METHOD FOR REMOVING PHOTORESIST ON WAFER, AND SEMICONDUCTOR
PROCESS DEVICE
FIELD OF THE TECHNOLOGY
[0001] The present disclosure relates to a field of semiconductor manufacturing, and in
particular, to a method for removing photoresist on a wafer and semiconductor process device.
BACKGROUND
[0002] During semiconductor processing, extremely fine patterns need to be fabricated on
wafers. Typically, photolithography is used to transfer a circuit pattern on a mask onto a photoresist
coating the wafer surface. Etching is then used to transfer the photoresist pattern onto the wafer. To
prevent the wafer from being affected by the photoresist during subsequent processing, residual
photoresist on the wafer must be removed. In conventional dry resist removal processes, wafers are
typically placed directly at relatively high temperatures for resist removal. However, ion implantation
of photoresist carbonizes the surface of the photoresist, causing it to form a hardened layer 110 (as
shown in FIG. 1) and an un-crosslinked layer (photoresist, PR) 120. The hardened layer 110 is coated
on the outside of the un-crosslinked layer 120, and the hardened layer 110 is susceptible to popping at
high temperatures.
SUMMARY

[0003] The present disclosure aims to solve at least one of the technical problems in certain
existing technologies, and proposes a method for removing photoresist on a wafer and a semiconductor
process device.
[0004] To achieve the objectives of the present disclosure, a method for removing photoresist
from a wafer is provided, including:
[0005] during the process of removing photoresist after ion implantation, obtaining the spectral

intensity of emitted light generated by a particular element in a chamber at different sampling



moments;

[0006] determining, based on the spectral intensities corresponding to two adjacent sampling
moments, a variation characteristic of the spectral intensity at each sampling moment;

[0007] when the variation characteristic corresponding to the current sampling moment satisfies
a preset condition, determining that the hardened layer removal process is near its end point and
controlling the wafer to descend from its current position toward a heating base according to a preset
relationship to remove the hardened layer of the photoresist.

[0008] In certain embodiments, the variation characteristic is the rate of decrease of the spectral
intensity between two adjacent sampling moments, and the variation characteristic satisfies the
following formula:

[0009] Qn=[S(tn-1)- S(tn)]+=S(tn-1);

[0010] where, Qn is the variation characteristic corresponding to the nth sampling moment, S(tn)
is the spectral intensity corresponding to the nth sampling moment, and n is a positive integer.

[0011] In certain embodiments, the preset condition includes the variation characteristic
corresponding to the current sampling moment being greater than a preset value, where the preset value

is a non-negative number.

[0012] In certain embodiments, the preset value is greater than or equal to 5% and less than or
equal to 20%.
[0013] In certain embodiments, the preset condition also includes a delay duration between the

time when the spectral intensity reaches its maximum value and the current sampling moment.

[0014] In certain embodiments, the delay duration is calculated according to the following
formula:

[0015] T=k/Qmax;

[0016] where, T is the delay duration; k>0, and k is a constant; Qmax is the maximum value of



the absolute value of the variation characteristic before the spectral intensity reaches the maximum
value.

[0017] In certain embodiments, the preset relationship is that the descent displacement Ah of
the wafer is equal to the product of the descent duration At and a constant a, and a is greater than 0.
[0018] In certain embodiments, before obtaining the spectral intensity of the emitted light
generated by the particular element in the chamber at different sampling moments, the removal method
further includes:

[0019] placing the wafer on the bearing surface of the heating base and, after the preheating
duration has elapsed, controlling the wafer to ascend to an initial high position.

[0020] In certain embodiments, after controlling the wafer to descend from its current position
toward the heating base in a predetermined relationship to remove the hardened layer of the photoresist,
the method further includes:

[0021] when the variation characteristic corresponding to the current sampling moment satisfies
the hardened layer removal termination condition, controlling the wafer to descend to the bearing
surface of the heating base to remove the un-crosslinked layer of the photoresist.

[0022] As another technical solution, the present disclosure also provides a semiconductor
process device, including: a chamber, a heating base and a controller, the heating base is arranged in the
chamber, and has a bearing surface for supporting a wafer; the controller includes at least one processor
and at least one memory, the memory stores a computer program, and the processor executes the
computer program to execute the removal method described in the present disclosure.

[0023] The present disclosure has the following beneficial effects:

[0024] The method of removing photoresist on a wafer and the semiconductor process device
provided in the present disclosure obtains the spectral intensity of the emitted light generated by a

particular element, and judges whether the hardened layer removal process is near an end point based



on whether the variation characteristic of the spectral intensity satisfies the preset condition. When the
hardened layer removal process is near the end point, the wafer is controlled to descend and the
temperature is increased to avoid the hardened layer from popping at high temperature.
[0025] Moreover, by applying the removal method of the present disclosure, the wafer descends
before the hardened layer removal process reaches the end point. In this way, while ensuring that the
hardened layer will not burst, on the one hand, the rate of removing the residual hardened layer is
improved, so that the small amount of remaining hardened layer is quickly removed during the wafer
descending process, and the hardened layer removal process may reach the end point in advance,
shortening the time to remove the hardened layer, thereby improving the degumming efficiency. On the
other hand, during the time duration from the moment the hardened layer removal process nears the end
point to the moment it reaches the end point, the distance between the wafer and the bearing surface
gradually decreases, and the temperature of the wafer increases, so that after the hardened layer
removal process reaches the end point, the wafer may be quickly heated up to the process temperature
corresponding to the un-crosslinked layer removal process. That is to say, the wafer may be heated up
in advance during the above time duration before switching to the un-crosslinked layer removal process,
so that the wafer may quickly reach the process temperature required for the un-crosslinked layer
removal process, and the time required for the temperature of the wafer to rise to remove the
un-crosslinked layer when the hardened layer removal process reaches the end point is shortened as
much as possible, thereby improving the degumming efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] FIG. 1 is a schematic diagram of photoresist after ion implantation;
[0027] FIG. 2 is a schematic diagram showing the relationship between wafer temperature and
the distance between the wafer and the bearing surface;

[0028] FIG. 3 is a schematic diagram showing the structure of a semiconductor process device



provided in certain embodiments of the present disclosure;

[0029] FIG. 4 is a schematic diagram showing the hardware modules of a semiconductor
process device provided in certain embodiments of the present disclosure;

[0030] FIG. 5 is a schematic flow chart of a method of removing photoresist from a wafer
according to certain embodiments of the present disclosure;

[0031] FIG. 6 is a schematic diagram illustrating the relationship between wafer temperature
and photoresist removal rate;

[0032] FIG. 7 is a schematic diagram showing the relationship between spectral intensity and
sampling moment during the photoresist removal process, where the wafer is controlled to descend
when the hardened layer removal process reaches its end point;

[0033] FIG. 8 is a schematic diagram showing the relationship between the height of the wafer
relative to the bearing surface and sampling moment during the photoresist removal process
corresponding to FIG. 7,

[0034] FIG. 9 is a schematic diagram showing the relationship between spectral intensity and
sampling duration during a resist removal process using a method provided in certain embodiments of
the present disclosure;

[0035] FIG. 10 is a schematic diagram showing the relationship between the height of the wafer
relative to the bearing surface and sampling duration during the resist removal process corresponding to
FIG. 9;

[0036] FIG. 11 is a graph showing the relationship between spectral intensity and sampling
duration during a resist removal process using another method provided in certain embodiments of the
present disclosure;

[0037] FIG. 12 is a schematic diagram showing the relationship between the height of the wafer

relative to the bearing surface and sampling duration during the resist removal process corresponding to



FIG. 11;
[0038] FIG. 13 is a schematic diagram showing a flow chart of another method of removing

photoresist on a wafer provided in certain embodiments of the present disclosure.

DETAILED DESCRIPTION
[0039] Before introducing certain embodiments of the present disclosure, the related
technologies are first described.
[0040] Because hardened layer 110 may pop at high temperatures, the following steps may be

used to prevent popping during post-ion implantation resist removal. Step 1: Removal of hardened
layer 110: The wafer temperature is adjusted to a low value, and a mixture of O2 and N2 and Hz is
injected. O2removes elements such as C, H, N, and S from hardened layer 110. The N2 and H2 mixture
causes non-volatile substances (oxides such as P2Os and As203) to react with H to form volatile
products. Step 2: Removal of the un-crosslinked layer 120: The temperature of the wafer is adjusted to
a higher temperature value, and Oz is injected. Oz reacts with the un-crosslinked layer 120 to form
volatile products.

[0041] When using semiconductor process device to remove resist from wafers, the wafer may
be placed on the bearing surface of a heating base. The heating base bears the wafer, and the wafer may
be moved relative to the heating base to a position a certain distance from the bearing surface. The
heating base is equipped with a heater, which is powered to heat the heating base, which is then
transferred to the wafer to regulate its temperature. The temperature of the wafer is related to the
distance between the wafer and the bearing surface. The relationship between the two is shown in FIG.
2. Specifically, along a vertical direction, the smaller the distance between the wafer and the bearing
surface is, the higher the temperature of the wafer is; along the vertical direction, the larger the distance
between the wafer and the bearing surface is, the lower the temperature of the wafer is.

[0042] Based on this, it is advisable to reasonably adjust the distance between the wafer and the



bearing surface to control the semiconductor process device to first perform the hardened layer removal
process step, and then perform the un-crosslinked layer removal process step after the hardened layer is
removed.

[0043] In related technologies, the distance between the wafer and the bearing surface and the
process duration during the hardened layer removal process are set to empirical values, as are the
distance between the wafer and the bearing surface and the process duration during the un-crosslinked
layer removal process. This creates a specific process recipe. When using the same process recipe for
resist removal, the wafer lift process remains the same.

[0044] However, the inventors of the present disclosure found that due to the different ion
implantation amounts of different types of wafers, the thickness of the hardened layer of different types
of wafers is different. Therefore, when using a specific process formula to remove the resist of different
types of wafers, the following problems are likely to occur: First, before the process time of the
hardened layer removal process step reaches the set empirical value, the hardened layer has been
completely removed, and the distance between the wafer and the bearing surface is still large, and the
switch from step 1 to step 2 is not made in time, resulting in a long resist removal process, low
efficiency, and low production capacity. Second, when the hardened layer removal process reaches the
set empirical value, the hardened layer is not completely removed, the distance between the wafer and
the bearing surface decreases prematurely, and the process switches from step 1 to step 2 too early,
causing the hardened layer to pop at a higher temperature. Therefore, using a specific process recipe for
resist removal is not suitable for different wafer types.

[0045] The essence of these problems is that because the thickness of the hardened layer of
different types of wafers is different, when a specific process formula is used for resist removal, and
when the process time of the hardened layer removal process reaches the set empirical value, the end

point of the hardened layer removal process is reached by default. This may easily lead to inaccurate



judgment of the end point of the hardened layer removal process and may not be adapted to different
types of wafers.

[0046] In order to solve the above-mentioned problems existing in the related technologies, the
inventors of the present disclosure propose a method for removing photoresist on a wafer. The method
judges whether the hardened layer removal process has reached the end point based on the spectral
intensity of the emitted light generated by a particular element in the chamber. When the hardened layer
removal process reaches the end point, the wafer is controlled to descend onto a heating base, so that
the wafer is heated to remove the un-crosslinked layer. In this way, the end point of the hardened layer
removal process is determined based on changes in the spectral intensity signal, achieving automatic
detection of the hardened layer removal process end point. Furthermore, during the hardened layer
removal process, the spectral intensity of a particular element changes with the amount of process gas
or reactive gas containing that element. Therefore, even if the thickness of the hardened layer formed
on wafers manufactured using the same process varies, this method may accurately monitor the
progress of the photoresist removal process and determine the end point of the hardened layer removal
process with high accuracy.

[0047] However, in practical implementation, the wafer is heated up due to the thermal
radiation from the heating base, and the wafer heating process takes a certain amount of time. Therefore,
the wafer is controlled to descend only when the hardened layer removal process reaches the end point.
The wafer may not be quickly heated to the higher temperature value required to remove the
un-crosslinked layer, resulting in low removal efficiency of the hardened layer and the un-crosslinked
layer.

[0048] In order to improve the resist removal efficiency, certain embodiments of the present
disclosure further provide a method for removing photoresist on a wafer and a semiconductor process

device.



[0049] FIG. 3 is a schematic diagram of the structure of a semiconductor process device
provided in certain embodiments of the present disclosure. Referring to FIG. 3, the semiconductor
process device includes a chamber 200 and a heating base 400. The heating base 400 is located within
the chamber 200 and has a bearing surface for bearing a wafer 300. The chamber 200 and the heating
base 400 enable a resist removal process to remove ordinary photoresist or ion-implanted photoresist
from the surface of the wafer 300.

[0050] A heater 410 is provided inside the heating base 400, and the heater 410 is connected to
a power supply 500 arranged outside of the chamber 200. The heater 410 is powered on to heat the
heating base 400, so that the heating base 400 is heated and the heat of the heating base 400 is
transferred to the wafer 300 to adjust the temperature of the wafer 300.

[0051] In certain embodiments, the semiconductor process device also includes a lift assembly
(not shown in the figure) and three lift pins 210. The heating base 400 is provided with three through
holes corresponding to the three lift pins 210. The three lift pins 210 press against the back of the wafer
300. The lift assembly is used to drive the three lift pins 210 to ascend and descend along the
corresponding through holes, so that the distance between the wafer 300 and the bearing surface of the
heating base 400 changes, so as to change the heat radiated from the heating base 400 to the wafer 300,
thereby achieving temperature regulation of the wafer 300. The number of the lift pins 210 is not
limited to three, and may be designed based on experience and working conditions.

[0052] FIG. 4 is a schematic diagram of a hardware module of a semiconductor process device
provided by certain embodiments of the present disclosure. Referring to FIG. 3 and FIG. 4, the
semiconductor process device further includes a spectral intensity detection device 800 and a controller
700.

[0053] Exemplarily, the controller 700 includes at least one processor 710 and at least one

memory 720. The memory 720 may be used to store program code. The memory 720 may be



configured as any type of memory. For example, the memory 720 may be implemented as flash
memory, read-only memory (ROM), random access memory (RAM), removable memory, other types
of storage elements, or any combination of such storage devices.

[0054] The processor 710 may be used to execute the above-mentioned application code and
call related modules to implement the functions of the semiconductor process device in certain
embodiments of the present disclosure. The processor 710 may include one or more processing units,
for example: the processor 710 may include an application processor (AP), a modem processor, a
graphics processor (GPU), an image signal processor (ISP), a video codec, a digital signal processor
(DSP), a baseband processor, and/or a neural-network processing unit (NPU). Among them, different
processing units may be independent devices or integrated into one or more processors 710.

[0055] The spectral intensity detection device 800 is used to detect the spectral intensity of the
emitted light generated by a particular element. The spectral intensity detection device 800 is
electrically connected to the controller 700 to transmit the detected spectral intensity to the controller
700. Specifically, the spectral intensity detection device 800 may be implemented using a spectral
sensor. The spectral intensity detection device 800 may detect the spectral intensity in real time or
collect spectral intensity at preset intervals.

[0056] In certain embodiments, the semiconductor process device disclosed herein may further
include a first timer 910 and a second timer 920, both of which are connected to the controller 700 and
are used for timing.

[0057] The controller 700 is also connected to the lift assembly via a communication module
930 to control the lift assembly to drive the three lift pins 210 to ascend and descend along the
corresponding through holes, thereby changing the distance between the wafer 300 and the bearing
surface of the heating base 400. The communication module 930 may be implemented as one or more

suitable communication interfaces.
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[0058] The structures illustrated in certain embodiments of the present disclosure do not
constitute restrictions on semiconductor process device. In certain embodiments of the present
disclosure, the semiconductor process device may include more or fewer components than shown, or
may combine or separate certain components, or arrange the components differently. The illustrated
components may be implemented in hardware, software, or a combination of software and hardware.
[0059] FIG. 5 is a flow chart of a method for removing photoresist on a wafer provided in
certain embodiments of the present disclosure. For the above-mentioned semiconductor process device,
the method for removing photoresist on a wafer may be executed. The process of the removal method
may be seen in FIG. 5, including:

[0060] S101, during the process of removing the photoresist after ion implantation, obtaining
the spectral intensity of the emitted light generated by a particular element in the chamber at different

sampling moments.

[0061] The particular element may be the element implanted by the ions, such as P, As, B, or
the like.
[0062] This step may be achieved by receiving the spectral intensity detected by the spectral

intensity detection device 800, thereby acquiring the spectral intensity.

[0063] There is a one-to-one correspondence between each sampling moment and the spectral
intensity at that sampling moment. Similarly, the time from each sampling moment to the first sampling
moment is the sampling duration, and there is also a one-to-one correspondence between the sampling
duration and the spectral intensity corresponding to the sampling duration.

[0064] S102, determining a variation characteristic of the spectral intensity at each sampling
moment according to the spectral intensities corresponding to two adjacent sampling moments.

[0065] S103, when the variation characteristic corresponding to the current sampling moment

satisfies the preset conditions, determining that the hardened layer removal process is near the end
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point and the wafer is controlled to descend from the current position toward the heating base
according to the preset relationship to remove the hardened layer of the photoresist.

[0066] The preset conditions should be properly designed so that the variation characteristic
corresponding to the current sampling moment satisfies the preset conditions before satisfying the
hardened layer removal termination conditions. The fact that the variation characteristic corresponding
to the current sampling moment satisfies the preset conditions should indicate that most of the hardened
layer has been removed, but that a small amount of hardened layer remains, indicating that the
hardened layer removal process is near its end point.

[0067] The variation characteristic in spectral intensity should reflect the progress of the resist
removal process, allowing more accurate judgment of the end point of the hardened layer removal
process based on the variation characteristic. Therefore, the particular element should also exhibit
different spectral intensity variation trends during hardened layer removal and during un-crosslinked
layer removal.

[0068] Combined with the above description, it may be seen that when the process of removing
the hardened layer begins, the wafer should be at the initial high position. At this time, the distance
between the wafer and the bearing surface is HI, so that the temperature of the wafer is lower than or
equal to 200°C to avoid popping. The general process of applying the removal method of certain
embodiments is as follows: if the variation characteristic corresponding to the current sampling
moment satisfies the preset conditions, the wafer is controlled to descend from the initial high position
to approach the heating base, so that the wafer temperature is increased and the small amount of
residual hardened layer is removed. During the descent process, the spectral intensity of the emitted
light generated by the particular element continues to be obtained. If the variation characteristic
corresponding to the current sampling moment still satisfies the preset conditions, the wafer is

controlled to descend from the current position and the small amount of remaining hardened layer
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continues to be cleaned until the hardened layer is completely removed.

[0069] As disclosed herein, the wafer may be controlled to descend from its current position
toward the heating base in the removal method by, for example, sending a signal to a lift assembly to
cause the lift assembly to drive the lift pins downward, thereby driving the wafer downward.

[0070] The removal method of certain embodiments obtains the spectral intensity of the emitted
light generated by a particular element, and determines whether the hardened layer removal process is
approaching the end point based on whether the variation characteristic in the spectral intensity satisfies
the preset conditions. When the hardened layer removal process is approaching the end point, the wafer
is controlled to descend and heat up. In other words, the distance between the wafer and the heating
base is large before the wafer descends, keeping the wafer temperature relatively low to prevent the
hardened layer from popping at high temperatures. It's worth noting that near the end of the hardened
layer removal process, only a small amount of hardened layer remains. Even if the wafer heats up as it
descends, this remaining hardened layer won't pop. Therefore, the removal method of certain
embodiments may effectively solve the problem of the hardened layer popping at high temperatures.
[0071] It may be understood that during the resist removal process, when the wafer temperature
is the only variable in the process conditions, the resist removal rate is positively correlated with the
wafer temperature. For details, please refer to FIG. 6, that is, the higher the wafer temperature, the
faster the resist removal rate. Based on this, in the removal method of certain embodiments, the wafer
is lowered before the hardened layer removal process reaches the end point. In this way, when the
removal method of certain embodiments is used to remove the resist, since part of the hardened layer
has been removed, its thickness becomes thinner. By controlling the wafer to descend according to a
preset relationship, "popping" may be avoided. On the one hand, the temperature of the wafer may be
increased so that the remaining hardened layer may be removed at a higher temperature, thereby

increasing the removal rate of the hardened layer and allowing the small amount of remaining hardened
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layer to be quickly removed during the wafer descent process. The hardened layer removal process may
then reach its end point ahead of time, shortening the time to remove the hardened layer and thereby
improving the degumming efficiency. On the other hand, during the time duration from when the
hardened layer removal process approaches the end point to when it reaches the end point, the distance
between the wafer and the bearing surface gradually decreases, and the temperature of the wafer
increases, so that after the hardened layer removal process reaches the end point, the wafer may be
quickly heated to the process temperature corresponding to the un-crosslinked layer removal process.
That is to say, the wafer may be heated up in advance within the above-mentioned time duration before
switching to the un-crosslinked layer removal process, so that the wafer may quickly reach the process
temperature required for the un-crosslinked layer removal process, and shorten the heating time
required to switch from the hardened layer removal process to the un-crosslinked layer removal process
as much as possible, thereby improving the resist removal efficiency.

[0072] The removal method disclosed herein may further perform S104 after S103.

[0073] At S104, when the variation characteristic corresponding to the current sampling
moment satisfies the hardened layer removal termination condition, the wafer is controlled to descend
to the bearing surface of the heating base to remove the un-crosslinked layer of the photoresist.

[0074] Among them, the variation characteristic corresponding to the current sampling moment
satisfies the hardened layer removal termination condition, which means that the hardened layer is
completely removed and the hardened layer removal process reaches the end point.

[0075] The general process of applying the removal method of certain embodiments is as
follows: when the variation characteristic corresponding to the current sampling moment satisfies the
preset conditions, the wafer is controlled to descend from the current position to continue removing the
small amount of remaining hardened layer. Then, the spectral intensity of the emitted light generated by

the particular element is continued to be obtained. If the variation characteristic corresponding to the
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current sampling moment satisfies the termination condition for removal of the hardened layer, the
wafer is controlled to continue to descend to the bearing surface of the heating base, and the
temperature of the wafer is increased to 250°C to 300°C to remove the un-crosslinked layer.

[0076] It should be noted that the above-mentioned variation characteristic may be understood
in a broad sense, as long as it may characterize the variation trend of the photoresist removal process.
[0077] In a first implementation, the variation characteristic may be the variation in the spectral
intensity of the emitted light generated by a particular element between two adjacent sampling
moments. The variation characteristic may be determined according to the following formula (1),
where S(tn) is the spectral intensity corresponding to the nth sampling moment, n is a positive integer,
S(tn-1) 1s the spectral intensity corresponding to the n-1th sampling moment, and ASn is the variation
characteristic corresponding to the nth sampling moment.

[0078] ASn= S(tn)- S(tn-1) Formula (1)

[0079] In a second implementation, the variation characteristic may be the rate of change of the
spectral intensity of the emitted light generated by a particular element between two adjacent sampling

moments. The variation characteristic may be determined according to the following formula (2),

where Sn is the variation characteristic at the nth sampling moment, and th — th—1 isthe sampling

duration between the nth sampling moment and the (n-1)th sampling moment.

[0080] Sp = [S(te) — Strop)l/ (ty — ty_q) Formula (2)

[0081] In a third implementation, the variation characteristic may be the rate of decrease of the
spectral intensity between two adjacent sampling moments. The variation characteristic may be
determined according to the following formula (3), where Qn is the variation characteristic

corresponding to the nth sampling moment.

[0082] Qu=[S(tn-1)- S(ta)]=S(tn-1) Formula (3)
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[0083] As the hardened layer removal process nears completion, the spectral intensity continues
to decline. Therefore, using the rate of decrease to characterize the variation characteristic makes it
easier to determine whether the variation characteristic satisfies the preset conditions. The following

explanation uses the variation characteristic Qn as an example. Those skilled in the technical field

readily understand the technical solution using the variation characteristic ASn or S n' after reading the
following text.

[0084] As described herein, the termination condition for hardened layer removal may be that
the variation characteristic is 0 or close to 0, indicating that the spectral intensity of the particular
element has not changed, which means that the gas amount of process gas or reaction gas containing
the particular element tends to be stable, and the hardened layer removal process reaches the end point.
[0085] In the removal method disclosed herein, the preset condition may include that the
variation characteristic corresponding to the current sampling moment is greater than a preset value,
and the preset value is a non-negative number. In other words, the preset condition satisfies the
variation characteristic Qn>0. Combined with the above, it may be seen that if the variation
characteristic corresponding to the current sampling moment is a positive number, that is, the spectral
intensity decrease rate of the emitted light generated by a particular element is greater than 0, it means
that the spectral intensity is on the falling edge, which indicates that the hardened layer removal process
is approaching the end point. At this time, the wafer may be controlled to descend to remove the
remaining hardened layer.

[0086] The preset value may be greater than or equal to 5% and less than or equal to 20%.
Taking the preset value of 5% as an example, when the rate of decrease (for example, the variation
characteristic) of the spectral intensity between two adjacent sampling moments is greater than 5%, the
wafer is controlled to descend. Here, the preset value is an empirical value obtained through a large

number of process tests and simulation experiments. At this time, the method of certain embodiments is
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used to remove the photoresist after ion implantation, and the removal efficiency is high. Of course, the
preset value is not limited to 5% to 20%, and may be designed according to actual working conditions.
[0087] A comparison is made between a resist removal process in which the wafer is controlled
to descend when the hardened layer removal process reaches an end point and a resist removal process
using the removal method of certain embodiments.

[0088] FIG. 7 is a curve relationship diagram of the spectral intensity and sampling duration
during the resist removal process that controls the wafer to descend when the hardened layer removal
process reaches the end point. FIG. 8 is a curve relationship diagram of the height of the wafer relative
to the bearing surface and the sampling duration during the resist removal process corresponding to
FIG. 7. In the examples shown in FIGs. 7 and 8, the resist removal process is as follows: first, the wafer
is controlled to ascend to the initial high position, and the height of the wafer relative to the bearing
surface is H1, so as to remove the hardened layer; the height of the wafer relative to the bearing surface
is controlled to remain at H1; when the sampling duration is 105s, it is detected that the spectral
intensity reaches the maximum value; until the sampling duration is 129.95s, it is determined that the
variation characteristic Qn of the spectral intensity at the current sampling duration is 0%, which
satisfies the termination condition for the removal of the hardened layer, and the wafer is controlled to
descend to the bearing surface to remove the un-crosslinked layer.

[0089] FIG. 9 is a curve relationship diagram of the spectral intensity and sampling duration
during the resist removal process using a removal method provided in certain embodiments of the
present disclosure, and FIG. 10 is a curve relationship diagram of the height of the wafer relative to the
bearing surface and sampling duration during the resist removal process corresponding to FIG. 9. In the
examples shown in FIGs. 9 and 10, the resist removal process is as follows: first, the wafer ascends to
an initial high position, with the height of the wafer relative to the bearing surface being Hi, to remove

the hardened layer; the height of the wafer relative to the bearing surface is maintained at Hi; when the
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sampling duration is 105 seconds, the spectral intensity reaches its maximum value. Until the sampling
duration reaches 115s, it is determined that the variation characteristic Qn of the spectral intensity at the
current sampling duration is greater than the preset value C, which satisfies the preset conditions, and
the wafer is controlled to descend according to the preset relationship to continue cleaning the residual
hardened layer; the spectral intensity is continued to be monitored during the descent process until the
sampling duration reaches 119.03s, when it is determined that the variation characteristic Qn of the
spectral intensity at the current sampling duration is 0%, which satisfies the termination conditions for
hardened layer removal, and the wafer is controlled to descend to the bearing surface to remove the un
-crosslinked layer.

[0090] In combination with FIGs. 7 to 10, it may be seen that the removal method of certain
embodiments controls the wafer to descend to increase the temperature of the wafer when the variation
characteristic satisfies the preset conditions and the hardened layer removal process is near the end
point but has not reached the end point. The sampling duration corresponding to the end point of the
hardened layer removal process is shortened from 129.95s to 119.03s, and the termination time of the
hardened layer removal process is advanced by 10.92s. This verifies that the removal method of certain
embodiments may effectively shorten the time for removing the hardened layer, thereby greatly
improving the resist removal efficiency.

[0091] In the removal method disclosed herein, the preset relationship is that the wafer's
descent displacement Ah is equal to the product of the descent duration At and a constant a, where a>0.
The constant a may be considered the wafer's descent velocity. The descent duration At is the duration
from the start of the descent movement to the current moment. The descent start moment is the
sampling moment corresponding to the variation characteristic satisfying the preset conditions.

[0092] Taking the preset value as 5%, the preset condition includes that the variation

characteristic corresponding to the current sampling moment is greater than 5%. If the sampling
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duration corresponding to the sampling moment when the variation characteristic is greater than 5% is
t1, then when the sampling duration reaches t2, the descent displacement of the wafer
Ah=axAt=ax(t2-t1). At this point, the height corresponding to the wafer's current position is H' = Hi - Ah
=Hi - a X (t2 - t1). In certain embodiments, when the variation characteristic corresponding to the
current sampling moment satisfies the preset conditions, the wafer is controlled to descend at a uniform
speed, causing the wafer to heat up at a uniform rate, thereby reducing the risk of the remaining
hardened layer popping during the wafer's descent.

[0093] On the basis that the preset condition includes that the variation characteristic
corresponding to the current sampling moment is greater than the preset value, the preset condition
further includes a delay duration T between the moment when the spectral intensity reaches the
maximum value and the current sampling moment. That is to say, after the spectral intensity reaches the
maximum value, the height of the wafer is kept unchanged until the interval delay duration T is reached
and the variation characteristic is greater than the preset value, and the wafer is controlled to descend
according to the preset relationship to remove the hardened layer.

[0094] In the removal method disclosed herein, when the spectral intensity reaches a maximum
value, the first timer 910 may be used for timing. When the timing time reaches the delay duration T
and the variation characteristic is greater than a preset value, the wafer is controlled to descend.
Alternatively, in certain embodiments, when the spectral intensity reaches its maximum value, the
moment corresponding to the spectral intensity reaching its maximum value may be obtained, and the
moment may be added to the delay duration T to obtain the corresponding descent time point. When the
descent time point is reached from the current moment and the variation characteristic is greater than
the preset value, the wafer is controlled to descend.

[0095] Therefore, in the removal method of certain embodiments, the preset conditions are

designed, including that the variation characteristic corresponding to the current sampling moment is
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greater than the preset value, and the interval between the current sampling moment and the moment
when the spectral intensity reaches the maximum value is delayed for a length of T, to ensure that the
spectral intensity is on the falling edge. When the hardened layer removal process approaches the end
point, the wafer is controlled to descend to increase the temperature of the wafer. In this way, while
avoiding the popping phenomenon, the hardened layer removal rate may be increased in the later stage
of the hardened layer removal process to shorten the hardened layer removal time and thus improve the
resist removal efficiency.

[0096] FIG. 11 is a curve relationship diagram of spectral intensity and sampling duration
during the resist removal process using another removal method provided in certain embodiments of
the present disclosure, and FIG. 12 is a curve relationship diagram of the height of the wafer relative to
the bearing surface and sampling duration during the resist removal process corresponding to FIG. 11.
In the example shown in FIG. 11 and FIG. 12, the resist removal process is as follows: first, the wafer
is raised to an initial high position, with the height of the wafer relative to the bearing surface being Hi,
to remove the hardened layer; the height of the wafer relative to the bearing surface is maintained at Hi;
when the sampling duration is 105 seconds, the spectral intensity reaches a maximum value, and the
first timer 910 is controlled to start timing. When the sampling duration is 115 seconds, the timing time
of the first timer 910 reaches T, and it is determined that the variation characteristic Qn of the spectral
intensity at the current sampling moment is greater than the preset value C, then the preset condition is
met, and the wafer is controlled to descend according to the preset relationship to continue cleaning the
residual hardened layer. The spectral intensity is continuously monitored during the descent process
until the sampling duration reaches 119.03s. The variation characteristic Qn of the spectral intensity at
the current sampling moment is determined to be 0%, which satisfies the termination condition for the
removal of the hardened layer. The wafer is controlled to descend to the bearing surface to remove the

un-crosslinked layer.
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[0097] Please refer to FIGs. 7, 8, 11 and 12 together. It may be seen that the removal method of
certain embodiments controls the wafer to descend to increase the temperature of the wafer after the
spectral intensity reaches the maximum value, after the interval delay duration T and when the variation
characteristic Qn is greater than the preset value. The sampling duration corresponding to the end point
of the hardened layer removal process is shortened from 129.95 seconds to 119.03 seconds, and the end
time of the hardened layer removal process is advanced by 10.92 seconds. This verifies that the
removal method of certain embodiments may effectively increase the hardened layer removal rate,
thereby greatly improving the resist removal efficiency.

[0098] It should be understood that in an implementation scheme where the preset conditions
also include a delay duration T between the moment when the spectral intensity reaches its maximum
value and the current sampling moment, if the sampling moment corresponding to the moment when
the spectral intensity reaches its maximum value is t', and the interval delay duration is T, and the
variation characteristic is greater than the preset value, the sampling duration corresponding to when
the wafer starts to decline is t", then the descent duration At satisfies: At=t"- t'-T. The descent
displacement of the wafer is Ah = a x (t"-t'-T). At this time, the height corresponding to the current
position of the wafer is H' = H1-Ah = H1- a x (t"-t'-T).

[0099] The delay duration T may be designed based on past experience and needs. For example,
the delay duration T may be 5s, 10s, or the like. Certain embodiments do not impose any specific
restrictions on this.

[00100] In certain embodiments of the present disclosure, the delay duration T may also be
determined by calculation when the spectral intensity reaches its maximum value. Specifically, the
delay duration T is calculated according to the following formula (4). Where T is the delay duration; k >
0, and k is a constant; Qmax is the maximum absolute value of the variation characteristic before the

spectral intensity reaches its maximum value.
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[00101] T=k/Qmax Formula (4)

[00102] Among them, the variation characteristic refers to the descent rate of the spectral
intensity between two adjacent sampling moments. In the early stage of the hardened layer removal
process, the spectral intensity continues to increase, that is, the spectral intensity is on the rising edge,
and the variation characteristic Qn is less than 0. The absolute value of the variation characteristic Qn
represents the ascent rate of the spectral intensity. The maximum value of the absolute value of the
variation characteristic Qn may be understood as the maximum ascent rate of the spectral intensity.
[00103] Therefore, it may be understood that the delay duration T is negatively correlated with
Qmax, that is, the delay duration T is negatively correlated with the rate of increase of the spectral
intensity. Specifically, in the early stage of the hardened layer removal process, the faster the spectral
intensity increases, the greater the rate of increase of the spectral intensity, and the larger Qmax, the
smaller the delay duration T. On the contrary, in the early stage of the hardened layer removal process,
the slower the spectral intensity grows, the smaller the rate of increase of the spectral intensity, and the
smaller Qmax, the longer the delay duration T.

[00104] In this way, when the method of certain embodiments is used to remove the photoresist,
the faster the spectral intensity grows, that is, the greater the rate of the chemical reaction of the
hardened layer removal process, the faster the temperature of the wafer is increased after the variation
characteristic satisfies the preset conditions, further ensuring that the temperature of the wafer be
increased before reaching the end point of the hardened layer removal process.

[00105] Moreover, compared with directly setting the delay duration T as a constant, the delay
duration T is determined by calculation in certain embodiments, which is conducive to ensuring that for
different types of wafers, the delay duration T may be adapted to the rising rate of the spectral intensity
during the hardened layer removal process, so as to ensure that the hardened layer removal process has

not reached the end point when the time is extended to T from the moment when the spectral intensity
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reaches the maximum value.

[00106] In addition, in an implementation scheme where the preset condition further includes a
delay duration T between the time when the spectral intensity reaches the maximum value and the
current sampling moment, step S102 may be specifically implemented using the following steps.
[00107] S1021, when the spectral intensity reaches a maximum value, determining a variation
characteristic of the spectral intensity corresponding to all sampling moments according to the spectral
intensity corresponding to two adjacent sampling moments.

[00108] S1022: When the absolute value of the variation characteristic of the spectral intensity is
greater than the set threshold, execute S103.

[00109] The set threshold is set to a positive number and may be reasonably designed based on
actual experience and working conditions. In certain embodiments, an additional condition is set for
executing step S103, namely, the absolute value of the variation characteristic of the spectral intensity
is greater than the set threshold. That is to say, before the spectral intensity reaches its maximum value,
in the early stage of the hardened layer removal process, if the rate of increase of the spectral intensity
is greater than the set threshold, that is, the spectral intensity increases too fast, then after the spectral
intensity reaches its maximum value, at the interval delay duration T, and the variation characteristic
Qn is greater than the preset value, the wafer is controlled to descend.

[00110] In this way, the method of controlling the wafer to descend after a delay duration T after
the spectral intensity reaches a maximum value is suitable for situations where the spectral intensity
increases or decreases rapidly.

[00111] In any of the above embodiments, preferably, the sampling durations between any two
adjacent sampling durations are equal, that is, the spectral intensity of the emitted light generated by a
particular element is collected during each sampling duration @, ta-tn-1=®, where @ is a positive

constant. Schematically, ® may be set to 0.1s, 0.5s, 1s, or the like. In this way, the spectral intensity
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may be collected uniformly, especially when the variation characteristic is Sn', which is also
conducive to simplifying the calculation of the variation characteristic.

[00112] In certain embodiments, before step S101 above, the removal method of certain
embodiments may further include the following steps.

[00113] S201: Placing the wafer on the bearing surface of the heating base and, after the
preheating duration has expired, controlling the wafer to ascend to its initial high position.

[00114] Here, the height of the wafer relative to the bearing surface at the initial high position is
HI1. Referring to FIGs. 9 to 12, Hi may specifically be 10 mm. Of course, Hi is not limited to 10 mm; in
other embodiments of the present disclosure, it may also be 12 mm, 15 mm, or the like.

[00115] In certain embodiments of the present disclosure, the specific implementation process of
step S201 may include the following steps.

[00116] Step S2011: At the start of the post-ion implantation photoresist removal process, the
wafer is placed on the bearing surface of the heating base and a timer is started.

[00117] Specifically, this step may be accomplished by sending a signal to the second timer 920
to initiate timing.

[00118] Step S2012: When the timer reaches the preheating duration, the wafer is controlled to
ascend from the bearing surface to the initial high position.

[00119] The preheating duration d may also be designed based on experience and actual
operating conditions. For example, in the examples shown in FIGs. 10 and 12, the preheating duration
d may be designed to be 78 seconds.

[00120] In certain embodiments, at the beginning of the hardened layer removal process, the
wafer is preheated by being placed on the bearing surface of the heating base within the preheating
duration d, so that when the wafer moves to the initial high position, it may quickly reach the process

temperature of the hardened layer removal process, so that the hardened layer removal process may be
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carried out as soon as possible, which is beneficial to improving the resist removal efficiency.

[00121] FIG. 13 is a schematic flow chart of another method for removing photoresist from a
wafer, provided in certain embodiments of the present disclosure. Referring to FIG. 13, in one specific
example, the removal method includes the following steps:

[00122] Step S301: At the beginning of the process for removing the post-ion implantation
photoresist, a wafer is placed on a bearing surface of a heating base and a timer is started.

[00123] Step S302: When the timer reaches the preheating duration d, the lift assembly is
controlled to drive the lift pins upward, raising the wafer from the bearing surface to its initial high
position.

[00124] Step S303: During the post-ion implantation photoresist removal process, the spectral
intensity of the emitted light generated by a particular element in the chamber is obtained at different
sampling moments.

[00125] Step S303: Determining the variation characteristic Qn of the spectral intensity at each
sampling moment based on the spectral intensity corresponding to two adjacent sampling moments.
[00126] Step S304: When the spectral intensity reaches its maximum value, calculating the delay
duration T according to formula (4) above.

[00127] Step S305: Determining whether the variation characteristic Qn at the current sampling
moment is greater than 5%, and determine whether the delay duration T is between the current
sampling moment and the moment when the spectral intensity reaches the maximum value; if so,
execute step S306; if not, return to execute step S303.

[00128] Step S306: Controlling the lift assembly to drive the lift pins, lowering the wafer from
its initial high position toward the heating base in a preset relationship to remove the hardened layer.
[00129] Step S307: Determining whether the variation characteristic Qn at the current sampling

moment is equal to 0%. If so, the hardened layer removal process is determined to have reached its end
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point, and step S308 is executed. If not, the process returns to step S305.

[00130] Step S308: control the lift assembly to drive the lift pins to move the wafer down to the
bearing surface of the heating base to remove the un-crosslinked layer.

[00131] It is understood that the above embodiments are merely exemplary embodiments for
illustrating the principles of the present disclosure, and the present disclosure is not limited thereto.
Those skilled in the technical field may make various modifications and improvements without
departing from the spirit and substance of the present disclosure, and such modifications and

improvements are also considered to be within the scope of protection of the present disclosure.
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CLAIMS

What is claimed is:

1. A method of removing photoresist from a wafer, characterized in that:

during a process of removing photoresist after ion implantation, obtaining a spectral intensity
of emitted light generated by a particular element in a chamber at different sampling moments;

determining a variation characteristic of the spectral intensity at each sampling moment based

on spectral intensities at two adjacent sampling moments;

when the variation characteristic at a current sampling moment satisfies a preset condition,
determining that a hardened layer removal process is near an end point and controlling the wafer to
descend from its current position toward a heating base according to a preset relationship to remove the

hardened layer of the photoresist.

2. The removal method according to claim 1, characterized in that the variation characteristic is a
rate of decrease of the spectral intensity between two adjacent sampling moments, and the variation
characteristic satisfies the following formula:
Qn=[S(tn-1)- S(tn)]+S(tn-1);

where Qn is the variation characteristic corresponding to the nth sampling moment, S(tn) is the

spectral intensity corresponding to the nth sampling moment, and n is a positive integer.

3. The removal method according to claim 2, characterized in that the preset condition includes

that the variation characteristic corresponding to the current sampling moment is greater than a preset

value, and the preset value is a non-negative number.
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4. The removal method according to claim 3, characterized in that the preset value is greater than

or equal to 5% and less than or equal to 20%.

5. The removal method according to claim 3, characterized in that the preset condition further
includes a delay duration between the time when the spectral intensity reaches the maximum value and

the current sampling moment.

6. The removal method according to claim 5, characterized in that the delay duration is calculated
according to the following formula:
T=Kk/Qmax;

wherein, T is the delay duration; k>0, and k is a constant; Qmax is the maximum value of the

absolute value of the variation characteristic before the spectral intensity reaches the maximum value.

7. The removal method according to any one of claims 1 to 6, characterized in that the preset
relationship is that the descent displacement Ah of the wafer is equal to the product of the descent

duration At and a constant a, and a is greater than 0.

8. The removal method according to any one of claims 1 to 6, characterized in that, before
obtaining the spectral intensity of the emitted light generated by the particular element in the chamber
at different sampling moments, the removal method further comprises:

placing the wafer on the bearing surface of the heating base, and after the preheating duration

has expired, controlling the wafer to ascend to an initial high position.
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0. The removal method according to any one of claims 1 to 6, characterized in that, after
controlling the wafer to descend from its current position toward the heating base according to a preset
relationship to remove the hardened layer of the photoresist, the method further comprises:

controlling the wafer to descend to the bearing surface of the heating base to remove the
un-crosslinked layer of the photoresist when the variation characteristic corresponding to the current

sampling moment satisfies a hardened layer removal termination condition.

10. A semiconductor process device, characterized in that, comprising:

a chamber;

a heating base, arranged within the chamber and having a bearing surface for supporting a
wafer;

a controller, including at least one processor and at least one memory, the memory storing a
computer program, the processor executing the computer program to perform the removal method

according to any one of claims 1 to 9.

29



