LINER, REACTION CHAMBER, AND SEMICONDUCTOR PROCESSING DEVICE

TECHNICAL FIELD
[0001] The present disclosure relates to the field of semiconductor manufacturing
technology and, more specifically, to a liner, a reaction chamber, and a semiconductor

processing device.

BACKGROUND
[0002] In the etching process, a large number of processing parameters of the plasma
reaction chamber need to be strictly controlled to maintain high quality etching results. In
particular, the optimal design of the internal structure of the chamber has a decisive effect on the

process performance and process results on the device itself.

[0003] In conventional technology, a liner is generally added inside the reaction chamber
of the etching machine. The liner is mainly used to improve the effective fluidity of the plasma
inside the chamber, and at the same time, restrain the plasma, such that the inner wall and the
bottom of the chamber can be protected from being etched. In addition, the machine chamber is

easier to maintain with the additional liner.

[0004] The conventional liner is arranged around the inside of the side wall of the
reaction chamber, and the upper end of the liner is grounded. The lower end of the liner includes
a horizontal bending portion bent toward the inside thereof and a vertical bending portion bent
vertically upward from the horizontal bending portion. In particular, the vertical bending portion
surrounds the edge of the base, and is used to change the impedance model of the base and its

surroundings, which enhances the electrical field strength at the edge of the base, thereby



improving the etching efficiency of the wafer edge and the etching uniformity of the wafer. The
horizontal bending portion is used to prevent the plasma from passing through the gap between
the inner liner and the base and into the bottom of the chamber, thereby protecting the bottom of

the chamber from being etched.

[0005] The liner described above may unavoidably have problems in practical

applications as discussed below.

[0006] Since only the upper end of the liner is grounded, the loop of the liner is longer in
the radio frequency (RF) environment, and the bent structure of the liner may present a larger
inductance characteristic. At the same time, a capacitance characteristic can be formed between
the vertical bending portion described above and the base such that the inner line may
equivalently form an equivalent model as shown in FIG. 1. The formula of the resonance

frequency of the equivalent model may be:

1
[0007] e , where f may be the resonance frequency; L may be the equivalent

inductance generated by the bent structure of the liner; and C may be the equivalent capacitance
generated by the vertical bending portion and the base. When the frequency of the RF
environment is close to the resonance frequency of the system, the system may generate a
resonance, which can cause a sudden change in the DC self-bias of the RF environment. As
shown in FIG. 2, the DC self-bias voltage suddenly decreases, and an abnormal curve appears,

which can affect the process stability.

SUMMARY
[0008] The present disclosure aims to solve at least one of the technical problems exist in

the conventional technology, and proposes a liner, a reaction chamber, and a semiconductor



processing device, which can prevent the system from generating resonance, thereby increasing

the process stability.

[0009] In order to achieve the purpose of the present disclosure, a liner is provided and
disposed in a reaction chamber. The liner includes a liner body being arranged around an inner
side wall of the reaction chamber and is grounded; a first separator being arranged to surround a
periphery of a base disposed in the reaction chamber, a lower end of the first separator being
grounded through the base; a dielectric ring being arranged between an inner peripheral wall of
the first separator and an outer peripheral wall of the base; and a second separator being arranged

to around a lower end of the liner body and an outer peripheral wall of the first separator.

[0010] In some embodiments, the second separator is integrally connected to the liner
body.
[0011] In some embodiments, the second separator is connected to the first separator as a

single piece.
[0012] In some embodiments, the liner body is connected to the second separator as a

single piece, and the second separator is connected to the first separator as a single piece.

[0013] In some embodiments, the lower end of the first separator projects vertically

downward with respect to a lower end surface of the second separator.

[0014] In some embodiments, an upper end of the first separator is flush with an upper
end of the dielectric ring, and the lower end of the first separator is flush with a lower end of the

dielectric ring.



[0015] As another technical solution, the present disclosure further provides a reaction
chamber including a base in the reaction chamber. The reaction chamber further includes the

above-mentioned liner provided in the present disclosure.

[0016] In some embodiments, the base includes a base body, an isolation layer, and a
metal interface plate being arranged from top to bottom, where the metal interface plate is
grounded and the lower end of the first separator is electrically connected to the metal interface

plate.

[0017] In some embodiments, the metal interface plate includes a first protrusion
protruding relative to an outer peripheral wall of the isolation layer and a second protrusion at a
lower part of the first separator and protruding from the outer peripheral wall of the first
separator. Further, the first protrusion and the second protrusion overlap each other and are

fixedly connected by a screw.

[0018] In some embodiments, one or more conductive layers are being disposed between

two surfaces where the second protrusion is in contact with the first protrusion.

[0019] In some embodiments, the conductive layer is being disposed on at least one of
the two surfaces where the second protrusion is in contact with the first protrusion by

electroplating.

[0020] As another technical solution, the present disclosure further provides a
semiconductor processing device including the above-mentioned reaction chamber provided in

the present disclosure.

[0021] The present disclosure includes the following beneficial effects.



[0022] The liner provided in the present disclosure includes a liner body, a first separator,
and a second separator, where the liner body is being arranged to surround the inner side wall of
the reaction chamber and is grounded. The first separator surrounds the periphery of the base,
and the lower end of the first separator is grounded through the base. In addition, a dielectric ring
is disposed between the inner peripheral wall of the first separator and the outer peripheral wall
of the base. The second separator is disposed between the lower end of the liner body and the
outer peripheral wall of the first separator to prevent the plasms from passing through the gap
between the liner body and the first separator. Since the lower end of the first separator is
grounded through the base, the capacitance generated by the first separator ad the base cannot
generate resonance. In addition, the magnitude of the capacitance generated between the first
separator and the liner body is much smaller than the capacitance generated between the first
separator and the base. At the same time, since the lower end of the first separator is grounded,
the inductance generated by the liner is relatively small. Therefore, based on the formula of the
resonance frequency, it should be apparent that since the resonance frequency of the system is
greatly increased, the frequency of the RF environment may be difficult to reach the resonance
frequency of the system, thereby preventing the system from generating resonance, which may

increase the process stability.

[0023] The reaction chamber provided in the present disclosure can prevent the system
from generating resonance by using the above-mentioned liner provided in the present

disclosure, thereby increasing the process stability.

[0024] The semiconductor processing device provided in the present disclosure can
prevent the system from generating resonance by using the above-mentioned reaction chamber

provided in the present disclosure, thereby increasing the process stability.



BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIG. 1 is a diagram of an equivalent model of an equivalent formation of a

conventional liner.
[0026] FIG. 2 is a graph of a self-bias voltage acquired using the conventional liner.

[0027] FIG. 3A is a cross-sectional view of a reaction chamber according to a first

embodiment of the present disclosure.

[0028] FIG. 3B is a cross-sectional view of a liner according to a first embodiment of the

present disclosure.

[0029] FIG. 3C is a diagram of an equivalent model formed by the liner according to a

first embodiment of the present disclosure.

[0030] FIG. 4 is a cross-sectional view of the liner according to a second embodiment of

the present disclosure.

[0031] FIG. 5 is a cross-sectional view of the liner according to a third embodiment of

the present disclosure.

[0032] FIG. 6A is a cross-sectional view of the liner of the reaction chamber according to

a fourth embodiment of the present disclosure.

[0033] FIG. 6B is an enlarged view of an area I in FIG. 6A.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0034] To facilitate understanding of the embodiments of the present disclosure by a

person of ordinary skill in the art, the liner, reaction chamber, and semiconductor processing



device provided in the embodiments of the present disclosure will be described below with

reference to the accompanying drawings.

[0035] Referring to FIG. 3A and FIG. 3B, an embodiment of the present disclosure
provides a liner, which is disposed in a reaction chamber 6. The reaction chamber 6 further
includes a base 1 configured to carry a workpiece to be processed, and the base 1 is grounded.
The liner includes a liner body 2, a first separator 32, and a second separator 31. In particular, the
liner body 2 is being arranged to surround the inner side wall of the reaction chamber 6 and is
grounded. In the present embodiment, the upper end of the liner body 2 is connected to the side
wall of the reaction chamber 6 and may be electrically conductive. Further, the side wall of the

reaction chamber 6 is grounded, as such, the liner body 2 is also grounded.

[0036] The first separator 32 surrounds the periphery of the base 1, and the lower end of
the first separator 32 may be grounded through the base 1. In addition, a dielectric ring 4 is
disposed in a space D1 between the inner peripheral wall of the first separator 32 and the outer
peripheral wall of the base 1. The second separator 31 is disposed between the lower end of the
liner body 2 and the outer peripheral wall of the first separator 32 to prevent the plasms from
passing through the gap between the liner body 2 and the first separator 32 and spreading to the

bottom of the reaction chamber 6.

[0037] Since the surface of the base 1 and the plasma sheath layer may exhibit a
capacitive effect and generate an electric field, the electrical field at the edge of the base 1 may
twist outward and the field strength may decrease, thereby reducing the etching efficiency of the
wafer edge. As such, by providing the first separator 32 described above, and the dielectric ring 4
between the inner peripheral wall of the first separator 32 and the outer peripheral wall of the

base 1, the capacitance generated by the first separator 32 and the base 1 may be C1, which may
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change the impedance model of the base 1 and its surrounding environment and enhance the
electric field strength at the edge of the base. Therefore, the etching efficiency of the wafer edge
may be improved and the etching uniformity of the wafer may be increase. The dielectric ring 4
can increase the capacitance C1. In some embodiments, for example, the dielectric ring 4 may be

made of ceramic.

[0038] In practical applications, based on the respective functions of the first separator 32
and the second separator 31, the radial thickness of the first separator 32 may be much smaller
than its axial length. That is, the first separator 32 may be cylindrical to ensure a capacitive effect
is formed between the first separator 32 and the base 1. The radial thickness of the second
separator 31 may ensure that the second separator 31 can cover the gap between the lower end of
the liner body 2 and the outer peripheral wall of the first separator 32. In some embodiments, the

second separator 31 may be an annular plate body.

[0039] In some embodiments, the lower end of the first separator 32 may project
vertically downward with respect to the lower end surface of the second separator 31 to facilitate

grounding.

[0040] In addition, in some embodiments, the upper end of the first separator 32 may be
flush with the upper end of the dielectric ring 4 and the lower end of the first separator may be
flush with the lower end of the dielectric ring 4 to increase the capacitance C1 between the first

separator 32 and the base 1.

[0041] In the present embodiment, the second separator 31 may be integrated with the
liner body 2. In other words, the second separator 31 may be a horizontal bending portion formed
by bending the lower end of the liner body inward. In addition, a free end of the second separator

31 and the outer peripheral wall of the first separator 32 may be spaced apart from each other,
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and the separation distance may be D2, such that the first separator 32 may be separated from the
liner body 2. It should be noted that the distance D2 between the free end of the second separator
31 and the outer peripheral wall of the first separator 32 should be reduced as much as possible
to prevent the plasma from passing through the gap between the second separator 31 and the
outer peripheral wall of the first separator 32. In addition, when the separation distance D2 is

sufficiently small, the free end of the second separator 31 may be equivalent to the ground.

[0042] Since the lower end of the first separator 32 is grounded through the base 1, the
equivalent model formed by the liner is shown in FIG. 3C, and the capacitance C1 generated by
the first separator 32 and the base 1 may not generate resonance. In addition, the capacitance C2
generated between the first separator 32 and the liner body 2 may be much smaller than the
capacitance C1 described above. At the same time, since the lower end of the first separator 32 is
grounded through the base 1, it is equivalent to the liner body 2 without the vertical bending
portion in the conventional art, as such, the inductance is relatively small. Therefore, based on
the formula of the resonance frequency, it should be apparent that since the capacitance C2 and
the inductance are greatly reduced, the resonance frequency of the system is greatly increased,
such that the frequency of the RF environment may be difficult to reach the resonance frequency
of the system, thereby preventing the system from generating resonance, which may increase the

process stability.

[0043] Referring to FIG. 4, compared with the previous embodiments described above,
the reaction chamber provided in the present embodiment of the present disclosure is different in

that the structures of the first separator 32 and the second separator 31 are different.

[0044] More specifically, the liner body 2 is connected to the second separator 31 as a

single piece, and the second separator 31 is connected to the first separator as a single piece. In
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particular, the second separator 31 may be the horizontal bending portion formed by bending the
second separator 31 inward from the lower end of the liner body 2, and the free end of the
horizontal bending portion may be connected to the outer peripheral wall of the first separator as
a single piece. As such, the liner may form the equivalent model as shown in FIG. 3C, such that
the frequency of the RF environment may be difficult to reach the resonance frequency of the
system, thereby preventing the system from generating resonance, which may increase the

process stability.

[0045] Referring to FIG. 5, compared with the previous embodiments described above,
the reaction chamber provided in the present embodiment of the present disclosure is different in

that the structures of the first separator 32 and the second separator 31 are different

[0046] More specifically, the second separator 31 and the first separator 32 are connected
as a single piece. That is, the inner peripheral wall of the second separator 31 and the outer
peripheral wall of the first separator 32 are connected as a single piece. As such, the liner may
form the equivalent model as shown in FIG. 3C. Further, since the loop of the liner body 2 is
further reduced, the inductance of the liner body 2 may be further reduced. In addition, a gap D3
may be disposed between the outer peripheral wall of the second separator 31 and the liner body
2, and the gap D3 may be as small as possible to prevent the plasma from passing through the

gap between the second separator 31 and the liner body 2.

[0047] In view of the foregoing embodiments, by using a split structure for the liner
provided in the foregoing embodiments of the present disclosure, the system resonance may be

avoided, thereby increasing the process stability.

[0048] As another technical solution, an embodiment of the present disclosure further

provides a reaction chamber having a structure similar to the reaction chamber 6 shown in FIG.
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3A. More specifically, a based 1 and the liner provided in each of the foregoing embodiments of

the present disclosure may be disposed in the reaction chamber 6.

[0049] In the present embodiment, as shown in FIG. 6A, the base 1 includes a base body
11, an isolation layer 12, and a metal interface plate 13 arranged from top to bottom, where the
base body may be configured to carry a wafer. The isolation layer 12 may be made of an
insulating material such as ceramic, and the isolation layer 12 may be used to electrically insulate
the base body 11 from the metal interface plate 13. The metal interface plate 13 is grounded. In
addition, the lower end of the first separator 32 may be grounded by being electrically connected

to the metal interface plate 13.

[0050] In order to ensure that the lower end of the first separator 32 and the metal
interface plate 13 have good electrical conductivity, as shown in FIG. 6B, the metal interface
plate 13 includes a first protrusion 131 protruding from the outer peripheral wall of the isolation
layer 12, and a second protrusion 321 protruding from the outer peripheral wall of the first
separator 32 disposed at the lower end of the first separator 32, where the second protrusion 321
and the first protrusion 131 are disposed to overlap each other and fixedly connected by a screw
5. By using the second protrusion 321 and the first protrusion 131, the contact area between the
first separator 32 and the metal interface plate 13 may be increased, thereby ensuring that the
lower end of the first separator 32 and the metal interface plate 13 have good electrical

conductivity.

[0051] Further, in some embodiments, one or more conductive layers (not shown) may
be disposed between the two surfaces of the second protrusion 321 and the first protrusion 131
that are in contact with each other, such that the second protrusion 321 may be in good contact

with the first protrusion 131. More specifically, the conductive layer may be disposed on at least

-11-



one of the two surfaces where the second protrusion 321 and the first protrusion 131 are in
contact by electroplating. That is, the conductive layer may be electroplated on the lower surface

of the second protrusion 321 and/or the top surface of the first protrusion 131.

[0052] The reaction chamber provided in the embodiments of the present disclosure can
prevent the system from generating resonance by using the liner provided in the foregoing

embodiments of the present disclosure, thereby increasing the process stability.

[0053] As another technical solution, an embodiment of the present disclosure further
provides a semiconductor processing device, and the semiconductor processing device may

include a reaction chamber provided in the embodiments of the present disclosure.

[0054] The semiconductor processing device provided in the embodiments of the present
disclosure can prevent the system from generating resonance by using the reaction chamber
provided in the foregoing embodiments of the present disclosure, thereby increasing the process

stability.

[0055] It can be understood that the foregoing embodiments are merely exemplary
embodiments used for describing the principle of the present disclosure, but the present
disclosure is not limited thereto. Those of ordinary skill in the art may make various variations
and improvements without departing from the spirit and essence of the present disclosure, and
these variations and improvements shall fall into the protection scope of the embodiments of the

present disclosure.
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CLAIMS

WHAT IS CLAIMED IS:

1. A reaction chamber including a base in the reaction chamber comprising:

a liner disposed in the reaction chamber;

the liner comprising:

a liner body being arranged around an inner side wall of the reaction chamber and being
grounded;

a first separator being arranged to surround a periphery of the base disposed in the
reaction chamber, a lower end of the first separator being grounded through the base;

a dielectric ring being arranged between an inner peripheral wall of the first separator and
an outer peripheral wall of the base;

a second separator being arranged to be around a lower end of the liner body and an outer
peripheral wall of the first separator; and

the base includes:

a base body, an isolation layer, and a metal interface plate being arranged from top to
bottom, wherein

the metal interface plate is grounded, and the lower end of the first separator is
electrically connected to the metal interface plate;

wherein the metal interface plate includes a first protrusion protruding relative to an outer
peripheral wall of the isolation layer and a second protrusion at a lower part of the first separator
and protruding from the outer peripheral wall of the first separator, the first protrusion and the

second protrusion overlap each other and are fixedly connected.
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2. The reaction chamber of claim 1, wherein the second separator is integrally

connected to the liner body.

3. The reaction chamber of claim 1, wherein the second separator is connected to the

first separator as a single piece.

4. The reaction chamber of claim 1, wherein the liner body is connected to the
second separator as a single piece, and the second separator is connected to the first separator as

a single piece.

5. The reaction chamber of any one of claims 2-4, wherein the lower end of the first
separator projects vertically downward with respect to a lower end surface of the second

separator.

6. The reaction chamber of any one of claims 1-4, wherein an upper end of the first

separator is flush with an upper end of the dielectric ring, and the lower end of the first separator

is flush with a lower end of the dielectric ring.

7. The reaction chamber of claim 1, wherein the first protrusion and the second

protrusion are fixedly connected by a screw.
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8. The reaction chamber of claim 7, wherein one or more conductive layers are
being disposed between two surfaces where the second protrusion is in contact with the first

protrusion.

0. The reaction chamber of claim 8, wherein the one or more conductive layers are

being electroplated on a lower surface of the second protrusion and/or a top surface of the first

protrusion.

10. A semiconductor processing device comprising:

the reaction chamber according to any one of claims 1-9.
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