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SEMICONDUCTOR PROCESSING DEVICE AND METHOD FOR
MONITORING WAFER POSITION STATUS

TECHNICAL FIELD

[0001] The present disclosure relates to the technical field of semiconductor
manufacturing, and specifically, relates to a semiconductor processing device and a

method for monitoring wafer position status.

BACKGROUND

[0002] The basic principle of the chemical vapor deposition epitaxial growth process is
to deliver a process gas into a process chamber, where the process gas is heated to react
in the process chamber, thereby being deposited on a wafer to form a film. During this
process, the wafer is typically placed in a slot in the base so that the base can
continuously rotate the wafer. If the wafer cannot be completely placed in the slot and is
partially lapped on an edge of the slot, or the base swings during rotation, the uniformity
of the film deposited on the surface of the wafer will be greatly reduced, which may
result in a reduced yield of the product.

[0003] The existing wafer position detection device typically detects temperature
fluctuations at a central position of the base to determine whether the wafer is positioned
in the slot of the base. However, due to the hysteresis of the temperature fluctuations, the
existing detection device for wafer status has a low detection accuracy and untimely data
feedback, making it hard to accurately reflect the position of the wafer and the rotation

condition of the base in the process.

SUMMARY

[0004] To solve at least one of the technical problems in the existing art, the present
disclosure provides a semiconductor processing device and a method for monitoring
wafer position status which can more accurately reflect the position status of a wafer

inside a semiconductor process chamber.
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[0005] To achieve the object of the present disclosure, there is provided a
semiconductor processing device, including a process chamber in which a base for
carrying a wafer is provided, wherein the base is provided with a slot for accommodating
the wafer, and the process chamber is further provided with a detection device
configured to detect in real time a real-time detected height value corresponding to each
of a plurality of first subregions distributed in an array in a preset detection region of the
process chamber; the preset detection region covers an upper surface of the base, and the
plurality of first subregions cover at least the slot; the semiconductor processing device
further includes a controller configured to acquire the real-time detected height value
corresponding to each of the first subregions, and determine, according to the real-time
detected height value corresponding to each of the first subregions and a preset reference
height value, whether position status of the wafer is normal; and the reference height
value is a height value corresponding to each of the plurality of first subregions detected
by the detection device when both the base and the wafer carried on the base are at a
standard position.

[0006] Optionally, both the base and the wafer carried on the base being at a standard
position includes: the base is at a specified levelness and the wafer is at a specified
standard position on the base.

[0007] Optionally, the controller is further configured to calculate a difference between
the real-time detected height value and the reference height value corresponding to each
of the first subregions, and determine in real time whether the difference exceeds a
preset threshold, determine, in response to the difference not exceeding the preset
threshold, that the wafer is in normal position status, and determine, in response to the
difference exceeding the preset threshold, that the wafer is not in normal position status.
[0008] Optionally, the base is rotatable; and when the base is in a stationary state, the
controller is configured to calculate a difference between the real-time detected height
value and the reference height value corresponding to each of the first subregions, and
determine in real time whether the difference exceeds a first preset threshold, and give,
in response to the difference exceeding the first preset threshold, a prompt that the wafer
is not completely placed in the slot; wherein the first preset threshold is equal to a sum
of a depth of the slot and a thickness of the wafer.

[0009] Optionally, the base is rotatable; and when the base is in a rotating state, the
controller is configured to calculate a difference between the real-time detected height

value and the reference height value corresponding to each of the first subregions, and
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determine in real time whether the difference exceeds a second preset threshold, and give,
in response to the difference exceeding the second preset threshold, a prompt that the
wafer slides out of the slot; wherein the second preset threshold is equal to a depth of the
slot.

[0010] Optionally, the base is rotatable; and the detection device is further configured
to detect in real time, when the base is in a rotating state, a real-time detected
three-dimensional coordinate value corresponding to each of a plurality of second
subregions distributed annularly in the preset detection region; wherein the plurality of
second subregions distributed annularly cover an edge of the base; and the controller is
further configured to acquire the real-time detected three-dimensional coordinate value
corresponding to each of the second subregions, compare the real-time detected
three-dimensional coordinate values corresponding to the same second subregion at two
adjacent time points, and determine in real time whether the base swings according to a
comparison result.

[0011] Optionally, the controller is further configured to determine in real time whether
a difference between the real-time detected three-dimensional coordinate values of any
one of the second subregions at two adjacent time points exceeds a third preset threshold,
and give, in response to the difference exceeding the third preset threshold, a prompt that
the base swings.

[0012] Optionally, a temperature measuring device is disposed above the base, wherein
the temperature measuring device is directly opposite to a center of a surface of the base,
and is configured to detect a temperature of the wafer; and the detection device is
positioned above the base and offset from the center of the surface of the base.

[0013] Optionally, the detection device includes an area array lidar sensor.

[0014] As another technical solution, the present disclosure further provides a method
for monitoring wafer position status, which is applicable to the semiconductor
processing device according to any one of the above embodiments and includes:
acquiring the real-time detected height value corresponding to each of the first
subregions; and determining, according to the real-time detected height value and the
reference height value corresponding to each of the first subregions, whether position
status of the wafer is normal.

[0015] The present disclosure has the following beneficial effects: in the semiconductor
processing device provided in the present disclosure, the detection device is used to

perform regional height detection on the surface of the base in real time, and the
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detection device can synchronously detect the plurality of first subregions distributed in
an array in the preset detection region in real time, which enables more elaborate and
synchronous regional detection, can reflect the difference in the real-time detected height
values of different first subregions more quickly and accurately, and have the advantages
of fast response and accurate detection results, and the controller is used to
comprehensively analyze the real-time detected height value and the preset reference
height value corresponding to each of the first subregions, to determine whether the
position status of the wafer is normal, for example, whether the wafer is completely
positioned in the slot in the base. Therefore, by combining the controller and the
detection device described above, the semiconductor processing device of the present
disclosure can more intuitively reflect the height value and changes in the height in the
preset detection region, so that the position status of the wafer in the process chamber
can be reflected more quickly and accurately, the position status of the wafer can be
monitored in real time, and when the wafer is separated from the slot in the process, an
operator can timely make a response to ensure that the process can be smoothly carried
out.

[0016] When applied to the semiconductor processing device as described above, the
method for monitoring wafer position status according to the embodiments of the present
disclosure can more quickly and accurately reflect the position status of the wafer in the
process chamber, thereby enabling monitoring of the position status of the wafer in real
time, so that when the wafer is separated from the slot in the process, an operator can
timely make a response to ensure that the process can be smoothly carried out.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a simplified diagram of a chemical vapor deposition epitaxial growth
process chamber;

[0018] FIG. 2 is a schematic structural diagram of a semiconductor processing device
according to a first embodiment;

[0019] FIG. 3 is a schematic diagram of a preset detection region of the detection
device according to the first embodiment;

[0020] FIG. 4ais a top view of a base when a wafer is completely positioned in a slot;
[0021] FIG. 4b is a diagram showing distribution of detection results when the wafer is
completely positioned in the slot;
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[0022] FIG. 5a is a top view of a base when a wafer is not completely positioned in a
slot;

[0023] FIG. 5b is a diagram showing distribution of detection results when the wafer is
not completely positioned in the slot;

[0024] FIG. 6 is a spatial position diagram of the base when the base does not swing
and when the base swings; and

[0025] FIG. 7 is a flowchart of a monitoring method according to a second embodiment.

DETAIL DESCRIPTION OF EMBODIMENTS

[0026] To better understand the technical solution of the present disclosure for those
skilled in the art, the semiconductor processing device and the method for monitoring
wafer position status provided in the present disclosure will be described in detail below
in conjunction with the accompanying drawings.

[0027] As shown in FIG. 1, a chemical vapor deposition epitaxial growth process
device typically includes: a process chamber 1, and a base 2 and a heat source (not
shown) provided in the process chamber 1. When the chemical vapor deposition epitaxial
process is started, a wafer is placed in a slot in the base 2, while a process gas enters the
process chamber 1 through a gas inlet 11 and flows out of the process chamber 1 through
a gas outlet 12, and reacts in the process chamber 1 under heating. The product of the
reaction is deposited on a surface of the wafer under the action of gravity to form a film.
Since the material forming the film is deposited only by gravity, the wafer should be
kept as level as possible to improve the uniformity of the film. In the actual process,
however, there are various situations that may affect levelness of the wafer, for example:
the wafer may be not completely placed in the slot in the base 2, or the base 2 may swing
during rotation. If an operator cannot adjust the position of the wafer in time before or
during such a situation, the effect of the process will be significant reduced, even
causing failure of the process.

First Embodiment

[0028] To solve the above technical problem, the present embodiment provides a
semiconductor processing device for reflecting position status of a wafer in the
semiconductor processing device in real time during the process. Specifically, the
semiconductor processing device in the present embodiment is not limited to a chemical

vapor deposition epitaxial growth processing device, and may be a processing device
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such as a physical vapor deposition processing device or an atomic layer deposition
processing device that has certain requirements on the levelness of the wafer.

[0029] Referring to FIG. 2, the semiconductor processing device provided in the
present embodiment includes: a process chamber 1, a base 2 for carrying a wafer 3, a
detection device 4 and a controller (not shown in the figure). The base 2 is disposed in
the process chamber 1, and a slot 21 for accommodating the wafer is provided in the base
2. The detection device 4 has a function of detecting a surface height of a target object.
Specifically, the detection device 4 is configured to detect in real time real-time detected
height values corresponding to a plurality of first subregions distributed in an array in a
preset detection region of the process chamber 1, and send the real-time detected height
values to the controller. It should be noted that the real-time detected height value
corresponding to each of the first subregions includes one or more of a real-time detected
height value of a surface of the base 2, a real-time detected height value of a surface of
the wafer 3, and a real-time detected height value of a bottom surface of the slot 21.
[0030] Moreover, as shown in FIGs. 2 and 3, the preset detection region completely
covers at least an upper surface of the base 2, and the plurality of first subregions cover
at least the slot 21, thereby enabling regional real-time detection on the height of the
surface of the slot 21 and /or the height of the surface of the wafer 3 placed in the slot 21
at different positions.

[0031] The controller is configured to pre-store a preset reference height value
corresponding to each of the first subregions. Specifically, the reference height value is a
height value corresponding to each of the plurality of first subregions detected by the
detection device 4 when both the base 2 and the wafer 3 carried on the base 2 are at a
standard position. The controller is further configured to acquire the real-time detected
height value corresponding to each of the first subregions, and determine, according to
the real-time detected height value and the preset reference height value corresponding
to each of the first subregions, whether position status of the wafer is normal, that is,
determine whether the wafer 3 is at an expected position during the process by
comprehensively analyzing the real-time detected height value and the reference height
value corresponding to each of the first subregions.

[0032] Further, the detection device can synchronously detect the plurality of first
subregions distributed in an array in the preset detection region in real time, which
enables more elaborate and synchronous regional detection, can reflect the difference in

the real-time detected height values of different first subregions more quickly and
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accurately, and have the advantages of fast response and accurate detection results.
Therefore, by combining the controller and the detection device 4 described above, the
height value and changes in the height in the preset detection region can be more
intuitively reflected, so that the position status of the wafer in the process chamber can
be reflected more quickly and accurately, the position status of the wafer can be
monitored in real time, and when the wafer is separated from the slot in the process, an
operator can timely make a response to ensure that the process can be smoothly carried
out.

[0033] It should be noted that the preset detection region is a region detectable by the
detection device, which is a virtual region representing a detection range. The plurality
of first subregions are also subregions virtually divided by the detection device, and
represent an array regional detection mode.

[0034] The reference height value should be collected when the base 2 and the wafer 3
are both at a preset standard position. Specifically, in some optional embodiments, the
standard position includes: a position where the base 2 is at a specified levelness and the
wafer 3 is at a specified standard position on the base 2. Accordingly, the reference
height value includes: a height value of a surface of the base 4 detected by the detection
device 4 when the base 2 is at a specified levelness; and/or height values of a surface of
the wafer 3 and a surface of the base 2 when the wafer 3 is at the specified standard
position. In addition, the standard position may be selected according to normal position
status of the wafer 3 expected during the process. For example, as shown in FIG. 2, to
determine whether the wafer 3 is placed in the slot 21 in the base 2, a position of the base
2 without the wafer (i.e., when the slot 21 is empty) may be used as the standard position,
and thus, a height of a bottom surface of the slot 21 is used as the reference height value.
[0035] In some optional embodiments, the controller is further configured to calculate a
difference between the real-time detected height value and the reference height value
corresponding to each of the first subregions, and determine in real time whether the
difference exceeds a preset threshold, determine, in response to the difference not
exceeding the preset threshold, that the wafer 3 is in normal position status, and
determine, in response to the difference exceeding the preset threshold, that the wafer 3
Is not in normal position status.

[0036] Taking FIGs. 4a to 5b as an example, where various types of wafer position
status and corresponding height value detection results are shown, the preset detection

region is divided into 64 rectangular subregions distributed in the form of a 8 X8 matrix,
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and A, B, C, D and F respectively represents the real-time detected height values
corresponding to the rectangular subregions, that is, heights of the surface of the base 2
or the surface of the wafer 3 in the corresponding rectangular subregions. As shown in
FIGs. 4a and 4b, when the wafer 3 is completely positioned in the slot 21 in the base 2,
the real-time detected height value of each of 16 first subregions covering the slot 21 is
C, the real-time detected height value of each of 20 second subregions covering an edge
of the base 2 is B, and the real-time detected height value of each of the remaining 28
subregions is A. As shown in FIGs. 5a and 5b, when the wafer 3 is not completely
positioned in the slot 21, the wafer 3 is partially lapped on the edge of the slot 21, the
real-time detected height value of each of 4 first subregions corresponding to a lapping
position is F, and the real-time detected height value of each of 4 first subregions
corresponding to the slot 21 is D, that is, the real-time detected height value of the
bottom surface of the slot 21 is D. It can be seen that the detection device performs
real-time and synchronous detection of the real-time detected height value corresponding
to each of the rectangular subregions, which enables more elaborate and synchronous
regional detection, and can reflect the difference in the real-time detected height values
of different rectangular subregions more quickly and accurately, and the controller
analyzes the real-time detected height value corresponding to each of the plurality of
rectangular subregions, which can more effectively reflect the position of the wafer 3
and a relative positional relationship between the wafer 3 and the base 2, thereby
determine whether the position status of the wafer is normal.

[0037] At the beginning of the process, the wafer 3 is generally held by a manipulator
and placed in the slot 21, and if the wafer 3 cannot be completely placed in the slot 21
and is partially lapped on an edge of the slot 21, a surface of the wafer 3 may be inclined,
which in turn reduces the effect of the process. To solve this technical problem, in some
optional embodiments, when the base 2 is in a stationary state, the controller is further
configured to calculate a difference between the real-time detected height value and the
reference height value corresponding to each of the first subregions, and determine in
real time whether the difference exceeds a first preset threshold, and give, in response to
the difference exceeding the first preset threshold, a prompt that the wafer is not
completely placed in the slot 21, to prompt an operator to adjust the position of the wafer
3 in time. The first preset threshold is equal to a sum of a depth of the slot 21 and a
thickness of the wafer. It will be readily appreciated that when the wafer 3 is partially

lapped on the edge of the base 2, a height difference between the surface of the wafer 3
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and the bottom surface of the slot 21 at the lapping position is inevitably greater than or
equal to the sum of the depth of the slot 21 and the thickness of the wafer 3, so that once
the difference exceeds the first preset threshold, it can be determined that the wafer is
not completely placed in the slot 21.

[0038] In the actual process, to ensure uniform heating of the wafer 3, the base 2 is
usually rotated continuously during the process, and to prevent the wafer 3 from slipping
during the rotation of the base 2, the wafer 3 should be placed in the slot 21. However,
during the process, the process gas is continuously introduced and forms a gas flow,
causing a risk of separating the wafer 3 from the slot 21 under the influence of the gas
flow. To monitor the position of the wafer 3, in some optional embodiments, when the
base 2 is in a rotating state, the controller is further configured to calculate a difference
between the real-time detected height value and the reference height value corresponding
to each of the first subregions, and determine in real time whether the difference exceeds
a second preset threshold, and give, in response to the difference exceeding the second
preset threshold, a prompt that the wafer slides out of the slot, to prompt an operator to
adjust the position of the wafer 3 in time. Specifically, the second preset threshold is
equal to a depth of the slot. It will be readily appreciated that when the wafer 3 slides out
of the slot 21, the wafer 3 will be partially or entirely lapped on the edge of the slot 21,
and a height difference between the surface of the wafer 3 at the lapping position and a
surface of the wafer 3 completely placed in the slot 21 is inevitably greater than or equal
to the depth of the slot 21, so that once the difference exceeds the second preset
threshold, it can be determined that the wafer slides out of the slot.

[0039] As shown in FIG. 1, a drive shaft 5 is typically provided below the base 2 to
drive the base 2 to rotate. The base 2 is generally disposed at an upper end of the drive
shaft 5, and since the base 2 itself has a mass, when driven to rotate by the drive shaft 5,
the base 2 will apply a certain moment of inertia on the upper end of the drive shaft 5,
and apply to the drive shaft 5 a force component in a direction perpendicular to an axial
direction of the drive shaft 5. Therefore, if the drive shaft 5 has insufficient rigidity or
the drive shaft 5 is too long, it will swing during the rotation, thereby causing swinging
of the base 2 during the rotation, which may seriously affect the effect of the process on
the wafer 3.

[0040] To monitor a rotating state of the base 2, in some optional embodiments, the
detection device 4 is further configured to detect in real time, when the base 2 is in the

rotating state, a real-time detected three-dimensional coordinate value corresponding to
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each of a plurality of second subregions distributed annularly in the preset detection
region. The plurality of second subregions distributed annularly cover an edge of the
base 2. The controller is further configured to acquire the real-time detected
three-dimensional coordinate value corresponding to each of the second subregions,
compare the real-time detected three-dimensional coordinate values corresponding to the
same second subregion at two adjacent time points, and determine in real time whether
the base swings according to a comparison result. Specifically, in some optional
embodiments, the two adjacent time points may be time points corresponding to two
adjacent revolutions of rotation of the base 2.

[0041] It should be noted that if the base swings, the plurality of second subregions
distributed annularly (i.e., detection objects of the detection device) may change along
with the surface of the swinging base. Referring to FIG. 6, when the base 2 is rotated, the
real-time detected three-dimensional coordinate values corresponding to a plurality of
second subregions at the same position at different revolutions of rotation of the base
may be detected in real time to obtain that: the shaded region is a position of the base in
a three-dimensional coordinate system after rotating without swinging; and the dashed
region is a position of the base in a three-dimensional coordinate system after rotating
with swinging. Comparing the two regions, it can be seen that an X value and /or a Y
value of the corresponding second subregion when the base 2 swings are/is changed
compared with the case where the base does not swing, so that differences in the X value
and the Y value of the second subregion can be calculated to calculate a swing amplitude
of the base 2.

[0042] In addition, as can be seen from FIGs. 1 and 6, when the base 2 swings during
the rotation, a surface height at the edge of the base 2 is greatly changed, so that the
detection device 4 can easily detect changes in the detected heights of the plurality of
second subregions at the edge of the base 2. Accordingly, if a diameter of the base 2 and
a length of the drive shaft 5 are given in actual production, the swing amplitude of the
base 2 can also be calculated by calculating a variation in the real-time detected height
value of each of the second subregions, i.e., by calculating a difference in a Z coordinate
of the second subregion, so as to reflect whether the base 2 swings.

[0043] In some optional embodiments, the controller is further configured to determine
in real time whether a difference between the real-time detected three-dimensional
coordinate values of any one of the second subregions at two adjacent time points

exceeds a third preset threshold, and give, in response to the difference exceeding the
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third preset threshold, a prompt to an operator that the base swings.

[0044] In some optional embodiments, the process chamber 1 is generally further
provided therein with an infrared temperature measuring device 6 which is typically
disposed above the base 2 and directly opposite to a center of the surface of the base 2.
To avoid affecting the effect of the temperature detection, the detection device 4 is
positioned above the base 2 and offset from the center of the surface of the base 2.
[0045] In some optional embodiments, the detection device 4 is a device with a distance
detection function for detecting a distance from the detection device 4 to the surface of
the base 2 and /or the wafer 3. The detection device 4 is, for example, an area array lidar
sensor that can transmit a laser beam and receive a reflected echo, to calculate a distance
from the detection device 4 to a detection target according to the time of the transmitting
and receiving process. The area array lidar sensor can synchronously detect a plurality of
first subregions distributed in an array in a preset detection region in real time, which
enables more elaborate and synchronous regional detection, can reflect the difference in
the real-time detected height values of different first subregions more quickly and
accurately, and have the advantages of fast response speed and higher detection
precision and the like. Moreover, in the existing art, an industrial camera is generally
used for ranging, but the illumination intensity inside the semiconductor process
chamber usually cannot meet the requirements of the industrial camera, resulting in a
larger error when the industrial camera is used for ranging. Compared with the existing
art, the area array lidar sensor has low requirements on the illumination intensity, and
thus can obtain a more accurate detection result.

[0046] Taking FIG. 2 as an example, when the detection device 4 is a single area array
lidar sensor, it may be considered as a point in an interior space of the process chamber 1,
and then it will be readily appreciated that the surfaces of the base 2 and /or the wafer 3
in different subregions have different distances to the detection device 4 even when they
have the same height. Therefore, the real-time detected distance value detected by the
area array lidar sensor is not sufficient to intuitively reflect the heights of the surfaces of
the base 2 and the wafer 3. To acquire the heights of the surfaces of the base 2 and the
wafer 3 more intuitively, in some optional embodiments, the controller is further
configured to convert a distance value obtained by the area array lidar sensor to a
corresponding surface height value in real time. Specifically, taking FIG. 2 as an
example, when performing detection, the area array lidar sensor (the detection device 4)

itself may be regarded as an origin, and the detection process may be regarded as a
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process of establishing a spherical coordinate system in a space and calculating a
spherical coordinate at a certain position on the surface of the base 2. Accordingly, the
controller can convert received spherical coordinates into corresponding
three-dimensional coordinates. Since the conversion between the spherical coordinates
and the three-dimensional coordinates is a very mature mathematical algorithm, the
conversion process of the controller is not described in detail here.
[0047] It should be further noted that the detection device 4 is not limited to the single
ranging device shown in FIG. 2, and in some optional embodiments, the detection device
may include a plurality of ranging devices above the base 2, for example, a plurality of
ranging devices in one-to-one correspondence with the subregions.
[0048] In some optional embodiments, the controller may employ a programmable logic
controller (PLC).
[0049] In the semiconductor processing device provided in the present embodiment, the
detection device is used to perform regional height detection on the surface of the base in
real time, and the detection device can synchronously detect the plurality of first
subregions distributed in an array in the preset detection region in real time, which
enables more elaborate and synchronous regional detection, can reflect the difference in
the real-time detected height values of different first subregions more quickly and
accurately, and have the advantages of fast response and accurate detection results, and
the controller is used to comprehensively analyze the real-time detected height value and
the preset reference height value corresponding to each of the first subregions, to
determine whether the position status of the wafer is normal, for example, whether the
wafer is completely positioned in the slot in the base. Therefore, by combining the
controller and the detection device described above, the semiconductor processing
device provided in the present disclosure can more intuitively reflect the height value
and changes in the height in the preset detection region, so that the position status of the
wafer in the process chamber can be reflected more quickly and accurately, the position
status of the wafer can be monitored in real time, and when the wafer is separated from
the slot in the process, an operator can timely make a response to ensure that the process
can be smoothly carried out.

Second Embodiment
[0050] Based on the semiconductor processing device provided in the first embodiment,
the present embodiment provides a method for monitoring wafer position status which is

applied to the semiconductor processing device as described above. As shown in Fig. 7,
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the method may include the following operations S1 to S2.
[0051] At operation S1, the real-time detected height value corresponding to each of the
first subregions is acquired.
[0052] At operation S2, whether position status of the wafer is normal is determined
according to the real-time detected height value and the reference height value
corresponding to each of the first subregions.
[0053] The method for monitoring wafer position status provided in the present
embodiment can more quickly and accurately reflect the position status of the wafer in
the process chamber, thereby enabling monitoring of the position status of the wafer in
real time, so that when the wafer is separated from the slot in the process, an operator
can timely make a response to ensure that the process can be smoothly carried out.

Third Embodiment
[0054] Based on the semiconductor processing device provided in the first embodiment
and the method for monitoring wafer position status provided in the second embodiment,
the present embodiment provides various application flows of the semiconductor
processing device and the method described above in actual processes.
[0055] To monitor whether the wafer is completely placed in the slot at the beginning
of the process, in some optional embodiments, an application flow specifically includes
the following operations S01 to S04.
[0056] At operation S01, before the process starts, a height value of a surface of the
base corresponding to each of a plurality of first subregions detected by the detection
device is acquired and stored as a first reference height value.
[0057] At operation S02, in a process starting stage, the wafer is placed in the slot, and
a height value of each first subregion detected by the detection device in real time is
acquired and stored as a first real-time detected height value.
[0058] At operation S03, a difference between the first reference height value and the
first real-time detected height value of each first subregion is calculated in real time.
[0059] At operation S04, whether the difference of any one of the first subregions
exceeds a first preset threshold is determined, a prompt that the wafer is not completely
placed in the slot is given to an operator in response to the difference of any one of the
first subregions exceeding the first preset threshold, and the process returns to operation
S02 in response to the difference of none of the first subregions exceeding the first
preset threshold. Specifically, the first preset threshold is equal to a sum of a depth of the

slot and a thickness of the wafer.
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[0060] To monitor whether the wafer is separated from the slot during the rotation of
the base, in some optional embodiments, an application flow specifically includes the
following operations S01 to S06.

[0061] At operation SO1, the wafer is placed in the slot.

[0062] At operation S02, the base is controlled to rotate.

[0063] At operation S03, during a first revolution of the base, a height value of a
surface of the base corresponding to each of a plurality of first subregions detected by
the detection device is acquired and stored as a second reference height value.

[0064] At operation S04, during subsequent rotation of the base, a height value of each
first subregion detected by the detection device in real time is acquired, so as to acquire
the corresponding real-time detected height value of the surface of the base and the
wafer, and the height value is stored as a second real-time detected height value.

[0065] At operation S05, a difference between the second reference height value and
the second real-time detected height value of each second subregion is calculated in real
time.

[0066] At step S06, whether the difference of any one of the second subregions exceeds
a second preset threshold is determined, a prompt that the wafer slides out of the slot is
given to an operator in response to the difference of any one of the second subregions
exceeding the second preset threshold, and the process returns to operation S05 in
response to the difference of none of the second subregions exceeding the second preset
threshold. Specifically, the second preset threshold is equal to a depth of the slot.

[0067] To monitor whether the base swings greatly during the rotation, in some optional
embodiments, an application flow specifically includes the following operations SO1 to
S03.

[0068] At operation SO1, the base is controlled to rotate.

[0069] At operation S02, during each revolution of the base, a three-dimensional
coordinate value (including X, Y and Z values) of each second subregion detected by the
detection device in real time is acquired, the real-time detected three-dimensional
coordinate value in a previous one of two adjacent revolutions of rotation of the base is
stored as a reference three-dimensional coordinate value, and the real-time detected
three-dimensional coordinate value in a next one of the two adjacent revolutions is
stored as a third real-time detected three-dimensional coordinate value.

[0070] Specifically, a plurality of second subregions distributed annularly cover an

edge of the base.
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[0071] At operation SO03, it is determined in real time whether a reference
three-dimensional coordinate value of the surface of the base in any subregion at the
edge of the base is different from the real-time detected three-dimensional coordinate
value, a prompt that the base swings is given to an operator and differences between the
reference three-dimensional coordinate values of the surface of the base in the plurality
of subregion at the edge of the base and the real-time detected three-dimensional
coordinate values are calculated in response to the reference three-dimensional
coordinate value of the surface of the base in any subregion at the edge of the base being
different from the real-time detected three-dimensional coordinate value, and the
differences are stored as variations of the real-time detected three-dimensional
coordinate values; otherwise, the process returns to step S02.

[0072] By combining the method provided in the second embodiment with the
semiconductor processing device provided in the first embodiment, the various
application processes provided in the present embodiment can more quickly and
accurately reflect the position status of the wafer in the process chamber, thereby
enabling monitoring of the position status of the wafer in real time, so that when the
wafer is separated from the slot in the process, an operator can timely make a response to
ensure that the process can be smoothly carried out.

[0073] It will be appreciated that the above implementations are merely exemplary
implementations for the purpose of illustrating the principle of the present disclosure,
and the present disclosure is not limited thereto. It will be apparent to one of ordinary
skill in the art that various modifications and variations may be made without departing
from the spirit or essence of the present disclosure. Such modifications and variations

should also be considered as falling into the protection scope of the present disclosure.
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What is claimed is:

1. A semiconductor processing device, comprising a process chamber in which
a base for carrying a wafer is provided, the base being provided with a slot for
accommodating the wafer, wherein

the process chamber is further provided with a detection device configured to
detect in real time a real-time detected height value corresponding to each of a
plurality of first subregions distributed in an array in a preset detection region of the
process chamber; the preset detection region covers an upper surface of the base, and
the plurality of first subregions cover at least the slot;

the semiconductor processing device further comprises a controller configured
to acquire the real-time detected height value corresponding to each of the plurality
of first subregions, and determine, according to the real-time detected height value
corresponding to each of the plurality of first subregions and a preset reference height
value, whether position status of the wafer is normal; and the reference height value
is a height value corresponding to each of the plurality of first subregions detected by
the detection device in a case where both the base and the wafer carried on the base
are at a standard position.

2. The semiconductor processing device according to claim 1, wherein both the
base and the wafer carried on the base being at a standard position comprises: the base
is at a specified levelness and the wafer is at a specified standard position on the base.

3. The semiconductor processing device according to claim 1, wherein the
controller is further configured to calculate a difference between the real-time
detected height value and the reference height value corresponding to each of the
plurality of first subregions, and determine in real time whether the difference
exceeds a preset threshold, determine, in response to the difference not exceeding the
preset threshold, that the wafer is in normal position status, and determine, in
response to the difference exceeding the preset threshold, that the wafer is not in

normal position status.

4. The semiconductor processing device according to claim 3, wherein the base

is rotatable; and
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when the base is in a stationary state, the controller is configured to calculate a
difference between the real-time detected height value and the reference height value
corresponding to each of the plurality of first subregions, and determine in real time
whether the difference exceeds a first preset threshold, and give, in response to the
difference exceeding the first preset threshold, a prompt that the wafer is not
completely placed in the slot; wherein

the first preset threshold is equal to a sum of a depth of the slot and a thickness

of the wafer.

5. The semiconductor processing device according to claim 3, wherein the base
is rotatable; and

when the base is in a rotating state, the controller is configured to calculate a
difference between the real-time detected height value and the reference height value
corresponding to each of the plurality of first subregions, and determine in real time
whether the difference exceeds a second preset threshold, and give, in response to the
difference exceeding the second preset threshold, a prompt that the wafer slides out of
the slot; wherein

the second preset threshold is equal to a depth of the slot.

6. The semiconductor processing device according to any of claims 1 to 5,
wherein the base is rotatable;

the detection device is further configured to detect in real time, when the base
is in a rotating state, a real-time detected three-dimensional coordinate value
corresponding to each of a plurality of second subregions distributed annularly in the
preset detection region; wherein the plurality of second subregions distributed
annularly cover an edge of the base; and

the controller is further configured to acquire the real-time detected
three-dimensional coordinate value corresponding to each of the plurality of second
subregions, compare the real-time detected three-dimensional coordinate values
corresponding to the same second subregion at two adjacent time points, and

determine in real time whether the base swings according to a comparison result.

7. The semiconductor processing device according to claim 6, wherein the

controller is further configured to determine in real time whether a difference
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between the real-time detected three-dimensional coordinate values of any one of the
plurality of second subregions at two adjacent time points exceeds a third preset
threshold, and give, in response to the difference exceeding the third preset threshold,

a prompt that the base swings.

8. The semiconductor processing device according to claim 1, wherein a
temperature measuring device is disposed above the base, the temperature measuring
device is directly opposite to a center of a surface of the base, and is configured to
detect a temperature of the wafer; and

the detection device is positioned above the base and offset from the center of

the surface of the base.

9. The semiconductor processing device according to claim 1, wherein the

detection device comprises an area array lidar sensor.

10. A method for monitoring wafer position status, applied to the
semiconductor processing device according to any one of claims 1 to 9, comprising:

acquiring the real-time detected height value corresponding to each of the
plurality of first subregions; and

determining, according to the real-time detected height value and the reference
height value corresponding to each of the plurality of first subregions, whether

position status of the wafer is normal.
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