Thin film deposition device, thin film deposition method and thin film

deposition apparatus

FIELD OF THE INVENTION

[0001] The invention relates to the technical field of semiconductor manufacturing, in
particular to a thin film deposition device, a thin film deposition method and a thin film

deposition apparatus.

BACKGROUND

[0002] In a plasma-enhanced chemical vapor deposition (PECVD) vacuum process
chamber, a layer stack of different materials is deposited on a substrate. Wherein, the
substrate is placed in the vacuum processing chamber, firstly the first processing gas is
introduced to form the first layer of the first material on the substrate; then plasma cleaning
and gas cleaning are performed, and then the second process gas is introduced to form
the second layer of the second material on the substrate. The above-mentioned plasma
cleaning and gas cleaning are repeated, and the first material and the second material are
stacked and deposited on the substrate to form a thin film with layers stack structure.
Wherein, three-dimensional (3D) storage can be made from layers stack of alternating
thin-film materials deposited on a substrate.

[0003] At present, 3D storage uses alternating layers of oxide and nitride films to achieve
the purpose of storing data in a three-dimensional structure through related processes.
These stacked structures may include multiple layers of the first material and the second
material, such as a continuous stack of more than 300 or even 500 layers.

[0004] Specifically, in some cases, the stack structure of the first material and the second
material in the thin film material of the 3D storage stack may be oxide and silicon, silicon
and doped silicon, or silicon and nitride. Correspondingly, most of the thin film materials of
these materials combinations for 3D storage stacks can be applied to BiCS (Bit-Cost
Scalable), TCAT (Terabit Unit Array Transistor) or other 3D storage structures. In addition,

the stack structure of the first material and the second material may also be other material
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compositions, and the sequence of depositing the first material and the second material
layer on the substrate may also be reversed.

[0005] However, the existing PECVD apparatus has the following problems:

[0006] 1. As the number of stacked layers on the surface of the substrate increases, the
thickness of the film increases accordingly, which directly leads to the deterioration of the
uniformity between the layers of the film and the uniformity of the total film after stacking,
which in turn leads to the vertical structure cannot be obtained during the etching process
subsequently, which limits the continuous increase of the number of film layers in the film
stacking process.

[0007] Under the current existing apparatus conditions, when the deposited film exceeds
200 layers, the uniformity and quality of the film will be degraded, and the deviation of the
fixed position will continue to be enlarged during the continuous stacking process of
different types of films, which will cause the uniformity of the substrate film to deviate from
a controllable range. The control range makes the subsequent etching process unable to
achieve the accuracy of through hole etching, resulting in the deviation of the etched
through hole from the vertical direction during the etching process, which further leads to
the failure of the semiconductor device.

[0008] 2. The deformation generated by the long-term use of the gas shower head or the
extraction of exhaust gas by the external air pump leads to uneven distribution of the
process gas supplied by the gas supply assembly, which leads to the deviation of the film
thickness during the film deposition process, which in turn leads to the etching through
hole deviates from the vertical direction during the etching process, which further leads to
the failure of the semiconductor device.

[0009] 3. When depositing thin films in the traditional PECVD method, the heating tray
needs to be fixed to ensure the flatness of the heating tray. However, when the heating
tray is fixed, the temperature distribution of the substrate will form a fixed pattern, which
leads to uneven heating of the substrate which leads the etching through hole deviates
from the vertical direction during the etching process, which further leads to failure of the
semiconductor device.

[0010] To sum up, it is necessary to propose a new thin film deposition device and its

method to solve the above problems.



Summary

[0011]

In view of the above-mentioned shortcomings of the prior art, the purpose of the present
invention is to provide a thin film deposition device, a thin film deposition method and a
thin film deposition apparatus, which are configured to solve the problem of poor uniformity
of the deposited thin film on the substrate in the prior art.

[0012] To achieve the above purpose and other related purposes, the present invention
provides a thin film deposition device, comprising: a processing chamber configured for
thin film deposition; a gas supply assembly arranged on the top wall of the processing
chamber for supplying process gas to the processing chamber; a heating tray arranged
below the gas supply assembly for bearing and heating a substrate; a radio frequency
source for providing radio frequency power to activate the process gas in the processing
chamber to dissociate into plasma and deposit a thin film on the substrate; a rotating
mechanism for controlling the rotation to change the relative position between the
substrate and the gas supply assembly or the heating tray, the rotation shaft of the rotating
mechanism being perpendicular to the substrate and passing through the substrate;
wherein the radio frequency source is kept in an on state during the rotating mechanism
rotating the substrate, or the heating tray, or the gas supply assembly.

[0023] The present invention also provides a thin film deposition method, comprising the
following steps: S1, placing the substrate in the processing chamber and vacuuming the
processing chamber; S2, introducing process gas into the processing chamber and turning
on the radio frequency source to deposit a certain number of layers of thin films on the
substrate; S3, stopping to introduce the process gas and introducing non-process gas to
maintain the pressure in the processing chamber; S4, keeping the radio frequency source
in an on state, rotating the substrate or the heating tray or the substrate and the heating
tray synchronously by a set angle; S5, introducing process gas into the processing
chamber again and re-depositing a certain number of layers of thin films on the substrate;
S6, stopping to introduce the process gas and introducing non-process gas to maintain the
pressure in the processing chamber; S7, determining whether the number of layers of the

film deposited on the substrate meets the requirements; if not, going back to step S2; if
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yes, executing step S8; S8, taking out the substrate from the processing chamber.

[0024] The present invention also provides a thin film deposition method, comprising the
following steps: S11, placing the substrate in the processing chamber and vacuuming the
processing chamber; S12, introducing the process gas into the processing chamber and
turning on the radio frequency source to deposit a certain film thickness of thin film on the
substrate; S13, introducing the process gas, keeping the radio frequency source in an on
state, rotating the substrate or the heating tray or the substrate and the heating tray
synchronously by a set angle; S14, depositing a thin fiim on the substrate; S15,
determining whether the thickness of the deposited film on the substrate meets the
requirements, if not, going back to step S12; if yes, executing step S16; S16, taking out
the substrate from the processing chamber.

[0025] The present invention also provides a thin film deposition method, comprising the
following steps: S21, placing the substrate in the processing chamber and evacuating the
processing chamber; S22, introducing process gas into the processing chamber, and
turning on the radio frequency source, depositing a certain number of layers of thin films
on the substrate; S23, stopping to introduce the process gas and introducing non-process
gas to maintain the pressure in the processing chamber; S24, adjusting the radio
frequency source to be off, so that the heating tray drives the substrate to rotate
synchronously by a set angle; S25, introducing process gas into the processing chamber,
and adjusting the radio frequency source to be on, and depositing a certain number of
layers of thin films on the substrate; S26, stopping to introduce the process gas and
introducing non-process gas to maintain the pressure in the processing chamber; S27,
judging whether the number of layers of the film deposited on the substrate satisfies the
set number of layers; if not, going back to step S22; if yes, executing step S28; S28, taking
out the substrate from the processing chamber.

[0026] The present invention also provides a thin film deposition method, comprising the
following steps: S31, placing the substrate in the processing chamber and evacuating the
processing chamber; S32, introducing process gas into the processing chamber, and
turning on the radio frequency source, depositing a certain number of layers of thin films
on the substrate; S33, stopping to introduce the process gas into the processing chamber,

and introducing non-process gas to maintain the pressure in the processing chamber; S34,
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adjusting the radio frequency source to be off, lifting the substrate, driving the heating tray
to rotate at a set angle, and then placing the substrate back on the heating tray; S35,
introducing process gas into the processing chamber, and adjusting the radio frequency
source to be on, and depositing a certain number of layers of thin films on the substrate;
S36, stopping to introduce the process gas and introducing non-process gas to maintain
the pressure in the processing chamber; S37, judging whether the number of layers of the
deposited thin film on the substrate satisfies the set number of layers; if not, going back to
step S32; if yes, executing step S38; S38, taking out the substrate from the processing
chamber.

[0027] The present invention also provides a thin film deposition method, comprising the
following steps: S41, placing a multiple of substrates in sequence in the processing
chamber to complete the thin film deposition process; S42, rotating the gas supply
assembly by a set angle; S43, cleaning the processing chamber, and going back to S41
after the processing chamber is purified.

[0028] The present invention also provides a thin film deposition method, comprising the
following steps: S51, placing multiple substrates in sequence in the processing chamber
to complete the thin film deposition process; S52, adjusting the gap between a second
porous plate of a gas regulating unit and a first porous plate of a gas supply assembly;
S53, cleaning the processing chamber, and after the processing chamber is purified going
back to step S51.

[0031] Using this invention, the problem of poor uniformity of the deposited film when the
substrate is deposited super multi-layers (for example, >200 layers) is solved. When the
number of layers deposited by the film exceeds 200 layers, the uniformity and stability of
the film deposition of the PECVD layer stack structure is realized. The phenomenon that
the thin film deposited on the substrate deviates from the vertical direction during the
subsequent etching process is avoided, thereby the stability of the performance of the

semiconductor device is ensured.



Description of the drawings

[0034] FIG. 1A illustrates a schematic of the tilting of a multi-layer thin film deposited by
the existing PECVD thin film deposition technology.

[0035] FIG. 2A and FIG. 2B illustrate a substrate of the thin film deposition device before
and after being lifted up respectively according to the embodiment 1 of the present
invention.

[0036] FIG. 3A and FIG. 3B illustrate a top view before and after the ejector pin rotation a
set angle respectively according to the embodiment 1 of the present invention.

[0037] FIG. 4A and FIG. 4B illustrate a substrate of the thin film deposition device before
and after being lifted up respectively according to the embodiment 5 of the present
invention.

[0038] FIG. 5 illustrates a top view of the supporting ring according to the embodiment 5
of the present invention.

[0039] FIG. 6A and FIG. 6B illustrate a substrate of the thin film deposition device before
and after being lifted up respectively according to the embodiment 6 of the present
invention.

[0040] FIG. 7 illustrates a top view of the ejector pin and the supporting ring according to
the embodiment 6 of the present invention.

[0041] FIG. 8A to FIG. 8D illustrate schematics of different set angles of rotation of the
substrate according to the present invention.

[0042] FIG. 9 illustrates a structural schematic of the thin film deposition device according
to the embodiment 7 and the embodiment 10 of the present invention.

[0043] FIG. 10 illustrates a structural schematic of the thin film deposition device according
to the embodiment 8 and the embodiment 11 of the present invention.

[0044] FIG. 11 illustrates a structural schematic of the thin film deposition device according
to the embodiment 9 of the present invention.

[0045] FIG. 12A illustrates a schematic of the uneven deposition of the film caused by the
non-uniform distribution of the gas supplied by the gas supply assembly in the existing
PECVD thin film deposition technology.

[0046] FIG. 12B illustrates a schematic of the non-uniformity of the deposited film caused
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by exhaust gas drawn by the air pump in the existing PECVD thin film deposition
technology.

[0047] FIG. 13A illustrates a structural schematic of the thin film deposition device
according to the embodiment 9 of the present invention.

[0048] FIG. 13B to FIG. 13C illustrate schematics of stretching or shrinking the side walls
of the gas regulating unit respectively according to the embodiment 12 of the present
invention.

[0049] FIG. 14A illustrates a structural schematic of the thin film deposition device
according to the embodiment 13 of the present invention.

[0050] FIG. 14B to FIG. 14C illustrate schematics of stretching or shrinking the telescopic
respectively according to the embodiment 13 of the present invention.

[0051] FIG. 15A to FIG. 15B illustrate schematics of the thin film deposition method
respectively according to the embodiment 14 of the present invention.

[0052] FIG. 16 illustrates a flow diagram of the thin film deposition method according to the
embodiment 18 of the present invention.

[0053] FIG. 17 illustrates a flow diagram of the thin film deposition method according to the
embodiment 19 of the present invention.

[0054] FIG. 18 illustrates a flow diagram of the film deposition method according to the
embodiment 20 of the present invention.

[0055] FIG. 19 illustrates a flow diagram of the thin film deposition method according to the
embodiment 21 of the present invention.

[0056] FIG. 20A to FIG. 20K illustrate schematics of the arrangement of thin film deposition
apparatus respectively according to the embodiment 22 and the embodiment 23 of the
present invention.

[0057] FIG. 21 illustrates a structural schematic of the thin film deposition device according
to the embodiment 25 of the present invention.

[0058] FIG. 22-23 illustrate structural schematics of the thin film deposition device
according to the embodiment 26 of the present invention.

[0059] FIG. 24-25 illustrate schematics of the thin film deposition device according to the
embodiment 27 of the present invention.

[0060] FIG. 26-27 illustrate structural schematics of the thin film deposition device
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according to the embodiment 28 of the present invention.

[0061] FIG. 28-29 illustrate structural schematics of the thin film deposition device
according to the embodiment 29 of the present invention.

[0062] FIG. 30-31 illustrate structural schematics of the thin film deposition device
according to the embodiment 30 of the present invention.

[0063] FIG. 32-33 illustrate structural schematics of the thin film deposition device
according to embodiment 31 of the present invention.

[0064] FIG. 34 illustrates the connection relationship between the controller and each
member according to the present invention.

[0065] FIG. 35-36 illustrate structural schematics of the thin film deposition device
according to the embodiment 32 of the present invention.

[0066] FIG. 37 illustrates a structural schematic of the arrangement of multiple sets of

ejector pins according to the embodiment 33 of the present invention.

Detailed description

[0067] Embodiments of the present invention are described below through specific
examples, and those skilled in the art can easily understand other advantages and effects
of the present invention from the content disclosed in this specification. The present
invention can also be implemented or applied through other different specific
implementation modes, and various modifications or changes can be made to the details
in this specification based on different viewpoints and applications without departing from
the spirit of the present invention.

[0068] It will be understood that when an element is referred to as being "on," "connected

to," "coupled to" or " in contact with " another element, it can be directly on the other
element. On, connected or coupled to, or in contact with, the other element, or there may
be an intervening element. In contrast, when an element is referred to as being "directly
on," "directly connected to," "directly coupled to" or "directly in contact with " another
element, there are no intervening elements present.

[0069] Referring to FIG. 1 to FIG. 37, it should be noted that the diagrams provided in this
embodiment are only schematically illustrating the basic concept of the present invention,

although the diagrams only show assembly related to the present invention rather than the



9

number and shape of assembly in actual implementation and size drawing, the shape,
quantity and proportion of each assembly can be changed arbitrarily during actual
implementation, and the layout of the assembly may also be more complicated.

[0070] Embodiment one

[0071]As the flatness of the substrate on the heating tray is different due to the uneven
temperature distribution of the heating tray or the stress on the substrate, the uniformity of
the film becomes worse during the film deposition process. When different thin films are
alternately deposited on the substrate, the thickness of the thin film of the layer stack
structure formed on the substrate w increases with the number of layers that the first
material and the second material alternately stacked on the substrate w increases. As
shown in FIG. 1, above problems results in a tilt of the stacked films by an angle A. As the
number of layers of these layer stack structures increases, the uniformity of the stacked
film is deteriorated that causing the uniformity of the film on the substrate w to deviate from
the controllable range, and the subsequent etching process cannot achieve the accuracy
of through-hole etching that causing the deviation of the etched through hole from the
vertical direction during the etching process, which further leads to the failure of the
semiconductor device.

[0072] In order to solve the above problems, the embodiment 1 provides a thin film
deposition device. Specifically, referring to FIG. 2A , FIG. 2B and FIG. 34, the thin film
deposition device includes: a processing chamber 1 configured for thin film deposition; a
gas supply assembly 2 arranged on the top wall of the processing chamber 1 for supplying
process gas to the processing chamber 1; a heating tray 3 arranged below the gas supply
assembly 2 for bearing and heating the substrate w; the radio frequency source 5 for
providing radio frequency power to form a radio frequency electric field in the processing
chamber 1 to activate the process gas in the processing chamber 1 to dissociate into
plasma and deposit thin film on the substrate w; the rotating mechanism 403 for controlling
the rotation of the substrate w around the rotation shaft AA' that vertical and passing
through the substrate w; a controller connected to the gas supply assembly 2, the radio
frequency source 5, the heating tray 3, and the rotating mechanism 403 respectively for
controlling the operation of the gas supply assembly 2, the radio frequency source 5, the

heating tray 3, and the rotating mechanism 403. The controller is also configured for
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building a program menu that includes keeping the radio frequency source 5 in an on state
when the substrate w is rotating. In the present embodiment, the rotation shaft AA' of the
rotation passes through the center O of the substrate w, so that the substrate w rotates
around the rotation shaft AA'.

[0073] When the rotating mechanism 403 rotates the substrate w, stopping to introduce
the process gas and introducing inert gas or nitrogen gas into the processing chamber 1
to maintain the pressure in the processing chamber 1 and keeping the radio frequency
source 5 in an on state. Because some impurity particles are suspended in the processing
chamber 1 after depositing a certain number of layers of film on the substrate w. At this
time, keeping the radio frequency source 5 in an on state that the processing chamber 1
is filled with a radio frequency electric field, and the impurity particles are charged under
the action of the internal radio frequency electric field in the processing chamber 1. The
charged impurity particles remain suspended and will not fall on the surface of the
substrate w, which effectively prevents the impurity particles from falling on the thin film
deposited on the substrate w and avoids contaminating the thin film deposited on the
substrate w.

[0074] The embodiment 1 proposes to keep the radio frequency source 5 in an on state
while driving the substrate to rotate to compensate for the uneven thickness of the film
deposited on the substrate w. The embodiment realizes the uniformity and stability of the
film deposition of the PECVD layer stack structure and avoids the phenomenon that the
thin film deposited on the substrate w deviates from the vertical direction during the
subsequent etching process, thereby further ensuring the stability of the performance of
the semiconductor device.

[0075] As shown in FIG. 2A and FIG. 2B, the thin film deposition apparatus further includes:
a supporting member for supporting the substrate w; a lifting member 402 connected to
the supporting member for driving the supporting member to rise or fall in the vertical
direction to lift the substrate w away from the heating tray 3 or to place the substrate w on
the heating tray 3. The lifting member 402 is connected to the controller to control the lifting
member 402 to work.

[0076] In the embodiment 1, the rotating mechanism 403 is arranged at the bottom of the

lifting member 402 for driving the supporting member and the lifting member 402 to rotate
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synchronously along the horizontal circumferential direction to rotate the substrate w.
[0077] In the embodiment 1, the supporting member is an ejector pin 401 that can move
in the vertical direction and in the horizontal circumferential direction. The heating tray 3 is
provided with a first through hole 301, and the ejector pin 401 is arranged in the first
through hole 301. As shown in FIG. 3A and FIG. 3B, the cross-section of the first through
hole 301 on the horizontal plane is arc-shaped or circular, and the center M of the arc-
shaped or circular shape is on a vertical line with the center O of the substrate w.

[0078] In the embodiment 1, the lifting member 402 is a cylinder 402, and the cylinder 402
is connected to the bottom of the ejector pin 401. The rotating mechanism 403 is a motor
403, and the motor 403 is connected to the bottom of the cylinder 402. The cylinder 402
drives the ejector pin 401 to rise or fall, and the motor 403 rotates the cylinder 402 and the
ejector pin 401 synchronously.

[0079] When the substrate w needs to be rotated, as shown in FIG. 2B, the lifting member
402 drives the ejector pin 401 to rise vertically and protrudes from the first through hole
301, and the ejector pin 401 lifts the substrate w to make the substrate w detached from
the heating tray 3. Then the rotating mechanism 403 drives the ejector pin 401 to move
along the arc track in the first through hole 301 to rotate the substrate w at a set angle, as
shown in FIG. 3A and FIG. 3B. After the substrate w rotates at a set angle, the substrate
w stops rotating. The lifting member 402 drives the ejector pin 401 to move downward in
the vertical direction, and the substrate w is placed on the heating tray 3 for subsequent
thin film deposition.

[0080] The number of the ejector pins 401 is at least three, and the number of the first
through holes 301 is at least three correspondingly. The first through holes correspond to
the ejector pins 401 one by one. In the embodiment 1, as shown in FIG. 3A and FIG. 3B,
the number of the ejector pins 401 is three. The number of the first through holes 301 is
three, and the cross sections of the three first through holes 301 in the horizontal plane
are three arcs.

[0081] In the embodiment 1, at least three ejector pins 401 are configured for lifting the
substrate w to rotate the substrate w at a set angle to compensate for the uneven thickness
of the film deposited on the substrate w. The embodiment realizes the uniform deposition

of the PECVD layer stack structure film and stability and avoids the phenomenon that the
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thin film deposited on the substrate w deviates from the vertical direction during the
subsequent etching process, thereby further ensuring the stability of the performance of
the semiconductor device.

[0082] A door 101 is provided on the side wall of the processing chamber 1 for entering
the processing chamber 1 before and after the thin film deposition process on the substrate
w to place or remove the substrate w from the heating tray 3.

[0083] After the thin film deposition is completed, (the substrate w rotation times+1) *the
setting angle of each time of substrate w rotation=360°. In the embodiment 1, as shown
in FIG. 8Ato FIG. 8D, after the film deposition is completed, the number of the rotations of
the substrate w is 5, and the setting angle of each rotation is 60 degrees. It is also possible
that the number of the rotations of the substrate w is 3, and the setting angle of each
rotation is 90 degrees. It is also possible that the number of the rotations of the substrate
w is 2, and the setting angle of each rotation is 120 degrees. It is also possible that the
number of the rotations of the substrate w is 1, and the setting angle of each rotation is
180 degrees.

[0084] The deposition rate of the thin film on the substrate w is related to the multiple of
the radio frequency power of the radio frequency source 5. The high frequency of the radio
frequency source 5 is an integer multiple n of 13.56MHz, where n=1,2,3,..,8 . The low
frequency range of the radio frequency source 5 is 20KHz-400KHz.

[0085] However, keeping the radio frequency source 5 in an on state while the substrate
is rotating will cause the gap between the back of the substrate w and the heating tray 3
is too large after the substrate w is separated from the heating tray 3, which will lead to arc
discharge easily. In order to avoid the substrate w from the heating tray 3 arc discharge
phenomenon when the radio frequency source 5 is in an on state, as shown in FIG. 2A
and FIG. 2B, it is necessary to adjust the gap between the substrate w and the heating
tray 3 to be smaller than the set value. In the embodiment 1, the set value of the gap
between the substrate w and the heating tray 3 is m, where O<m =5 mm. Therefore, under
the condition that the gap between the substrate w and the heating tray 3 is smaller than
the set value, the radio frequency source 5 is kept in an on state to reduce the risk of arc
discharge on the substrate w and ensure the safety and stability of the thin film deposition

process.
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[0086] Embodiment two

[0087] Embodiment 2 provides a thin film deposition device, compared with the
embodiment 1, the difference is:

[0088] As shown in FIG. 2A and FIG. 2B, the heating tray 3 is provided with a second
through hole 302. Keeping the radio frequency source 5 in an on state while the substrate
is rotating and introducing the non-process gas into the gap between the substrate w and
the heating tray 3 through the second through hole 302 to reduce the risk of arc discharge
when the substrate w is detached from the heating tray 3. The non-process gas is inert
gas or nitrogen in an embodiment.

[0089] After depositing a certain number of layers of film on the substrate w, some impurity
particles are suspended in the processing chamber 1. At this time, keeping the radio
frequency source 5 in an on state and filling the processing chamber 1 with a radio
frequency electric field, the impurity particles are charged under the action of the internal
radio frequency electric field in the processing chamber 1. The charged impurity particles
remain suspended and will not fall on the surface of the substrate w to prevent the impurity
particles from falling on the thin film deposited on the substrate w effectively to avoid
contamination of the thin film deposited on the substrate w. Therefore, when the gap
between the substrate w and the heating tray 3 is filled with non-process gas, the radio
frequency source 5 is kept in an on state to reduce the risk of arc discharge on the
substrate w and ensure the safety and stability of the thin film deposition process.

[0090] Other settings in this embodiment are the same as those in the embodiment 1, and
will not be repeated here.

[0091] Embodiment three

[0092] Embodiment 3 provides a thin film deposition device, compared with the
embodiment 1, the difference is:

[0093] Keeping the radio frequency source 5 in an on state while the substrate is rotating,
and the radio frequency power of the radio frequency source 5 is adjusted to be smaller
than it was during the film deposition process. It reduces the risk of arc discharge when
the substrate w is separated from the heating tray 3 and ensure the safety and stability of
the thin film deposition process.

[0094] Other settings in this embodiment are the same as those in embodiment 1, and will
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not be repeated here.

[0095] Embodiment Four

[0096] Embodiment 4 provides a thin film deposition device, compared with the
embodiment 1, the difference is:

[0097] Before the substrate w is rotated, the radio frequency source 5 is adjusted to be off
and purify the processing chamber 1.

[0098] After depositing a certain number of layers of film on the substrate w, the processing
chamber 1 will have impurity particles. The dirtier the processing chamber 1, the more
likely arc discharge will occur when the substrate w is separated from the heating tray 3 in
the processing chamber 1. Preferably, the radio frequency source 5 is turned off before
the substrate w is rotated, and nitrogen gas is supplied to the processing chamber 1
through the gas supply assembly 2 to purify the processing chamber 1.

[0099] Other settings in this embodiment are the same as those in the embodiment 1, and
will not be repeated here.

[0100] Embodiment five

[0101] As shown in FIG. 4Ato FIG. 5, embodiment 5 provides a thin film deposition device,
compared with the embodiment 1, the difference is:

[0102] The supporting member is a supporting ring 404arranged at the bottom of the edge
of the substrate w, and the supporting ring 404 can be raised or fall in the vertical direction
and rotated around the center line AA' of the substrate w as the rotation shaft.

[0103] As shown in FIG. 5, the supporting ring 404 is a circular ring with a notch a, or the
supporting ring 404 includes multiple arc-shaped structures of a ring. Correspondingly, a
door 101 is provided on the side wall of the processing chamber 1configured for the
manipulators to enter the processing chamber 1 before and after the thin film deposition
process on the substrate w to place the substrate w on the supporting ring 404 or remove
the substrate w from the supporting ring 404.

[0104] As shown in FIG. 4A and FIG. 4B, when the substrate w needs to be rotated, the
lifting member 402 drives the supporting ring 404 to lift up in the vertical direction to lift the
substrate w to separate the substrate w from the heating tray 3. Then the rotating
mechanism 403 rotates the supporting ring 404 to rotate the substrate w at a set angle.

The substrate w stops rotating after rotating at a set angle, and the lifting member 402
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drives the supporting ring 404 to move down vertically to place the substrate w on the
heating tray 3 for thin film deposition.

[0105] In this embodiment, the supporting ring 404 arranged at the bottom of the outer
periphery of the substrate w for holding the substrate w up to adjust the rotation setting
angle of the substrate w to realize the rotation of the substrate w around the rotation shaft
AA'. It compensates for the deposition on the substrate w and realize the uniformity and
stability of the film deposition of the PECVD layer stack structure.

[0106] Other settings in this embodiment are the same as those in the embodiment 1, and
will not be repeated here.

[0107] Embodiment six

[0108] As shown in FIG. 6Ato FIG. 7, embodiment 6 provides a thin film deposition device,
compared with the embodiment 1, the difference is:

[0109] The thin film deposition device further includes: a supporting member configured
for supporting the substrate w including an ejector pin 401 and a supporting ring 404; a
first lifting member 402 connected to the ejector pin 401 for driving the ejector pin 401 rise
or fall in the vertical direction for the manipulators to remove the substrate w from the
heating tray 3 or place the substrate w on the heating tray 3; a second lifting member 405
connected to the supporting ring 404 for driving the supporting ring 404 to rise or fall
vertically to lift the substrate w away from the heating tray 3 or place the substrate w on
the heating tray 3 .

[0110] In the embodiment 6, the rotating mechanism 403 is arranged at the bottom of the
second lifting member 405. It is configured to drive the supporting ring 404 and the second
lifting member 405 to rotate synchronously with the center line AA' of the substrate w as
the rotation shaft to drive the substrate w to rotate.

[0111] As shown in FIG. 6A and FIG. 6B, the heating tray 3 is provided with a first through
hole 301, and the ejector pin 401 is arranged in the first through hole 301 for supporting
the substrate w through the first through hole 301.

[0112] When the manipulator puts the substrate w into the processing chamber 1, the first
lifting member 402 drives the ejector pin 401 to rise vertically and protrudes from the first
through hole 301 to bearing the substrate w put in by the manipulator. Then the second

lifting member 402 drives the ejector pin 401 to fall vertically, and the ejector pin 401
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retracts into the first through hole 301, so that the substrate w is placed on the heating tray
3 for subsequent film deposition. When the manipulators remove the substrate w out of
the processing chamber 1, the first lifting member 402 drives the ejector pin 401 to rise
vertically and protrudes from the first through hole 301 to lift the substrate w from the
heating tray 3 to take away the substrate w easily. Then the first lifting member 402 drives
the ejector pin 401 to fall in the vertical direction, and the ejector pin 401 retracts into the
first through hole 301 .

[0113] When the substrate w needs to be rotated, the second lifting member 405 drives
the supporting ring 404 to lift up in the vertical direction to lift the substrate w untill the
substrate w separate from the heating tray 3. Then the rotating mechanism 403 drives the
supporting ring 404 to rotate to rotate the substrate w by a set angle. Stopping the
substrate w rotation after the substrate is rotate to a set angle, and the second lifting
member 405 drives the supporting ring 404 to move down vertically to place the substrate
w on the heating tray 3 for thin film deposition.

[0114] Other settings in this embodiment are the same as those in the embodiment 1, and
will not be repeated here.

[0115] Embodiment seven

[0116] As shown in FIG. 9, embodiment 7 provides a thin film deposition device. The thin
film deposition device includes: a processing chamber 1 configured to perform thin film
deposition; a gas supply assembly 2 arranged on the top wall of the processing chamber
1and configured to supply process gas to the processing chamber 1; a heating tray 3
arranged below the gas supply assembly 2 and configured to bear and heat the substrate
w; the radio frequency source 5 configured to provide radio frequency power to form a
radio frequency electric field in the processing chamber 1 to activate the process gas in
the processing chamber 1 to dissociate into plasma, and the plasma performs thin film
deposition on the substrate w; the rotating mechanism 403 connected to the heating tray
3 and configured to drive the heating tray 3 to rotate around the shaft AA' passing through
the center of the substrate w to rotate the substrate w synchronously.

[0117] When the rotating mechanism 403 drives the heating tray 3 and the substrate w to
rotate, stopping to introduce the process gas into the processing chamber 1 and

introducing inert gas or nitrogen gas into the processing chamber 1 to maintain the
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pressure in the processing chamber 1. At the same time, keeping the radio frequency
source 5 in an on state.

[0118] In this embodiment, the heating tray 3 drives the substrate w to rotate synchronously
with the shaft AA' passing through the center of the substrate w as the rotation shaft
including: after the heated tray 3 is rotated around the rotation shaft AA' in the forward
direction by a set angle, it will be rotated around the rotation shaft AA' in the reverse
direction.

[0119] Embodiment Eight

[0120] As shown in FIG. 10, the embodiment provides a thin film deposition device. The
thin film deposition device includes: a processing chamber 1 configured to perform thin
film deposition; a gas supply assembly 2 arranged on the top wall of the processing
chamber 1 and configured to supply process gas to the processing chamber 1; a heating
tray 3 arranged below the gas supply assembly 2 and configured to bear and heat the
substrate w; the radio frequency source 5 configured to provide radio frequency power to
form a radio frequency electric field in the processing chamber 1 to activate the process
gas in the processing chamber 1 to dissociate into plasma, and the plasma performs thin
film deposition on the substrate w.

[0121] The thin film deposition device also includes: a supporting member configured to
support the substrate w, wherein the supporting member is a supporting ring 404 arranged
at the bottom of the edge of the substrate w; a lifting member 402 connected to the
supporting ring 404 and configured to drive the supporting ring 404 to rise or fall in a vertical
direction to lift the substrate w away from the heating tray 3 or place the substrate w on
the heating tray 3 .

[0122] In the embodiment 8, the rotating mechanism 403 is connected to the heating tray
3 for driving the heating tray 3 to rotate around the shaft AA' passing through the center of
the substrate w.

[0123] When the rotating mechanism 403 drives the heating tray 3 to rotate, stopping to
introduce the process gas into the processing chamber 1 and introducing inert gas or
nitrogen gas into the processing chamber 1 to maintain the pressure in the processing
chamber 1 to keep the radio frequency source 5 in an on state.

[0124] In the embodiment 8, the rotation of the heating tray 3 with the shaft AA' passing



18

through the center of the substrate w as the rotation shaft includes: after the heating tray
3 is rotated around the rotation shaft AA' in the positive direction at a set angle, it will be
rotated around the rotation shaft AA" in the reverse direction.

[0125] As shown in FIG. 10, when the heating tray 3 needs to be rotated, the lifting member
402 drives the supporting ring 404 to lift up in the vertical direction to lift the substrate w
until the substrate separate from the heating tray 3. Then the rotating mechanism 403
drives the heating tray 3 to rotate by a set angle. Stopping the heating tray3 rotating after
the heating tray 3 rotates at the set angle, and the lifting member 402 drives the supporting
ring 404 to fall in the vertical direction to place the substrate w on the heating tray 3 for thin
film deposition.

[0126] Embodiment nine

[0127] As shown in FIG. 11, the embodiment provides a thin film deposition device, the
thin film deposition device includes: a processing chamber 1 configured to perform thin
film deposition; a gas supply assembly 2 arranged on the top wall of the processing
chamber 1and configured to supply the process gas to the processing chamber 1; the
heating tray 3 arranged below the gas supply assembly 2 and configured to bear and heat
the substrate w; the radio frequency source 5 configured to provide radio frequency power
to activate the process gas in the processing chamber 1 to dissociate into plasma, and the
plasma performs thin film deposition on the substrate w; the rotating mechanism 403
connected to the gas supply assembly 2 and configured to drive the gas supply assembly
2 to rotate.

[0128] In the embodiment 9, the rotating mechanism 403 is a motor 403, and the motor
403 is connected to the gas supply assembly 2 to drive the gas supply assembly 2 to rotate.
In the embodiment 9, after multiple substrates w are sequentially put into the processing
chamber 1 to complete the film deposition process, the rotating mechanism 403 drives the
gas supply assembly 2 to rotate at a set angle.

[0129] Preferably, when the rotating mechanism 403 drives the gas supply assembly 2 to
rotate, stopping to introduce the process gas into the processing chamber 1 and
introducing inert gas or nitrogen gas into the processing chamber 1 to maintain the
pressure in the processing chamber 1. At the same time, keeping the radio frequency

source 5 in an on state. Because some impurity particles are suspended in the processing
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chamber 1 after depositing a certain number of layers of film on the substrate w, at this
time, keeping the radio frequency source 5 in an on state and the processing chamber 1
will be filled with a radio frequency electric field. The impurity particles are charged under
the action of the internal radio frequency electric field in the processing chamber 1, and
the charged impurity particles remain suspended and will not fall on the surface of the
substrate w, which effectively prevents the impurity particles from falling on the thin film
deposited on the substrate w to avoid contamination of the thin film deposited on the
substrate w .

[0130] The uniformity of the process gas supplied by the gas supply assembly 2 is
improved through rotating the gas supply assembly 2, and the uniformity of the thickness
of the deposited film on the substrate w is improved too. It realizes the uniformity and
stability of the film deposition of the PECVD layer stack structure.

[0131] Embodiment ten

[0132] As shown in FIG. 9, the embodiment provides a thin film deposition device,
compared with the embodiment 7, the difference is:

[0133] The rotating mechanism 403 is connected to the heating tray 3 to drive the heating
tray 3 to rotate around the center shaft of the substrate as the shaft of rotation, so as to
drive the substrate w to rotate synchronously. When the rotating mechanism 403 drives
the heating tray 3 to rotate the substrate w to rotate, the radio frequency source 5 is
adjusted to be turned off.

[0134] Other settings in this embodiment are the same as those in the embodiment 7, and
will not be repeated here.

[0135] Embodiment eleven

[0136] As shown in FIG. 10, the embodiment provides a thin film deposition device,
compared with the embodiment 8, the difference is:

[0137] When the rotating mechanism 403 drives the heating tray 3 to rotate, the radio
frequency source 5 is adjusted to be turned off.

[0138] Other settings in this embodiment are the same as those in the embodiment 8, and
will not be repeated here.

[0139] Embodiment twelve

[0140] Due to the deformation caused by the long-term use of the gas supply assembly 2
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in PECVD, the distribution of the process gas delivered into the processing chamber 1 is
unevenly. The unevenly distribution results in different gas flow obtained at different
positions on the substrate, which leads to deviation in the thickness of the film deposited
by the plasma on the substrate and leads to the deviation of the etched through hole from
the vertical direction during the etching process. Finally, the above problems lead to the
failure of the semiconductor device.

[0141] As shown in FIG. 12A, when the process gas is introduced into the gas supply
assembly 2, the gas flow at the central position of the gas supply assembly 2 is greater
than the gas flow at the outer periphery of the gas supply assembly 2. So that in the film
deposition process, the thickness of the thin film deposited on the substrate w at the central
position is smaller than the thickness of the thin film at the outer periphery, and the film
stacked on the surface of the substrate w is tilted at a certain angle A that resulting in
uneven thickness of the deposited film on the substrate w and further leading to the defect
that the etched through hole deviates from the vertical direction during the subsequent
etching process.

[0142] As shown in FIG. 12B, the processing chamber 1 is connected to an air pump for
extracting exhaust gas during the deposition process of the processing chamber 1.
However, the extraction of the exhaust gas by the air pump may easily leads to the gas
flow at the outer periphery of the gas supply assembly 2 being greater than the gas flow
at the central position of the gas supply assembly 2 that resulting in the thickness of the
thin film deposited on the substrate w at the central position is smaller than the thickness
of the thin film at the outer periphery. It also results in incline at a certain angle A of the film
stacked on the surface of the substrate w and uneven thickness of the deposited film on
the substrate w, which leads to the defect that the etched through hole deviates from the
vertical direction during the subsequent etching process.

[0143] In order to solve the above-mentioned defects of uneven deposition at the outer
periphery and the central position of the deposited film, referring to FIG. 13A to FIG. 13C,
this embodiment provides a thin film deposition device. Specifically, as shown in FIG. 13A,
the thin film deposition device includes: a processing chamber 1 configured to perform thin
film deposition; a gas supply assembly 2 arranged on the top wall of the processing

chamber 1for supplying process gas to the processing chamber 1having a first porous
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plate 21; a heating tray 3 deposited under the gas supply assembly 2 for bearing and
heating the substrate w; a gas regulating unit 200 arranged in the gas supply assembly 2,
and a second porous plate 201 is arranged at the bottom end of the gas regulating unit
200, and the second porous plate 201 is arranged opposite to the first porous plate 21 of
the gas supply assembly 2. In order to adjust the flow direction of the process gas in the
gas supply assembly 2, the gap between the second porous plate 201 and the first porous
plate 21 need to be adjusted. So that the process gas in the gas supply assembly 2 can
be fully mixed to improve the non-uniform of the internal plasma distribution of the
processing chamber 1that realizing the uniformity and stability of the film deposition of the
PECVD layer stack structure to avoid the deviation of the through hole from the vertical
direction during the subsequent etching process of the film deposited on the substrate w,
thereby further ensuring the stability of semiconductor device performance. In addition, the
thin film deposition device also includes a controller, which is respectively connected to the
gas supply assembly 2, the heating tray 3, and the gas regulating unit 200. The controller
is configured to control the gas supply assembly 2, the heating tray 3, and the gas
regulating unit 200 to work.

[0144] As shown in FIG. 13A, the thin film deposition device also includes a radio frequency
source 5, which is configured to provide radio frequency power to form a radio frequency
electric field in the processing chamber 1 to activate the process gas in the processing
chamber 1 to dissociate into plasma for performing thin film deposition on the substrate w.
Wherein, the high-frequency frequency of the radio frequency source 5 is an integer
multiple n of 13.56 MHz, where n=1, 2, 3, ---, 8. The low-frequency frequency range of the
radio frequency source 5 is 20KHz-400KHz.

[0145] As shown in FIG. 13B to FIG. 13C, the side wall 202 of the gas regulating unit 200
can be stretched or shrunk in the vertical direction to adjust the gap between the second
porous plate 201 and the first porous plate 21to mix the process gas in the gas supply
assembly 2. It improves the defect that the uneven deposition of the film on the surface of
the substrate w caused by the uneven distribution of the plasma during the film deposition
process.

[0146] In embodiment 12, as shown in FIG. 13B and FIG. 13C, the side wall 202 of the

gas regulating unit 200 is a bellow, which can be stretched vertically downwards or shrunk
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upwards. The second porous plate 201 at the bottom of the gas regulating unit 200 is bent
or arc-shaped to adjust the gap between the second porous plate 201 and the first porous
plate 21, so that the process gas in the gas supply assembly 2 can be fully mixed. It also
improves the defect that the uneven deposition of the film on the surface of the substrate
w caused by the uneven distribution of the plasma.

[0147] Embodiment thirteen

[0148] As shown in FIG. 14A to FIG. 14C, the embodiment provides a thin film deposition
device, compared with the embodiment 12, the difference is:

[0149] The gas regulating unit 200 includes a telescopic rod 203, and the telescopic rod
203 is connected to the second porous plate 201. The telescopic rod 203 can be stretched
or shrunk in the vertical direction, so that the second porous plate 201 is bent or arc-shaped
to adjust the gap between the second porous plate 201 and the first porous plate 21. The
process gas in the gas supply assembly 2 can be fully mixed to improving the defects of
non-uniform film deposition on the surface caused by uneven distribution of the plasma in
the processing chamber 1.

[0150] In the embodiment 13, as shown in FIG. 14A, the telescopic rod 203 is arranged at
the center of the gas regulating unit 200 and connected to the center of the second
perforated plate 201.

[0151] Other settings in the embodiment 13 are the same as those in the embodiment 12,
and will not be repeated here.

[0152] Embodiment fourteen

[0153] In order to solve the problem of uneven film deposition on the surface of substrate
w in the prior art, referring to FIG. 2A to FIG. 10 and FIG. 15A, this embodiment provides
a thin film deposition method, which is realized based on the thin film deposition devices
in the above-mentioned embodiments 1-8 and embodiments 10-11.

[0154] Specifically, the film deposition method includes the following steps:

[0155] Step S1, placing the substrate w in the processing chamber 1 of PECVD and
evacuating the processing chamber 1, so that the substrate w to be deposited with a thin
film is in a vacuum environment;

[0156] Step S2, introducing process gas into the processing chamber 1 and turning on the

radio frequency source 5, dissociating the process gas in the processing chamber 1 into
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plasma and depositing a certain number of layers of thin films on the substrate w;

[0157] Step S3, stopping to introduce the process gas into the processing chamber 1 and
introducing a non-process gas, such as an inert gas or nitrogen gas, into the processing
chamber 1 to maintain the pressure in the processing chamber 1;

[0158] Step S4, keeping the radio frequency source 5 in an on state, rotating the substrate
w or rotating the heating tray 3 or synchronously rotating the substrate w and the heating
tray 3 by a set angle;

[0159] Step S5, introducing process gas into the processing chamber 1 again, and then
depositing a certain number of layers of thin films on the substrate w;

[0160] Step S6, stopping to introduce the process gas into the processing chamber 1 and
introducing a non-process gas, such as an inert gas or nitrogen gas, into the processing
chamber 1 to maintain the pressure in the processing chamber 1;

[0161] Step S7, determining whether the number of layers of the deposited film on the
substrate w satisfies the set number of layers; if not, going back to the step S2; if yes,
executing step S8;

[0162] Step S8, taking the substrate w out from the processing chamber 1 to complete the
film deposition process of the substrate w.

[0163] Wherein, the rotation shaft AA' of the rotation of the substrate w or the rotation of
the heating tray 3 or the synchronous rotation of the substrate w and the heating tray 3 is
perpendicular to and passing through the center O of the substrate w.

[0164] The thin film deposited on the substrate w includes the first material and the second
material deposited alternately. In the embodiment, the first material is silicon oxide, and
the second material is silicon nitride.

[0165] Wherein, the thin film deposition method further includes: after each material is
deposited on the surface of the substrate w, the waste gas in the processing chamber 1
needs to be pumped away, and then subsequent process steps are performed.

[0166] When the substrate w is rotated or the heating tray 3 is rotated or the substrate w
and the heating tray 3 are rotated synchronously, process gas is stopped to introduce, and
inert gas or nitrogen gas will be introduced to maintain the pressure in the processing
chamber 1. At the same time, keep the radio frequency source 5 in an on state. After

depositing a certain number of layers of film on the substrate w, some impurity particles
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are suspended in the processing chamber 1. At this time, keep the radio frequency source
5 in an on state, and the processing chamber 1 is filled with a radio frequency electric field
that the impurity particles are charged under the action of the internal radio frequency
electric field in the processing chamber 1. The charged impurity particles remain
suspended and will not fall on the surface of the substrate w, which effectively prevents
the impurity particles from falling on the thin film deposited on the substrate w to avoid
pollution to the thin film deposited on the substrate w.

[0167] After the thin film deposition is completed, (the number of rotations of the substrate
w+1) * the set angle of each time of rotation of the substrate w=360°. In the embodiment
14, as shown in FIG. 8A to FIG. 8D, after the film deposition is completed, the number of
rotation times of the substrate w is 5, and the set angle of each rotation is 60 degrees. It
is also possible that the number of rotation times of the substrate w is 3, and the set angle
of each rotation is 90 degrees. It is also possible that the number of rotation times of the
substrate w is 2, and the set angle of each rotation is 120 degrees. It is also possible that
the number of rotation times of the substrate w is 1, and the set angle of each rotation is
180 degrees.

[0168] However, when the substrate w rotates or the heating tray 3 rotates, the radio
frequency source 5 is kept in an on state. After the substrate w is separated from the
heating tray 3, the gap between the back of the substrate w and the heating tray 3 is too
large, which may easily lead to the occurrence of arc discharge. In the embodiment 14, in
order to avoid the phenomenon of arc discharge when the substrate w is separated from
the heating tray 3 when the radio frequency source 5 is in an on state, it is necessary to
adjust the gap between the substrate w and the heating tray 3 to be smaller than the set
value to avoid the substrate w from detaching from the heating tray 3 which leads to the
generation of arc discharge phenomena in the plasma atmosphere. In the embodiment 14,
the set value of the gap between the substrate w and the heating tray 3 is m, where O<m
=5 mm. Therefore, under the condition that the gap between the substrate w and the
heating tray 3 is smaller than the set value, the radio frequency source 5 is kept in an on
state to reduce the risk of arc discharge on the substrate w and ensure the safety and
stability of the thin film deposition process.

[0169] In the embodiment 14, when the number of layers of film deposited on the surface
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of the substrate w is small (for example, less than 150 layers), the method of driving the
heating tray 3 to drive the substrate w to rotate synchronously can be configured to avoid
arc discharge when the substrate w is lifted up. In the case that the surface of the heating
tray 3 is uneven, the method of lifting the substrate w and driving the substrate w to rotate
or driving the heating tray 3 to solve the problem of uneven temperature of the heating tray
3 to the uniformity of the deposited film on the surface of the substrate w.

[0170] Alternatively, when depositing thin films of a single material, such as FIG. 15B as
shown, the film deposition method includes the following steps:

[0172] Step S11, placing the substrate in the processing chamber and evacuating the
processing chamber;

[0173] Step S12, introducing the process gas and turning on the radio frequency source,
and depositing a thin film with a certain film thickness on the substrate;

[0174] Step S13, continuing introducing the process gas and keeping the radio frequency
source in an on state, rotating the substrate or the heating tray, or rotating the substrate
and the heating tray synchronously to set an angle;

[0175] Step S14, continuing depositing a thin film on the substrate;

[0176] Step S15, determining whether the thickness of the deposited film on the substrate
meets the set requirements, if not, going back to the step S12; if yes, executing step S16;
[0177] Step S16, taking out the substrate from the processing chamber.

[0178] During the film growth process, the substrate w is rotated to ensure that the film
deposited on the surface of the substrate w is more uniform.

[0179] Embodiment fifteen

[0180] This embodiment 15 provides a film deposition method, compared with the
embodiment 14, the difference is:

[0181] When the radio frequency source 5 is in an on state, non-process gas is introduced
into the gap between the substrate w and the heating tray 3 through the second through
hole 302 on the heating tray 3 to reduce the risk of arc discharge when the substrate w is
separated from the heating tray 3. Wherein, the non-process gas is an inert gas or nitrogen.
[0182] When the gap between the substrate w and the heating tray 3 is filled with non-
process gas, the radio frequency source 5 is kept in an on state to reduce the risk of arc

discharge on the substrate w and ensure the safety and stability of the thin film deposition
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process.
[0183] Other settings in the embodiment 15 are the same as those in the embodiment 14,
and will not be repeated here.

[0184] Embodiment sixteen

[0185] The embodiment 16 provides a thin film deposition method, compared with the
embodiment 14, the difference is:

[0186] Keeping the radio frequency source 5 in the in an on state and turning down the
radio frequency power of the radio frequency source 5 to be lower than the radio frequency
power of the radio frequency source 5 during the film deposition process to reduce the risk
of arc discharge when the substrate w is separated from the heating tray 3, thereby
ensuring the safety and stability of the thin film deposition process.

[0187] Other settings in this embodiment are the same as those in the embodiment 14,
and will not be repeated here.

[0188] Embodiment seventeen

[0189] The embodiment 17 provides a thin film deposition method, compared with the
embodiment 14, the difference is:

[0190] Before the rotation of the substrate w or the rotation of the heating tray 3 or the
synchronous rotation of the substrate w and the heating tray 3, the radio frequency source
5 is turned off and the processing chamber 1 is purified.

[0191] After depositing a certain number of layers of film on the substrate w, there will be
impurity particles in the processing chamber 1, and the dirtier the processing chamber 1,
the more likely arc discharge will occur when the substrate w is separated from the heating
tray 3 in the processing chamber 1. Preferably, before rotating the substrate w or rotating
the heating tray 3 or synchronous rotating the substrate w and the heating tray 3, the radio
frequency source 5 can be turned off, and the nitrogen gas can be supplied to the
processing chamber 1 through the gas supply assembly 2. Then the processing chamber
1 is subjected to purification treatment. After the purification treatment is completed, the
radio frequency source 5 is re-adjusted to be in an on state.

[0192] Other settings in the embodiment 17 are the same as those in the embodiment 14,
and will not be repeated here.

[0193] Embodiment eighteen
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[0194] As shown in FIG. 8Ato FIG. 9 and FIG. 16, this embodiment 18 provides a thin film
deposition method, which is realized based on the thin film deposition apparatus in the
above-mentioned embodiment 7 and embodiment 10.

[0195] Specifically, the film deposition method includes the following steps:

[0196] Step S21, placing the substrate w in the processing chamber 1 and evacuating the
processing chamber 1, so that the substrate w to be deposited with a thin film is in a
vacuum environment;

[0197] Step S22, introducing process gas into the processing chamber 1 and turning on
the radio frequency source 5 to dissociate the process gas into plasma for depositing a
certain number of layers of thin films on the substrate w;

[0198] Step S23, stopping to introduce the process gas into the processing chamber 1,
and introducing an inert gas or nitrogen gas into the processing chamber 1 to maintain the
pressure in the processing chamber 1;

[0199] Step S24, adjusting the radio frequency source 5 to be off, and the heating tray 3
drives the substrate w to rotate synchronously by a set angle;

[0200] Step S25, introducing the process gas into the processing chamber 1 again and
adjusting the radio frequency source 5 to be on, then depositing a certain number of layers
of film on the substrate w;

[0201] Step S26, stopping to introduce the process gas into the processing chamber 1,
and introducing an inert gas or nitrogen gas into the processing chamber 1 to maintain the
pressure in the processing chamber 1;

[0202] Step S27, determining whether the number of layers of the deposited thin film on
the substrate w satisfies the set number of layers; if not, going back to the step S22; if yes,
executing step S28;

[0203] Step S28, the substrate w is taken out from the processing chamber 1 to complete
the film deposition process.

[0204] Wherein, the rotation shaft AA' that the heating tray 3 rotates synchronously with
the substrate w is perpendicular to and passing through the center O of the substrate w.
In the embodiment 18, the heating tray 3 and the substrate w rotated synchronously around
the shaft AA' passing through the center of the substrate w as the rotation shaft further

includes: after the heating tray 3 rotates around the rotation shaft AA' in the positive
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direction at a set angle, then rotates in the reverse direction around the rotation shaft AA'.
[0205] The thin film deposited on the substrate w includes the first material and the second
material deposited alternately.

[0206] Wherein, the thin film deposition method further includes: after each material is
deposited on the surface of the substrate w, the waste gas in the processing chamber 1
needs to be pumped away, and then subsequent process steps are performed.

[0207] After the thin film deposition is completed, (the number of rotations of the substrate
w+1) *the set angle of each time of rotation of the substrate w=360°. In this embodiment
18, as shown in FIG. 8A to FIG. 8D, after the film deposition is completed, the number of
rotation times of the substrate w is 5, and the set angle of each rotation is 60 degrees. It
is also possible that the number of rotation times of the substrate w is 3, and the set angle
of each rotation is 90 degrees. It is also possible that the number of rotation times of the
substrate w is 2, and the set angle of each rotation is 120 degrees. It is also possible that
the number of rotations of the substrate w is 1, and the set angle of each rotation is 180
degrees.

[0208] Embodiment nineteen

[0209] As shown in FIG. 10 and FIG. 17, the embodiment 19 provides a thin film deposition
method, which is realized based on the thin film deposition device in the above-mentioned
embodiment 8 and embodiment 11.

[0210] Specifically, the film deposition method includes the following steps:

[0211] Step S31, placing the substrate w in the processing chamber 1 and evacuating
the processing chamber 1, so that the substrate w to be deposited with a thin film is in a
vacuum environment;

[0212] Step S32, introducing process gas into the processing chamber 1, and turning on
the radio frequency source 5 to dissociate the process gas in the processing chamber 1
into plasma, and depositing a certain number of layers of thin films on the substrate w;
[0213] Step S33, stopping to introduce the process gas into the processing chamber 1,
and introducing an inert gas or nitrogen gas into the processing chamber 1 to maintain the
pressure in the processing chamber 1;

[0214] Step S34, adjusting the RF source 5 to be off, lifting the substrate w, and driving the

heating tray 3 to rotate at a set angle, then placing the substrate w back on the heating
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tray 3;

[0215] Step S35, introducing process gas into the processing chamber 1, and adjusting
the radio frequency source 5 to be on, then depositing a certain number of layers of film
on the substrate w;

[0216] Step S36, stopping to introduce the process gas into the processing chamber 1,
and introducing an inert gas or nitrogen gas into the processing chamber 1 to maintain the
pressure in the processing chamber 1;

[0217] Step S37, determining whether the number of layers of the deposited film on the
substrate w satisfies the set number of layers; if not, going back to the step S32; if yes,
executing step S38;

[0218] Step S8, the substrate w is taken out from the processing chamber 1 to complete
the film deposition process.

[0219] Wherein, the rotation shaft AA' of the heating tray 3 is perpendicular to and passing
through the center O of the substrate w. In the embodiment 19, the rotation of the heating
tray 3 with the shaft AA' passing through the center of the substrate w as the rotation shaft
further includes: after the heating tray 3 rotates around the rotation shaft AA' in the positive
direction at a set angle, the heating tray 3 is rotated in the reverse direction around the
rotation shaft AA'.

[0220] In the embodiment 19, the thin film deposited on the substrate w includes the first
material and the second material deposited alternately.

[0221] Wherein, the film deposition method further includes: after each material is
deposited on the surface of the substrate w, exhaust gas in the processing chamber 1
needs to be pumped away, then subsequent process steps are performed.

[0222] Embodiment twenty

[0223] As shown in FIG. 11 and FIG. 18, the embodiment 20 provides a thin film deposition
method, which is implemented based on the thin film deposition device in the above
embodiment 9.

[0224] Specifically, the film deposition method includes the following steps:

[0225] Step S41, placing a multiple of substrates w in sequence into the processing
chamber 1 to complete the thin film deposition process;

[0226] Step S42, rotating the gas supply assembly 2 by a set angle;
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[0227] Step S43, cleaning the processing chamber 1 to ensure the cleanliness of the
processing chamber 1, and repeating steps S41-S43 after the cleaning process is
completed.

[0228] In the embodiment 20, the thin film deposited on the substrate w includes the first
material and the second material deposited alternately. The multiple substrates w are
placed in the processing chamber 1 sequentially to perform the thin film deposition process,
including: after each material is deposited on the surface of each substrate w, the waste
gas in the processing chamber 1 needs to be pumped away, and then perform the
subsequent process.

[0229] Embodiment twenty-one

[0230] As shown in FIG. 13A to FIG. 13C and FIG. 19, this embodiment 21 provides a thin
film deposition method, which is realized based on the thin film deposition device in the
above embodiment 12.

[0231] As shown in FIG. 13A to FIG. 13C, the bottom end of the gas supply assembly 2 is
provided with a first porous plate 21. the gas supply assembly 2 is provided with a gas
regulating unit 200, and the bottom end of the gas regulating unit 200 is provided with a
second porous plate 201. The second porous plate 201 is arranged opposite to the first
perforated plate 21 of the gas supply assembly 2. The flow direction of the process gas in
the gas supply assembly 2 can be adjusted by adjusting the gap between the second
porous plate 201 and the first porous plate 21, so that the process gas in the gas supply
assembly 2 is fully mixed. It also improves the defect that the uneven deposition of the film
on the surface of the substrate w caused by the uneven distribution of the plasma..
[0232] Specifically, as shown in FIG. 13Ato FIG. 13C, the gap between the second porous
plate 201 and the first porous plate 21 is adjusted by adjusting the side wall 202 of the gas
regulating unit 200 to stretch or compress in the vertical direction. For details, referring to
the above-mentioned embodiment 12, the described manner of adjusting the side wall 202
of the gas regulating unit 200 will not be repeated here. The thin film deposition method
provided in the embodiment 21 comprises the following steps:

[0233] Step S51, placing a multiple of substrates w in sequence into the processing
chamber 1 to complete the thin film deposition process;

[0234] Step S52, adjusting the gap between the second porous plate 201 and the first



31

porous plate 21to adjust the gas flow direction of the process gas in the gas supply
assembly 2;

[0235] Step S53, cleaning the processing chamber 1 to ensure the cleanliness of the
processing chamber 1, and repeating steps S51-S53 after the cleaning process is
completed.

[0236] Embodiment twenty-two

[0237] As shown in FIG. 14Ato FIG. 14C and FIG. 19, the embodiment 22 provides a thin
film deposition method, which is implemented based on the thin film deposition device in
the embodiment 13 above. Compared with the embodiment 21, the difference is:

[0238] As shown in FIG. 14A to FIG. 14C, a telescopic rod 203 is arranged in the gas
regulating unit 200. The gap between the second porous plate 201 and the first porous
plate 21 is adjusted by adjusting the telescopic rod 203 stretched or shrunk in vertical
direction. For details, refer to the expansion and contraction of the gas regulating unit 200
described in the above-mentioned embodiment 13. The regulating method of the rod 203
will not be described in detail here.

[0239] Other settings in the embodiment 22 are the same as those in the embodiment 21,
and will not be repeated here.

[0240] Embodiment twenty-three

[0241] As shown in FIG. 20A to FIG. 20E, the embodiment 23 provides a thin film
deposition apparatus, including: a substrate loading port 002 for placing a substrate w; a
buffer device 003; a front-end manipulator 001 configured to transfer a substrate w
between the substrate loading port 002 and the buffer device 003; the thin film deposition
device in the above-mentioned embodiments 1-13 is used for thin film deposition on the
substrate w; a process manipulator 004 configured to transfer the substrate w between the
buffer device 003 and the processing chamber 1 of the thin film deposition device.

[0242] Specifically, the front-end robot 001 takes out the substrate w to be deposited from
the substrate loading port 002 and places it on the buffer device 003; the manipulator 004
takes out the substrate w from the buffer device 003 and places it in the processing
chamber 1 of the thin film deposition device for performing the thin film deposition on the
surface of the substrate w; after the film deposition is completed, the process manipulator

004 takes the substrate w out of the processing chamber 1 and places it on the buffer
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device 003; the front-end manipulator 001 takes the substrate w out of the buffer device
003 and puts back the substrate loading port 002 to complete the process operation of the
thin film deposition apparatus.

[0243] In the embodiment 23, as shown in FIG. 20A to FIG. 20C, there are multiple
processing chambers 1 of the thin film deposition device, and the multiple processing
chambers 1 are symmetrically arranged on both sides of the process manipulator 004.
[0244] The numbers of process manipulators 004 is one or more. When there are multiple
process manipulators 004, as shown in FIG. 20A, there are multiple corresponding buffer
devices 003. When the process manipulator 004 is one, as shown in FIG. 20B and FIG.
20C, a non-contact magnetic levitation track is provided under the process manipulator
004 to ensure that the process manipulator 004 has no oil and no friction during the sliding
process. A multiple of heating trays 3 may also be provided in each processing chamber 1
for performing thin film deposition on multiple substrates w at the same time, so as to
improve the process efficiency of thin film deposition.

[0245] In the embodiment 23, as shown in FIG. 20A, FIG. 20C, multiple heating trays 3 in
each processing chamber 1 can be arranged in a matrix structure. Or, in other
implementations, as shown in FIG. 20B, FIG. 20D and FIG. 20E, a multiple of heating trays
3 in each processing chamber 1 are arranged in a triangular structure. The three heating
trays in each processing chamber are arranged in an inverted triangle that one of heating
trays is closer than the other two heating trays to the front-end robot.

[0246] Optionally, a multiple of substrates w can be placed in the buffer device 003, and
the centers of the multiple of substrates w are on the same circle, and the multiple of
substrates w may be rotated along a rotation shaft perpendicular to the center of the circle
to change the w is the internal position of the buffer device 003.

[0247] As shown in FIG. 20D and FIG. 20E, three substrates w can be placed in the buffer
device 003, and the three substrates w in the buffer device 003 are arranged in a triangular
structure, and the three substrates w can be rotated. The structure of the process
manipulator 004 matches the triangular structure formed by the three substrates w in the
buffer device 003 and the triangular structure formed by the three heating trays 3 in the
processing chamber 1. The process manipulator 004 includes three substrate transfer

arms for picking and placing substrates, and the positions and numbers of the substrate
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transfer arms are set corresponding to the multiple of heating trays 3. The process
manipulator 004 simultaneously takes three substrates w from the buffer device 003 and
puts them on the three heating trays 3 of the processing chamber 1, so as to improve the
process efficiency of thin film deposition.

[0248] Further, as shown in FIG. 20E, there is only one process manipulator 004. Process
manipulator 004 is a retractable arm. At the same time, the process manipulator 004 can
rotate and swing left and right to pick and place the substrate w in the processing chamber
1 at different positions.

[0249] Embodiment twenty-four

[0250] The embodiment 24 provides a kind of film deposition apparatus, compared with
the embodiment 23, the difference is:

[0251] As shown in FIG. 20F to FIG. 20l as well as FIG. 20K, a multiple of processing
chambers 1 are sequentially arranged on the periphery of the process manipulator 004.
[0252] As shown in FIG. 20G, there are five processing chambers 1 arranged on the
periphery of the process manipulator 004 in sequence. Each processing chamber 1 is
provided with three heating trays 3 for simultaneous film deposition on three substrates w,
and the three heating trays 3 are arranged in a triangular structure.

[0253] In a preferred embodiment, the buffer device 003 is provided with two storage
platforms, and each storage platform can be configured to place three substrates w. One
of the storage platforms is configured to place the substrate w to be deposited, and the
deposited substrate w passed out through another layer of storage platform. The double-
layer structure can reduce the waiting time of the substrate w, which is conducive to
improving the throughput of machine apparatus. The storage platforms on the two floors
can be unconnected, and two rotating units are configured to drive the respective storage
platforms to rotate. The two-layer storage platforms can also be connected, and the two-
layer storage platforms are placed on the same rotating unit, and a rotating shaft is
configured to drive the two-layer storage platforms to rotate synchronously.

[0254] Based on the overall operating speed of the apparatus, optionally, the thin film
deposition apparatus is provided with multiple buffer devices 003. The multiple buffer
devices 003 can be communication with each other or not.

[0255] Preferably, as shown in FIG. 20J, the thin film deposition apparatus is provided with
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two buffer devices 003, which are buffer device 0031 and buffer device 0032 respectively.
Each buffer device 003 is provided with three layers of storage platforms 0033 in the
vertical direction, and each layer of storage platforms 0033 can be configured to place
three substrates w. The buffer device 0031 is driven by the rotation unit 7, and the buffer
device 0032 is driven by the rotation unit 8. The three-layer storage platform 0033 in each
buffer device 003 is driven to rotate synchronously by a rotation unit. The two buffer
devices 003 are laid out along the vertical direction, and the vertical distance between the
two buffer devices 003 is within a preset range within which the process manipulator 004
can pick and place the substrate w. Optionally, one of the three-layer storage platforms
0033 can be vacant, and the other two storage platforms are configured to pick and place
the substrate w. According to process requirements, the number of process manipulator
004 is not limited to one.

[0256] Further, one side of one buffer device 0031 is opened, and the front-end manipulator
001 takes out the substrate w to be deposited from the substrate loading port 002 and
places it on the buffer device 0031. The other side of the buffer device 0032 is opened,
and the deposited substrate w will be taken out by the process manipulator 004 from the
processing chamber 1 and placed on the buffer device 0032. On the contrary, the other
side of the buffer device 0032 is opened to place the substrate w to be deposited, and the
other side of the buffer device 0031 is opened to place the deposited substrate w. That is,
the opening modes of the buffer device 0031 and the buffer device 0032 are interleaved
to improve production efficiency. Other settings in the embodiment 24 are the same as
those in the embodiment 23, and will not be repeated here.

[0257] Embodiment twenty-five

[0258] As shown in FIG. 21, the present embodiment 25 provides a thin film deposition
device, the thin film deposition device comprises: a processing chamber 1 configured to
perform thin film deposition; a gas supply assembly 2 arranged on the top wall of the
processing chamber for supplying process gas to the in of the chamber 1; the heating tray
3 arranged below the gas supply assembly 2 for bearing and heating the substrate w; the
radio frequency source 5 configured to provide radio frequency power to activate the
process gas in the processing chamber 1 to dissociate into plasma, and the plasma is used

for film deposition on the substrate w; the lifting member 402 connected to the gas supply
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assembly 2 for driving the gas supply assembly 2 to move up and down.

[0259] The lifting member 402 can be an air cylinder 402. The air cylinder 402 drives the
gas supply assembly 2 to rise or fall to adjust the distance between the gas supply
assembly 2 and the substrate w. The distance between the gas supply assembly 2 and the
substrate w can be adjusted within a preset range to further improve the uniformity of film
deposition of the PECVD layer stack structure.

[0260] The embodiment 25 can be combined with any one of the embodiments 1-13 to
adjust the distance between the gas supply assembly 2 and the substrate w.

[0261] Embodiment twenty-six

[0262] As shown in FIG. 22-23 , the embodiment 26 provides a thin film deposition device,
and the thin film deposition device includes: a processing chamber 1 configured to perform
thin film deposition; a gas supply assembly 2 arranged on the top wall of the processing
chamber for supplying the process gas to the chamber 1; the heating tray 3 arranged below
the gas supply assembly 2 for bearing and heating the substrate w; the radio frequency
source 5 configured to provide radio frequency power to form a radio frequency electric
field in the processing chamber 1 to activate the process gas in the chamber 1 dissociated
into plasma, and the plasma performs thin film deposition on the substrate w; the rotating
mechanism 403 connected to the heating tray 3 for driving the heating tray 3 to rotate
around the rotation shaft AA' pass through the center of the substrate w .

[0263] The heating tray 3 can be lifted. The lifting member 402 is connected to the heating
tray 3 for driving the heating tray 3 to rise or fall. The supporting member is configured to
support the substrate w. The supporting member is a supporting ring 404 and/or an ejector
pin 401.

[0264] As shown in FIG. 23, when the heating tray 3 needs to be rotated, the lifting member
402 drives the heating tray 3 to move vertically downward, so that the heating tray 3 is
separated from the substrate w, and the supporting member supports the substrate w.
Then the rotating mechanism 403 drives the lifting member 420 to rotate with the heating
tray 3 by a set angle. The heating tray 3 stops rotating after rotating the set angle, and the
lifting member 402 drives the heating tray 3 to rise vertically to place the substrate w on
the heating tray 3 for thin film deposition.

[0265] In addition, when the distance between the gas supply assembly 2 and the substrate
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w needs to be adjusted, the heating tray 3 rises or falls together with the substrate w, so
that the distance value is within a preset range. It improvs the uniformity of the film
deposition of the PECVD layer stack structure.

[0266] Embodiment twenty-seven

[0267] As shown in FIG. 24-25, the embodiment 27 provides a thin film deposition device,
compared with the embodiment 26, the difference is:

[0268] The thin film deposition device further includes: a supporting member and a second
lifting member 405. The supporting member is configured to support the substrate w,
wherein the supporting member is a supporting ring 404 arranged at the bottom of the
edge of the substrate w, and the supporting ring 404 adopts a circular ring with notch as
shown in FIG. 5.

[0269] The first lifting member 402 is connected to the rotating mechanism 403 for driving
the rotating mechanism 403 and the heating tray 3 to rise or fall. The rotating mechanism
403 is provided at the bottom of the heating tray 3 for driving the heating tray 3 to rotate
around the shaft AA' passing through the center of the substrate w, so as to drive the
substrate w to rotate synchronously.

[0270] The second lifting member 405 is connected to the supporting ring 404 for driving
the supporting ring 404 to rise or fall vertically to lift the substrate w away from the heating
tray 3 or place the substrate w on the heating tray 3. In addition, the second lifting member
405 is also connected to the first lifting member 402, and the second lifting member 405
drives the first lifting member 402 and the supporting ring 404 to move up and down
together to drive the substrate w to move up and down to adjust the distance between the
gas supply assembly 2 and the substrate w.

[0271] In this embodiment as shown in FIG. 25, when the heating tray 3 needs to be rotated,
the second lifting member 405 drives the supporting ring 404 to lift up in the vertical
direction to lift the substrate w and separate the substrate w from the heating tray 3. Then
the rotating mechanism 403 drives the first lifting member 402 and the heating tray 3 to
rotate a set angle. After the heating tray 3 rotates to a set angle and stops, the second
lifting member 405 drives the supporting ring 404 to move downward in the vertical
direction to place the substrate w on the heating tray 3 for thin film deposition. Optionally,

the first lifting member 402 drives the heating tray 3 down so that the substrate w is
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detached from the heating tray 3.

[0272] The supporting member is an ejector pin moving in the vertical direction, and the
heating tray 3 is provided with a first through hole, and the ejector pin is arranged in the
first through hole. The second lifting member 405 drives the ejector pin to rise or fall
vertically.

[0273] Embodiment twenty-eight

[0274] As shown in FIG. 26-27 , the embodiment 28 provides a thin film deposition device,
and the thin film deposition device includes: a processing chamber 1 configured to perform
thin film deposition; a gas supply assembly 2 arranged on the top wall of the processing
chamber for supplying process gas to the chamber 1; a heating tray 3 arranged below the
gas supply assembly 2 for bearing and heating the substrate w; a radio frequency source
5 configured to provide radio frequency power to form a radio frequency electric field in the
processing chamber 1 to activate the process gas in the chamber 1 to dissociate into
plasma, and the plasma performs thin film deposition on the substrate w; a lifting member
402 connected with the heating tray 3 for driving the heating tray 3 to move up and down.
[0275] The controller is connected to the gas supply assembly 2, the radio frequency
source 5, the heating tray 3, the rotating mechanism 403 and the lifting member 402
respectively for controlling the gas supply assembly 2, the radio frequency source 5, the
heating tray 3, the rotating mechanism 403 and the lifting member 402 to work. The
controller is also configured to build a program menu that includes keeping the radio
frequency source 5 at a on state while the substrate w is rotating.

[0276] The thin film deposition apparatus further includes: a supporting member configured
to support the substrate w; a rotating mechanism 403 connected to the supporting member
for driving the supporting member and the substrate w to rotate.

[0277] As shown in FIG. 27, the supporting member is a supporting ring 404, which is
arranged at the bottom of the edge of the substrate w. The rotating mechanism 403 is
connected to the supporting ring 404for driving the supporting ring 404 to rotate around
the center line AA' of the substrate w as the rotation shaft.

[0278] When the substrate w needs to be rotated, the lifting member 402 drives the heating
tray 3 fall vertically to separate the heating tray 3 from the supporting ring 404. The

supporting ring 404 supports the substrate w, and the rotating mechanism 403 drives the



38

supporting ring 404 to rotate. The supporting ring 404 holds the substrate w up to adjust
the substrate w to rotate a set angle to realize the rotation of the substrate w around the
rotation shaft AA', which compensates for the uneven thickness of the film deposited on
the substrate w and realizes the uniformity and stability of the film deposition of the PECVD
layer stack structure.

[0279] Embodiment twenty-nine

[0280] As shown in FIG. 28-29, the embodiment 29 provides a thin film deposition device,
compared with the embodiment 28, the difference is:

[0281] The supporting member is an ejector pin 401, and the heating tray 3 is provided
with a first through hole 301, and the ejector pin 401 is arranged in the first through hole
301. As shown in FIG. 3A and FIG. 3B, the cross-section of the first through hole 301 on
the horizontal plane is arc-shaped or circular, and the center M of the arc-shaped or circular
shape is on a vertical line with the center O of the substrate w. When the substrate w needs
to be rotated, the lifting member 402 drives the heating tray 3 down in the vertical direction
to separate the heating tray 3 from the substrate w, and the ejector pin 401 lifts the
substrate w. The ejector pin 401 supports the substrate w, and the rotating mechanism 403
drives the ejector pin 401 to move along an arc-shaped track in the first through hole 301
t. After the substrate w rotates by a set angle, the substrate w stops rotating, and the lifting
member 402 drives the heating tray 3 to rise vertically to place the substrate w on the
heating tray 3 for subsequent film deposition.

[0282] Embodiment thirty

[0283] As shown in FIG. 30-31, the embodiment 30 provides a thin film deposition device,
compared with the embodiment 28, the difference is:

[0284] The supporting member includes an ejector pin 401 and a supporting ring 404. The
film deposition device includes a first lifting member 402 and a second lifting member 405.
The first lifting member 402 is connected to the heating tray 3 for driving the heating tray
3 to move up and down. The second lifting member 405 is connected to the ejector pin
401 for driving the ejector pin 401 to rise or fall vertically to allow the manipulator to remove
the substrate w from the heating tray 3 or to place the substrate w on the heating tray 3.
[0285] Embodiment thirty-one

[0286] As shown in FIG. 32-33, the embodiment 31 provides a thin film deposition device,
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compared with the embodiment 30, the difference is:

[0287] The thin film deposition device further includes a third lifting member 406, and the
third lifting member 406 is connected to the supporting ring 404.

[0288] In this embodiment, the second lifting member 405 drives the ejector pin 401 to rise
or fall vertically to remove the substrate w from the heating tray 3 or place the substrate w
on the heating tray 3 by the manipulator. The first lifting member 402 drives the heating
tray 3 to move up and down, and the third lifting member 406 drives the supporting ring
404 and the substrate w to move up and down. The heating tray 3 and the substrate w
move synchronously under the drive of the first lifting member 402 and the third lifting
member 406 respectively to adjust the distance between the gas supply assembly 2 and
the substrate w, so that the distance value is within a preset range value, which further
improvs the uniformity of film deposition of PECVD layer stack structure. Optionally, the
third lifting member 406 is connected to the first lifting member 402 and the supporting ring
404 respectively, and the third lifting member 406 drives the first lifting member 402 and
the supporting ring 404 to move up and down along the vertical direction.

[0289] When the substrate w needs to be rotated, the third lifting member 406 drives the
supporting ring 404 to rise vertically till the supporting ring 404 is separated from the
heating tray 3. The supporting ring 404 supports the substrate w, and the rotating
mechanism 403 drives the supporting ring 404 to rotate, and the supporting ring 404 hold
up the substrate w to adjust the substrate w to rotate the set angle.

[0290] Embodiment thirty-two

[0291] As shown in FIG. 35-36, the embodiment 32 provides a thin film deposition device,
compared with the embodiment 28, the difference is: the thin film deposition device further
includes an ejector pin 401 and a second lifting member 405, and the lifting member 402
is the first lifting member 402.

[0292] The first lifting member 402 drives the heating tray 3 to move, and the second lifting
member 405 is connected to the supporting ring 404 for driving the supporting ring 404 to
rise or fall vertically. The heating tray 3 is provided with a first through hole 301, and the
ejector pin 401 is arranged in the first through hole 301. The lower end of the ejector pin
401 abuts against the base 6, and the base 6 is connected to the bottom of the processing

chamber 1. According to the height of the substrate w transported into the processing
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chamber 1, the height of the base 6 is preset. When the ejector pin 401 abuts on the base
6, the upper end of the ejector pin 401 is higher than the supporting ring 404 and the
heating tray 3, and the upper end of the ejector pin 401 is used for receiving substrate w.

[0293] The heating tray 3 and the substrate w move synchronously under the driving of the
first lifting member 402 and the second lifting member 405 to adjust the distance between
the gas supply assembly 2 and the substrate w. In one embodiment, the heating tray 3 is
provided with a groove corresponding to the position of the ejector pin 401, and the top of
the ejector pin 401 is provided with a convex portion. When the heating tray 3 moves
upward, the convex portion of the ejector pin 401 is accommodated in the groove. The
heating tray 3 continues to move upward and take the ejector pin 401 to move upward
together. After the ejector pin 401 moves upward, the ejector pin 401 is separated from the
base 6, and the ejector pin 401 is in a suspended state.

[0294] When the substrate w needs to be rotated, the second lifting member 405 drives
the supporting ring 404 to rise vertically, and the supporting ring 404 is separated from the
heating tray 3. The supporting ring 404 supports the substrate w, and the rotating
mechanism 403 drives the supporting ring 404 to rotate to adjust the substrate w to rotate
the set angle.

[0295] Embodiment thirty-three

[0296] As shown in FIG. 37, the embodiment 33 provides a thin film deposition device, the
thin film deposition device includes: a processing chamber 1 configured to perform thin
film deposition; a gas supply assembly 2 arranged on the top wall of the processing
chamber 1 for supplying process gas to the chamber 1; a heating tray 3 arranged below
the gas supply assembly 2 for bearing and heating the substrate w; a radio frequency
source 5 configured to provide radio frequency power to activate the process gas in the
processing chamber 1 to dissociate into plasma, the plasma performs thin film deposition
on the substrate w; a ejector pin 401 arranged in the heating tray 3, one end of the ejector
pin 401 is set at the bottom of the processing chamber 1 , and the other end of the ejector
pin 401 is configured to receive the substrate w.

[0297] In this embodiment, each processing chamber 1 is provided with three heating trays
3 for performing thin film deposition on three substrates w simultaneously. The thin film

deposition device includes three sets of ejector pins. Each set of ejector pins includes three
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ejector pins 401, and each ejector pins 401 have the same height for receiving a substrate
w. Each set of ejector pins has a different height.

[0298] Preferably, the heights of the three sets of ejector pins are stepped, and the received
substrate w is correspondingly configured in a stepped shape. Three heating trays 3 are
arranged in a triangular structure. The structure of the process manipulator 004 matches
the triangular structure formed by the three heating trays 3 in the processing chamber 1.
The process manipulator 004 respectively places three substrates w according to the
heights of the three sets of ejector pins from high to low. Specifically, such as FIG. 37, align
the substrate w1 with the heating tray 3 corresponding to the ejector pin 4011 firstly, and
place the substrate w1 on the heating tray 3 after the centering is completed, then place
the substrate w2 after aligning the substrate w2 with the heating tray 3 corresponding to
the ejector pin 4012. Similarly, the substrate w3 is firstly aligned with the heating tray 3
corresponding to the ejector pin 4013 and then placed on the heating tray 3. The alignment
accuracy of the three substrates w and the respective heating trays 3 is improved through
the above arrangement. In addition, the ejector pin 401 can be centered without lifting and
lowering, which simplifies the structure of the thin film deposition device.

[0299] It should be noted that, under the condition that the logic of the technical solution is
correct, the above-mentioned multiple embodiments can be combined to form a new
solution, that is, certain features, structures or characteristics in one or more embodiments
of the present application can be appropriately combined. The new scheme will not be
described in detail here.

[0300] Through the description of the above embodiments and related drawings, the
present invention has specifically and detailly disclosed related technologies, so that those
skilled in the art can implement them accordingly. The above-mentioned embodiments are
only used to illustrate the present invention, rather than to limit the present invention, and
the scope of rights of the present invention should be defined by the claims of the present
invention. Changes in the number of elements described herein or substitution of
equivalent elements should still fall within the scope of the present invention.

[0301] Meanwhile, the present invention uses specific words to describe the embodiments
of the present invention. For example, "one embodiment", "an embodiment", and/or "some

embodiments" means a certain feature, structure or characteristic related to at least one
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embodiment of the present invention. Therefore, it should be emphasized and noted that
two or more references to "an embodiment" or "an embodiment" or "an alternative
embodiment" in different places in this specification do not necessarily refer to the same
embodiment.

[0302] Similarly, it should be noted that in order to simplify the description of the disclosure
of the present invention and thus help the understanding of one or more embodiments of
the invention, in the foregoing descriptions of the embodiments of the present invention,
sometimes multiple features are combined into one embodiment, drawings or descriptions
thereof. This method of disclosure, however, does not imply that the inventive subject
matter requires more features than are recited in the claims. Indeed, embodiment features

are less than all features of a single foregoing disclosed embodiment.
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claim

1. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the processing chamber to dissociate into plasma and deposit a thin film on the
substrate;

a rotating mechanism for controlling the rotation of the substrate, or the rotation of
the heating tray, or the synchronous rotation of the substrate and the heating tray, the
rotation shaft of the rotating mechanism being perpendicular to the substrate and
passing through the substrate;

wherein the radio frequency source is kept in an on state during the rotating
mechanism rotating the substrate, or the heating tray, or the substrate and the heating
tray.

2. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a rotating mechanism for controlling the rotation of the substrate, the rotation shaft of
the rotating mechanism being perpendicular to the substrate and passing through the
substrate;

a supporting member for supporting the substrate;

a lifting member connected to the supporting member for driving the supporting
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member to rise or fall in the vertical direction to lift the substrate away from the heating
tray or place the substrate on the heating tray;

wherein the rotating mechanism is arranged at the bottom of the lifting member and
configured for driving the supporting member and the lifting member to rotate
synchronously along the horizontal circumferential direction to rotate the substrate.

3. The thin film deposition device of claim 2, wherein the supporting member is an
ejector pin moving along the vertical direction and the horizontal circumferential direction;

the heating tray is provided with a first through hole, and the ejector pin is arranged
in the first through hole; and

the section of the first through hole on the horizontal plane is arc-shaped or circular,
and the center of the arc-shaped or circular circle is on a vertical line with the center of
the substrate;

when the substrate needs to be rotated, the lifting member drives the ejector pin to
rise vertically and protrude from the first through hole to lift the substrate so that the
substrate is separated from the heating tray, and the rotating member drives the ejector
pin to move along an arc-shaped trajectory in the first through hole to rotate the substrate
at a set angle;

after the substrate rotates at a set angle, the substrate stops rotating, and the lifting
member drives the ejector pin to move down in a vertical direction to place the substrate
on the heating tray for thin film deposition.

4. The thin film deposition device of claim 3, wherein the number of the ejector pins
is at least three, and the number of the first through holes is at least three, and the first
through holes correspond to the ejector pins one by one.

5. The thin film deposition device of claim 2, wherein the supporting member is a
supporting ring arranged at the bottom of the edge of the substrate; and

the supporting ring is lifted up or down in the vertical direction and rotated with the
center shaft of the substrate as the shaft of rotation;

when the substrate needs to be rotated, the lifting member drives the supporting ring
to lift up in the vertical direction to life the substrate and separate the substrate from the
heating tray, and the rotating member drives the supporting ring to rotate to rotate the

substrate by a set angle;
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after the substrate rotates to a set angle, stop rotation, and the lifting member drives
the supporting ring to lift down in the vertical direction to place the substrate on the
heating tray for thin film deposition;6. The thin film deposition device of claim 5, wherein
the supporting ring is a circular ring with a notch, or the supporting ring includes multiple
arc-shaped structures of a ring.

7. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma gas and deposit a thin film on the substrate;

a rotating mechanism for controlling the rotation of the substrate, the rotation shaft of
the rotating mechanism being perpendicular to the substrate and passing through the
substrate;

a supporting member including an ejector pin and a supporting ring for supporting
the substrate;

a first lifting member connected to the ejector pin and configured for driving the
ejector pin to rise or fall in the vertical direction to load or unload the substrate;

a second lifting member connected to the supporting ring and configured for driving
the supporting ring to rise or fall in the vertical direction to lift the substrate away from the
heating tray or place the substrate on the heating tray;

wherein the rotating mechanism is arranged at the bottom of the second lifting
member which configured to drive the supporting ring and the second lifting member to
rotate to drive rotate the substrate; and

the heating tray is provided with a first through hole, and the ejector pin is arranged
in the first through hole.

8. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
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supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma gas and deposit a thin film on the substrate;

a rotating mechanism for controlling the synchronous rotation of the substrate and
the heating tray, the rotation shaft of the rotating mechanism being perpendicular to the
substrate and passing through the substrate;

wherein the rotating mechanism is connected to the heating tray and configured for
driving the heating tray to rotate with the center shaft of the substrate as the shaft of
rotation to drive the substrate to rotate synchronously.

9. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a rotating mechanism for controlling the rotation of the heating tray, the rotation shaft
of the rotating mechanism being perpendicular to the substrate and passing through the
substrate;

a supporting member for supporting the substrate;

a lifting member connected to the supporting member and configured for driving the
supporting member to rise or fall in the vertical direction to lift the substrate away from
the heating tray or place the substrate on the heating tray;

wherein the rotating mechanism is connected to the heating tray and configured for
driving the heating tray to rotate around the center shaft of the substrate as the shaft of
rotation.

10. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;
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a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a rotating mechanism for controlling the rotation of the heating tray, the rotation shaft
of the rotating mechanism being perpendicular to the substrate and passing through the
substrate;

a supporting member for supporting the substrate;

a lifting member connected to the heating tray and configured for driving the heating
tray to rise or fall;

wherein the rotating mechanism is connected to the lifting member and configured
for driving the lifting member and the heating tray to rotate around the center shaft of the
substrate as the shaft of rotation.

11. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a rotating mechanism connected to the heating tray and configured for controlling
the rotation of the heating tray, the rotation shaft of the rotating mechanism being
perpendicular to the substrate and passing through the substrate;

a first lifting member connected to the rotating member and configured for driving
the rotating member and the heating tray to rise or fall;

a second lifting member connected to the supporting member and the first lifting
member respectively for driving the supporting member and the first lifting member to

rise or fall in vertical direction.
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12. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a rotating mechanism for controlling the rotation of the substrate, the rotation shaft of
the rotating mechanism being perpendicular to the substrate and passing through the
substrate;

a lifting member connected to the heating tray and configured for driving the heating
tray to rise or fall in vertical direction;

a supporting member for supporting the substrate;

wherein the rotating mechanism drives the supporting member to rotate
synchronously with the substrate.

13. The thin film deposition device of claim 12, wherein the supporting member is a
supporting ring arranged at the bottom of the edge of the substrate;

when the substrate needs to be rotated, the lifting member drives the heating tray to
fall in vertical direction, the supporting ring lifts the substrate to make the substrate
separate from the heating tray, and the rotating member drives the supporting ring to
rotate at a set angle.

14. The thin film deposition device of claim 12, wherein the supporting member is an
ejector pin moving in a horizontal circular direction;

the heating tray is provided with a first through hole, and the ejector pin is arranged
in the first through hole; and

the section of the first through hole on the horizontal plane is arc-shaped or circular,
and the center of the arc-shaped or the center of the circular is on a vertical line with the
center of the substrate;

when the substrate needs to be rotated, the lifting member drives the heating tray to

fall in vertical direction, and the ejector pin lifts the substrate to separate the substrate
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from the heating tray, and the rotating member drives the ejector pin to rotate at a set
angle.

15. The thin film deposition device of claim 12, wherein the lifting member is a first
lifting member, and the supporting member is a supporting ring, and the thin film
deposition device further includes a second lifting member and an ejector pin; and

the second lifting member is connected to the ejector pin for driving the ejector pin to
rise or fall in vertical direction to load or unload the substrate.

16. The thin film deposition device of claim 15, further comprising a third lifting
member which is connected to the supporting ring for driving the supporting ring to rise
or fall in vertical direction to lift the substrate away from the heating tray or place the
substrate on the heating tray.

17. The thin film deposition device of claim 12, wherein the lifting member is a first
lifting member, and the supporting member is a supporting ring, and the thin film
deposition device further includes a second lifting member, an ejector pin and a base;

the second lifting member connected to the supporting ring for driving the supporting
ring to rise or fall in the vertical direction; and

the heating tray is provided with a first through hole, and the ejector pin is arranged
in the first through hole, and the base is arranged at the bottom of the processing
chamber so that the ejector pin is movably arranged on the base;

when the ejector pin supporting the substrate, the lower end of the ejector pin abuts
against the base, and the upper end of the ejector pin protrudes from the upper surface
of the heating tray;

when the heating tray needs to be moved upwards, the upper end of the ejector pin
is accommodated in the heating tray and moves together with the heating tray to break
away from the base.

18. The thin film deposition device of claim 2, 7 or 12, wherein the radio frequency
source is kept in an on state while the rotating member rotate the substrate.

19. The thin film deposition device of claim 18, wherein the gap between the
substrate and the heating tray being adjusted to be smaller than a set value m, O<m<
Smm.

20. The thin film deposition device of claim 9, 10 or 11, wherein the radio frequency
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source is kept in an on state while the rotating member rotate the heating tray.

21. The thin film deposition device of claim 20, wherein the gap between the
substrate and the heating tray being adjusted to be smaller than a set value m, where
O<m=<5mm.

22. The thin film deposition device of claim 1, wherein the gap between the
substrate and the heating tray being adjusted to be smaller than a set value m, where
O<m<5mm.

23. The thin film deposition device of claim 1, 2, 7, 8, 9, 10, 11 or 12, wherein the
heating tray is provided with a second through hole, when the substrate or the heating
tray is rotated, the radio frequency source is kept in an on state, and the non-process
gas is introduced into the gap between the substrate and the heating tray through the
second through hole.

24. The thin film deposition device of claim 23, wherein the non-process gas is
nitrogen or inert gas.

25. The thin film deposition device of claim 1, 2, 7, 8, 9, 10, 11 or 12, wherein when
the substrate rotates or the heating tray rotates or the substrate and the heating tray
rotates synchronously, the radio frequency source is kept in an on state and the radio
frequency power is adjusted to smaller than it was during the thin film deposition
process.

26. The thin film deposition device of claim 1, 2, 7, 8, 9, 10, 11 or 12,wherein before
the substrate rotates or the heating tray rotates or the substrate and the heating tray
rotates, the RF source is adjusted to be off and the processing chamber is purified..

27. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a rotating mechanism connected to the gas supply assembly for driving the gas
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supply assembly to rotate.

28. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a rotating mechanism connected to the heating tray for driving the heating tray to
rotate around the center shaft of the substrate as the shaft of rotation to rotate the
substrate synchronously;

when the rotating mechanism drives the heating tray to drive the substrate to rotate
synchronously, the radio frequency source is adjusted to be off.

29. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a supporting member for supporting the substrate;

a lifting member connected to the supporting member for driving the supporting
member to rise or fall in the vertical direction to lift the substrate away from the heating
tray or place the substrate on the heating tray;

a rotating mechanism connected to the heating tray for driving the heating tray to
rotate around the center shaft of the substrate as the shaft of rotation to rotate the
substrate synchronously;

when the rotating mechanism drives the heating tray to drive the substrate to rotate

synchronously, the radio frequency source is adjusted to be off.
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30. A thin film deposition apparatus, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

a lifting member connected to the gas supply assembly for driving the gas supply
assembly to rise or fall.

31. The thin film deposition device of claim 1, 2, 7, 8, 12 or 28, wherein after the thin
film deposition is completed,(the substrate rotation times+1) *the setting angle of each
time of substrate rotation=360°.

32. The thin film deposition device of claim 1, 2, 7, 8, 9, 10, 11, 12, 27, 28, 29 or 30,
wherein the high frequency of the radio frequency source is n times of 13.56 MHz, where
n=1,2,3,...,8.

33. The thin film deposition device of claim 1, 2, 7, 8, 9, 10, 11, 12, 27, 28, 29 or 30,
wherein the range of the low frequency of the radio frequency source is 20KHz-400KHz.

34. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a gas regulating unit arranged in the gas supply assembly having a second porous
plate which is arranged opposite to the first porous plate of the gas supply assembly, the
gap between the second porous plate and the first porous plate being adjustable.

35. The thin film deposition device of claim 34, wherein a side wall of the gas
regulating unit can be stretched or shrunk in vertical direction to adjust the gap between
the second porous plate and the first porous plate.

36. The thin film deposition device of claim 35, wherein the side wall of the gas
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regulating unit is a bellow that can be stretched downward or shrunk upward in vertical
direction.

37. The thin film deposition device of claim 34, wherein the gas regulating unit
includes a telescopic rod connected to the second porous plate, and the telescopic rod
can be stretched or shrunk in vertical direction to adjust the gap between the second
porous plate and the first porous plate.

38. A thin film deposition method, comprising:

S1, placing the substrate in the processing chamber and vacuuming the processing
chamber;

S2, introducing process gas into the processing chamber and turning on the radio
frequency source to deposit a certain number of layers of thin films on the substrate;

S3, stopping to introduce the process gas and introducing non-process gas to
maintain the pressure in the processing chamber;

S4, keeping the radio frequency source in an on state, rotating the substrate or the
heating tray or the substrate and the heating tray synchronously by a set angle;

S5, introducing process gas into the processing chamber again and re-depositing a
certain number of layers of thin films on the substrate;

S6, stopping to introduce the process gas and introducing non-process gas to
maintain the pressure in the processing chamber;

S7, determining whether the number of layers of the film deposited on the substrate
meets the requirements; if not, going back to step S2; if yes, executing step S8;

S8, taking out the substrate from the processing chamber.

39. The thin film deposition method of claim 38, wherein the thin film deposited on
the substrate comprises a first material and a second material alternately deposited
alternately.

40. The thin film deposition method of claim 39, wherein the first material is silicon
oxide, and the second material is silicon nitride.

41. The thin film deposition method of claim 38, after the thin film deposition is
completed, (the substrate rotation times+1) *the setting angle of each time of the
substrate rotation=360°.

42. A thin film deposition method, comprising:
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S11, placing the substrate in the processing chamber and vacuuming the processing
chamber;

S12, introducing the process gas into the processing chamber and turning on the
radio frequency source to deposit a certain film thickness of thin film on the substrate;

S13, introducing the process gas, keeping the radio frequency source in an on state,
rotating the substrate or the heating tray or the substrate and the heating tray
synchronously by a set angle;

S14, depositing a thin film on the substrate;

S15, determining whether the thickness of the deposited film on the substrate meets
the requirements, if not, going back to step S12; if yes, executing step S16;

S16, taking out the substrate from the processing chamber.

43. The thin film deposition method of claim 42, wherein (the substrate rotation
times+1) *the setting angle of each time of the substrate rotation=360°, after the thin film
deposition is completed.

44. The film deposition method of claim 38 or 42, wherein when the substrate or the
heating tray is rotated, the radio frequency source is kept in an on state, and the gap
between the substrate and the heating tray is adjusted to be smaller than a set value m,
where O<m<5mm.

45. The film deposition method of claim 38 or 42,wherein when the substrate or the
heating tray is rotated, the radio frequency source is kept in an on state and non-process
gas is introduced into the gap between the substrate and the heating tray..

46. The thin film deposition method of claim 45, wherein the non-process gas is
nitrogen or inert gas.

47. The film deposition method as claimed in claim 38 or 42, wherein when the
substrate rotates or the heating tray rotates or the substrate and the heating tray rotate
synchronously, the radio frequency source is kept in an on state and the radio frequency
power is adjusted to be smaller than it was during the thin film deposition process.

48. The film deposition method of claim 38 or 42, wherein before the substrate
rotation or the heating tray is rotation or the substrate and the heating tray synchronous
rotation, the radio frequency source is adjusted to be off and the processing chamber is

purified.
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49. A thin film deposition method, comprising:

S21, placing the substrate in the processing chamber, and evacuating the
processing chamber;

S22, introducing process gas into the processing chamber, and turning on the radio
frequency source, depositing a certain number of layers of thin films on the substrate;

S23, stopping to introduce the process gas and introducing non-process gas to
maintain the pressure in the processing chamber;

S24, adjusting the radio frequency source to be off, so that the heating tray drives
the substrate to rotate synchronously by a set angle;

S25, introducing process gas into the processing chamber, and adjusting the radio
frequency source to be on, and depositing a certain number of layers of thin films on the
substrate;

S26, stopping to introduce the process gas and introducing non-process gas to
maintain the pressure in the processing chamber;

S27, judging whether the number of layers of the film deposited on the substrate
satisfies the set number of layers; if not, going back to step S22; if yes, executing step
S28;

S28, taking out the substrate from the processing chamber.

50. The thin film deposition method of claim 49, wherein the thin film deposited on
the substrate includes a first material and a second material alternately deposited.

51. The thin film deposition method of claim 50, wherein the first material is silicon
oxide, and the second material is silicon nitride.

52. The thin film deposition method of claim 49, wherein after the thin film deposition
is completed, wherein (the substrate rotation times+1) *the setting angle of each time of
the substrate rotation=360°.

53. A thin film deposition method, comprising:

S31, placing the substrate in the processing chamber and evacuating the processing
chamber;

S32, introducing process gas into the processing chamber, and turning on the radio
frequency source, depositing a certain number of layers of thin films on the substrate;

S33, stopping to introduce the process gas into the processing chamber, and
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introducing non-process gas to maintain the pressure in the processing chamber;

S34, adjusting the radio frequency source to be off, lifting the substrate, driving the
heating tray to rotate at a set angle, and then placing the substrate back on the heating
tray;

S35, introducing process gas into the processing chamber, and adjusting the radio
frequency source to be on, and depositing a certain number of layers of thin films on the
substrate;

S36, stopping to introduce the process gas and introducing non-process gas to
maintain the pressure in the processing chamber;

S37, judging whether the number of layers of the deposited thin film on the substrate
satisfies the set number of layers; if not, going back to step S32; if yes, executing step
S38;

S38, taking out the substrate from the processing chamber.

54. The thin film deposition method of claim 53, wherein the thin film deposited on
the substrate includes a first material and a second material alternately deposited.

55. The thin film deposition method of claim 54, wherein the first material is silicon
oxide, and the second material is silicon nitride.

56. A thin film deposition method, comprising:

S41, placing a multiple of substrates in sequence in the processing chamber to
complete the thin film deposition process;

S42, rotating the gas supply assembly by a set angle;

S43, cleaning the processing chamber, and going back to S41 after the processing
chamber is purified.

57. The thin film deposition method of claim 56, wherein the thin film deposited on
the substrate includes a first material and a second material alternately deposited.

58. The thin film deposition method of claim 57, wherein the first material is silicon
oxide, and the second material is silicon nitride.

59. A thin film deposition method, comprising:

S51, placing multiple substrates in sequence in the processing chamber to complete
the thin film deposition process;

S52, adjusting the gap between a second porous plate of a gas regulating unit and a
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first porous plate of a gas supply assembly;

S53, cleaning the processing chamber, and after the processing chamber is purified
going back to step S51.

60. The thin film deposition method of claim 59, wherein the gap between the
second porous plate and the first porous plate is adjusted by stretching or shrinking the
side wall of the gas regulating unit in vertical direction.

61. The thin film deposition method of claim 59, wherein the gap between the
second porous plate and the first porous plate is adjusted by stretching or shrinking the
telescopic rod in the gas regulating unit along the vertical direction.

62. The thin film deposition method of claim 59, wherein the thin film deposited on
the substrate includes a first material and a second material deposited alternately.

63. The thin film deposition method of claim 62, wherein the first material is silicon
oxide, and the second material is silicon nitride.

64. A thin film deposition device, comprising:

a processing chamber configured for thin film deposition;

a gas supply assembly arranged on the top wall of the processing chamber for
supplying process gas to the processing chamber;

a heating tray arranged below the gas supply assembly for bearing and heating a
substrate;

a radio frequency source for providing radio frequency power to activate the process
gas in the chamber to dissociate into plasma and deposit a thin film on the substrate;

an ejector pin arranged in the heating tray, one end of the ejector pin beingarranged
at the bottom of the processing chamber, the other end of the ejector pin being
configured to receive the substrate;

wherein the processing chamber is provided with multiple heating trays and multiple
sets of ejector pins, and the heights of the multiple sets of ejector pins are different.

65. The thin film deposition device of claim 1, 2, 7, 8, 9, 10, 11, 12, 27, 28 or 29,
further comprising a controller respectively connected to the gas supply assembly, the
heating tray, the radio frequency source, and the rotating member for controlling the gas
supply assembly, the heating tray, the radio frequency source, and the rotating member

to work.
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66. A thin film deposition apparatus, comprising:

a substrate load port for placing substrates;

a buffer device;

a front-end robot configured to transfer the substrate between the substrate load
port and the buffer device;

the thin film deposition device according to any one of claims 1-37 and 64
configured for thin film deposition on the substrate;

a process manipulator configured for transferring the substrate between the buffer
device and the processing chamber of the thin film deposition device.

67. The thin film deposition apparatus of claim 66, wherein the thin film deposition
device has multiple processing chambers, and the multiple processing chambers are
symmetrically arranged on both sides of the process manipulator or sequentially
arranged around the periphery of the process manipulator.

68. The thin film deposition apparatus of claim 67, wherein each processing
chamber has multiple heating trays for film deposition on multiple substrates
simultaneously.

69. The thin film deposition apparatus of claim 68, wherein the multiple heating trays
in each processing chamber are arranged in a matrix.

70. The thin film deposition apparatus of claim 68, wherein the number of the
heating trays in each processing chambers is three, and the three heating trays are
arranged in a triangular

71. The thin film deposition apparatus of claim 66, wherein multiple substrates can
be placed in the buffer device, and the centers of the multiple substrates are on the same
circle, and the multiple substrates can be rotated along a rotation shaft perpendicular to
the center of the circle to change the positions of the multiple substrates in the buffer
device.

72. The thin film deposition apparatus of claim 66, wherein the buffer device
includes at least two layers of rotating storage platforms, and one layer of the storage
platform is configured to place the substrate to be deposited, and the other layer of the
storage platform is configured to place the deposited substrate.

73. The thin film deposition apparatus of claim 72, wherein at least two buffer
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devices are arranged in the vertical direction.

74. The thin film deposition apparatus of claim 66, wherein the process manipulator
is a telescopic rotating arm.

75. The thin film deposition apparatus of claim 66, wherein a non-contact magnetic
levitation track is arranged below the process manipulator, and the process manipulator
slides on the magnetic levitation track without oil and friction.

76. The thin film deposition apparatus of claim 70, wherein the process manipulator
includes three substrate transfer arms for picking and placing substrates, and the
positions and numbers of the substrate transfer arms are set corresponding to the

multiple of heating trays.





