EPITAXIAL DEVICE AND GAS INTAKE STRUCTURE FOR EPITAXIAL DEVICE

TECHNICAL FIELD
[0001] The present disclosure relates to the technical field of semiconductor technologies

and, more particularly, to an epitaxial device and a gas intake structure for the epitaxial device.

BACKGROUND

[0002] In a silicon epitaxy equipment, a uniform concentration of a process gas for an
epitaxial reaction is usually introduced into a chamber from a gas intake, and the process gas
flows horizontally across a surface of a wafer carried by a submount to grow an epitaxial layer,
and then exits an exhaust gas outlet out of the chamber. Under the condition that a gas
concentration and a gas temperature provided by a silicon source are fixed, a gas flow rate of the
process gas is a main factor affecting film thickness distribution of the epitaxial layer. In order
to ensure thickness uniformity of the epitaxial layer, it is necessary to make the submount
rotatable. However, during simultaneous rotation of the wafer and the submount, an
uncontrolled flow of the process gas may appear at the junction of the wafer and the submount,
so that the thickness of the epitaxial layer at a peripheral edge of the wafer is extremely difficult
to control, and it is difficult to ensure that the thickness distribution of the epitaxial layer is

uniform.

SUMMARY
[0003] The present disclosure provides an epitaxial device and a gas intake structure for
the epitaxial device to solve the technical problems described in the background section, e.g., a

phenomenon of uneven thickness of an epitaxial layer at edges of a wafer.
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[0004] One aspect of the present disclosure provides an epitaxial device. The epitaxial
device includes a chamber, a submount disposed in the chamber to carry a to-be-processed
workpiece, a gas intake structure disposed at a sidewall of the chamber to provide a process gas
to a to-be-processed surface of the to-be-processed workpiece, and an exhaust structure arranged
at a sidewall of the chamber opposite to the gas intake structure. The gas intake structure
includes: a plurality of first gas intake passages configured to provide a first process gas
containing a gas for an epitaxial reaction to the entire to-be-processed surface along a first
direction, where the first direction is parallel to the to-be-processed surface; and two second gas
intake passages that are arranged at intervals along a second direction, and correspond to two
adjustment areas adjacent to edges on both sides of the to-be-processed surface respectively,
where at least one first gas intake passage is disposed between the two second gas intake
passages, each second gas intake passage provides a second process gas to the corresponding
adjustment area along the first direction, the second process gas is configured to adjust a
concentration of the gas for the epitaxial reaction flowing through the adjustment areas, and the

second direction is perpendicular to the first direction and parallel to the to-be-processed surface.

[0005] In some embodiments, the second process gas contains the gas for the epitaxial
reaction; and a content of the gas for the epitaxial reaction in the second process gas is lower

than a content of the gas for the epitaxial reaction in the first process gas.

[0006] In some embodiments, a ratio of a radius of the to-be-processed surface over a
width of each of the two adjustment areas in the second direction is greater than or equal to about

15.



[0007] In some embodiments, a flow rate of the first process gas flowing out of the
plurality of first gas intake passages is a same as a flow rate of the second process gas flowing

out of the two second gas intake passages.

[0008] In some embodiments, the plurality of first gas intake passages is evenly arranged

along the second direction.

[0009] In some embodiments, a total distribution distance of the plurality of first gas
intake passages in the second direction is greater than or equal to a diameter of the to-be-

processed surface.

[0010] In some embodiments, each second gas intake passage includes a plurality of
auxiliary gas intake pipelines; the plurality of auxiliary gas intake pipelines is arranged to form a
shape corresponding to a radial cross-sectional shape of an equilateral polygon; and a lowest
point of the equilateral polygon and a lowest point of a radial cross-section of the plurality of

first gas intake passages are in a same plane.

[0011] In some embodiments, a ratio of a total distribution distance of the two second gas
intake passages in the second direction over a diameter of the to-be-processed surface ranges

between 0.8 and 1.4.

[0012] In some embodiments, each first gas intake passage is spaced apart from an

adjacent first gas intake passage by a distance approximately between 5 mm and 30 mm.

[0013] In some embodiments, a diameter of each first gas intake passage is greater than a
diameter of each second gas intake passage; and a ratio of the diameter of each first gas intake

passage over the diameter of each second gas intake passage ranges between 60 and 6.



[0014] In some embodiments, the first process gas includes a carrier gas, the gas for the
epitaxial reaction, and a dopant gas; the carrier gas includes at least one of nitrogen or hydrogen;
the gas for the epitaxial reaction includes at least one of silane, silicon dichlorodihydrogen,
silicon trichlorohydrogen, or silicon tetrachloride; and the dopant gas includes at least one of

phosphine, diborane, or arsine.

[0015] In some embodiments, the second process gas includes at least one of a carrier
gas, a gas for the epitaxial reaction, or a dopant gas; the carrier gas includes at least one of
nitrogen or hydrogen; the gas for the epitaxial reaction includes at least one of silane, silicon
dichlorodihydrogen, silicon trichlorohydrogen, or silicon tetrachloride; and the dopant gas

includes at least one of phosphine, diborane, or arsine.

[0016] Another aspect of the present disclosure provides a gas intake structure for an
epitaxial device. The gas intake structure includes: a plurality of first gas intake passages
configured to provide a first process gas containing a gas for an epitaxial reaction to a to-be-
processed surface of a to-be-processed workpiece along a first direction, where the first direction
is parallel to the to-be-processed surface; and two second gas intake passages that are arranged at
intervals along a second direction, and correspond to two adjustment areas adjacent to edges on
both sides of the to-be-processed surface respectively, where at least one first gas intake passage
is disposed between the two second gas intake passages, each second gas intake passage provides
a second process gas to the corresponding adjustment area along the first direction, the second
process gas is configured to adjust a concentration of the gas for the epitaxial reaction flowing
through the adjustment areas, and the second direction is perpendicular to the first direction and

parallel to the to-be-processed surface.



[0017] In some embodiments, the second process gas contains the gas for the epitaxial
reaction; and a content of the gas for the epitaxial reaction in the second process gas is lower

than a content of the gas for the epitaxial reaction in the first process gas.

[0018] In some embodiments, a flow rate of the first process gas flowing out of the
plurality of first gas intake passages is a same as a flow rate of the second process gas flowing

out of the two second gas intake passages.

[0019] In some embodiments, each second gas intake passage includes a plurality of
auxiliary gas intake pipelines; the plurality of auxiliary gas intake pipelines is arranged to form a
shape corresponding to a radial cross-sectional shape of an equilateral polygon; and a lowest

point of a radial cross-section of the plurality of first gas intake passages are in a same plane.

[0020] In some embodiments, each second gas intake passage includes three auxiliary
gas intake pipelines; and the three auxiliary gas intake pipelines are arranged to form a shape

corresponding to a radial cross-sectional shape of an equilateral triangle.

[0021] In some embodiments, a diameter of each first gas intake passage is greater than a
diameter of each second gas intake passage; and a ratio of the diameter of each first gas intake

passage over the diameter of each second gas intake passage ranges between 60 and 6.

[0022] The gas intake structure provided by the present disclosure includes the plurality
of first gas intake passages and the two second gas intake passages, capable of providing the first
process gas to the to-be-processed surface of the to-be-processed workpiece, and providing the
second process gas to peripheral areas located on both sides of the to-be-processed surface. The
second process gas is configured to adjust the concentration of the gas for the epitaxial reaction

flowing through the adjustment areas, thereby improving the uniformity of the thickness



distribution of the epitaxial layer formed on the entire to-be-processed surface. Because the first
process gas and the second process gas enter in the same direction, the first process gas and the
second process gas flow smoothly and no turbulence is generated, which is beneficial to control

the thickness distribution of the epitaxial layer.

[0023] The epitaxial device provided by the embodiments of the present disclosure can
improve the uniformity of the thickness distribution of the epitaxial layer formed on the entire to-
be-processed surface by adopting the gas intake structure provided by the embodiments of the

present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] FIG. 1 is a schematic top view of an epitaxy device according to some

embodiments of the present disclosure;

[0025] FIG. 2 is a schematic side view of an epitaxy device according to some

embodiments of the present disclosure;

[0026] FIG. 3 is a schematic diagram of a gas intake structure according to some

embodiments of the present disclosure;

[0027] FIG. 4 is a schematic diagram of another gas intake structure according to some

embodiments of the present disclosure;

[0028] FIG. 5 is a schematic top view of another epitaxy device according to some

embodiments of the present disclosure; and

[0029] FIG. 6 is a flowchart of a gas intake method according to some embodiments of

the present disclosure.



DETAILED DESCRIPTION OF THE EMBODIMENTS

[0030] Various embodiments or examples are provided to illustrate various features of
the present disclosure. Specific examples of components and configurations are described below
to simplify the present disclosure. As can be appreciated, descriptions are intended to be
exemplary, and not to limit the present disclosure. For example, in the description below,
forming a first feature on or over a second feature may include some embodiments in which the
first feature and the second feature directly contact with each other, and some embodiments in
which additional components are formed between the first feature and the second feature, such
that the first feature and the second feature do not directly contact with each other. Further, the
present disclosure may reuse reference symbols and/or numerals in various embodiments. Such
reuse is for brevity and clarity, and does not in itself represent a relationship between different

embodiments and/or configurations discussed.

[0031] Further, spatial relationship terms, such as “below,” “under,” “lower,” “above,”
“over,” and the like, may be used to facilitate description of relationship of one component or
feature with respect to another component or feature as shown in drawings. These spatial
relationship terms are intended to encompass many different orientations of a device in user or
operation in addition to orientations depicted in the drawings. The device may be positioned in
other orientations (e.g., rotated 90 degrees or at other orientations) and these spatial relationship

terms should be interpreted accordingly.

[0032] Although numerical ranges and parameters used to set forth a broader scope of the
application are approximate values, numerical values set forth in specific examples have been
reported as precisely as possible. Any such numerical value, however, inherently contains

standard deviations resulting from individual testing methods. As used herein, the term “about”
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generally refers to that an actual value is within plus or minus 10%, 5%, 1%, or 0.5% of a
particular value or range. Alternatively, the word “about” refers to that the actual value lies
within an acceptable standard deviation of a mean, as considered by one of ordinary skill in the
art to which this application pertains. It should be understood that, except in experimental
examples, unless otherwise expressly stated, all ranges, quantities, numerical values and
percentages used herein (e.g., describe amount of material, length of time, temperature, operating
condition, quantity ratio, and the like) are modified by “about”. Thus, unless otherwise stated to
the contrary, the numerical parameters disclosed in this specification and accompanying claims
are approximate numerical values and may be changed as required. At a minimum, these
numerical parameters should be construed to refer to a number of significant digits as indicated
and the numerical values obtained by applying ordinary rounding. The numerical ranges are
expressed herein as from one endpoint to another endpoint or between two endpoints. Unless

otherwise indicated, the numerical ranges recited herein are inclusive of the endpoints.

[0033] In the existing technology, to improve uniformity of thickness distribution of the
epitaxial layer, a chamber assembly of a silicon epitaxy device includes a main gas intake
structure and an auxiliary gas intake structure for introducing a main process gas and an auxiliary
process gas into the chamber from different directions. However, after the main process gas and
the auxiliary process gas enter the chamber, flows of the main process gas and the auxiliary
process gas are disturbed when the main process gas and the auxiliary process gas intersect with
each other. As a result, it is difficult to control the thickness distribution of the formed epitaxial

layer.

[0034] The present disclosure is made in consideration of the above-mentioned

circumstances, and provides a thin film forming method and an epitaxial device using an
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epitaxial process, which can achieve a stable epitaxial layer growth rate while ensuring a uniform
thickness distribution of the epitaxial layer. Further, the present disclosure provides a chamber
assembly for the epitaxial device, which includes a gas intake structure. In some embodiments,
the gas intake structure includes a plurality of first gas intake passages and two second gas intake
passages. The two second gas intake passages are arranged at intervals along a second direction,
respectively corresponding to two adjustment areas adjacent to edges of both sides of a to-be-
processed surface. At least one first gas intake passage is disposed between the two second gas
intake passages. Each second gas intake passage is configured to provide a second process gas
to the adjustment area along a first direction. These component improvements improve the
uniformity of the thickness distribution of the epitaxial layer formed on the to-be-processed

surface, thereby improving product quality.

[0035] FIG. 1 and FIG. 2 are schematic diagrams of an epitaxial device according to
some embodiments of the present disclosure. In some embodiments, the epitaxial device is
configured to process the to-be-processed surface of a to-be-processed workpiece, for example,
to form an epitaxial layer on the to-be-processed surface of the to-be-processed workpiece (e.g.,
a wafer). Asshown in FIG. 1 and FIG. 2, the epitaxial device includes a chamber 4, a submount
5 disposed in the chamber 4 for carrying a workpiece 6, a gas intake structure 1, and an exhaust
structure 7. The gas intake structure 1 is disposed at a sidewall of the chamber 4 and is
configured to provide a process gas to the to-be-processed surface of the to-be-processed
workpiece 6. The exhaust structure 7 is disposed at a sidewall of the chamber 4 opposite to the

gas intake structure 1 for discharging the process gas.

[0036] In some embodiments, as shown in FIG. 1, when being viewed from the above, a

diameter of an upper surface of the submount 5 is greater than a diameter of a to-be-processed
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surface of the to-be-processed workpiece 6, such that when the to-be-processed workpiece 6 is
placed on the upper surface of the submount 5, a portion of the upper surface of the submount 5
(i.e., an area located outside the to-be-processed workpiece 6) is not covered by the to-be-
processed workpiece 6. In some embodiments, the submount 5 can be rotated. When the
submount 5 rotates, the to-be-processed workpiece 6 rotates jointly. In some embodiments, the
submount 5 may heat the to-be-processed workpiece 6, such that an epitaxial layer may be

formed on the to-be-processed workpiece 6 at a pre-determined temperature.

[0037] The gas intake structure 1 includes a plurality of first gas intake passages 2 and
two second gas intake passages 3. The plurality of first gas intake 2 are configured to provide a
first process gas to the to-be-processed surface of the to-be-processed workpiece 6 along a first
direction X1. The first process gas contains a gas configured for epitaxial reaction. The first
direction X1 is parallel to the to-be-processed surface of the to-be-processed workpiece 6.
Specifically, the first direction X1 is one of radial directions parallel to the to-be-processed
surface. The two second gas intake passages 3 are arranged at intervals along a second direction
X2, and at least one first gas intake passage 2 is disposed between the two second gas intake
passages 3. The second direction X2 is parallel to the to-be-processed surface of the to-be-
processed workpiece 6, and is perpendicular to the first direction X1. In addition, the two second
gas intake passages 3 respectively correspond to two adjustment areas 61 adjacent to edges of
both sides of the to-be-processed surface. Each second gas intake passage 3 is configured to
provide a second process gas to one of the two adjustment areas 61 along the first direction X1.
The second process gas is configured to adjust concentration of the gas that flows through each

of the two adjustment areas for the epitaxial reaction.
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[0038] In practical applications, the first process gas and the second process gas can be
introduced into the chamber 4 simultaneously or alternately by using the above-described gas
intake structure 1. When the first process gas and the second process gas are introduced into the
chamber 4 simultaneously, the first process gas and the second process gas enter the plurality of
first gas intake passages 2 and the two second gas intake passages 3 along the first direction X1,
that is, the first process gas and the second process gas enter in the same direction. After the first
process gas and the second process gas respectively pass over the to-be-processed surface and
the adjustment areas 61 along the first direction X1, the first process gas and the second process
gas continue to enter the exhaust structure 7 along the first direction X1, such that the no
turbulence occurs. In addition to passing the first process gas, the concentration of the gas that
flows through each of the two adjustment areas 61 for the epitaxial reaction may be adjusted by
passing the second process gas into each of the two adjustment areas 61. Thus, difference in the
concentration of the gas for the epitaxial reaction between the edges adjacent to the adjustment

areas 61 and a center area of the to-be-processed surface is reduced.

[0039] For example, when the epitaxial device is configured to process the to-be-
processed surface of the to-be-processed workpiece 6, the submount 5 drives the to-be-processed
workpiece 6 to rotate jointly. An abrupt flow rate change of the gas that flows through the
adjustment areas 61 located on both sides of the to-be-processed surface of the to-be-processed
workpiece 6 may occur. This makes the thickness of the epitaxial layer formed in the center area
of the to-be-processed surface different from the thickness of the epitaxial layer formed in the
edges adjacent to the adjustment areas 61. Specifically, the thickness of the epitaxial layer
formed in the edges of the to-be-processed surface is thicker than the thickness of the epitaxial

layer formed in the center area of the to-be-processed surface. In this case, the concentration of
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the gas that flows through the adjustment areas 61 for the epitaxial reaction may be diluted by
the second process gas, such that the thickness of the epitaxial layer formed in the edges of the
to-be-processed surface becomes thinner. Thus, the distribution uniformity of the thickness of

the epitaxial layer formed on the to-be-processed surface is improved.

[0040] In some embodiments, the second process gas contains the gas for the epitaxial
reaction, and a content of the gas for the epitaxial rection in the second process gas is lower than
the content of the gas for the epitaxial reaction in the first process gas. In this way, the second
process gas functions to dilute the concentration of the gas that flows through the adjustment
areas 61 for the epitaxial reaction. In practical applications, the second process gas may not
contain the gas for the epitaxial reaction, and can be any gas that can adjust the concentration of

the gas that flows through the adjustment areas 61 for the epitaxial reaction.

[0041] In some embodiments, the second process gas is further configured to form a gas
curtain at the adjustment areas 61 located on both sides of the to-be-processed surface to ensure

that the first process gas flows over the to-be-processed surface.

[0042] It should be noted that, as shown in FIG. 1, the adjustment areas 61 are located
outside the edges of the to-be-processed surface. However, the present disclosure is not limited
by the arrangement shown in FIG. 1. In practical applications, a range of the adjustment areas 61
has no particular restriction. For example, the adjustment areas 61 may be located inside the
edges of the to-be-processed surface, or may be located both outside and inside the edges of the

to-be-processed surface.

[0043] In some embodiments, a ratio of a radius Rs of the to-be-processed surface over a
width of each of the two adjustment areas 61 in the second direction is greater than or equal to

about 15.
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[0044] In some embodiments, a flow rate of the first process gas that flows out of the
first gas intake passages 2 is a same as a flow rate of the second process gas that flows out of the
second gas intake passages 3. In this way, in addition to making the first process gas and the
second process gas flow along the first direction X1, by making the flow rate of the first process
gas that flows out of the first gas intake passages 2 the same as the flow rate of the second
process gas that flows out of the second gas intake passages 3, the gas flows over the entire to-
be-processed surface smoothly without any turbulence, thereby forming the epitaxial layer with a

uniform thickness on the entire to-be-processed surface.

[0045] In some embodiments, the plurality of first gas intake passages 2 are evenly
arranged along the second direction X2. In this way, in addition to making the first process gas
out of each first gas intake passage 2 flow along the first direction X1, the plurality of first gas
intake passages 2 are evenly arranged along the second direction X2, such that the first process
gas that flows through different positions on the to-be-processed surface can be evenly
distributed. Arrangement density of the plurality of first gas intake passages 2 may be flexibly
adjusted according to specific requirements. For example, the arrangement density of the
plurality of first gas intake passages may be adjusted according to parameters, such as a size of
the to-be-processed workpiece 6, a spatial dimension of the chamber 4, a flow rate of the gas,

etc.

[0046] In some embodiments, each first gas intake passage 2 is separated from adjacent

first gas intake passages 2 by a distance approximately between 5 mm and 30 mm.

[0047] In some embodiments, a total distribution distance Dg2 of the plurality of first gas
intake passages 2 arranged along the second direction X2 is greater than or equal to a diameter

Ds of the to-be-processed surface, such that the first process gas out of the plurality of fist gas
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intake passages 2 can flow over the entire to-be-processed surface. The total distribution
distance Dg2 refers to a maximum distance in the second direction X2 between two outermost

first gas intake passages 2.

[0048] In some embodiments, a distance in a third direction Y between the gas intake
structure 1 and the to-be-processed surface is not limited by the present disclosure, as long as the
first process gas can effectively react with the entire to-be-processed surface. The third direction

Y is perpendicular to the to-be-processed surface.

[0049] In some embodiments, a center of each first gas intake passage 2 and a center of
each second gas intake passage 3 are at the same distance from the to-be-processed surface in the
third direction Y, that is, each first gas intake passage 2 and each second gas intake passage 3 are

located at a same height relative to the to-be-processed surface.

[0050] In some embodiments, the first process gas includes a carrier gas, a gas for the
epitaxial reaction, and a dopant gas. The carrier gas includes at least one of nitrogen (N2) or
hydrogen (Hz2). The gas for the epitaxial reaction includes at least one of silane (SiHa), silicon
dichlorodihydrogen (SiH2Cly), silicon trichlorohydrogen (SiHClIz), or silicon tetrachloride
(SiCls). The dopant gas includes at least one of phosphine (PH3), diborane (B2Hs), or arsine

(AsH3).

[0051] In some embodiments, the second process gas includes at least one of the carrier
gas, the gas for the epitaxial reaction, or the dopant gas. The content of the gas for the epitaxial
reaction in the second process gas is lower than the content of the gas for the epitaxial reaction in
the first process gas. The carrier gas includes at least one of nitrogen (N2) or hydrogen (H>).

The gas for the epitaxial reaction includes at least one of silane (SiHa), silicon

dichlorodihydrogen (SiH2Cly), silicon trichlorohydrogen (SiHClIz), or silicon tetrachloride
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(SiCls). The dopant gas includes at least one of phosphine (PH3), diborane (B2Hs), or arsine

(AsHs3).

[0052] The second process gas is configured to adjust the concentration of the gas for the
epitaxial reaction in the adjustment areas 61. For example, the second process gas may dilute the
gas for the epitaxial reaction in the adjustment areas 61, such that the concentration of the gas for
the epitaxial rection in the adjustment areas 61 is reduced. In some embodiments, under
conditions that a composition and a flow rate of the first process gas are fixed, by adjusting the
carrier gas concentration of the second process gas and the position of each second gas intake
passages 3, the concentration of the gas for the epitaxial reaction and a dilution area can be

changed.

[0053] In some embodiments, if the gas for the epitaxial reaction in the adjustment areas
61 needs to be diluted, each second gas intake passage 3 can be configured to provide a stable
flow of the second process gas to the corresponding adjustment area 61. For example, the flow

rate of the second process gas that flows out of each second gas intake passage 3 is fixed.

[0054] In some embodiments, with different process conditions, the first process gas can
be appropriately diluted by adjusting the carrier gas concentration in the second process gas
when the flow rate of the second process gas is fixed. In some embodiments, the carrier gas of
the second process gas is configured to dilute the gas for the epitaxial reaction in the first process
gas. In some embodiments, to prevent the concentration of the gas for the epitaxial reaction in
the first process gas from suddenly dropping too low in the diluted area, it should be ensured that
proportions of the carrier gas contained in the second process gas and the gas for epitaxial
reaction are appropriate. In some embodiments, the second process gas includes the carrier gas

and the dopant gas, but does not include the gas for the epitaxial reaction.

-15-



[0055] In some embodiments, in the first process gas, the proportion of the gas for the
epitaxial reaction is a%, and the proportion of the carrier gas is (100-a)% (the dopant gas is
additionally counted). In the second process gas, the proportion of the gas for the epitaxial
reaction is b%, and the proportion of the carrier gas is (100-b)% (the dopant gas is additionally
counted). a and b are positive numbers. a is smaller than 100 and is greater than b. As such,
when the first process gas with the content m is mixed with the second process gas with the
content n, assuming that the concentration of the mixed gas for the epitaxial reaction is x%, then
x% is equal to (am + bn)/(m + n), and X is between a and b. It can be seen from the foregoing
description that when the content of the gas for the epitaxial reaction in the second process gas is
lower than the content of the gas for the epitaxial reaction in the first process gas, the second
process gas dilutes the gas for the epitaxial reaction in the first process gas, thereby improving

the thickness uniformity of the epitaxial layer formed across the to-be-processed surface.

[0056] FIG. 3 is a schematic diagram of a gas intake structure according to some
embodiments of the present disclosure. In some embodiments, as shown in FIG. 3, a diameter of
each second gas intake passage 3 is smaller than a diameter of each first gas intake passage 2,
such that a width of the distribution area of the second process gas flowing out of the second gas
intake passages 3 is relatively narrow in the second direction X2, and does not occupy the
distribution area of the first process gas flowing out of the first gas intake passages 2, thereby
ensuring that the first process gas performs the epitaxial reaction with the to-be-processed
surface. In some embodiments, a ratio of the diameter of each first gas intake passage 2 over the

diameter of each second gas intake passage 3 ranges between 60 and 6.

[0057] In some embodiments, the center of an outlet of each first gas intake passage 2

and the center of an outlet of each second gas intake passage 3 are located on a same plane. For
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example, the center of the outlet of each first gas intake passage 2 and the center of the outlet of
each second gas intake passage 3 are located on a plane P1. The plane P1 is parallel to the to-be-
processed surface. In some embodiments, the ratio of the total distribution distance Dg1 of the
two second gas intake passages 3 in the second direction X2 over the diameter Ds of the to-be-
processed surface ranges between 0.8 and 1.4. The total distribution distance Dg1l refers to the
maximum distance in the second direction X2 between the two outermost second gas intake

passage 3.

[0058] In some embodiments, the total distribution distance Dgl of the two second gas
intake passages 3 in the second direction X2 is equal to Ds + 50mm, where Ds is the diameter
of the to-be-processed surface. In some embodiments, the total distribution distance Dg1 of the
two second gas intake passages 3 in the second direction X2 is smaller than the total distribution

distance Dg2 of the plurality of first gas intake passages 2 in the second direction X2.

[0059] It should be noted that, in the embodiment shown in FIG. 3, each first gas intake
passage 2 and each second gas intake passage 3 may be respectively connected with independent
pipelines, and each independent pipeline independently provides the first process gas to the
corresponding first gas intake passage 2 or provides the second process gas to the corresponding
second gas intake passage 3. However, this is not a limitation of the embodiments of the present
disclosure. In some other embodiments, the plurality of first gas intake passages 2 may be
connected to a same pipeline, which simultaneously provides the first process gas to each first
gas intake passage 2. The two second gas intake passages 3 may be connected to another same
pipeline, which simultaneously provides the second process gas to each second gas intake
passage 3. As long as the flow rates of the first process gas and the second process gas flowing

out of the outlets of each of the plurality of first gas intake passages 2 and each of the two second
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gas intake passage 3 are the same, the pipeline configurations fall within the scope of the

embodiments of the present disclosure.

[0060] FIG. 4 is a schematic diagram of another gas intake structure according to some
embodiments of the present disclosure. In some embodiments, as shown in FIG. 4, dispersing
the flow of the second process gas is beneficial to keep the flow of the first process gas smooth.
For example, but not limited to, each second gas intake passage 3 has a plurality of outlets, each
second gas intake passage 3 includes an auxiliary gas intake pipeline, and the auxiliary gas intake
pipeline has a plurality of outlets. Alternatively, each second gas intake passage 3 includes a
plurality of auxiliary gas intake pipelines, and each auxiliary gas intake pipeline has a single
outlet. For example, as shown in FIG. 4, each second gas intake passage 3 includes three
auxiliary gas intake pipelines 31. Each auxiliary gas intake pipeline 31 has a single outlet. As
long as the second process gas flows out of each outlet at the same flow rate, these embodiments

fall within the scope of the present disclosure.

[0061] In some embodiments, the plurality of auxiliary gas intake pipelines is arranged to
form a shape corresponding to a radial cross-sectional shape of an equilateral polygon, such as,
but not limited to, an equilateral triangle, and one side of the equilateral polygon and the lowest
point of the radial cross-section of the plurality of first gas intake passages 2 are located at a
same plane. For example, one side of the equilateral polygon and the lowest point of the radial
cross-section of the plurality of first gas intake passages 2 are located at the same plane P2. For
example, as shown in FIG. 4, the three auxiliary gas intake pipelines 31 are arranged to form the
shape of the radial cross-section in an equilateral triangle. The base side of the equilateral
triangle is located at, for example, but not limited to, the same plane P2 as the lowest point of the

radial cross-section of the plurality of first gas intake passages 2.
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[0062] In practical applications, the epitaxial device may also have other devices or
components to process the to-be-processed workpiece 6. For example, the epitaxial device may
include a heating device for adjusting a temperature of the to-be-processed workpiece 6 carried
on the submount 5 to a pre-determined process temperature. For example, the heating device is
disposed in the submount 5. For brevity of drawings, FIG. 1 and FIG. 2 only depict devices and

components related to the description of the embodiments of the present disclosure.

[0063] FIG. 5 is a schematic top view of another epitaxy device according to some
embodiments of the present disclosure. In some embodiments, as shown in FIG. 5, the total
distribution distance Dgl of the two second gas intake passages 3 in the second direction X2 is
greater than the total distribution distance Dg2 of the plurality of first gas intake passages 2 in
the second direction X2. In other words, as shown in FIG. 5, when the gas intake structure 1 is
viewed in a top-down view, the plurality of first gas intake passages 2 is disposed between the
two second gas intake passages 3. In this case, the first process gas provided by the gas intake
structure 1 is all confined between the gas curtains formed by the second process gas on both
sides of the to-be-processed surface. In some embodiments, the total distribution distance Dgl
of the two second gas intake passages 3 in the second direction X2 is greater than the diameter
Ds of the to-be-processed surface. In some embodiments, the total distribution distance Dgl of
the two second gas intake passages 3 in the second direction X2 is greater than the total
distribution distance Dg2 of the plurality of first gas intake passages 2 in the second direction
X2, and the total distribution distance Dg2 of the plurality of first gas intake passages 2 in the

second direction X2 is greater than the diameter Ds of the to-be-processed surface.

[0064] The present disclosure also provides a gas intake method, especially a gas intake

method for an epitaxial device. FIG. 6 is a flowchart of a gas intake method according to some
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embodiments of the present disclosure. Steps shown in Fig. 6 need not be performed in an order
as described, and may be performed in other others or concurrently, provided that substantially

same results can be obtained. The gas intake method 8 includes the following steps.

[0065] At step 81, a first process gas is provided to the entire to-be-processed surface of

the to-be-processed workpiece 6 in the first direction X1.

[0066] At step 82, a second process gas is provided to the two adjustment areas 61
adjacent to the edges on both sides of the to-be-processed surface in the first direction X1,
respectively. In some embodiments, the gas intake method 8 is performed in the epitaxial device

as shown in FIG. 1, FIG. 2, or FIG. 5.

[0067] In some embodiments, the first process gas and the second process gas are
provided at the same time. The second process gas is configured to adjust the concentration of
the gas for the epitaxial reaction flowing through the adjustment areas 61, for example, to dilute

the gas for the epitaxial reaction in the first process gas.

[0068] In some embodiments, the first direction X1 is parallel to a radial direction of the
to-be-processed surface, and is located above the to-be-processed surface. The first process gas
and the second process gas are able to cause the epitaxial reaction to the to-be-processed surface.
In some embodiments, to keep the overall gas to smoothly flow in the chamber 1, the flow rate of
the first process gas flowing through the to-be-processed surface is the same as the flow rate of

the second process gas flowing through the adjustment areas 61.

[0069] The present disclosure is further described with respect to the following
embodiments. But it should be understood that these embodiments are only intended to be

illustrative and should not be construed as a limitation of the present disclosure.
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[0070] Embodiment 1

[0071] The first process gas is introduced into the chamber 4 through the plurality of first
gas intake passages 2 along the first direction X1 to cause the epitaxial reaction of the first
process gas with the to-be-processed surface of the to-be-processed workpiece 6 carried by the
submount 5 in the chamber 4. The flow rate of the first process gas is about 50 standard liter per
minute (SLM). The concentration of the gas for the epitaxial reaction contained in the first
process gas is about 4%. At the same time, the second process that does not contain the gas for
the epitaxial reaction is introduced into the chamber 4 through the two second gas intake
passages 3 along the first direction X1 to provide the second process gas to the adjustment area
61 on both sides of the to-be-processed surface. The flow rate of the second process gas is about

3 SLM.
[0072] The gas for the epitaxial reaction includes a silicon source.

[0073] The to-be-processed workpiece 6 is a wafer. The average concentration of the gas
for the epitaxial reaction flowing through the adjustment area 61 is about 3.5%. After epitaxial
growth, the thickness of the epitaxial layer at a distance 3 mm from the edge of the epitaxial
layer is about 1% thicker than the thickness of the epitaxial layer at a distance 10 mm from the

edge of the epitaxial layer.
[0074] Comparative example 1

[0075] The first process gas is introduced into the chamber 4 through the plurality of first
gas intake passages 2 along the first direction X1 to cause the epitaxial reaction of the first
process gas with the to-be-processed surface of the to-be-processed workpiece 6 carried by the

submount 5 in the chamber 4. The flow rate of the first process gas is about 50 standard liter per
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minute (SLM). The concentration of the gas for the epitaxial reaction contained in the first
process gas is about 4%. At the same time, no gas is introduced into the chamber 4 through the

two second gas intake passages 3. The gas for the epitaxial reaction includes a silicon source.

[0076] The to-be-processed workpiece 6 is a wafer. After the epitaxial growth, the
thickness of the epitaxial layer at a distance 3 mm from the edge of the epitaxial layer is about
4% thicker than the thickness of the epitaxial layer at a distance 10 mm from the edge of the

epitaxial layer.

[0077] By comparing the embodiments 1 and the comparative example 1, it can be seen
that while the first process gas is introduced through the plurality of first gas intake passages 2,
the second process gas that contains or does not contain the gas for the epitaxial reaction is
introduced through the two second gas intake passages 3, thereby improving the distribution
uniformity of the thickness of the epitaxial layer formed on the entire to-be-processed surface of

the to-be-processed workpiece 6.

[0078] The embodiments of the present disclosure provide the gas intake structure and
the related epitaxial device. The gas intake structure provided by the present disclosure includes
the plurality of first gas intake passages 2 and the two second gas intake passages 3. The
plurality of first gas intake passages 2 provides the first process gas to the to-be-processed
surface of the to-be-processed workpiece 6. The two second gas intake passages 3 provides the
second process gas to peripheral areas located on both sides of the to-be-processed surface in the
same direction as the plurality of first gas intake passages. The first process gas contains the gas
for the epitaxial reaction. The second process gas contains or does not contain the gas for the
epitaxial reaction. The content of the gas for the epitaxial reaction in the second process gas is

lower than the content of the gas for the epitaxial reaction in the first process gas. The gas intake
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structure provided by the embodiments of the present disclosure makes the first process gas and
the second process gas flow smoothly, thereby improving the uniformity of the thickness

distribution of the epitaxial layer formed on the entire to-be-processed surface.
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CLAIMS

WHAT IS CLAIMED IS:

1. An epitaxial device, comprising:

a chamber;

a submount disposed in the chamber to carry a to-be-processed workpiece;

a gas intake structure disposed at a sidewall of the chamber to provide a process gas to a
to-be-processed surface of the to-be-processed workpiece, the gas intake structure including:

a plurality of first gas intake passages configured to provide a first process gas
containing a gas for an epitaxial reaction to the entire to-be-processed surface along a
first direction, the first direction being parallel to the to-be-processed surface; and

two second gas intake passages that are arranged at intervals along a second
direction, and correspond to two adjustment areas adjacent to edges on both sides of the
to-be-processed surface respectively, wherein at least one first gas intake passage is
disposed between the two second gas intake passages, each second gas intake passage
provides a second process gas to the corresponding adjustment area along the first
direction, the second process gas is configured to adjust a concentration of the gas for the
epitaxial reaction flowing through the adjustment areas, and the second direction is
perpendicular to the first direction and parallel to the to-be-processed surface; and
an exhaust structure arranged at a sidewall of the chamber opposite to the gas intake

structure.

2. The epitaxial device according to claim 1, wherein:
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the second process gas contains the gas for the epitaxial reaction; and
a content of the gas for the epitaxial reaction in the second process gas is lower than a

content of the gas for the epitaxial reaction in the first process gas.

3. The epitaxial device according to claim 1, wherein:
a ratio of a radius of the to-be-processed surface over a width of each of the two

adjustment areas in the second direction is greater than or equal to about 15.

4. The epitaxial device according to claim 1, wherein:
a flow rate of the first process gas flowing out of the plurality of first gas intake passages
is a same as a flow rate of the second process gas flowing out of the two second gas intake

passages.

5. The epitaxial device according to claim 1, wherein:

the plurality of first gas intake passages is evenly arranged along the second direction.

6. The epitaxial device according to claim 1, wherein:

a total distribution distance of the plurality of first gas intake passages in the second

direction is greater than or equal to a diameter of the to-be-processed surface.

7. The epitaxial device according to claim 1, wherein:

each second gas intake passage includes a plurality of auxiliary gas intake pipelines;
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the plurality of auxiliary gas intake pipelines is arranged to form a shape corresponding to
a radial cross-sectional shape of an equilateral polygon; and
a lowest point of the equilateral polygon and a lowest point of a radial cross-section of

the plurality of first gas intake passages are in a same plane.

8. The epitaxial device according to claim 1, wherein:
a ratio of a total distribution distance of the two second gas intake passages in the second

direction over a diameter of the to-be-processed surface ranges between 0.8 and 1.4.

9. The epitaxial device according to claim 1, wherein:
each first gas intake passage is spaced apart from an adjacent first gas intake passage by a

distance approximately between 5 mm and 30 mm.

10.  The epitaxial device according to claim 1, wherein:

a diameter of each first gas intake passage is greater than a diameter of each second gas
intake passage; and

a ratio of the diameter of each first gas intake passage over the diameter of each second

gas intake passage ranges between 60 and 6.

11.  The epitaxial device according to claim 1, wherein:
the first process gas includes a carrier gas, the gas for the epitaxial reaction, and a dopant
gas;

the carrier gas includes at least one of nitrogen or hydrogen;
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the gas for the epitaxial reaction includes at least one of silane, silicon
dichlorodihydrogen, silicon trichlorohydrogen, or silicon tetrachloride; and

the dopant gas includes at least one of phosphine, diborane, or arsine.

12.  The epitaxial device according to claim 1, wherein:

the second process gas includes at least one of a carrier gas, the gas for the epitaxial
reaction, or a dopant gas;

the carrier gas includes at least one of nitrogen or hydrogen;

the gas for the epitaxial reaction includes at least one of silane, silicon
dichlorodihydrogen, silicon trichlorohydrogen, or silicon tetrachloride; and

the dopant gas includes at least one of phosphine, diborane, or arsine.

13. A gas intake structure for an epitaxial device, comprising:

a plurality of first gas intake passages configured to provide a first process gas containing
a gas for an epitaxial reaction to a to-be-processed surface of a to-be-processed workpiece along
a first direction, the first direction being parallel to the to-be-processed surface; and

two second gas intake passages that are arranged at intervals along a second direction,
and correspond to two adjustment areas adjacent to edges on both sides of the to-be-processed
surface respectively, wherein at least one first gas intake passage is disposed between the two
second gas intake passages, each second gas intake passage provides a second process gas to the
corresponding adjustment area along the first direction, the second process gas is configured to

adjust a concentration of the gas for the epitaxial reaction flowing through the adjustment areas,
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and the second direction is perpendicular to the first direction and parallel to the to-be-processed

surface.

14.  The gas intake structure according to claim 13, wherein:
the second process gas contains the gas for the epitaxial reaction; and
a content of the gas for the epitaxial reaction in the second process gas is lower than a

content of the gas for the epitaxial reaction in the first process gas.

15.  The gas intake structure according to claim 13, wherein:
a flow rate of the first process gas flowing out of the plurality of first gas intake passages
is a same as a flow rate of the second process gas flowing out of the two second gas intake

passages.

16.  The gas intake structure according to claim 13, wherein:

each second gas intake passage includes a plurality of auxiliary gas intake pipelines;

the plurality of auxiliary gas intake pipelines is arranged to form a shape corresponding to
a radial cross-sectional shape of an equilateral polygon; and

a lowest point of the equilateral polygon and a lowest point of a radial cross-section of

the plurality of first gas intake passages are in a same plane.

17.  The gas intake structure according to claim 16, wherein:

each second gas intake passage includes three auxiliary gas intake pipelines; and
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the three auxiliary gas intake pipelines are arranged to form a shape corresponding to a

radial cross-sectional shape of an equilateral triangle.

18.  The gas intake structure according to claim 13, wherein:

a diameter of each first gas intake passage is greater than a diameter of each second gas
intake passage; and

a ratio of the diameter of each first gas intake passage over the diameter of each second

gas intake passage ranges between 60 and 6.
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