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SEMICONDUCTOR PROCESS DEVICE AND REACTION CHAMBER THEREOF AND 

FILM LAYER DEPOSITION METHOD 

Field 5 

[0001] The present disclosure relates to the technical field of semiconductor processing, in 

particular to a reaction chamber of a semiconductor process device, the semiconductor process 

device and a film layer deposition method. 

Background 10 

[0002] A silicon dioxide (SiO2) thin film is one of the most commonly used films in a 

semiconductor process, traditional methods of deposition of the SiO2 thin film, such as an 

oxidation process, need to be performed in a high-temperature environment, the temperature 

usually exceeds 1000℃, and the high temperature may produce adverse byproducts, thus 

affecting a coverage rate of the thin film. 15 

[0003] A plasma enhanced atomic layer deposition (hereinafter referred to as PEALD) method 

may deposit a SiO2 thin film in a low-temperature environment, and the temperature is usually 

70℃-300℃. Compared with the oxidation process, the PEALD method has a better coverage rate 

of thin films, and more precisely controls thicknesses of the thin films. 

[0004] At present, adopting the PEALD method to deposit a SiO2 thin film, 20 

bis(diethylamine)silane (SAM24) and oxygen (O2) are usually adopted to serve as precursors. Fig. 

1 is a flow block diagram of adopting a traditional PEALD method to deposit a SiO2 thin film. 

As shown in Fig. 1, a deposition process at least includes: step S1′, enabling a SAM24 precursor 

to enter a reaction chamber and be adsorbed on a surface of a wafer; and step S2′, enabling an O2

precursor to enter the reaction chamber, applying a radio frequency electric field into the reaction 25 

chamber, so as to break macromolecules of SAM24 into micromolecules, motivating oxygen 

molecules to form active oxygen atoms, oxygen radicals and other multiple active groups, and 

enabling the broken micromolecules of the SAM24 to react with the active groups of oxygen to 

form a SiO2 thin film. The above process is used as one cycle, however, multiple cycles usually 

need to be repeated in the practical process, such that a thickness of the formed SiO2 thin film 30 

meets practical requirements. 

[0005] However, when applying the radio frequency electric field into the reaction chamber, 

ignition delay, and even abnormalities such as ignition failures may occur, as long as an abnormal 

cycle occurs in the multiple cycles, it may lead to a deviation between the thickness of the formed 

SiO2 thin film and a target thickness, and then lead to poor consistency between thicknesses of 35 
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films, affecting the product quality. 

Summary 

[0006] The present disclosure aims to at least solve one of technical problems existing in the 

prior art, and provides a reaction chamber of a semiconductor process device, the semiconductor 5 

process device and a film layer deposition method. 

[0007] In order to achieve the above objective, the present disclosure provides a reaction 

chamber of a semiconductor process device, including: a chamber body, a monitoring module, a 

deposition module and a control module;

[0008] the deposition module is configured to execute multiple deposition steps within a 10 

deposition period in the chamber body;

[0009] the monitoring module is connected with the chamber body, and configured to monitor 

brightness of a plasma light source generated in the chamber body when the deposition module 

executes each deposition step, and generate a first signal according to the brightness of the plasma 

light source; and15 

[0010] the control module is connected with the monitoring module, and configured to judge 

whether a thickness of a target film layer obtained after executing the multiple deposition steps is 

abnormal according to the first signal corresponding to at least one of the deposition steps, and if 

yes, execute an abnormality processing flow. 

[0011] Optionally, the abnormality processing flow includes: 20 

[0012] sending, by the control module, an abnormality alerting signal; and/or, controlling the 

deposition module to complementally execute at least one of the deposition steps. 

[0013] Optionally, the control module is configured to: 

[0014] judge whether a plasma ignition abnormality occurs in the deposition step according to 

the first signal corresponding to the at least one of the deposition steps, and if yes, determine that 25 

the thickness of the target film layer is abnormal, and execute the abnormality processing flow. 

[0015] Optionally, the control module includes: a processing submodule and a control 

submodule, and the monitoring module and the control submodule are both connected with the 

processing submodule; wherein,

[0016] the processing submodule is configured to judge whether the first signal corresponding 30 

to each deposition step exceeds a preset range, and if yes, generate a second signal corresponding 

to that deposition step; and

[0017] the control submodule is configured to count the number of times of generating, by the 

processing submodule, the second signal within the deposition period, and when the number of 

times of generating, by the processing submodule, the second signal within the deposition period 35 
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is greater than 0, determine that the thickness of the target film layer is abnormal, and execute the 

abnormality processing flow. 

[0018] Optionally, the abnormality processing flow includes: 

[0019] controlling, by the control submodule, the deposition module to complementally 

execute at least one of the deposition steps according to the number of times of generating, by the 5 

processing submodule, the second signal within the deposition period. 

[0020] Optionally, the number of times of complementally executing, by the deposition module, 

the deposition step is the same as the number of times of generating, by the processing submodule, 

the second signal within the deposition period. 

[0021] Optionally, the monitoring module includes a photoresistor or a photosensitive diode, 10 

and the first signal is a voltage signal negatively correlated with the brightness of the plasma light 

source. 

[0022] Optionally, a monitoring opening is formed in a side wall of the chamber body, the 

monitoring module is located outside the chamber body, and the monitoring module monitors the 

brightness of the plasma light source in the chamber body through the monitoring opening. 15 

[0023] Optionally, at least one of the monitoring module and the control module is integrated 

on a printed circuit board, and the printed circuit board is arranged on the chamber body, and is 

located outside the chamber body; and

[0024] the reaction chamber further includes a protective shell, and the protective shell is 

arranged on a periphery of the printed circuit board in a covering mode, and configured to separate 20 

the printed circuit board from the outside; and a port used for transmitting a signal is formed in 

the protective shell. 

[0025] The present disclosure further provides a semiconductor process device, including the 

above reaction chamber of the semiconductor process device. A deposition module includes an 

air inlet apparatus and an upper electrode apparatus, and a supporting base used for bearing a 25 

wafer is arranged in the chamber body; the air inlet apparatus is configured to introduce a 

precursor into the chamber body; and the upper electrode apparatus is configured to motivate the 

precursor to form plasma. 

[0026] Optionally, the semiconductor process device is applied to a plasma enhanced atomic 

layer deposition device. 30 

[0027] The present disclosure further provides a film layer deposition method, applied to the 

reaction chamber of the semiconductor process device, and including: 

[0028] executing, by the deposition module, multiple deposition steps within a deposition 

period in the chamber body;

[0029] monitoring, when the deposition module executes each deposition step, the brightness 35 
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of the plasma light source generated in the chamber body, and generating the first signal according 

to the brightness of the plasma light source; and

[0030] judging, according to the first signal corresponding to at least one of the deposition steps, 

whether the thickness of the target film layer obtained after executing the multiple deposition 

steps is abnormal, and if yes, executing an abnormality processing flow. 5 

[0031] Optionally, the abnormality processing flow includes: 

[0032] sending an abnormality alerting signal; and/or, controlling the reaction chamber to 

complementally execute at least one of the deposition steps. 

[0033] The present disclosure has the beneficial effects: 

[0034] in the technical solutions of the semiconductor process device and the reaction chamber 10 

thereof and the film layer deposition method provided by the present disclosure, the monitoring 

module monitors the brightness of the plasma light source generated in the chamber body when 

the deposition module executes each deposition step, and generates the first signal according to 

the brightness of the plasma light source; and the control module judges whether the thickness of 

the target film layer obtained after executing the multiple deposition steps is abnormal according 15 

to the above first signal corresponding to at least one of the deposition steps, and if yes, executes 

the abnormality processing flow. Therefore, abnormality processing may be performed in time 

after the thickness of the target film layer is abnormal, and then a deviation between the thickness 

of the target film layer and the target thickness can be improved. 

20 

Brief Description of the Drawings 

[0035] Accompanying drawings are used to provide a further understanding of the present 

disclosure, constitute one part of the specification, are used for explaining the present disclosure 

with specific implementations below, but do not constitute a limitation to the present disclosure. 

In the drawings: 25 

[0036] Fig. 1 is a flow diagram of depositing a SiO2 thin film by traditional PEALD. 

[0037] Fig. 2 is a first schematic structural diagram of a reaction chamber provided by an 

embodiment of the present disclosure. 

[0038] Fig. 3 is a second schematic structural diagram of a reaction chamber provided by an 

embodiment of the present disclosure. 30 

[0039] Fig. 4 is a schematic diagram of a circuit structure of a monitoring module provided by 

an embodiment of the present disclosure. 

[0040] Fig. 5 is a schematic diagram of a monitoring process provided by an embodiment of 

the present disclosure. 

[0041] Fig. 6 is a first flow diagram of a film layer deposition method provided by an 35 
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embodiment of the present disclosure. 

[0042] Fig. 7 is a second flow diagram of a film layer deposition method provided by an 

embodiment of the present disclosure. 

Detailed Description of the Embodiments 5 

[0043] Specific implementations of the present disclosure are explained in detail below with 

reference to accompanying drawings. It should be understood that the specific implementations 

described here are merely used to explain and illustrate the present disclosure, and not used to 

limit the present disclosure. 

[0044] The present disclosure provides a reaction chamber of a semiconductor process device. 10 

Fig. 2 is a first schematic structural diagram of a reaction chamber provided by an embodiment 

of the present disclosure. Fig. 3 is a second schematic structural diagram of a reaction chamber 

provided by an embodiment of the present disclosure. In conjunction with Fig. 2 and Fig. 3, the 

reaction chamber includes: a chamber body 1, a monitoring module 2, a control module 3 and a 

deposition module 4, the deposition module 4 is configured to execute multiple deposition steps 15 

within a deposition period in the chamber body 1, and specifically, a supporting base 8 used for 

bearing a wafer 7 is arranged in the chamber body 1; the deposition module 4, for example, 

includes an air inlet apparatus 43 and an upper electrode apparatus; each of the deposition steps, 

for example, includes: the air inlet apparatus 43 configured to introduce a precursor into the 

chamber body 1; and the upper electrode apparatus configured to apply a radio frequency electric 20 

field to the chamber body 1, so as to motivate the precursor in the chamber body 1 to form plasma, 

thereby depositing a target film layer on the wafer 7. The monitoring module 2 is connected with 

the chamber body 1, and configured to monitor brightness of a plasma light source generated in 

the chamber body 1 when the deposition module 4 executes each deposition step, and generate a 

first signal according to the brightness of the plasma light source. Optionally, the monitoring 25 

module 2 may monitor the brightness of the plasma light source in real time, or may monitor the 

brightness of the plasma light source at a certain time interval. The control module 3 is configured 

to judge whether a thickness of a target film layer obtained after executing the multiple deposition 

steps is abnormal according to the first signal corresponding to the multiple deposition steps, and 

if yes, execute an abnormality processing flow. 30 

[0045] In some optional embodiments, the above reaction chamber may be applied to a SiO2 

thin film deposition process, and includes, but is not limited to, a plasma enhanced atomic layer 

deposition (PEALD) process. The precursor may include source gas (such as 

bis(diethylamine)silane SAM24) and reaction gas (such as oxygen O2). When the radio frequency 

electric field is applied to the upper electrode apparatus in the deposition module 4, the source 35 
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gas in the precursor is motivated into plasma in the radio frequency electric field to emit light, so 

as to generate the plasma light source, if an ignition abnormality (such as an ignition failure) 

occurs when the radio frequency electric field is applied to the upper electrode apparatus, the 

brightness of the plasma light source in the chamber body 1 will be different from the brightness 

of the plasma light source during normal ignition, the monitoring module 2 may generate a first 5 

signal related to the brightness of the plasma light source, for example, the first signal may be a 

voltage signal, and the magnitude of the first signal is related to the brightness of the plasma light 

source. 

[0046] In the embodiment of the present disclosure, the monitoring module 2 may generate the 

first signal in each deposition step, the control module 3 may judge whether the brightness of the 10 

plasma light source in the reaction chamber is abnormal (for example, the brightness is too low) 

according to the magnitude of the first signal generated in at least one of the deposition steps, if 

yes, it will be determined that the thickness of the deposited target film layer is abnormal. 

[0047] By adopting the reaction chamber of the embodiment of the present disclosure, whether 

the thickness of the deposited target film layer is abnormal may be judged through the brightness 15 

of the plasma light source, and abnormality processing is performed in time when the thickness 

of the target film layer is abnormal, so as to improve a deviation between the thickness of the 

deposited target film layer and the target thickness. 

[0048] In some optional embodiments, the above abnormality processing flow includes: 

[0049] sending, by the control module 3, an abnormality alerting signal; and/or, controlling the20 

deposition module 4 to complementally execute at least one of the deposition steps. 

[0050] By controlling the deposition module 4 to complementally execute at least one of the 

deposition steps, the thickness of the target film layer may be increased, so as to decrease the 

deviation between the thickness of the deposited target film layer and the target thickness. 

[0051] The inventor founds in research that in the PEALD deposition process, a main factor 25 

causing the abnormality of the thickness of the target film layer is whether ignition of the 

deposition module 4 is normal, when the ignition of the deposition module 4 is normal, the 

SAM24 in the precursor in the reaction chamber may be broken into micromolecules, oxygen 

molecules may be motivated to form active oxygen atoms, oxygen radials and other multiple 

active groups, and the SAM24 micromolecules react with the active groups to form the target film 30 

layer. When the ignition of the deposition module 4 is abnormal, failure in the deposited target 

film layer is caused, and then the abnormal thickness of the target film layer is caused. 

[0052] Therefore, in some specific embodiments, when the ignition of the deposition module 4 

is abnormal, it may be determined that the thickness of the target film layer is abnormal. 

Specifically, the control module 3 is configured to: judge whether a plasma ignition abnormality 35 



7

occurs in the deposition steps according to the first signal corresponding to at least one of the 

deposition steps, and if yes, determine that the thickness of the target film layer is abnormal, and 

execute an abnormality processing flow. 

[0053] In some specific implementations, the first signal is the voltage signal negatively 

correlated to the brightness of the plasma light source in the reaction chamber. Fig. 4 is a 5 

schematic structural diagram of circuits of the monitoring module 2 provided by the embodiment 

of the present disclosure. As shown in Fig. 4, the monitoring module 2 includes a step-down 

circuit 21, a photoresistor Rm (photosensitive diode) and a signal generating circuit 22, the step-

down circuit 21 is configured to reduce a 24 V voltage provided by a first voltage end V1 for 

being used by the signal generating circuit 22, a value of resistance of the photoresistor Rm is 10 

changed with the brightness of the plasma light source in the chamber body 1, and the signal 

generating circuit 22 is configured to generate a first signal according to the voltage signal 

generated by the step-down circuit 21 and the value of resistance of the photoresistor Rm. In the 

embodiment of the present disclosure, the first signal may be an analog signal, certainly, in order 

to enable an output signal to meet multiple requirements, the signal generating circuit 22 may 15 

further output a pulse signal in addition to outputting the analog signal, for example, as shown in 

Fig. 4, specifically: 

[0054] In the embodiment of the present disclosure, the step-down circuit 21 includes a first 

comparator M1, a diode D, an inductor T, a first capacitor C1, a second capacitor C2, a third 

capacitor C3, a first light-emitting diode L1 and a first resistor R1. A first end of the first 20 

comparator M1 is connected with the first voltage end V1; a second end of the first comparator 

M1 is connected with a second voltage end V2; a third end of the first comparator M1 is connected 

with a second end of the inductor T, a second end of the first capacitor C1, a second end of the 

second capacitor C2, a second end of the third capacitor C3, and a first end of the first light-

emitting diode L1; a fourth end of the first comparator M1 is connected with the second voltage 25 

end V2; an output end of the first comparator M1 is connected with a first end of the inductor T 

and a second end of the diode D; a first end of the diode D, a first end of the first capacitor C1 

and a first end of the second capacitor C2 are all connected with the second voltage end V2; a 

first end of the third capacitor C3 and a first end of the first resistor R1 are both connected with a 

grounding end; and a second end of the first light-emitting diode L1 is connected with a second 30 

end of the first resistor R1. 

[0055] The signal generating circuit 22 includes: a slide rheostat R', a second resistor R2, a third 

resistor R3, a fourth resistor R4, a fourth capacitor C4, a second comparator M2 and a second 

light-emitting diode L2. A first end of the second comparator M2 is connected with a first end of 

the second resistor R2, a second end of the photoresistor Rm, a second end of the fourth capacitor 35 
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C4 and a first output end AO; a second end of the second comparator M2 is connected with a third 

end of the slide rheostat R'; and a third end of the second comparator M2 is connected with a 

second end of the slide rheostat R', a second end of the second resistor R2, a second end of the 

third resistor R3 and a first end of the second light-emitting diode L2. A fourth end of the second 

comparator M2 is connected with a first end of the slide rheostat R', a first end of the photoresistor 5 

Rm, and a first end of the fourth capacitor C4. An output end of the second comparator M2 is 

connected with a first end of the third resistor R3, the first end of the fourth resistor R4 and a 

second output end DO. 

[0056] In the embodiment of the present disclosure, a voltage signal output from the first output 

end AO is the first signal, the higher the brightness of the plasma light source in the chamber body 10 

1, the lower the value of resistance of the photoresistor Rm, the lower the divided voltage of the 

photoresistor Rm, and thus a lower analog signal is output from the first output end AO. The 

lower the brightness of the plasma light source in the chamber body 1, the higher the value of 

resistance of the photoresistor Rm, the higher the divided voltage of the photoresistor Rm, and 

thus a higher analog signal is output from the first output end AO. 15 

[0057] The higher the brightness of the plasma light source in the chamber body 1, the lower 

the value of resistance of the photoresistor Rm, the lower the divided voltage of the photoresistor 

Rm, a voltage received at the first end of the second comparator M2 is lower, and when it is lower 

than a voltage received at the second end, the second comparator M2 outputs a low level, which 

indicates that the brightness of the plasma light source is normal. The lower the brightness of the 20 

plasma light source in the chamber body 1, the higher the value of resistance of the photoresistor 

Rm, the higher the divided voltage of the photoresistor Rm, the voltage received at the first end 

of the second comparator M2 is higher, and when it is higher than the voltage received at the 

second end, the second comparator M2 outputs a high level, which indicates that the brightness 

of the plasma light source is abnormal. 25 

[0058] When the second comparator M2 outputs the low level, the second light-emitting 

transistor L2 may emit light, and when the second comparator M2 outputs the high level, the 

second light-emitting transistor L2 may be extinguished, so as to perform prompt. 

[0059] It needs to be explained that in the above example, the second comparator M2 being an 

NPN type is taken as an example for illustration, which does not constitute limit of the type of the 30 

second comparator M2 in the embodiment of the present disclosure, and in practical products, the 

second comparator M2 may further adopt other types, which is not limited here. 

[0060] In the embodiment of the present disclosure, a value of resistance of the slide rheostat 

R' is adjustable, so that the monitoring sensitivity may be adjusted. 

[0061] In conjunction with Fig. 2 and Fig. 3, in some specific embodiments, the control module 35 



9

3 includes: a processing submodule 31 and a control submodule 32, and the monitoring module 

2 and the control submodule 32 are both connected with the processing submodule 31. 

[0062] In the embodiment of the present disclosure, at least one of the monitoring module 2 

and the processing submodule 31 may be integrated on a printed circuit board (PCB) A, is 

arranged on the chamber body 1, and is located outside the chamber body 1. The control 5 

submodule 32 may be integrated on a programmable logic controller (PLC) B. A length-width 

ratio of the printed circuit board A is set 5/3. 

[0063] In some specific embodiments, the reaction chamber may further include a protective 

shell 6, and the protective shell 6 is arranged on a periphery of the printed circuit board A in a 

covering mode, so as to separate the printed circuit board A from the outside, thereby protecting 10 

the printed circuit board A. The printed circuit board A may be connected with the programmable 

logic controller B through signal lines. For example, a port used for transmitting a signal is formed 

in the protective shell 6, the printed circuit board A is connected with the port, the signal lines 

include a plug C, the signal lines are connected with the port formed in the protective shell 6 

through the plug C, and thus the printed circuit board A is connected with the programmable logic 15 

controller B. The plug C of the signal lines may adopt a four-pin plug. 

[0064] In the embodiment of the present disclosure, at least one of the monitoring module 2 

and the processing submodule 31 is integrated on the printed circuit board A, the production cost 

may be reduced, and the arrangement convenience is improved. 

[0065] In the embodiment of the present disclosure, the processing submodule 31 is configured 20 

to judge whether the first signal corresponding to each deposition step exceeds a preset range, and 

if yes, generate the second signal corresponding to the deposition step. The control submodule 32 

is configured to count the number of times of generating, by the processing submodule 31, the 

second signal within the deposition period, and when the number of times of the second signal 

generated by the processing submodule 31 within the deposition period is greater than 0, 25 

determine that the thickness of the target film layer is abnormal, and execute an abnormality 

processing flow. 

[0066] Optionally, if the first signal corresponding to each deposition step does not exceed the 

preset range, a third signal corresponding to the deposition step is generated. 

[0067] In the embodiment of the present disclosure, the processing submodule 31 may include 30 

a filter circuit, and the preset range may be a range of the voltage signal corresponding to the 

brightness of the plasma light source in the chamber body 1 when the deposition module 4 is at 

normal ignition. The second signal and the third signal may be digital signals. For example, the 

second signal is a digital signal “1”, and the third signal is a digital signal “0”. When the control 

submodule 32 receives the second signal, the control submodule 32 may perform accumulative 35 
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count, every time the second signal is received, a current accumulated value is +1, such that when 

the number of times (also namely accumulated value) of the second signal received by the control 

submodule 32 is greater than 0, it is illustrated that within the deposition period, in at least one of 

the deposition steps, the brightness of the plasma light source in the chamber body 1 is abnormal 

brightness, at the moment, the control submodule 32 determines that the thickness of the target 5 

film layer is abnormal, and then the abnormality processing flow is executed. 

[0068] In some specific implementations, the deposition module 4 is connected with the control 

submodule 32. The above abnormality processing flow includes: the control submodule 32 

controls the deposition module 4 to complementally execute at least one of the deposition steps 

according to the number of times of generating, by the processing submodule 31, the second 10 

signal within the deposition period. The flow may include: when the number of times of the 

second signal generated by the processing submodule 31 within the deposition period is greater 

than 0, the control submodule 32 controls the deposition module 4 to complementally execute at 

least one of the deposition steps according to the number of times of the second signal generated 

by the processing submodule 31 within the deposition period. 15 

[0069] In the embodiment of the present disclosure, taking an example that the target film layer 

is the SiO2 film layer and the target thickness is 13 Å, within one deposition period, when each 

deposition step is executed, the SiO2 film layer with a certain thickness (such as 1 Å) is formed 

on the wafer 7, and within one deposition period, the SiO2 film layer with the target thickness 

may be formed on the wafer 7 by executing the deposition steps of the predetermined number of 20 

times (such as 13). Within one deposition period, every time the second signal is generated by the 

processing submodule 31, it indicates that the ignition abnormality occurs when the radio 

frequency electric field is applied to the deposition module 4, the ignition abnormality of the 

deposition module 4 will cause that in the deposition step, a thickness of SiO2 formed on the wafer 

7 is smaller than 1 Å, then the thickness of the SiO2 film layer formed finally is smaller than the 25 

target thickness, that is, the thickness of the target film layer is abnormal. Therefore, in the 

embodiment of the present disclosure, when the processing submodule 31 generates the second 

signal within the deposition period, the control submodule 32 controls the deposition module 4 to 

at least complementally execute one of the deposition steps, so as to compensate for the problem 

that the SiO2 film layer is smaller than the target film layer caused by an ignition failure of the 30 

deposition module 4. 

[0070] It should be understood that in the embodiment of the present disclosure, the 

complementally-executed deposition step is the same as the conventionally-executed deposition 

step within the deposition period, both include that precursor gas is introduced into the chamber 

body 1, and the radio frequency electric field is applied. The number of times of the control 35 
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submodule 32 controlling the deposition module 4 to specifically complementally execute the 

deposition step may be determined according to practical requirements, for example, in some 

specific embodiments, the number of times of the deposition module 4 complementally executing 

the deposition step is the same as the number of times of the processing submodule 31 generating 

the second signal within the deposition period, so that the number of times of the deposition 5 

module 4 complementally executing the deposition step is the same as the number of times of the 

ignition abnormality of the deposition module 4 within the deposition period, and then the 

problem of a poor thickness of the SiO2 film layer is compensated to the utmost extent. 

[0071] In the embodiment of the present disclosure, the reaction chamber may monitor the 

deposition process and automatically compensate when the ignition abnormality occurs in the 10 

deposition module 4, so that the deviation between the thickness of the target film layer and the 

target thickness caused by the ignition abnormality of the deposition module 4 may be improved, 

and then the stability of a process result is improved, which is beneficial to improving the 

consistency of the thicknesses among film layers. 

[0072] In some specific embodiments, a monitoring opening 5 is formed in a side wall of the 15 

chamber body 1, the monitoring module 2 is located outside the chamber body 1, and the 

monitoring module 2 monitors the brightness of the plasma light source in the chamber body 1 

through the monitoring opening 5. 

[0073] In some specific embodiments, the monitoring module 2 may cover the monitoring 

opening 5, so as to shield at least part of the monitoring opening 5, and ambient light is prevented 20 

from interfering with the monitoring module 2. 

[0074] In some specific embodiments, a support base 8 used for bearing the wafer 7 is arranged 

in the reaction chamber, the upper electrode apparatus in the deposition module 4 includes an 

upper electrode 41 at a top of the chamber body 1 and an upper radio frequency power supply V 

connected with the upper electrode, and the upper radio frequency power supply V applies a radio 25 

frequency electric field to the chamber body 1 through the upper electrode 41. 

[0075] Optionally, a lower electrode 42 is arranged in the support base 8, the lower electrode 

42, for example, may be grounded, and the monitoring opening 5 is located between the lower 

electrode 42 and the upper electrode 41. 

[0076] In some specific embodiments, the reaction chamber further includes an air inlet 30 

apparatus 43, and the air inlet apparatus 43 is configured to introduce a precursor into the chamber 

body 1. The upper electrode 41, the lower electrode 42 and the air inlet apparatus 43 may be 

connected with a programmable logic controller B, and execute the deposition steps under the 

control of the programmable logic controller B. 

[0077] By the adoption of the reaction chamber of the embodiment of the present disclosure, 35 
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the uniformity of the thickness of the film layer formed through deposition is <0.4%, and a 

thickness deviation is <0.4 Å, which has a better film forming quality. 

[0078] Fig. 5 is a schematic diagram of a monitoring process provided by an embodiment of 

the present disclosure, and the deposition process of the reaction chamber of the embodiment of 

the present disclosure is illustrated in conjunction with Fig. 2 to Fig. 5 below. 5 

[0079] Before starting of the deposition process, an upper computer issues a process menu and 

a process starting instruction to the programmable logic controller B, the number of times of the 

deposition steps for meeting the target thickness requirements is recorded in the process menu, 

the programmable logic controller B controls the deposition module 4 to execute the deposition 

steps according to the process menu, and the upper computer gets into an idle state. 10 

[0080] The deposition step may include the following steps: 

[0081] Step one, the air inlet apparatus 43 introduces source gas (such as SAM24) into the 

chamber body 1, and the source gas is carried by inert gas (such as argon Ar) to enter the chamber 

body 1 and be adsorbed on a surface of the wafer 7. At the moment, the monitoring module 2 may 

start to monitor. 15 

[0082] Step two, after the source gas is sufficiently adsorbed, purging gas is adopted to purge 

the chamber body 1 and the air inlet apparatus 43, so as to reduce residues of the source gas at 

other positions as much as possible. 

[0083] Step three, the radio frequency power supply V is turned on to apply the radio frequency 

electric field between the upper electrode 41 and the lower electrode 42, meanwhile, reaction gas 20 

(such as oxygen O2) is introduced, under the action of the radio frequency electric field, 

macromolecules of the source gas are broken into micromolecules, and the oxygen molecules are 

motivated to form active oxygen atoms, oxygen radicals and other multiple active groups. The 

broken micromolecules of the source gas react with the active groups of oxygen to form the SiO2

film layer on the wafer 7. 25 

[0084] In the step, the monitoring module 2 may output the first signal negatively correlated 

with the brightness of the plasma light source, the first signal may be the voltage signal, for 

example, if the ignition abnormality occurs in the deposition module 4, the brightness of the 

plasma light source in the chamber body 1 is lower, and the monitoring module 2 generates a 

larger first signal; and if the ignition abnormality does not occur to the deposition module 4, the 30 

brightness of the plasma light source in the chamber body 1 is higher, and the monitoring module 

2 generates a smaller first signal. The processing submodule 31 processes the larger first signal 

into the second signal after filtering the first signal, and the second signal may be the digital signal 

“1”. 

[0085] Step four, the chamber body 1 and the air inlet apparatus 43 are purged again, until a 35 
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complete deposition step is completed. 

[0086] A second cycle is performed after one deposition step is completed, until the number of 

times of the deposition steps issued by the upper computer to the programmable logic controller 

B is completed, thus, it is a deposition period. 

[0087] In the above deposition period, the control submodule 32 counts the number of times of 5 

the second signal generated by the processing submodule 31, after the above deposition period is 

completed, if the control submodule 32 counts that the number of times of the second signal 

generated by the processing submodule 31 is greater than 0, the control submodule 32 controls 

the deposition module 4 to complementally perform the above deposition step according to the 

number of times of the second signal generated by the processing submodule 31, the number of 10 

times of complement is the same as the number of times of the second signal generated by the 

processing submodule 31, and thus the deviation between the thickness of the SiO2 film layer and 

the target thickness caused by the ignition abnormality is complemented. At the same time, the 

control submodule 32 further sends an ignition abnormality signal to the upper computer, the 

ignition abnormality signal may include the number of times of ignition abnormalities and the 15 

number of times of complementally executing the deposition step, and the upper computer may 

be continuously kept in the idle state after receiving the ignition abnormality signal and stops 

issuing a new instruction to the programmable logic controller B. 

[0088] After the step of complementally executing the deposition step is completed, the 

programmable logic controller B may send a complement completing signal to the upper 20 

computer, and the upper computer stops the idle state and issues a new instruction after receiving 

the complement completing signal, so as to perform other process steps. 

[0089] An embodiment of the present disclosure further provides a film layer deposition 

method. Fig. 6 is a first flow diagram of the film layer deposition method provided by the 

embodiment of the present disclosure. As shown in Fig. 6, the film layer deposition method 25 

includes: 

[0090] S1, a deposition module 4 executes multiple deposition steps within a deposition period 

in a chamber body 1. 

[0091] Specifically, each deposition step includes: a precursor is introduced into the chamber 

body 1, a radio frequency electric field is applied to a reaction chamber, so as to form a plasma 30 

light source in the reaction chamber, and a target film layer is deposited on a wafer through the 

plasma light source. 

[0092] Specifically, the precursor includes source gas and reaction gas, in step S1, the source 

gas may be introduced into the reaction chamber firstly, after the source gas is sufficiently 

adsorbed on the surface of the wafer, the radio frequency electric field is applied to the reaction 35 
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chamber, and meanwhile the reaction gas is introduced. When each deposition step is executed, 

whether the number of times of the deposition steps reaches a target number of times is judged, 

if yes, step S3 is executed, and if not, step S1 continues to be executed. 

[0093] S2, When each deposition step is executed, the brightness of the plasma light source in 

the reaction chamber is monitored, and a first signal is generated according to the brightness of 5 

the plasma light source. 

[0094] S3, Whether the thickness of the target film layer obtained after executing the multiple 

deposition steps is abnormal is judged according to the first signal corresponding to at least one 

deposition steps, and if yes, an abnormality processing flow is executed. 

[0095] Optionally, if the thickness of the target film layer obtained after executing the multiple 10 

deposition steps is normal, a deposition normality signal may be sent, and a user and/or system 

are/is informed to perform a next process. 

[0096] By adopting the film layer deposition method of the embodiment of the present 

disclosure, whether the thickness of the deposited target film layer is abnormal may be judged 

according to the brightness of the plasma light source, an abnormality alerting signal is sent after 15 

the thickness of the target film layer is abnormal, so as to complement the deposition step, and 

then a deviation between the thickness of the deposited film layer and a target thickness is 

improved. 

[0097] In some specific embodiments, the first signal is a voltage signal negatively correlated 

with the brightness of the plasma light source in the reaction chamber, Fig. 7 is a second flow 20 

diagram of a film layer deposition method provided by an embodiment of the present disclosure, 

and as shown in Fig. 7, step S3 includes: 

[0098] S31, whether the first signal exceeds a preset range is judged, and if yes, a second signal 

is generated; and S32, the number of times of the second signal generated in the deposition period 

is counted. 25 

[0099] S33, Whether the number of times of the second signal generated in the deposition 

period is greater than 0 is judged, if yes, it is determined that the thickness of the target film layer 

is abnormal, and the abnormality processing flow is executed. 

[0100] Optionally, in step S31, if the first signal does not exceed the preset range, a third signal 

is generated. For example, the second signal and the third signal may be digital signals, for 30 

example, the second signal is the digital signal “1”, and the third signal is the digital signal “0”. 

[0101] In some specific embodiments, the film layer deposition method further includes: 

[0102] S4, when the number of times of the second signal generated within the deposition 

period is greater than 0, at least one of the deposition steps is complementally executed according 

to the number of times of the second signal generated within the deposition period. 35 
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[0103] After the step of complementally executing the deposition step is completed, a 

complement completing signal may be sent, so as to perform other process steps. 

[0104] In some specific embodiments, the number of times of complementally executing the 

deposition step is the same as the number of times of the second signal generated within the 

deposition period. 5 

[0105] An embodiment of the present disclosure further provides a semiconductor process 

device, including the above reaction chamber. As shown in Fig. 2, a deposition module 4 includes 

an air inlet apparatus 43 and an upper electrode apparatus, and a support base 8 used for bearing 

a wafer is arranged in a chamber body 1; the air inlet apparatus 43 is configured to introduce a 

precursor into the chamber body 1; and the upper electrode apparatus is configured to motivate 10 

the precursor to form plasma. 

[0106] Specifically, the above upper electrode apparatus may include an upper electrode 41 

arranged at the top of the chamber body 1 and an upper radio frequency power supply V connected 

with the upper electrode, and the upper radio frequency power supply V loads a radio frequency 

electric field into the chamber body 1 through the upper electrode 41. 15 

[0107] Optionally, a lower electrode 42 is arranged in the support base 8, for example, may be 

grounded. 

[0108] It should be understood that the above implementations are merely exemplary 

implementations for illustrating the principle of the present disclosure, however, the present 

disclosure is not limited to them. For those skilled in the art, various changes and variations may 20 

be made without departing from the spirit and scope of the present disclosure, and these changes 

and variations are also regarded as the protection scope of the present disclosure.
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WHAT IS CLAIMED IS: 

1. A reaction chamber of a semiconductor process device, applied to a plasma enhanced atomic 

layer deposition process, comprising: a monitoring module, a deposition module, and a control 

module connected to the monitoring module; wherein,5 

the deposition module is configured to execute multiple deposition steps within a 

deposition period, each of the multiple deposition steps comprising: introducing a precursor into 

the reaction chamber and applying a radio frequency electric field to the reaction chamber so as 

to form a plasma light source in the reaction chamber, and depositing a target film layer on a 

work piece to be processed through the plasma light source;10 

the monitoring module is configured to monitor brightness of the plasma light source in the 

reaction chamber when the deposition module executes each deposition step, and generate a 

first signal according to the brightness of the plasma light source; and

the control module is configured to judge whether a thickness of the target film layer 

deposited through the deposition module is abnormal according to the first signal generated in at 15 

least one of the deposition steps, and if yes, send an abnormality alerting signal, thereby 

performing a compensation operation. 

2. The reaction chamber according to claim 1, wherein the control module is further configured 

to, when it is judged that the thickness of the target film layer is abnormal, control the 

deposition module to complementally execute at least one of the deposition steps. 20 

3. The reaction chamber according to claim 1, wherein the control module is configured to: 

judge whether a plasma ignition abnormality occurs when the radio frequency electric field 

is applied by the deposition module, according to the first signal generated in at least one of the 

deposition steps, and if yes, determine that the thickness of the target film layer is abnormal. 

4. The reaction chamber according to claim 3, wherein the monitoring module comprises a 25 

photoresistor or a photosensitive diode, and the first signal is a voltage signal negatively 

correlated with the brightness of the plasma light source in the reaction chamber. 

5. The reaction chamber according to claim 4, wherein the control module comprises: a 

processing submodule and a control submodule, and the monitoring module and the control 

submodule are both connected with the processing submodule; 30 

the processing submodule is configured to judge whether the first signal exceeds a preset 

range, and if yes, generate a second signal; and
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the control submodule is configured to count the number of times of generating, by the 

processing submodule, the second signal within the deposition period, and when the number of 

times of generating, by the processing submodule, the second signal within the deposition 

period is greater than 0, determine that the plasma ignition abnormality occurs when the radio 

frequency electric field is applied. 5 

6. The reaction chamber according to claim 5, wherein the deposition module is connected with 

the control submodule, 

the control submodule is further configured to control the deposition module to 

complementally execute at least one of the deposition steps according to the number of times of 

generating, by the processing submodule, the second signal within the deposition period, when 10 

the number of times of generating, by the processing submodule, the second signal within the 

deposition period is greater than 0. 

7. The reaction chamber according to claim 6, wherein the number of times of complementally 

executing, by the deposition module, the deposition step is the same as the number of times of 

generating, by the processing submodule, the second signal within the deposition period. 15 

8. The reaction chamber according to claim 1, wherein a monitoring opening is formed in a side 

wall of the reaction chamber, the monitoring module is located outside the reaction chamber, 

and the monitoring module monitors the brightness of the plasma light source in the reaction 

chamber through the monitoring opening. 

9. The reaction chamber according to claim 8, wherein a support base for bearing the work 20 

piece to be processed is arranged in the reaction chamber, the deposition module comprises an 

upper electrode arranged at a top of the reaction chamber and a lower electrode arranged in the 

support base, the upper electrode and the lower electrode are configured to apply the radio 

frequency electric field in response to a driving signal, and the monitoring opening is located 

between the lower electrode and the upper electrode. 25 

10. A semiconductor process device, comprising the reaction chamber according to any one of 

claims 1-9. 

11. A film layer deposition method, applied to the reaction chamber of the semiconductor 

process device according to any one of claims 1-9, and comprising: 

executing multiple deposition steps within a deposition period, each of the multiple 30 

deposition steps comprising: introducing a precursor into the reaction chamber and applying a 

radio frequency electric field to the reaction chamber so as to form a plasma light source in the 
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reaction chamber, and depositing a target film layer on a work piece to be processed through the 

plasma light source;

when each deposition step is executed, monitoring brightness of the plasma light source in 

the reaction chamber, and generating a first signal according to the brightness of the plasma 

light source; and5 

judging, according to the first signal generated in at least one of the deposition steps, 

whether a thickness of the deposited target film layer is abnormal, and if yes, sending an 

abnormality alerting signal. 

12. The film layer deposition method according to claim 11, further comprising: 

complementally executing at least one of the deposition steps when the thickness of the 10 

target film layer is abnormal. 


