preheating chamber, 

the intrinsic process chamber I1, the intrinsic process chamber I2, the intrinsic process chamber 

I3, the doping process chamber D1, the doping process chamber D2, the doping process 

chamber D3, the doping process chamber D4, and one unloading chamber. 

[0157] Alternatively, the film deposition apparatus includes one loading chamber, one 

preheating chamber, the intrinsic process chamber I1, the intrinsic process chamber I2, the 

intrinsic process chamber I3, the isolation chamber, the doping process chamber D1, the doping 

process chamber D2, the doping process chamber D3, the doping process chamber D4, and one 

unloading chamber. 

[0158] Fifteenth Embodiment 

[0159] For the film deposition apparatus with multiple intrinsic process chambers, this 

embodiment provides a film deposition method for a heterojunction solar cell. Compared with 

the conventional process, in this embodiment, the film deposition processing of the intrinsic 

layer silicon film is completed in steps in at least two intrinsic process chambers, and then the 

carrier plate is sent to the doping process chamber to complete the film deposition processing 

of N-type silicon film or P-type silicon film. The intrinsic process chamber and the doping 

process chamber can simultaneously deposit and coat the heterojunction solar cells on different 

carrier plates. 
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[0160] During processing, each carrier plate on the roller mechanism can be transferred 

synchronously or controlled independently. When the carrier plate is transferred between 

adjacent process chambers, the isolation valve between the chambers is opened, and process 

gas is constantly introduced into the chambers. 

[0161] The scheme of using multiple intrinsic process chambers and doping process chambers 

not only facilitates the processing control of film layers in different thickness regions, but also 

allows for time equalization. In addition, in order to ensure the processing quality, gas delivery 

is maintained during the movement of the carrier plate, and the gas proportion and pressure are 

controlled to a certain extent, so as to prevent the chamber from being polluted and ensure the 

effective operation of the corresponding processing process. 

[0162] Sixteenth embodiment 

[0163] The method for film deposition a heterojunction solar cell in this embodiment includes 

the following steps: 

[0164] S1, the carrier plate is fed in the loading chamber. 

[0165] The carrier plate can be placed on the extension of the roller, and then the isolation 

valve at the entrance of the loading chamber is opened. After transferring to the loading 

chamber, the isolation valve is closed again, the chamber is evacuated, and the air is discharged 

to the outside.  

[0166] S2, the isolation valve is opened, the carrier plate enters the preheating chamber, the 

isolation valve is closed, and the carrier plate is preheated by non-contact heating to reach the 

temperature required by the process. 
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[0167] S3, after heating, the isolation valve between the preheating chamber and the intrinsic 

process chamber I1 is opened, the carrier plate enters the intrinsic process chamber I1, the 

isolation valve is closed, the process gas is introduced, and the vacuum pump is used to 

evacuate to keep the pressure in the chamber at the process requirement. 

[0168] Film deposition processing is performed in the intrinsic process chamber I1. The 

capacitance-coupling flat plate structure in the process chamber is connected to the RF or VHF 

RF power supply, and the frequency of the radio frequency power supply is 10MHz to 80MHz, 

after the processing is completed, the carrier plate enters the intrinsic process chamber I2 to 

continue the deposition process. 

[0169] S4, the processing of the intrinsic layer silicon film is completed in the intrinsic process 

chamber, the isolation valve is opened, the carrier plate enters the doping process chamber, and 

the isolation valve is closed. If the change of the gas environment is small, the doping process 

chamber is delivered with gas and pumped for a certain period of time. If the gas environment 

is quite different, the doping process chamber needs to be evacuated, then when the process 

gas filled into the doping process chamber reaches a certain pressure condition, the film 

deposition processing of N-type silicon film or P-type silicon film is performed. 

[0170] S5, after step S4 is completed, the carrier plate is unloaded through the unloading 

chamber. If the unloading chamber is provided with the buffer chamber, the air pressure and 

gas environment can be changed first, and then the carrier plate can be removed to unload the 

solar cell, so as to prevent damage to the product and air pollution. For a separate unloading 

chamber structure, the vacuum pump and process gas can be used to complete the change of 
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the unloading environment. In an embodiment, vacuum is drawn first, then nitrogen gas is 

introduced to reach an atmospheric pressure, and then the isolation valve is opened. 

[0171] S6, after step S5, the roller of the return mechanism returns the carrier plate to the 

loading chamber. Through the return mechanism, the carrier plate is returned to the feeding 

station, and can be used for the processing of the next cycle process. 

[0172] In addition, during the return process, the carrier plate can also be kept warm, so that 

the carrier plate can be maintained at a certain temperature, which is convenient for rapid 

preheating in the next cycle. 

[0173] Seventeenth embodiment 

[0174] In this embodiment, four intrinsic process chambers and two doping process chambers 

are provided, and the processing process is as follows: 

[0175] S1, the carrier plate is fed in the loading chamber. 

[0176] S2, the isolation valve is opened, the carrier plate enters the preheating chamber, the 

isolation valve is closed, and the carrier plate is preheated by non-contact heating to reach the 

temperature required by the process. 

[0177] S3, after heating, the isolation valve between the preheating chamber and the intrinsic 

process chamber I1 is opened, the carrier plate enters the intrinsic process chamber I1, the 

carrier plate is transferred to the designated position, the isolation valve is closed, and the film 

deposition process is performed in the intrinsic process chamber I1. After the processing is 

completed, the gas delivery is kept, the isolation valve is opened, the carrier plate enters the 

intrinsic process chamber I2, then the isolation valve is closed, and the film deposition process 
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is continued in the intrinsic process chamber I2. The deposition process in the intrinsic process 

chamber I3 and the intrinsic process chamber I4 is completed according to the above process. 

[0178] S4, the processing of the intrinsic layer silicon film is completed in the intrinsic process 

chamber, the isolation valve is opened, the carrier plate enters the doping process chamber D1, 

the isolation valve is closed, and according to the process environment, determine whether to 

pump air for delivering gas or vacuumize and then introduce gas to maintain pressure, and then 

a first film deposition processing of the N-type silicon film or P-type silicon film is performed. 

Then, the isolation valve between the doping process chamber D1 and the doping process 

chamber D2 is opened, and the carrier plate enters the doping process chamber D2, and then 

the isolation valve is closed to complete the film deposition process of N-type silicon film or 

P-type silicon film. 

[0179] S5, after step S4 is completed, the carrier plate is unloaded through the unloading 

chamber. 

[0180] S6, the return roller of the roller mechanism returns the carrier plate to the loading 

chamber, and the carrier plate is preheated and kept warm in the process. 

[0181] It should be noted that, while the film deposition process is performed in the doping 

process chamber, the multiple intrinsic process chambers may simultaneously process the 

intrinsic layer silicon film on one or more other solar cell wafers. 

[0182] Eighteenth embodiment 

[0183] Referring to FIG. 7, the apparatus of this embodiment includes one loading chamber, 

the heating preheating chamber H1, the preheating buffer chamber H2, the preheating buffer 
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chamber H3, the intrinsic process chamber I1, the intrinsic process chamber I2, the intrinsic 

process chamber I3, one isolation chamber, the doping process chamber D1, the doping process 

chamber D2, the unloading buffer chamber U1, and the discharging unloading chamber U2. 

The specific process is as follows: 

[0184] Step S1 includes: the carrier plate is fed from the outside through the loading chamber, 

the isolation valve V1 is opened, the carrier plate is transferred to the loading chamber 1 

through the roller, the isolation valve V1 is closed, and the butterfly valve is opened in the 

loading chamber for vacuuming. 

[0185] Step S2 includes: the isolation valve V2 is opened, the carrier plate is transferred from 

the loading chamber 1 to the heating preheating chamber H1 through the roller, the isolation 

valve V2 is closed, and the upper and lower surfaces of the carrier plate are heated by the 

heating wire and the infrared lamp tube. 

[0186] The isolation valve V3 is opened, the carrier plate is transferred from the heating 

preheating chamber H1 to the preheating buffer chamber H2 through the roller, the isolation 

valve V3 is closed, and SiH4 is introduced into the preheating buffer chamber H2, and the 

pressure reaches 0.8 Tor. 

[0187] A certain amount of SiH4 is introduced into the preheating buffer chamber H3, the 

pressure is maintained at 0.8 Tor, the isolation valve V4 is opened, the carrier plate is transferred 

from the preheating buffer chamber H2 to the preheating buffer chamber H3 through the roller, 

and the isolation valve V4 is closed. The vent valve in the thermal buffer chamber 1 is opened, 

and the chamber is evacuated to prepare for the next process. 
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[0188] If only the heating preheating chamber H1 and the preheating buffer chamber H2 are 

provided, as shown in FIG. 6, there is no need to go through the preheating buffer chamber H3, 

that is, after the isolation valve V4 is opened, the carrier plate directly enters the intrinsic 

process chamber I1, at this time, the gas and pressure in the preheating buffer chamber H2 and 

the intrinsic process chamber I1 are the same. 

[0189] The preheating buffer chamber can be communicated with the heating preheating 

chamber first, and then the gas and pressure atmosphere can be adjusted, so that the carrier 

plate can directly enter the intrinsic process chamber, without the need for vacuuming in the 

intrinsic process chamber to adjust the air pressure and remove other polluting gases. 

[0190] Step S3 includes: the process gas SiH4 is continuously introduced into the intrinsic 

process chamber I1, the vent valve controls the pressure in the chamber at 0.8 Tor, the isolation 

valve V5 is opened, and the carrier plate is transferred from the H3 preheating buffer chamber 

H3 to the intrinsic process chamber I1 through the rollers, the isolation valve V5 is closed, and 

a second intrinsic amorphous silicon-based film is deposited on the silicon wafer carried on the 

carrier plate. 

[0191] The intrinsic process chamber I2 is continuously fed with process gases SiH4 and H2 in 

a ratio of 1:1. The vent valve controls the pressure in the chamber at 0.78 Tor, the isolation 

valve V6 is opened, and the carrier plate is transferred from the intrinsic process chamber I1 to 

the intrinsic process chamber I2 through the roller, the isolation valve V6 is closed, and a 

second intrinsic amorphous silicon-based film is deposited on the silicon wafer carried on the 

carrier plate. 
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[0192] The intrinsic process chamber I3 is continuously fed with process gases SiH4 and H2 in 

a ratio of 1:5. The vent valve controls the pressure in the chamber at 0.78 Tor, the isolation 

valve V7 is opened, and the carrier plate is transferred from the intrinsic process chamber I2 to 

the intrinsic process chamber I3 through the roller, the isolation valve V7 is closed, and a third 

intrinsic amorphous silicon-based film is deposited on the silicon wafer carried on the carrier 

plate. 

[0193] Step S4 includes: a certain amount of H2 is introduced into the isolation chamber 13, 

the pressure is maintained at 0.78 Tor, the isolation valve V8 is opened, the carrier plate is 

transferred from the intrinsic process chamber I3 to the isolation chamber 13 through the roller, 

and the isolation valve V8 is closed. 

[0194] The doping process chamber D1 is continuously fed with SiH4, H2 and PH3 in a ratio 

of 1:4:1. The butterfly valve controls the pressure in the chamber at 0.8 Tor, the isolation valve 

V9 is opened, and the carrier plate is transferred from the isolation chamber 13 to the doping 

process chamber D1 through the roller, the isolation valve V9 is closed, a first layer of N-type 

amorphous silicon-based film is deposited on the silicon wafer carried on the carrier plate, and 

the vent valve in the isolation chamber 13 is opened for vacuuming. 

[0195] The doping process chamber D2 is continuously fed with SiH4, H2 and PH3 in a ratio 

of 2:1:3. The vent valve controls the pressure in the chamber at 0.8 Tor, the isolation valve V10 

is opened, and the carrier plate is transferred from the doping process chamber D1 to the doping 

process chamber D2 through the roller, the isolation valve V10 is closed, and a second N-type 

amorphous silicon-based film is deposited on the silicon wafer carried on the carrier plate. 
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[0196] Step S5 includes: the unloading buffer chamber U1 is fed with a certain amount of H2, 

the pressure is maintained at 0.8 Tor, the isolation valve V11 is opened, the carrier plate is 

transferred from the doping process chamber D2 to the unloading buffer chamber U1 through 

the roller, the isolation valve V11 is closed, the vent valve in the unloading buffer chamber U1 

is opened for vacuuming.  

[0197] The isolation valve V12 is opened, the carrier plate is transferred from the unloading 

buffer chamber U1 to the discharging unloading chamber U2 through the roller, the isolation 

valve V12 is closed, the discharging unloading chamber U2 is filled with nitrogen, and the 

pressure in the chamber reaches one atmosphere. 

[0198] Step S6 includes: the isolation valve V13 is opened, and the carrier plate is transferred 

from the discharging unloading chamber U2 to an unloading table in the atmospheric 

environment through the roller to complete the unloading. 

[0199] The unloading table sends the carrier plate to the return mechanism, and the silicon 

wafer is loaded again for the next film deposition cycle. 

[0200] Nineteenth embodiment 

[0201] This embodiment provides a heterojunction solar cell film deposition system, the 

system includes at least two heterojunction solar cell film deposition apparatuses, one of the 

apparatuses is configured to deposit and coat the intrinsic layer silicon film and N-type silicon 

film on one side of the solar cell wafer. Another one of the apparatuses is configured to deposit 

and coat the intrinsic layer silicon film and P-type silicon film on the other side of the solar cell 

wafer. The structures of the two groups of apparatus may be the same, except the doping 
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chamber, and any of the above-mentioned film deposition apparatus may be used without 

specific limitation. 

[0202] A turning station or other mechanical equipment can be provided between the two 

groups of apparatus to overturn the solar cell wafer, and the structure has no specific 

requirements. 

[0203] Twentieth Embodiment 

[0204] This embodiment provides a heterojunction solar cell, and a heterojunction solar 

module is processed by a plurality of the above-mentioned solar cell film deposition apparatus. 

The solar cell processed by this apparatus not only improve the processing efficiency. Since 

the deposition work of a single layer is decomposed into multiple chambers, the gas, pressure, 

temperature and other environmental conditions can be controlled more precisely, and the 

performance of the solar cell wafer can be improved. 

[0205] Twenty-first embodiment 

[0206] This embodiment provides the heterojunction solar module, which is formed by 

connecting the above-mentioned solar cells in series. The solar module is mounted on a frame 

to complete the packaging to form a solar panel, which is used for power generation. 

[0207] The solar panel is installed in a certain area to form a power generation system. The 

system is used to generate electricity, which can be used for household power supply or 

integrated into a power grid to realize an energy conversion of solar energy. 

[0208] The foregoing descriptions are merely specific embodiments of the present disclosure, 

but are not intended to limit the protection scope of the present disclosure. Any variation or 
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replacement readily figured out by a person skilled in the art within the technical scope 

disclosed in the present disclosure shall all fall within the protection scope of the present 

disclosure.  

  



 

 41 

What is claimed is: 

1. A heterojunction solar cell film deposition apparatus configured to deposit an amorphous 

silicon-based film of a heterojunction solar cell and comprising a process chamber, wherein the 

process chamber comprises: 

at least two intrinsic process chambers configured to deposit an intrinsic layer silicon film; 

at least one doping process chamber configured to deposit an N-type silicon film or a P-type 

silicon film; 

wherein the chambers are isolated by isolation valves, the chambers of the film deposition 

apparatus are linearly arranged in an order of a loading chamber, a preheating chamber, the at 

least two intrinsic process chambers, the at least one doping process chamber, and an unloading 

chamber, a pressure difference between the process chambers of the same type is less than 20%; 

wherein the preheating chamber comprises: 

a heating preheating chamber configured to heat a carrier plate loaded with a solar cell wafer 

to be processed; and 

a preheating buffer chamber located between the heating preheating chamber and the intrinsic 

process chamber and configured to adjust gas and pressure atmosphere. 

 

2. The heterojunction solar cell film deposition apparatus according to claim 1,  wherein the 

unloading chamber comprises an unloading buffer chamber and a discharging unloading 

chamber. 
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3. The heterojunction solar cell film deposition apparatus according to claim 1, wherein in a 

direction of a processing sequence, a proportion of hydrogen in a latter intrinsic process 

chamber is higher than or equal to a proportion of hydrogen in a former intrinsic process 

chamber. 

 

4. The heterojunction solar cell film deposition apparatus according to claim 1, wherein the 

intrinsic process chamber and the doping process chamber are provided with a capacitance-

coupling flat plate structure configured to form the film by chemical vapor deposition. 

 

5. The heterojunction solar cell film deposition apparatus according to claim 4, wherein a flat 

plate capacitance distance between the capacitance-coupling flat plate in the process chamber 

and the carrier plate loaded with the solar cell wafer to be processed is 5mm to 60mm. 

  

6. The heterojunction solar cell film deposition apparatus according to claim 5, wherein the flat 

plate capacitance distances between the at least two the process chambers are different. 

 

7. The heterojunction solar cell film deposition apparatus according to claim 1, wherein one or 

more process chambers are provided with an independent heating module therein configured 

to adjust a working temperature of the chambers to be within 100ºC to 400ºC. 

 

8. The heterojunction solar cell film deposition apparatus according to claim 7, wherein 
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temperatures in at least two process chambers are different. 

 

9. The heterojunction solar cell film deposition apparatus according to any one of claims 1 to 

8, wherein the film deposition apparatus is provided with the carrier plate configured to load 

the solar cell wafer to be processed, the carrier plate is transferred by a roller mechanism, a 

transmission speed of a roller is 100mm/s to 800mm/s. 

 

10. The heterojunction solar cell film deposition apparatus according to claim 9, wherein the 

transmission speed of the roller is 200mm/s to 700mm/s. 

  

11. The heterojunction solar cell film deposition apparatus according to claim 10, wherein the 

transmission speed of the roller is 300mm/s to 600mm/s. 

 

12. The heterojunction solar cell film deposition apparatus according to claim 9, wherein an 

upper surface of the carrier plate is coated with an insulating coating. 

 

13. The heterojunction solar cell film deposition apparatus according to claim 9, wherein a 

lower surface of the carrier plate is coated with a conductive coating. 

 

14. The heterojunction solar cell film deposition apparatus according to claim 9, wherein the 

carrier plate is a composite structure comprising a base plate and a support unit, the base plate 
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is provided with a plurality of placing portions arranged in an array, and the support unit is 

provided in each placing portion. 

 

15. The heterojunction solar cell film deposition apparatus according to claim 9, wherein the 

preheating chamber heat the carrier plate and the loaded solar cell wafer on the carrier plate by 

a non-contact heating method. 

 

16. The heterojunction solar cell film deposition apparatus according to claim 15, wherein the 

non-contact heating method is a heating method using an infrared lamp tube or a heating wire, 

the infrared lamp tube or the heating wire is located at a bottom of the preheating chamber and 

heats the carrier plate from a lower side; or 

the non-contact heating method comprises a heating method using an infrared lamp tube and a 

heating wire, the infrared lamp tube is located in the preheating chamber and is located on a 

lower side of the carrier plate, and the heating wire is located in the preheating chamber and is 

located on an upper side of the carrier plate. 

 

17. The heterojunction solar cell film deposition apparatus according to any one of claims 1 to 

8, wherein the intrinsic process chamber and the doping process chamber are connected to 

corresponding vacuum pumps configured to evacuate the chambers, and an angle valve and/or 

a butterfly valve are provided to control the pressure of the chambers. 
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18. The heterojunction solar cell film deposition apparatus according to claim 17, wherein the 

chambers of the same type share one vacuum pump, and a pipeline of the vacuum pump is 

provided with the angle valve and/or the butterfly valve, and a plug-in valve. 

 

19. The heterojunction solar cell film deposition apparatus according to any one of claims 1 to 

8, wherein two to six intrinsic process chambers are provided, and one to four doping process 

chamber is provided. 

 

20. The heterojunction solar cell film deposition apparatus according to claim 19, comprising 

the loading chamber, the preheating chamber, two intrinsic process chambers, one doping 

process chamber, and the unloading chamber that are linearly arranged in sequence from front 

to back. 

 

21. The heterojunction solar cell film deposition apparatus according to claim 19, comprising 

the loading chamber, the preheating chamber, three intrinsic process chambers, one doping 

process chamber, and the unloading chamber that are linearly arranged in sequence from front 

to back; or 

comprising the loading chamber, the preheating chamber, three intrinsic process chambers, two 

doping process chambers, and the unloading chamber that are linearly arranged in sequence 

from front to back; or 

comprising the loading chamber, the preheating chamber, four intrinsic process chambers, two 
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doping process chambers, and the unloading chamber that are linearly arranged in sequence 

from front to back. 

  

22. The heterojunction solar cell film deposition apparatus according to claim 19, comprising 

the loading chamber, the heating preheating chamber, the preheating buffer chamber, three 

intrinsic process chambers, two doping process chambers, and the unloading chamber that are 

linearly arranged in sequence from front to back; or 

comprising the loading chamber, the heating preheating chamber, the preheating buffer 

chamber, four intrinsic process chambers, two doping process chambers, the unloading buffer 

chamber, and the unloading chamber that are linearly arranged in sequence from front to back; 

or 

comprising the loading chamber, the heating preheating chamber, the preheating buffer 

chamber, five intrinsic process chambers, three doping process chambers, the unloading buffer 

chamber, and the discharging unloading chamber that are linearly arranged in sequence from 

front to back. 

 

23. The heterojunction solar cell film deposition apparatus according to claim 1, wherein an 

isolation chamber is provided between the intrinsic process chamber and the doping process 

chamber, and the chambers are isolated by isolation valves. 

 

24. The heterojunction solar cell film deposition apparatus according to claim 23, comprising 
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the loading chamber, the preheating chamber, three intrinsic process chambers, the isolation 

chamber, the doping process chamber, and the unloading chamber that are linearly arranged in 

sequence from front to back; or 

comprising the loading chamber, the preheating chamber, three intrinsic process chambers, the 

isolation chamber, two doping process chambers, and the unloading chamber that are linearly 

arranged in sequence from front to back; or 

comprising the loading chamber, the preheating chamber, four intrinsic process chambers, the 

isolation chamber, two doping process chambers, and the unloading chamber that are linearly 

arranged in sequence from front to back. 

 

25. The heterojunction solar cell film deposition apparatus according to claim 23, comprising 

the loading chamber, the heating preheating chamber, the preheating buffer chamber, three 

intrinsic process chambers, the isolation chamber, and two doping processes chambers and the 

unloading chamber that are linearly arranged in sequence from front to back; or 

comprising the loading chamber, the heating preheating chamber, the preheating buffer 

chamber, four intrinsic process chambers, the isolation chamber, two doping process chambers, 

an unloading buffer chamber, and a discharging unloading chamber that are linearly arranged 

in sequence from front to back; or 

comprising the loading chamber, the heating preheating chamber, the preheating buffer 

chamber, five intrinsic process chambers, the isolation chamber, three doping process chambers, 

an unloading buffer chamber, and a discharging unloading chamber that are linearly arranged 
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in sequence from front to back; or 

comprising the loading chamber, the heating preheating chamber, the preheating buffer 

chamber, six intrinsic process chambers, the isolation chamber, four doping process chambers, 

an unloading buffer chamber, and a discharging unloading chamber that are linearly arranged 

in sequence from front to back. 

  

26. The heterojunction solar cell film deposition apparatus according to any one of claims 1 to 

8 or 23, further comprising a return mechanism, wherein the return mechanism sends the carrier 

plate back to a feeding station using a roller or a belt structure. 

 

27. A method for producing a heterojunction solar cell using the film deposition apparatus 

according to any one of claims 1 to 26, wherein: 

after the loading chamber is fed, the carrier plate is heated through the heating preheating 

chamber, then the gas and pressure atmosphere are adjusted in the preheating buffer chamber, 

then the carrier plate is sent to the intrinsic process chamber, and the film deposition processing 

of the intrinsic layer silicon film is completed in steps in at least two intrinsic process chambers, 

and then the carrier plate is sent to the doping process chamber, and the deposition of N-type 

silicon film or P-type silicon film is completed through at least one doping process chamber, 

when the doping process chamber is working, the intrinsic process chamber is in a waiting state 

or deposit and coat the heterojunction solar cell wafer on another carrier plate. 
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28. The method for film deposition the heterojunction solar cell according to claim 27, wherein 

the carrier plate is transferred synchronously though a roller mechanism, when the carrier plate 

is transferred between adjacent process chambers, the isolation valve between the chambers is 

opened, and process gas is constantly introduced into the chambers. 

 

29. The method for film deposition the heterojunction solar cell according to any one of claims 

27 or 28, comprising: 

S1, the carrier plate is fed in the loading chamber; 

S2, the carrier plate is preheated by non-contact heating in the heating preheating chamber to 

reach a temperature required by the process, then go to the preheating buffer chamber to adjust 

the gas and pressure atmosphere in the chamber so that the carrier plate directly enters the 

intrinsic process chamber; 

S3, film deposition processing is performed in the first intrinsic process chamber, a film 

deposition is performed on the capacitance-coupling flat plate structure based on chemical 

vapor deposition method in the process chamber, and after the processing is completed, the 

carrier plate enters next intrinsic process chamber to continue film deposition processing; 

S4, the processing of the intrinsic layer silicon film is completed in the intrinsic process 

chamber, and then the carrier plate enters the doping process chamber to perform the deposition 

process of the N-type silicon film or the P-type silicon film; 

S5, after step S4 is completed, the carrier plate is unloaded through the unloading chamber; 

and 
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S6, the rollers of the return mechanism return the carrier plate to the loading chamber, and the 

carrier plate is kept warm during the process. 

 

30. A heterojunction solar cell film deposition system comprising at least two heterojunction 

solar cell film deposition apparatus according to any one of claims 1 to 26, wherein one of the 

heterojunction solar cell film deposition apparatus is configured to deposit and coat the intrinsic 

layer silicon film and N-type silicon film on one side of the solar cell wafer, another one of the 

heterojunction solar cell film deposition apparatus is configured to deposit the intrinsic layer 

silicon film and P-type silicon film on the other side of the solar cell wafer. 

 

31. A heterojunction solar cell, wherein the heterojunction solar cell film deposition apparatus 

according to any one of claims 1 to 26 is configured to perform silicon film deposition process, 

so as to form the solar cell. 

 

32. A heterojunction solar module comprising a plurality of the heterojunction solar cells of 

claim 31 connected in series. 

 

33. A photovoltaic power generation system comprising the solar module of claim 32. 

  


