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SUBSTRATE PROCESSING APPARATUS AND SUBSTRATE 

PROCESSING METHOD 

BACKGROUND 

[0001]  Embodiments of the inventive concept described herein relate to a 5 

substrate processing apparatus and a substrate processing method. More particularly, 

embodiments of the inventive concept described herein relate to a substrate processing 

apparatus and a substrate processing method, capable of processing a substrate using 

plasma. 

[0002]   Plasma refers to the state of an ionized gas including ions, radicals, and 10 

electrons, and is generated by very high temperatures, strong electric fields, or RF 

electromagnetic fields. A process of fabricating a semiconductor device includes an 

ashing or etching process to remove a film from a substrate using plasma. The ashing 

or etching process is performed as ions or radical particles contained in the plasma 

collide or react with the film on the substrate. The process of processing a substrate 15 

using plasma is performed through various manners. Among them, a bevel etching 

device to process an edge area of the substrate is to process the edge area of the 

substrate by supplying plasma to the edge area of the substrate or generating the plasma 

on the edge area of the substrate. 

[0003]  FIG. 1 is a view illustrating a typical bevel etching device to perform a 20 

bevel etching process. Referring to FIG. 1, the typical bevel etching device 1000 

includes a chuck 1100, an insulating ring 1200, a lower electrode 1300, a dielectric 

plate 1400, and an upper electrode 1500. The chuck 1100 has a seating surface on 

which the substrate ‘W’ is seated, and is connected to a power source 1110. The 

insulating ring 1200 is provided to surround the chuck 1100 when viewed from the top. 25 
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In addition, the lower electrode 1300 is provided in a shape to surround the insulating 

ring 1200 when viewed from the top. The insulating ring 1200 is provided between the 

lower electrode 1300 and the chuck 1100 to separate the lower electrode 1300 and the 

chuck 1100 from each other. The dielectric plate 1400 is disposed to face the top 

surface of the substrate ‘W’ supported by the chuck 1100. In addition, an outlet, 5 

through which the inert gas GA is discharged, is formed in the central area of the 

dielectric plate 1400. The upper electrode 1500 is disposed to face lower electrode 

1300 and is provided to be spaced apart from the dielectric plate 1400. The space 

between the dielectric plate 1400 and the upper electrode 1500 may serve as an outlet 

to discharge the process gas GB. 10 

[0004]  When the edge area of the substrate ‘W’ is processed in the typical 

bevel etching apparatus 1000, the inert gas GA is discharged through the outlet formed 

in the dielectric plate 1400, and the process gas GB is discharged through the space 

between the dielectric plate 1400 and the upper electrode 1500. The inert gas GA is 

supplied to the central area of the top surface of the substrate ‘W’, and the process gas 15 

GB is supplied to the edge area of the top surface of the substrate ‘W’. The process 

gas GB supplied to the edge area of the top surface of the substrate ‘W’ is excited to 

be in the state of the plasma P due to the electromagnetic field generated from the 

upper electrode 1500 and the lower electrode 1300. In addition, the inert gas GA 

supplied to the central area of the top surface of the substrate ‘W’ flows toward the 20 

edge area of the substrate ‘W’ from the central area of the substrate ‘W’. Accordingly, 

the introducing of the process gas GB toward the central area of the substrate ‘W’ is 

prevented. In other words, the typical bevel etching device 1000 supplies the inert gas 

GA to the central area of the substrate ‘W’, such that the plasma P is generated from 

the edge area of the substrate ‘W’. 25 
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[0005]  The typical bevel etching device 1000 supplies the inert gas GA to the 

central area of the substrate ‘W’ as described above. Accordingly, the process gas GB 

supplied to the edge area of the substrate ‘W’ is prevented from being introduced into 

the central area of the substrate ‘W’. However, the bevel etching process performed 

by the typical bevel etching device 1000 has a limitation in uniformly processing the 5 

edge area of the substrate ‘W’. Specifically, in the bevel etching process performed by 

the typical bevel etch device 1000, the ratio  of the process gas GB per unit volume in 

the area, where the process gas GB and the inert gas GA meet, is different from the 

ratio of the process gas GB per unit volume in other areas. This is because the ratio of 

the process gas GB per unit volume is lowered, as the inert gas GA is mixed with the 10 

process gas GB in the area where the process gas GB and the inert gas GA meet. When 

the ratio of the process gas GB per unit volume is changed, the processing of the 

plasma with respect to the edge area of the substrate ‘W’ is lowered. 

[0006]  In addition, the typical bevel etching device 1000 has a limitation in 

improving the etch rate (E/R). When the supply flow rate per unit time is increased for 15 

the process gas GB supplied to the edge area of the substrate ‘W’ to increase the etch 

rate (E/R), the process gas GB is introduced into the central area of the substrate ‘W’. 

The area, where the process gas GB and the inert gas GA meet, is closer to the central 

area of the substrate 'W’. The area, where the mixing ratio between the process gas GB 

and the inert gas GA is different, is more expanded in a radial direction of the substrate 20 

‘W’. Accordingly, the uniformity for processing the substrate ‘W’ may be more 

degraded. When the supply flow rate of the process gas GB unit time is reduced to 

solve the above problem, the etch rate (E/R) for the edge area of the substrate ‘W’ may 

be lowered.  

25 
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SUMMARY 

[0007]  Embodiments of the inventive concept provide a substrate processing 

apparatus and a substrate processing method, capable of efficiently processing a 

substrate. 

[0008]  Embodiments of the inventive concept provide a substrate processing 5 

apparatus and a substrate processing method, capable of uniformly performing a 

plasma process for a substrate. 

[0009]  Embodiments of the inventive concept provide a substrate processing 

apparatus and a substrate processing method, capable of enhancing the efficiency of 

plasma process for an edge area of a substrate. 10 

[0010]  The technical problems to be solved by the inventive concept are not 

limited to the aforementioned problems, and any other technical problems not 

mentioned herein will be clearly understood from the following description by those 

skilled in the art to which the inventive concept pertains. 

[0011]  According to an exemplary embodiment, a substrate processing 15 

apparatus is provided. The substrate processing apparatus may include a housing 

having a process space, a support unit configured to support a substrate in the process 

space, a gas supply unit to supply process gas to the process space, a dielectric plate 

disposed to face the substrate supported by the support unit in the process space, an 

upper electrode spaced apart from the dielectric plate while surrounding the dielectric 20 

plate when viewed from atop, and a controller. The support unit may include a chuck 

having a support surface to support the substrate and connected with a power source, 

and a lower electrode disposed to face the upper electrode while surrounding the chuck 

when viewed from a top. The gas supply unit may include a first gas supply part 

configured to supply the process gas to a central area of the substrate supported by the 25 
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chuck, and a second gas supply part configured to supply the process gas through a 

space between the dielectric plate and the upper electrode which are provided on an 

edge area of the substrate supported by the chuck. The controller may control the gas 

supply unit such that a supply flow rate per unit time for the process gas supplied from 

the first gas supply part is greater than a supply flow rate per unit time for the process 5 

gas supplied from the second gas supply part when processing the edge area of the 

substrate supported by the chuck. 

[0012]  According to an embodiment, the controller may control the gas supply 

unit such that only the first gas supply part supplies the process gas, when processing 

the edge area of the substrate supported by the chuck. 10 

[0013]  According to an embodiment, the support unit, the dielectric plate, and 

the upper electrode may be provided, such that a volume of a space, in which the 

process gas supplied by the gas supply unit flows, is larger in the edge area of the 

substrate supported by the chuck than the central area of the substrate supported by the 

chuck, when viewed from the top. 15 

[0014]  According to an embodiment, the support unit further may include an 

insulating ring interposed between the chuck and the lower electrode. 

[0015]  According to an embodiment, the insulating ring and the lower 

electrode may be spaced apart from a bottom surface of the edge area of the substrate 

supported by the chuck. 20 

[0016]  According to an embodiment, a molecular weight of the process gas 

supplied from the first gas supply part may be equal to a molecular weight of the 

process gas supplied from the second gas supply part. 

[0017]  According to an embodiment, the controller may control the support 

unit and the gas supply unit such that the power source applies power to the chuck to 25 
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generate plasma at the edge area of the substrate supported by the chuck when the first 

gas supply part and/or the second gas supply part supplies the process gas. 

[0018]  According to an exemplary embodiment, a method for processing a 

substrate is provided. The method may include processing the edge area of the 

substrate supported by the chuck by supplying plasma. The supply flow rate unit time 5 

for the process gas supplied to the central area of the substrate may be greater than the 

supply flow rate unit time for the process gas supplied to the edge area of the substrate, 

when the edge area of the substrate is processed. 

[0019]  According to an embodiment, the process gas may be supplied only to 

the central area of the substrate, when the edge area of the substrate is processed. 10 

[0020]  According to an exemplary embodiment, a substrate processing 

apparatus is provided. The substrate process apparatus may include a housing having 

a process space, a support unit to support a substrate in the process space, a gas supply 

unit to supply process gas to the process space, a dielectric plate disposed to face the 

substrate supported by the support unit in the process space, an upper electrode spaced 15 

apart from the dielectric plate while surrounding the dielectric plate when viewed from 

a top, and a controller. The support unit may further include a chuck having a support 

surface to support the substrate and connected with a power source, and a lower 

electrode disposed to face the upper electrode while surrounding the chuck when 

viewed from the top. The gas supply unit may include a first gas supply part configured 20 

to the supply process gas to a central area of the substrate supported by the chuck. The 

support unit, the dielectric plate, and the upper electrode may be provided, such that a 

volume of a space, in which the process gas supplied by the gas supply unit flows, is 

larger in the edge area of the substrate supported by the chuck than the central area of 

the substrate supported by the chuck, when viewed from the top. The controller may 25 
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control the gas supply unit such that only the first gas supply part supplies the process 

gas, when processing the edge area of the substrate supported by the chuck. 

[0021]  According to an embodiment, the gas supply unit may include a second 

gas supply part configured to the supply process gas through a space between the 

dielectric plate and the upper electrode which are provided on the edge area of the 5 

substrate supported by the chuck, and the controller may control the gas supply unit 

such that a total molecular weight per unit time for the process gas supplied from the 

first gas supply part is greater than a total molecular weight per unit time for the 

process gas supplied from the second gas supply part, when processing the edge area 

of the substrate supported by the chuck. 10 

[0022]  According to an embodiment, the support unit may further include an 

insulating ring interposed between the chuck and the lower electrode. 

[0023]  According to an embodiment, the insulating ring and the lower 

electrode may be spaced apart from a bottom surface of the edge area of the substrate 

supported by the chuck. 15 

[0024]  According to an embodiment, the controller may control the support 

unit and the gas supply unit such that the power source applies power to the chuck to 

generate plasma at the edge area of the substrate supported by the chuck when the first 

gas supply part and/or the second gas supply part supplies the process gas. 

20 

BRIEF DESCRIPTION OF THE FIGURES 

[0025]  The above and other objects and features will become apparent from 

the following description with reference to the following figures, wherein like 

reference numerals refer to like parts throughout the various figures unless otherwise 

specified, and wherein: 25 
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[0026]  FIG. 1 is a view illustrating a typical bevel etching device to perform a 

bevel etching process; 

[0027]  FIG. 2 is a view schematically illustrating a substrate processing 

equipment, according to an embodiment of the inventive concept; 

[0028]  FIG. 3 is a view illustrating a substrate processing apparatus provided 5 

in a process chamber of FIG. 2, according to an embodiment; 

[0029]  FIG. 4 is a view illustrating that the substrate processing apparatus of 

FIG. 3 performs a plasma process, according to an embodiment; 

[0030]  FIG. 5 is a view illustrating that the substrate processing apparatus of 

FIG. 3 performs a plasma process, according to another embodiment; 10 

[0031]  FIG. 6 is a view illustrating that the substrate processing apparatus of 

FIG. 3 performs a plasma process, according to another embodiment; and 

[0032]  FIG. 7 is a view illustrating a substrate processing apparatus, according 

to another embodiment of the inventive concept. 

15 

DETAILED DESCRIPTION 

[0033]  Hereinafter, the embodiment of the inventive concept will be described 

in detail with reference to accompanying drawings to allow those skilled in the art to 

easily reproduce the inventive concept. However, the inventive concept may be 

implemented in various forms, and is limited to embodiments described herein. In 20 

addition, in the following detailed description of the inventive concept, a detailed 

description of well-known art or functions will be ruled out in order not to 

unnecessarily obscure the gist of the inventive concept. In addition, parts performing 

similar functions and similar operations will be assigned with the same reference 

numerals throughout the drawings 25 
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[0034]  When a certain part “includes” a certain component, the certain part 

does not exclude other components, but may further include other components if there 

is a specific opposite description. In detail, it will be further understood that the terms 

“comprises,” “comprising,” “includes,” or “including,” or “having” specify 

the presence of stated features, numbers, steps, operations, components, parts, or the 5 

combination thereof, but do not preclude the presence or addition of one or more other 

features, numbers, steps, operations, components, components, and/or the combination 

thereof. 

[0035]  The singular forms are intended to include the plural forms unless the 

context clearly indicates otherwise. In addition, the shapes and the sizes of components 10 

in accompanying drawings will be exaggerated for more apparent description. 

[0036]  Hereinafter, the embodiments of the inventive concept will be 

described in detail with reference to FIGS. 2 to 7. 

[0037]  FIG. 2 is a view schematically illustrating a substrate processing 

equipment, according to an embodiment of the inventive concept. Referring to FIG. 2, 15 

a substrate processing equipment 1 has an equipment front end module (EFEM) 20 

and a processing module 30. The EFEM 20 and the processing module 30 are disposed 

in one direction.  

[0038]  The EFEM 20 has a load port 10 and a transfer frame 21. The load port 

10 is disposed in a front end portion of the EFEM 20 in a first direction 11. The load 20 

port 10 has a plurality of support parts 6. The support parts 6 are aligned in line with 

each other in a second direction 12, and a carrier 4 (for example, a cassette, or FOUP), 

in which a substrate ‘W’ to be provided for a process or a substrate ‘W’ having 

completely processed are received, is seated on the support part 6. The carrier 4 

receives the substrate ‘W’ to be provided for a process or the substrate ‘W’ 25 
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having completely processed. The transfer frame 21 is interposed between the load 

port 10 and the processing module 30. The transfer frame 21 includes a first transfer 

robot 25 disposed inside the transfer frame 21 to transfer the substrate ‘W’ between 

the load port 10 and the processing module 30. The first transfer robot 25 moves along 

a transfer rail 27 extending in the second direction 12 to transfer the substrate ‘W’ 5 

between the carrier 4 and the processing module 30. 

[0039]  The processing module 30 includes a load lock chamber 40, a transfer 

chamber 50, and a process chamber 60. The processing module 30 may receive the 

substrate 'W' from the EFEM 20 to process the substrate 'W'. 

[0040]  The load lock chamber 40 is disposed to be adjacent to the transfer 10 

frame 21. For example, the load lock chamber 40 may be interposed between the 

transfer chamber 50 and the EFEM 20. The load lock chamber 40 provides a space in 

which the substrate 'W' to be provided for the process stands by before the substrate 

'W’ is transferred to the process chamber 60, or the substrate 'W' having completely 

processed stands by before the substrate 'W' is transferred to the EFEM 20.  15 

[0041]  The transfer chamber 50 may carry the substrate 'W’. The transfer 

chamber 50 is disposed to be adjacent to the load lock chamber 40. The transfer 

chamber 50 has a body in a polygonal shape when viewed from the top. Referring to 

FIG. 2, the transfer chamber 50 has a body in a pentagonal shape when viewed from 

the top. A load lock chamber 40 and a plurality of process chambers 60 are disposed 20 

outside the body and arranged along the circumference of the body. A passage (not 

illustrated), which is formed through each sidewall of the body to allow the substrate 

‘W’ to enter and exit, connects the transfer chamber 50 with the load lock chamber 

40 or connects the transfer chamber 50 with the process chambers 60. A door (not 

illustrated) is provided at each passage to close or open the passage such that an inner 25 
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part of the body is sealed. A second transfer robot 53 is disposed in an inner space of 

the transfer chamber 50 to transfer the substrate‘W’ between the load lock chamber 

40 and the process chambers 60. The second transfer robot 53 transfers a substrate 

‘W’, which is unprocessed and stands by in the load lock chamber 40, to the process 

chamber 60, or transfers the substrate 'W', which has completely processed, to the load 5 

lock chamber 40. In addition, the second transfer robot 53 transfers the substrate 'W' 

between the process chambers 60 to sequentially provide the substrate 'W' to the 

plurality of process chambers 60. As illustrated in FIG. 2, when the transfer chamber 

50 has the polygonal body, the load lock chamber 40 is disposed on a sidewall, which 

is closer to the EFEM 20, of the transfer chamber 50 and the process chambers 60 are 10 

sequentially disposed on remaining sidewalls of the transfer chamber 50. The transfer 

chamber 50 may be provided in various shapes depending on required process 

modules, as well as the above shape. 

[0042]  The process chamber 60 may be disposed to be closer to the transfer 

chamber 50. The process chambers 60 are arranged along the circumference of the 15 

transfer chamber 50. A plurality of process chambers 60 may be provided. In each 

process chamber 60, the processing for the substrate 'W' may be performed. The 

process chamber 60 receives the substrate 'W' from the second transfer robot 53, and 

performs the processing for the substrate 'W'. In addition, the process chamber 60 

provides the substrate 'W', which has completely processed, to the second transfer 20 

robot 53. Mutually different processes may be performed in the process chambers 60, 

respectively.  

[0043]  Hereinafter, a substrate processing apparatus 1000 to perform a plasma 

process in the process chamber 60 will be described. In addition, the following 

description of the substrate processing apparatus 1000 will be made, by way of 25 
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example, in that the substrate processing apparatus 1000 is configured to perform the 

plasma process for an edge area of a substrate in the process chamber 60. However, 

the inventive concept is not limited thereto, and the substrate processing apparatus 

1000 to be described below may be identically or similarly applied to various chambers 

to perform the processing for a substrate. In addition, the substrate processing 5 

apparatus 1000 may be identically or similarly applied to various chambers to perform 

the plasma process for a substrate. 

[0044]  FIG. 3 is a view illustrating a substrate processing apparatus provided 

in a process chamber of FIG. 2, according to an embodiment. Referring to FIG. 3, the 

substrate processing apparatus 1000 provided in the process chamber 60 performs a 10 

specific process on the substrate 'W' using plasma. For example, the substrate 

processing apparatus 1000 may etch or ash a film on the substrate ‘W’. The film 

may include various types of films, such as a polysilicon film, a silicon oxide film, and 

a silicon nitride film. Further, the film may be a natural oxide film or an oxide film 

which is chemically produced. In addition, the film may be a by-product produced in 15 

processing the substrate. In addition, the film may be a foreign matter attached to 

and/or remaining on the substrate 'W'.  

[0045]  The substrate processing apparatus 1000 may perform a plasma process 

for the substrate 'W'. For example, the substrate processing apparatus 1000 may supply 

process gas, generate plasma from the supplied process gas, and process the substrate 20 

‘W’. For example, the substrate processing apparatus 1000 may supply process gas, 

generate plasma from the supplied process gas, and process an edge area of the 

substrate ‘W’.  

[0046]  The substrate processing apparatus 1000 may include a housing 100, a 

support unit 300,  a dielectric plate unit 500, an upper electrode unit 600, and a gas 25 
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supply unit 700. 

[0047]  The housing 100 may have a process space 102 therein. The housing 

100 may be formed in one surface thereof with an opening (not illustrated). The 

substrate 'W’ may be introduced into or withdrawn out of the process space 102 of 

the housing 100 through the opening formed in the housing 100. The opening may be 5 

open or closed by an opening/closing member such as a door (not illustrated). When 

the opening of the housing 100 is open or closed by the opening/closing member, the 

process space 102 of the housing 100 may be isolated from the outside. In addition, 

the atmosphere of the process space 102 of the housing 100 may be adjusted to be at a 

lower pressure approximate to a vacuum state after the process space 102 of the 10 

housing 100 is isolated. In addition, the housing 100 may be formed of a material such 

as metal. In addition, the surface of the housing 100 may be coated with an insulating 

material.  

[0048]  In addition, a discharge hole 104 may be formed in a bottom surface of 

the housing 100. Plasma ‘P’ generated from the process space 102 or gas 'G1’ and 15 

‘G2’ supplied into the process space 102 may be discharged to the outside through 

the discharge hole 104. In addition, the by-product generated in processing the 

substrate 'W' using the plasma ‘P’ may be discharged to the outside through the 

discharge hole 104. In addition, the discharge hole 104 may be connected with a 

discharge line (not illustrated). The discharge line may be connected with a pressure 20 

reducing member to provide pressure reduction. The pressure reducing member may 

provide pressure reduction to the process space 102.  

[0049]  The support unit 300 may support the substrate 'W' in the process space 

102. The support unit 300 may include a chuck 310, a power supply member 320, an 

insulating ring 330, a lower electrode 350, and a driving member 370. 25 
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[0050]  The chuck 310 may have a support surface supporting the substrate 

‘W’. The chuck 310 may have a circular shape when viewed from the top. The chuck 

310 may be stepped such that the height of the central area of the chuck 310 is higher 

than the height of the edge area of the chuck 310. Accordingly, the central area, which 

is supported by the chuck 310, of the substrate 'W' is seated on the support surface of 5 

the chuck 310, and the edge area of the substrate 'W' may not make contact with the 

support surface of the chuck 310.  

[0051]  A heating unit (not illustrated) may be provided inside the chuck 310. 

The heating unit (not illustrated) may heat the chuck 310. The heating unit may be a 

heater. In addition, a cooling fluid passage 312 may be formed in the chuck 310. The 10 

cooling fluid passage 312 may be formed inside the chuck 310. The cooling fluid 

passage 312 may be connected with a cooling fluid supply line 314 and a cooling fluid 

discharge line 316. The cooling fluid supply line 314 may be connected with a cooling 

fluid supply source 318. The cooling fluid supply source 318 may store a cooling fluid 

and/or may supply the cooling fluid to the cooling fluid supply line 314. In addition, 15 

the cooling fluid supplied to the cooling fluid passage 312 may be discharged to the 

outside through the cooling fluid discharge line 316. The cooling fluid stored by the 

cooling fluid supply source 318 and/or supplied from the cooling fluid supply source 

318 may be a cooling water or cooling gas. The shape of the cooling fluid passage 312 

formed in the chuck 310 is not limited to the shape illustrated in FIG. 3, but variously 20 

modified. In addition, a component to cool the chuck 310 is not limited to a component 

to supply the cooling fluid, but may include various components (for example, a 

cooling plate) that are able to the chuck 310. 

[0052]  The power supply member 320 may supply power to the chuck 310. 

The power supply member 320 may include a power source 322, a matcher 324, and 25 
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a power line 326. The power source 322 may be a bias power supply. The power source 

322 may be connected with the chuck 310 through the power line 326. In addition, the 

matcher 324 is provided on the power line 326 to perform impedance matching. The 

plasma generated from the process space 102 by the power supplied from the power 

source 322 may move toward the edge area of the substrate ‘W’. 5 

[0053]  The insulating ring 330 may be provided in a ring shape when viewed 

from the top. The insulating ring 330 may be provided to surround the chuck 310, 

when viewed from the top. In addition, the insulating ring 330 may be provided to 

surround the stepped area of the chuck 310. For example, the insulating ring 330 may 

be provided to surround a lateral side of an edge part of the chuck 310, a top surface 10 

of the edge part of the chuck 310, and a portion of a lateral side of a central part of the 

chuck 310. The insulating ring 330 may have mutually different heights in inner and 

outer top surfaces thereof to be stepped. For example, the height of the inner top 

surface of the insulating ring 330 may be higher than the height of the outer top surface 

of the insulating ring. In addition, the insulating ring 330 may have mutually different 15 

heights in inner and outer bottom surfaces thereof to be stepped. For example, the 

height of the inner bottom surface of the insulating ring 330 may be higher than the 

height of the outer bottom surface of the insulating ring. In addition, the top surface of 

the insulating ring 330 may be provided to be spaced apart from the bottom surface of 

the substrate ‘W’ supported by the chuck 310. In detail, the top surface of the insulating 20 

ring 330 may be provided to be spaced apart from the bottom surface of the edge area 

of the substrate ‘W’ supported by the chuck 310. In addition, the top surface of the 

insulating ring 330 may be provided to be lower than the top surface of the central 

portion of the chuck 310. 

[0054]  The insulating ring 330 may be interposed between the chuck 310 and 25 
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the lower electrode 350 to be described later. Since a bias power supply is provided in 

the chuck 310, the insulating ring 330 may be interposed between the chuck 310 and 

the lower electrode 350 to be described later. The insulating ring 330 may be formed 

of a material having an insulating property. 

[0055]  The lower electrode 350 may be disposed under the edge area of the 5 

substrate 'W' supported by the chuck 310. The lower electrode 350 may be provided 

in a ring shape when viewed from the top. The lower electrode 350 may be provided 

to surround the insulating ring 330 when viewed from the top. In addition, the lower 

electrode 350 may be provided to surround the stepped area of the insulating ring 330. 

The top surface of the lower electrode 350 may be provided in a flat shape. The height 10 

of the top surface of the lower electrode 350 may be equal to the inner top surface of 

the insulating ring 330. The lower electrode 350 may be stepped such that the height 

of the outer bottom surface of the lower electrode 350 is different from the height of 

the inner bottom surface of the lower electrode 350. For example, the height of the 

outer bottom surface of the lower electrode 350 may be lower than the height of the 15 

inner bottom surface of the lower electrode 350. In addition, the lower electrode 350 

may be provided to be spaced apart from the bottom surface of the substrate ‘W’ 

supported by the chuck 310. For example, the lower electrode 350 may be provided to 

be spaced apart from the bottom surface of the edge area of the substrate ‘W’ supported 

by the chuck 310. In addition, the top surface of the lower electrode 350 may be 20 

provided to be lower than the top surface of the central part of the chuck 310. 

[0056]  The lower electrode 350 may be disposed to face an upper electrode 

620 to be described later. The lower electrode 350 may be disposed to be under the 

upper electrode 620 to be described later. The lower electrode 350 may be grounded. 

The lower electrode 350 may increase the density of plasma by inducing coupling of 25 
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bias power applied to the chuck 310. Accordingly, the processing efficiency for the 

edge area of the substrate 'W may be improved.  

[0057]  The driving member 370 may elevate the chuck 310. The driving 

member 370 may include a driver 372 and a shaft 374. The shaft 374 may be coupled 

to the chuck 310. The shaft 374 may be connected with the driver 372. The driver 372 5 

may elevate the chuck 310 in the vertical direction through the shaft 374.  

[0058]   The dielectric plate unit 500 may include a dielectric plate 520 and a 

first base 510. The dielectric plate 520 may have a ring shape when viewed from the 

top. The dielectric plate 520 may be disposed to face the substrate 'W' supported by 

the support unit 300 in the process space 102. The dielectric plate 520 may be disposed 10 

on the support unit 300. The dielectric plate 520 may be formed of a material including 

ceramic. The dielectric plate 520 may have a fluid passage formed to be connected 

with a first gas supply part 710 of a gas supply unit 700 to be described later. In 

addition, a discharge end of the fluid passage may be configured such that the first gas 

‘G1’ to be supplied by the first gas supply part 710 is supplied to the central area of 15 

the substrate 'W’supported by the support unit 300. In addition, the discharge end of 

the fluid passage may be configured such that the first gas ‘G1’ is supplied to the top 

surface of the central area of the substrate 'W' supported by the support unit 300. 

[0059]  A first base 510 may couple the dielectric plate 520 to the housing 100. 

The first base 510 may be provided in a flat shape on the top surface and the bottom 20 

surface thereof. In addition, the base 510 may be provided to have a diameter gradually 

reduced toward the bottom surface of the first base 510 from the top surface of the first 

base 510. 

[0060]  The upper electrode unit 600 may include a second base 610 and an 

upper electrode 620. The upper electrode 620 may face the lower electrode 350 25 
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described above. The upper electrode 620 may be disposed on the lower electrode 350. 

The upper electrode 620 may be provided on the edge area of the substrate ‘W’ 

supported by the chuck 310. The upper electrode 620 may be grounded. 

[0061]  The upper electrode 620 may have a shape to surround the dielectric 

plate 520 when viewed from the top. The upper electrode 620 may be provided to be 5 

spaced apart from the dielectric plate 520. The upper electrode 620 is spaced apart 

from the dielectric plate 520 to form a space. The space may serve as a channel 

allowing second gas ‘G2’, which is supplied by a second gas supply part 730, to flow. 

A discharge end of the channel may be configured such that the second gas ‘G2’ is 

supplied to the edge area of the substrate 'W' supported by the support unit 300. In 10 

addition, the discharge end of the channel may be configured such that the second gas 

‘G2’ is supplied to the top surface of the edge area of the substrate 'W' supported by 

the support unit 300. 

[0062]  The second base 610 may couple the upper electrode 620 to the housing 

100. The second base 610 may be provided in a ring shape. The second base 610 may 15 

be provided to surround the dielectric plate unit 500, when viewed from the top. The 

second base 610 may be provided to be spaced apart from the dielectric plate unit 500. 

The first base 510 may be combined with the second base 610 to form an inner space. 

The area of the inner space formed by combining the first base 510 with the second 

base 610 may be gradually reduced downward. In addition, the upper electrode 620 20 

may be electrically connected with the second base 610, and the inner space may 

communicate with the above-described channel. 

[0063]  The gas supply unit 700 may supply gas into the process space 102. The 

gas supply unit 700 may supply the first gas ‘G1’ and the second gas ‘G2’ to the 

process space 102. The gas supply unit 700 may include a first gas supply part 710 and 25 
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the second gas supply part 730.  

[0064]  The first gas supply part 710 may supply process gas into the process 

space 102. The first gas supply part 710 may supply the process gas to the central area 

of the substrate ‘W’supported by the chuck 310. The first gas supply part 710 may 

include a first gas supply source 712, a first gas supply line 714, and a first valve 716. 5 

The first gas supply source 712 may store the first gas ‘G1’ and/or supply the first 

gas ‘G1’ to the first gas supply line 714. The first gas supply line 714 may be 

connected with the fluid passage formed in the dielectric plate 520. The first valve 716 

may be installed on the first gas supply line 714. The first valve 716 may be an on/off 

valve or may be provided as a flow control valve. The process gas supplied by the first 10 

gas supply source 712 may be supplied to the central area of the top surface of the 

substrate 'W’through the fluid passage formed in the dielectric plate 520.  

[0065]  The second gas supply part 730 may supply the process gas to the 

process space 102. The second gas supply part 730 may supply the process gas through 

the space between the dielectric plate 520 and the upper electrode 620, which are 15 

provided on the edge area of the substrate ‘W’ supported by the chuck 310. The second 

gas supply part 730 may include a second gas supply source 732, a second gas supply 

line 734, and a second valve 736. The second gas supply source 732 may store the 

second gas ‘G2’ and/or may supply the second gas ‘G2’ to the second gas supply line 

734.  The second gas supply line 734 may supply the process gas to the space serving 20 

as the fluid channel formed as the upper electrode 620 is spaced apart from the 

dielectric plate 520. For example, the second gas supply line 734 may supply the 

process gas to the inner space formed by combining the first base 510 with the second 

base 610, and the process gas supplied to the inner space may be supplied to the space. 

The second valve 726 may be provided on the second gas supply line 734. The second 25 



20

valve 736 may be provided in the form of an on/off valve or a flow control valve. The 

process gas supplied by the second gas supply source 732 may be supplied to the edge 

area of the top surface of the substrate ‘W’ through the second fluid passage 602. 

[0066]  The first gas supply part 710 and the second gas supply part 730 may 

supply the first gas ‘G1’ and the second gas ‘G2’. The first gas ‘G1’ and the second 5 

gas ‘G2’ may be in mutually different types. For example, the first gas supply part 710 

may supply the first gas ‘G1’ or the second gas ‘G2’. The second gas supply part 730 

may supply the first gas ‘G1’ or the second gas ‘G2’. In other words, the first gas 

supply part 710 and the second gas supply part 730 may supply gas in the same type 

or mutually different types. 10 

[0067]  The controller 900 may control the substrate processing apparatus 

1000. The controller 900 may control the substrate processing apparatus 1000 to 

perform the plasma process to be performed later. For example, the controller 900 may 

control the gas supply unit 700 and the support unit 300. For example, the controller 

900 may control the support unit 300 and the gas supply unit 700 such that the plasma 15 

‘P’ is generated from the edge area of the substrate 'W' supported by the chuck 310 

as the power source 322 supplies power to the chuck 310 when the process gas is 

supplied to the first gas supply part 710 and/or the second gas supply part 730.  

[0068]  FIG. 4 is a view illustrating that the substrate processing apparatus of 

FIG. 3 performs a plasma process, according to an embodiment. Referring to FIG. 4, 20 

according to an embodiment of the inventive concept, the substrate processing 

apparatus 1000 may process the edge area of the substrate 'W’. For example, the 

substrate processing apparatus 1000 may process the edge area of the substrate 'W’ 

by generating the plasma ‘P’ from the edge area of the substrate 'W’. For example, 

the substrate processing apparatus 1000 may perform a bevel etching process to 25 
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process the edge area of the substrate 'W’. The substrate processing apparatus 1000 

may allow the first gas supply part 710 to supply the first gas ‘G1’ to the central area 

of the substrate 'W and allow the second gas supply part 730 to supply the first gas 

‘G1’ to the edge area of the substrate 'W', when processing the edge area of the 

substrate 'W'. In addition, the first gas ‘G1’ supplied by the first gas supply part 710 is 5 

in the same type as the type of the first gas ‘G1’ supplied by the second supply part 

730, so the first gas ‘G1’ supplied by the first gas supply part 710 has the same 

molecular weight as that of the first gas ‘G1’ supplied by the second supply part 730. 

[0069]  In this case, the supply flow rate per unit time for the first gas ‘G1’ 

supplied to the central area of the substrate ‘W’ is greater than the supply flow rate per 10 

unit time for the first gas ‘G1’ supplied to the edge area of the substrate ‘W’. Since the 

supply flow rate per unit time for the first gas ‘G1’ supplied to the central area of the 

substrate ‘W’ is greater than the supply flow rate per unit time for the first gas ‘G1’ 

supplied to the edge area of the substrate ‘W’, the first gas ‘G1’ substantially flows 

toward the edge area of the substrate ‘W’. 15 

[0070]  In addition, as recognized from FIG. 4, regarding the volume of a space 

in which the first gas ‘G1’ supplied by the gas supply unit 700 flows, a volume ‘V2’ 

of the edge area of the substrate ‘W’ is provided to be greater than a volume ‘V1’ of 

the central area of the substrate ‘W’ supported by the chuck 310 when viewed from 

the top. The first gas ‘G1’ flowing toward the edge area of the substrate ‘W’ flows at 20 

a slower flow rate at the edge area of the substrate ‘W’. In other words, since the time, 

in which the first gas ‘G1’ remains on the edge area of the substrate ‘W’, is increased, 

the efficiency of processing the edge region of the substrate ‘W’ is enhanced. 

[0071]  In addition, as described above, the first gas ‘G1’ is a process gas 

excited to be in a plasma state. Accordingly, the problems caused by mixing the inert 25 
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gas and the process gas described above are not prevented. 

[0072]  Although the above-described embodiment has been described in that 

the first gas supply part 710 and the second gas supply part 730 supply process gas 

when the edge area of the substrate ‘W’ supported by the chuck 310 is processed, the 

inventive concept is not limited thereto. For example, as illustrated in FIG. 5, when 5 

the edge area of the substrate ‘W’ supported by the chuck 310 is processed, the first 

gas ‘G1’ may be supplied only by the first gas supply part 710. The first gas ‘G1’ is 

supplied to the central area of the substrate ‘W’. The first gas ‘G1’ supplied to the 

central area of the substrate ‘W’ flows to the edge area of the substrate ‘W’. In the 

edge area of the substrate ‘W’, the volume V2 of the space in which the first gas ‘G1’ 10 

flows increases. Accordingly, the time in which the first gas ‘G1’ remains at the edge 

area of the substrate ‘W’ is increased, and the efficiency of processing the edge area 

of the substrate ‘W’ may be enhanced similarly to the above-described embodiment. 

[0073]  Although the above-described embodiment has been described in that 

the same type first gas ‘G1’ is supplied to the central area of the substrate ‘W’ and the 15 

edge area of the substrate ‘W’, the inventive concept is not limited thereto. For 

example, as illustrated in FIG. 6, the first gas ‘G1’ may be supplied to the central area 

of the substrate ‘W’ and the second gas ‘G2’ may be supplied to the edge area of the 

substrate ‘W’. In this case, the total molecular weight per unit time for the first gas 

‘G1’ supplied to the central area of the substrate ‘W’ is greater than the total molecular 20 

weight per unit time for the second gas ‘G2’ supplied to the edge area of the substrate 

‘W’. Accordingly, the first gas ‘G1’ and the second gas ‘G2’ may totally flow toward 

the edge area of the substrate ‘W’, and the efficiency of processing the edge area of 

the substrate ‘W’ may be enhanced similarly to the above-described embodiment and 

other embodiments. 25 
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[0074]  Although the above-described embodiment has been described in that 

the gas supply unit 700 includes both the first gas supply part 710 and the second gas 

supply part 730, the inventive concept is not limited thereto. For example, as illustrated 

in FIG. 7, the gas supply unit 700 may include only the first gas supply part 710. 

[0075]  Although the above-described embodiments have been described in 5 

that the substrate processing apparatus 1000 performs the etching process with respect 

to the edge area of the substrate 'W’, the inventive concept is not limited thereto. The 

fore-mentioned embodiments may be identically or similarly applied to various 

equipment and various processes requiring the processing for the edge area of the 

substrate 'W’. 10 

[0076]  A method for generating plasma in the substrate processing apparatus 

1000, which has been described according to the above-described embodiments, may 

be an inductive coupled plasma (ICP) manner. In addition, the method for generating 

plasma in the substrate processing apparatus 1000 may be a capacitor couple plasma 

(CCP) manner. In addition, the substrate processing apparatus 1000 may generate the 15 

plasma ‘P’ by using both of the ICP manner and the CCP manner, or any one 

selected from the ICP manner and the CCP manner. In addition, the edge area of the 

substrate 'W' may be processed through a well-known manner for generating the 

plasma ‘P’ in addition to the above-described manner.  

[0077]  According to an embodiment of the inventive concept, the substrate 20 

may be efficiently processed. 

[0078]  In addition, according to an embodiment of the inventive concept, the 

plasma process for the substrate may be uniformly performed. 

[0079]  In addition, according to an embodiment of the inventive concept, the 

efficiency of the plasma process for the edge area of the substrate may be more 25 
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enhanced. 

[0080]  The effects of the inventive concept are not limited to the above-

described effects, and any other effects not mentioned herein will be clearly 

understood from the following description by those skilled in the art to which the 

inventive concept pertains. 5 

[0081]  The above description has been made for the illustrative purpose. 

Furthermore, the fore-mentioned contents describe the exemplary embodiment of the 

inventive concept, and the inventive concept may be used in various other 

combinations, changes, and environments. That is, the inventive concept can be 

modified and corrected without departing from the scope of the inventive concept that 10 

is disclosed in the specification, the equivalent scope to the written disclosures, and/or 

the technical or knowledge range of those skilled in the art. The fore-mentioned 

embodiment describes the best state for implementing the technical spirit of the 

inventive concept, and various changes required in the detailed application fields and 

purposes of the inventive concept can be made. Accordingly, the detailed description 15 

of the inventive concept is not intended to limit the inventive concept to the forms of 

the disclosed embodiments Furthermore, it should be construed that the attached 

claims include other embodiments. 

[0082]  While the inventive concept has been described with reference to 

exemplary embodiments, it will be apparent to those skilled in the art that various 20 

changes and modifications may be made without departing from the spirit and scope 

of the inventive concept. Therefore, it should be understood that the above 

embodiments are not limiting, but illustrative. 
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WHAT IS CLAIMED IS: 

1. A substrate processing apparatus comprising: 

a housing having a process space; 

a support unit configured to support a substrate in the process space; 

a gas supply unit to supply process gas to the process space; 5 

a dielectric plate disposed to face the substrate supported by the support unit 

in the process space; 

an upper electrode spaced apart from the dielectric plate while surrounding 

the dielectric plate when viewed from atop; and 

a controller, 10 

wherein the support unit includes: 

a chuck having a support surface to support the substrate and connected with 

a power source; and 

a lower electrode disposed to face the upper electrode while surrounding the 

chuck when viewed from a top, 15 

wherein the gas supply unit includes: 

a first gas supply part configured to supply the process gas to a central area of 

the substrate supported by the chuck; and 

a second gas supply part configured to supply the process gas through a space 

between the dielectric plate and the upper electrode which are provided on an edge 20 

area of the substrate supported by the chuck, and 

wherein the controller is configured to: 

control the gas supply unit such that a supply flow rate per unit time for the 

process gas supplied from the first gas supply part is greater than a supply flow rate 

per unit time for the process gas supplied from the second gas supply part when 25 
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processing the edge area of the substrate supported by the chuck. 

 

2. The substrate processing apparatus of claim 1, wherein the controller is 

configured to: 

control the gas supply unit such that only the first gas supply part supplies the 5 

process gas, when processing the edge area of the substrate supported by the chuck. 

 

3. The substrate processing apparatus of claim 1, wherein the support unit, 

the dielectric plate, and the upper electrode are provided, such that a volume of a space, 

in which the process gas supplied by the gas supply unit flows, is larger in the edge 10 

area of the substrate supported by the chuck than the central area of the substrate 

supported by the chuck, when viewed from the top. 

 

4. The substrate processing apparatus of claim 1, wherein the support unit 

further includes: 15 

an insulating ring interposed between the chuck and the lower electrode. 

 

5. The substrate processing apparatus of claim 4, wherein the insulating 

ring and the lower electrode are spaced apart from a bottom surface of the edge area 

of the substrate supported by the chuck. 20 

 

6. The substrate processing apparatus of claim 1, wherein a molecular 

weight of the process gas supplied from the first gas supply part is equal to a molecular 

weight of the process gas supplied from the second gas supply part. 

 25 
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7. The substrate processing apparatus of claim 1, wherein the controller is 

configured to: 

control the support unit and the gas supply unit such that the power source 

applies power to the chuck to generate plasma at the edge area of the substrate 

supported by the chuck when the first gas supply part and/or the second gas supply 5 

part supplies the process gas. 

 

8. A method for processing a substrate using the substrate processing 

apparatus of claim 1, the method comprising: 

processing the edge area of the substrate supported by the chuck by supplying 10 

plasma,  

wherein a supply flow rate unit time for the process gas supplied to the central 

area of the substrate is greater than a supply flow rate unit time for the process gas 

supplied to the edge area of the substrate, when the edge area of the substrate is 

processed. 15 

 

9. The method of claim 8, wherein the process gas is supplied only to the 

central area of the substrate, when the edge area of the substrate is processed. 

 

10. A substrate processing apparatus comprising: 20 

a housing having a process space; 

a support unit configured to support a substrate in the process space; 

a gas supply unit to supply process gas to the process space; 

a dielectric plate disposed to face the substrate supported by the support unit 

in the process space; 25 
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an upper electrode spaced apart from the dielectric plate while surrounding 

the dielectric plate when viewed from a top; and 

a controller, 

wherein the support unit further includes: 

a chuck having a support surface to support the substrate and connected with 5 

a power source; and 

a lower electrode disposed to face the upper electrode while surrounding the 

chuck when viewed from the top, 

wherein the gas supply unit includes: 

a first gas supply part configured to supply the process gas to a central area of 10 

the substrate supported by the chuck; and 

wherein the support unit, the dielectric plate, and the upper electrode are 

provided, such that a volume of a space, in which the process gas supplied by the gas 

supply unit flows, is larger in the edge area of the substrate supported by the chuck 

than the central area of the substrate supported by the chuck, when viewed from the 15 

top, and 

wherein the controller is configured to: 

control the gas supply unit such that only the first gas supply part supplies the 

process gas, when processing the edge area of the substrate supported by the chuck; 

wherein the gas supply unit includes: 20 

a second gas supply part configured to supply the process gas through a space 

between the dielectric plate and the upper electrode which are provided on the edge 

area of the substrate supported by the chuck, and 

wherein the controller is configured to: 

control the gas supply unit such that a total molecular weight per unit time for 25 
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the process gas supplied from the first gas supply part is greater than a total molecular 

weight per unit time for the process gas supplied from the second gas supply part, 

when processing the edge area of the substrate supported by the chuck. 

 

11. The substrate processing apparatus of claim 10, wherein the support 5 

unit further includes: 

an insulating ring interposed between the chuck and the lower electrode. 

 

12. The substrate processing apparatus of claim 11, wherein the insulating 

ring and the lower electrode are spaced apart from a bottom surface of the edge area 10 

of the substrate supported by the chuck. 

 

13. The substrate processing apparatus of claim 10, 

wherein the controller is configured to: 

control the support unit and the gas supply unit such that the power source 15 

applies power to the chuck to generate plasma at the edge area of the substrate 

supported by the chuck when the first gas supply part and/or the second gas supply 

part supplies the process gas. 

 

 20 

 


