SEMICONDUCTOR STRUCTURE TREATMENT METHOD AND
SEMICONDUCTOR STRUCTURE FORMING METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] The present application claims priority to Chinese Patent Application No.
202010633744.2, filed on July 2, 2020, and entitled “Semiconductor Structure
Processing Method and Forming Method”, which is hereby incorporated by reference in

its entirety.

TECHNICAL FIELD

[ 0002] The present disclosure relates to the technical field of semiconductors, and

relates to a semiconductor structure processing method and forming method.

BACKGROUND

[ 0003] Multiple processing procedures, such as material deposition, planarization,
feature patterning, etching and cleaning, are usually required in a semiconductor
manufacturing process. With the continuous reduction of the manufacturing process of
integrated circuits, manufacturing processes are increasingly complex, and high aspect
ratio (HAR) structures are increasingly important. Due to the reduction of the
manufacturing process, the depth of feature portions is unchanged or increased and the
width of the feature portions is decreased, so that an aspect ratio of the feature portions is
increased. Problems such as lateral bending, top and bottom critical dimension (CD)
variations, necking, inclination, pattern distortion, etc in an HAR structure process is
highly prone to occur. How to improve the quality of the HAR structure and prevent the

inclination of the HAR structure is an urgent problem to be solved.



SUMMARY

[ 0004] Examples of the present disclosure provide a semiconductor structure
p p p
processing method and forming method, which effectively solve the problem of

inclination of an HAR structure. The methods have simple processes and low cost.

[ 0005] In order to solve the above technical problems, an embodiment of the present
disclosure provides a semiconductor structure forming method which may include:
providing a semiconductor substrate, which is provided with feature portions having a
mask layer on their top surfaces; ashing a semiconductor structure including the
semiconductor substrate, the feature portions and the mask layer; removing the mask
layer; cleaning the semiconductor structure, and forming an oxide layer on surfaces of
the feature portions after the feature portions are cleaned; drying the semiconductor
structure; and removing the oxide layer. During drying, in at least one pair of adjacent
feature portions, one feature portion may incline towards the other feature portion, and a
distance between the inclined feature portion and the feature portion adjacent thereto

after drying may be smaller than a distance therebetween before drying.

[ 0006] The feature portions are HAR structures, the inclination of the feature portions
is the inclination of the HAR structures, and the inclination of the HAR structures may be
avoided when the feature portions are in a vertical state. In the related art, during ashing
and cleaning after forming the feature portions by etching, the mask layer on the top
surfaces of the feature portions is removed, and the feature portions are inclined under
the action of a capillary force. Compared with the related art, the present solution has the
advantages that the mask layer on the top surfaces of the feature portions is removed
before cleaning, the formed oxide layer is not etched during cleaning, the feature portions
are inclined under the action of the capillary force, and then the feature portions are
restored to an initial state after the oxide layer is removed, so that the problem of
inclination of HAR structures when the HAR structures are cleaned is effectively solved,

the process flow is simple, and the cost is low.

[ 0007] In addition, ashing the semiconductor structure may include: ashing the
semiconductor structure by using a first mixed gas which is oxygen-free. In addition, the

first mixed gas may at least include hydrogen and nitrogen. The first mixed gas which is



oxygen-free is used for ashing, so that a surface of the semiconductor structure is

prevented from being oxidized during ashing.

[ 0008] In addition, ashing the semiconductor structure may include: ashing the
surfaces of the feature portions by using a second mixed gas which contains oxygen. In
addition, the second mixed gas may at least include hydrogen, nitrogen and oxygen. The
second mixed gas which contains oxygen is used for ashing, so that ashing is accelerated,
and the manufacturing process efficiency of a semiconductor manufacturing process is

improved.

[ 0009] In addition, a mixed liquid of NH4OH, H,O; and H,O is used in the cleaning,
and a volume ratio of NH4OH, H;O, and H;O may satisfy
NH4OH:H,0,:H,0=1:1~4:20~100.

[ 0010] In addition, after drying the semiconductor structure and before removing the
oxide layer, the processing method may further include: performing a compensation
treatment of the oxide layer. After the oxide layer is subjected to the compensation
treatment, a thickness of the oxide layer formed by oxidation of the feature portions is
increased, after the oxide layer is removed, it is ensured that the feature portions are

restored, or the speed of restoring the feature portions is accelerated.

[0011] In addition, performing the compensation treatment of the oxide layer may
include: performing the compensation treatment of the oxide layer by using a third mixed

gas which may at least include hydrogen, nitrogen and oxygen.

[ 0012] In addition, performing the compensation treatment of the oxide layer may
include: performing the compensation treatment of the oxide layer by using mixed

plasma which may at least include plasma of hydrogen, nitrogen and oxygen.

[ 0013] In addition, drying the semiconductor structure may include: drying the
surfaces of the feature portions by using isopropanol at a first temperature; and drying the
bottom of the semiconductor substrate by using deionized water at a second temperature
while drying the surfaces of the feature portions. Specifically, a semiconductor substrate
is, for example, a wafer. The process is to supply hot deionized water to a back surface of

the wafer during drying and simultaneously supply heated isopropanol to a front surface



of the wafer. The reason is that if the back surface of the wafer is not heated, the
temperature of isopropanol reaching the front surface of the wafer is lowered. The
temperature of the wafer is controlled by supplying the hot deionized water to the back
surface, thereby preventing the center temperature and the edge temperature of the wafer
from being different. In this way, the effect of drying with isopropanol can be further
enhanced to better dry the wafer.

[ 0014] In addition, the first temperature may be in range of 60~80°C, and the second

temperature may be in range of 60~80°C.

[ 0015] In addition, removing the oxide layer may include: supplying a chemical gas to
the oxide layer to react with the oxide layer at a third temperature; and after the reaction,
performing a thermal treatment of the oxide layer at a fourth temperature, and supplying

a carrier gas to the oxide layer at the same time to remove the oxide layer by evaporation.

[ 0016] In addition, the third temperature may be in range of 30~150°C, and the fourth
temperature may be in range of 100~200°C.

[ 0017] In addition, an etching selection ratio of the chemical gas to the mask layer and

the feature portions may be more than 500:1.

[ 0018] In addition, the chemical gas may at least include ammonia and hydrogen

fluoride, and the carrier gas may at least include nitrogen or argon.

[ 0019] In addition, an aspect ratio of the feature portions disposed on the

semiconductor substrate may be 10.

[ 0020] An embodiment of the present disclosure also provides a semiconductor
structure forming method, which may include: providing a semiconductor substrate and a
mask layer on the semiconductor substrate; etching the semiconductor substrate to form
discrete feature portions by taking the mask layer as a mask; ashing a semiconductor
structure including the semiconductor substrate, the feature portions and the mask layer;
removing the mask layer; cleaning and drying the semiconductor structure in sequence;

and removing an oxide layer.



[ 0021] According to the method, a collapse-free HAR structure can be formed, the
problem of inclination of the HAR structure is effectively solved, the process flow is

simple, and the cost is low.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0022] FIGS. 1 to 6 are cross-sectional schematic diagrams corresponding to
operations of a method for forming a memory according to an example of the present

disclosure.

[ 0023] FIG. 7 is a schematic diagram of inclination of a feature portion in a
semiconductor structure processing method according to an example of the present

disclosure.

[ 0024] FIGS. 8 and 9 are schematic flowcharts of a chemical etching process

according to an example of the present disclosure.

DETAILED DESCRIPTION

[ 0025] The inclination of an HAR structure caused by a capillary force is a serious
problem and may lead to semiconductor defects. With the increase of the integration
level of semiconductors, the HAR structure is more commonly used. The HAR structure
may be a feature portion having an aspect ratio more than 5:1, 10:1 or 20:1. In the
semiconductor manufacturing process of an HAR structure, especially an HAR structure
having an aspect ratio more than 10, during the cleaning and drying processes, the HAR
structure is inclined or even collapsed due to the capillary force. As the aspect ratio is

higher, the inclination is more serious.

[ 0026] However, the applicant found that methods for reducing the inclination of an
HAR structure have been developed and applied. For example, supercritical carbon
dioxide is used for the drying process during cleaning of wafer. The process is expensive

and often requires precise control. Isopropanol required for the drying process needs to



be precisely weighed, and supercritical carbon dioxide needs to reach a critical point

under a high pressure.

[ 0027] Therefore, there is an urgent need for a low-cost and simple processing method
to reduce the problem of inclination of an HAR structure when cleaning the HAR

structure.

[ 0028] In order to solve the above problem, an embodiment of the present disclosure
provides a semiconductor structure processing method. The method includes the
following operations. A semiconductor substrate is provided. The semiconductor
substrate is provided with feature portions which have a mask layer on their top. The
semiconductor structure, which includes the semiconductor substrate, the feature portions
and the mask layer, is ashed. The mask layer is removed. The semiconductor structures
are cleaned, and an oxide layer is generated on the surface of the feature portion after the
feature portions are cleaned. The semiconductor structure is dried. The oxide layer is
removed. During the drying process, one feature portion of at least one group of adjacent
feature portions may incline towards the other feature portion, and a distance between the
adjacent feature portions after the drying process is smaller than a distance therebetween

before the drying process.

[ 0029] To more clarify the objects, technical solutions and advantages of the examples
of the present disclosure, various examples of the present disclosure will be described
below in combination with the accompanying drawings. However, those of ordinary skill
in the art will appreciate that in various examples of the present disclosure, numerous
technical details are set forth in order to provide readers with a better understanding of
the present disclosure. However, even without these technical details and various changes
and modifications based on the following examples, the claimed technical solution of the
present disclosure may be implemented. The following divisions of the various examples
are for convenience of description and should not be construed as limiting specific
implementations of the present disclosure, and the various examples may be combined

and cited with each other without contradiction.

[ 0030] FIGS. 1 to 6 are cross-sectional schematic diagrams corresponding to steps of

a semiconductor structure processing method according to an example of the present



disclosure. The semiconductor structure processing method of the present example will

be described below in detail.

[ 0031] Referring to FIGS. 1 and 2, a semiconductor substrate 111 is provided. The
semiconductor substrate is provided with feature portions 112. The feature portions 112

have a mask layer 200 on their top surfaces.

[ 0032] Specifically, referring to FIG. 1, a mask layer 200 is formed on a substrate 101.
The substrate 101 is etched based on the mask layer 200 to form a semiconductor
substrate 111 and discrete feature portions 112 as shown in FIG. 2. The feature portions
112 are provided with the mask layer 200. In the present example, the semiconductor
substrate 111 is formed of a material such as silicon or germanium, and the mask layer
200 is formed of silicon dioxide. In other examples, the mask layer 200 may be formed
of other insulating materials such as silicon nitride or silicon oxynitride. In addition, the
feature portions 112 provided in the present example are used for subsequently forming
active areas. The inclination of the feature portions 112 may result in the inclination of
the formed active areas, i.e., the feature portions 112 in a vertical state may avoid the
inclination of the active areas. In addition, the technical solution may also be used for

realizing other areas.

[ 0033] Referring to FIG. 2, the height of the feature portions 112 is H, a gap between
two adjacent discrete feature portions 112 is S, and an aspect ratio H/S of the feature
portions 112 is relatively larger. In the example, the aspect ratio H/S of the feature
portions 112 is 10. In other examples, the aspect ratio of the feature portions may be 5, 8,
12, 15, etc., which may be set according to actual demands. In addition, an aspect ratio
H/S of the feature portions may also be set to be more than a preset aspect ratio, which
may be 5, 8, 10, 12, 15, etc. In the semiconductor manufacturing process where the
aspect ratio of the feature portions 112 is large, the defect of inclination of the feature
portions 112 is prone to occur. It is known to those skilled in the art that limitation of the
aspect ratio of the feature portions 112 in the examples is to ensure that the feature
portions 112 will incline in a subsequent drying process. The technical solutions in which
the feature portions 112 incline subsequently due to the limited aspect ratio also fall

within the protection scope of the present disclosure.



[ 0034] The semiconductor structure is ashed. The semiconductor structure includes
the semiconductor substrate 111, the feature portions 112 and the mask layer 200. The
process of ashing is used for ashing the remaining etching gas or etching liquid after
etching to prevent the residual etching gas or etching liquid from continuously etching

the semiconductor substrate 111 and the feature portions 112.

[ 0035] Specifically, the example shows two processes of ashing, particularly as
follows.
[ 0036] In an oxygen-free ashing process, the semiconductor substrate 111, the feature

portions 112 and the mask layer 200 are ashed by using a first mixed gas which is
oxygen-free, and at least includes hydrogen and nitrogen in order to remove corrosive
gases and polymeric materials remaining on the surfaces after etching. For the oxygen-
free ashing process, the first mixed gas does not contain oxygen and does not damage the
surfaces of the semiconductor substrate 111 and the feature portions 112 (the surfaces of
the feature portions 112 and the semiconductor substrate 111 will not be oxidized, e.g.
silicon will not be oxidized). Therefore, in the present example, the process of ashing
adopts the oxygen-free ashing process. In addition, hydrogen can be used to effectively
remove corrosive gases and polymeric materials remaining on the surfaces of the feature

portions and the semiconductor substrate 111.

[ 0037] In an oxygen-containing ashing process, the semiconductor substrate 111, the
feature portions 112 and the mask layer 200 are ashed by using a second mixed gas
which contains oxygen, which at least includes hydrogen, nitrogen and oxygen. For the
oxygen-containing ashing process, the second mixed gas contains oxygen, so that the
ashing efficiency is higher, and corrosive gases and polymeric materials remaining on the
surfaces after etching can be removed more quickly. In other examples, the process of

ashing may adopt the oxygen-containing ashing process.
[ 0038] Referring to FIG. 3, the mask layer 200 is removed.

[ 0039] Referring to FIG. 4, the semiconductor structure is cleaned. The semiconductor
structure includes the semiconductor substrate 111, the feature portions 112 and the mask

layer 200. Since the mask layer 200 has been removed, only the semiconductor substrate



111 and the feature portions 112 are cleaned.

[ 0040] The process of cleaning is used for repairing defects on the surfaces of the
feature portions 112. That is, recesses formed by over-etching partial side walls or
protrusions formed by incompletely etching partial side walls in the process of forming
the feature portions 112 by etching, so that the surfaces of the feature portions 112 are
uneven. The surfaces of the feature portions 112 are oxidized to form an oxide layer 120

after the process of cleaning.

[ 0041] Specifically, a mixed liquid of NH4OH, H,0; and H,O (i.e. SC-1 mixed liquid)
is used in the cleaning. The ratio (volume ratio) of NH4OH, H,O, and H,O satisfies
NH4OH:H,0,:H,0=1:1~4:20~100.

[ 0042] Due to the strong oxidability of the mixed liquid used in the cleaning process,
an oxide layer 120 is formed on the surface of a part of each feature portion 112 during

the cleaning process.

[ 0043] It should be noted that the partial semiconductor substrate 111 is also oxidized
during cleaning. Since the oxidized semiconductor substrate 111 does not involve the
creative of the disclosure, the oxidized semiconductor substrate 111 is not explicitly
indicated in the figures. It would be obvious to those skilled in the art that during
cleaning, a part of the semiconductor substrate 111 is also oxidized to form an oxide

layer 120.

[ 0044] Referring to FIG. 5, the semiconductor structure is dried after being cleaned.
The semiconductor structure includes the semiconductor substrate 111, the feature
portions 112 and the mask layer 200. Since the mask layer 200 has been removed, the
semiconductor substrate 111, the feature portions 112 and the oxide layer 120 (referring

to FIG. 4) are dried.

[ 0045] The process of drying includes the following operations. The surface of a part
of the feature portions 112 is dried by using isopropanol (IPA) at a first temperature. The
bottom of the substrate 111 is dried by using deionized water at a second temperature,

when the surface of the part of the feature portions 112 is dried.



[ 0046] A semiconductor substrate is, for example, a wafer. The process is to supply
hot deionized water to the back surface of the wafer during drying and simultaneously
supply heated isopropanol to the front surface of the wafer. The reason is that if the back
surface of the wafer is not heated, the temperature of isopropanol reaching the front
surface of the wafer is lowered, and the temperature of the wafer is controlled by the hot
deionized water supplied to the back surface, thereby preventing the center temperature
and the edge temperature of the wafer from being different. In this way, the effect of
drying of isopropanol can be further enhanced to better dry the wafer.

[ 0047] The first temperature is in range of 60~80°C, and the second temperature is in
angle of 60~80°C. In the present example, the first temperature or the second temperature

may be 65°C, 70°C or 75°C.

[ 0048] During drying, in one pair out of at least one group of adjacent feature portions
112, one feature portion is inclined towards the other feature portion 112 adjacent thereto,
and a distance between the inclined feature portion 112 and the adjacent feature portion
112 after drying is smaller than that before drying. In the example, it is illustrated with
the case in which the oxide layers 120 on the respective surfaces of the inclined feature

portions 112 are bonded to each other.

[ 0049] Particularly, during drying, the capillary force of a chemical reagent may
generate sufficient force during drying to cause the inclination of the remaining feature
portions. The principle refers to FIG. 7. As shown in the figure, two discrete protrusion
portions (each protrusion portion includes a feature portion and an oxide layer on the
surface of the feature portion, and the protrusion portion may structurally have a narrow
upper end and a wide lower end, or equally wide upper and lower ends, or a wide upper
end and a narrow lower end; the equally wide upper and lower ends of the protrusion
portion shown in the figures of the example are only schematic illustrations, and after an
actual etching process, the bottom of the protrusion portion is wider than the wider of its
top). Due to the existence of a width difference, the surface tension of the top of the
protrusion is in a y direction of a tangential line, an angle between the y direction and a
vertical direction is 0, and the capillary force acting on two sides of the protrusion

satisfies F=2yHDtcos6/S, in which H, D and S are the height and length of the protrusion

10



portion and a distance between the adjacent protrusion portions respectively, and t is the

acting time of the capillary force F.

[ 0050] From the above discussion, when other conditions (y, D, t, cos® and S) are
constant, the capillary force F is proportional to the height H of the protrusion portions,
i.e. the capillary force F is larger at a higher position of the protrusion portions, and the
degree of inclination is larger correspondingly. At this moment, the degree of inclination
of the feature portion 112 at the top end of the protrusion portion is maximum so that the
oxide layer on the surfaces of the inclined feature portions 112 are bonded together to
form a bonded oxide layer 130. Although the lower portion of the feature portion 112
also inclines, the degree of inclination of the lower portion of the feature portion 112 is

much smaller than that of the top of the feature portion 112.

[ 0051] In the present example, the method further includes the operation in which the
oxide layer 120 is subjected to a compensation treatment before the oxide layer is
removed. After the compensation treatment of the oxide layer 120 is performed, the
thickness of the oxide layer 120 formed by oxidation of each feature portion 112 is
increased, i.e., a part of each feature portion 112 is compensated and oxidized to form the
oxide layer 120. The width of the feature portions 112 is reduced while the thickness of
the oxide layer 120 is increased in a horizontal direction, so that after the oxide layer 120
is removed, it is ensured that the feature portions 112 may be restored, or the speed of

restoring the feature portions 112 is accelerated.

[ 0052] Specifically, the present example shows two specific methods for the

compensation treatment.

[ 0053] In the first method, the compensation treatment of the oxide layer 120 is
performed by using a third mixed gas which at least includes hydrogen, nitrogen and

oxygen.

[ 0054] With the first method of compensation treatment, the oxidation degree of the
feature portions 112 at a higher part and the oxidation degree of the feature portions 112

at a lower part are same.

[ 0055] In the second method, the compensation treatment of the oxide layer 120 is
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performed by using mixed plasma which at least includes plasma of hydrogen, nitrogen
and oxygen. Specifically, the oxide layer 120 is formed by using the inductively coupled
plasma (ICP) plasma so as to achieve the purpose of oxidizing the feature portions 112.
Since the aspect ratio is high and the diameter of the feature portions 112 is large, the
distance over which the plasma descends in a short time under a high temperature and a
high pressure is limited so that different depths correspond to different oxidation degrees.
With the second method of the compensation treatment, the oxidation degree of each
feature portion 112 at a higher part and the oxidation degree of each feature portion 112
at a lower part are not consistent. The oxidation degrees of the feature portions 112 from
top to bottom are smaller and smaller, i.e. the higher of the oxide layer 120, the thicker of

the oxide layer 120.

[ 0056] In the present example, the second method of compensation treatment is
adopted to compensate the oxide layer 120, so that the thickness of the oxide layer 120
formed by oxidation of the top of the feature portions 112 is increased. After the oxide
layer 120 is removed, it is ensured that the feature portions 112 may be restored or the
speed of restoring the feature portions 112 is accelerated, the thickness of the oxide layer
120 on the surfaces of the lower part of the feature portions 112 is not changed greatly,

and unnecessary loss of the feature portions 120 is avoided.

[ 0057] Referring to FIGS. 5 and 6, after drying, the oxide layer on the surface of the

inclined feature portion 112 is removed.

[ 0058] In the present example, after drying, the oxide layers on the surfaces of the
inclined feature portions 112 are bonded to form a bonded oxide layer 130 (referring to
FIG. 5). After the bonded mask layer 130 is removed, the inclined feature portions 112
are gradually restored (i.e., to a vertical state) since a bonding force of the bonded oxide

layer 130 disappears and no capillary force is applied to the inclined feature portions 112.

[ 0059] Specifically, the oxide layer is removed from the surfaces of the inclined
feature portions 112 by a chemical method, and an etching selection ratio of a chemical
gas adopted in the chemical method to the oxide layer and the inclined feature portions
112 is more than 500:1. By using the chemical gas with a large etching selection ratio,

the inclined feature portions 112 are prevented from being etched as much as possible in
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the process of removing the oxide layer by etching.

[ 0060] Specifically, referring to FIGS. 8 and 9, the chemical method adopted to
remove the oxide layer on the surfaces of the inclined feature portions 112 includes the

following operations.

[ 0061] A semiconductor structure 400 is integrally disposed in a reaction chamber 300.
The reaction chamber 300 at least includes two gas inlets (a first gas inlet 301 and a
second gas inlet 302), two gas outlets (a first gas outlet 303 and a second gas outlet 304)

and a bearing platform 305 for bearing the whole semiconductor structure 400.

[ 0062] A chemical gas is introduced into the reaction chamber 300. The chemical gas
at least includes ammonia and hydrogen fluoride. In the present example, the chemical

gas also includes argon.

[ 0063] Specifically, referring to FIG. 8, ammonia is introduced into the reaction
chamber 300 through the first gas inlet 301, and hydrogen fluoride is introduced into the
reaction chamber 300 through the second gas inlet 302.

[ 0064] At this moment, the semiconductor structure 400 located on the bearing

platform 305 integrally reacts as follows:

[ 0065] Si0,+4HF+4NH;3>SiF4+2H,0+4NH; (1)
[ 0066] SiF4+2HF+2NH3>(NH4),SiFe (2)
[ 0067] In reaction (1), hydrogen fluoride reacts with the oxide layer in the whole

semiconductor structure 400 as a reaction gas to form SiF4, and ammonia is used as a
catalyst to accelerate the reaction. In reaction (2), ammonia and hydrogen fluoride are
simultaneously used as reaction gases, and continuously react with SiF4 formed in the
first reaction to form a volatile (NH4),SiF¢ solid. Meanwhile, in the above reactions,
argon may also be introduced as a carrier gas, and the argon may prevent the hydrogen
fluoride gas from being condensed in a gas inlet pipeline (specifically, the second gas
inlet 302 in the present example) for carrying the hydrogen fluoride gas to the whole

semiconductor structure 400 for reaction.
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[ 0068] When the above reactions occur, it is necessary to ensure that the whole
semiconductor structure 400 in the reaction chamber is at a third temperature, and the
temperature of the whole semiconductor structure 400 is changed through the bearing
platform 305. The third temperature is in a range of 30°C ~150°C, specifically for
example, 50°C, 70°C, 90°C, 110°C or 130°C. In the present example, the third

temperature is 35°C.

[ 0069] After the chemical reaction, the thermal treatment of the oxide layer is
performed at a fourth temperature, and a carrier gas is supplied to the oxide layer at the
same time, i.e. removing the formed solid of (NH,4),SiF¢ in the reaction by evaporation.
Referring to FIG. 9, the whole semiconductor structure 400 is heated by the bearing
platform 305 so that the temperature of the whole semiconductor structure 400 is at the
fourth temperature. The fourth temperature is in a range of 100~200°C, specifically,
110°C, 130°C, 150°C, 170°C or 190°C. In the present example, the fourth temperature is
150°C. The thermal treatment of the oxide layer is performed to accelerate volatilization
of the solid of (NH4),SiF¢, nitrogen is simultaneously introduced into the first gas inlet
301 and the second gas inlet 302 to serve as the carrier gas, and the volatilized
(NH4),SiFg solid is brought into the gas outlet (the first gas outlet 303 and the second gas
outlet 304), so that etching of the oxide layer on the surfaces of the inclined feature

portions 112 is completed.

[ 0070] The feature portions are HAR structures, the inclination of the feature portions
is the inclination of the HAR structures, and the inclination of the HAR structures may be
avoided when the feature portions are in a vertical state. In the related art, during ashing
and cleaning after forming the feature portions by etching, the mask layer on the top
surfaces of the feature portions is removed, and the feature portions are inclined under
the action of a capillary force. Compared with the related art, the present solution has the
advantages that the mask layer on the top surfaces of the feature portions is removed
before cleaning, the formed oxide layer is not etched during cleaning, the feature portions
are inclined under the action of the capillary force, and then the feature portions are
restored to an initial state after the oxide layer is removed, so that the problem of
inclination of HAR structures when the HAR structures are cleaned is effectively solved,

the process flow is simple, and the cost is low.
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[ 0071] The above division of various operations is merely for clarity of description.
During implementation, the steps may be combined into one step or some steps may be
split and decomposed into multiple steps, which may be within the scope of protection of
this patent as long as the same logical relationship is included. It is within the scope of
protection of this patent to add insignificant modifications to the process or to introduce

insignificant designs without changing the core design of the process.

[ 0072] Another example of the present disclosure provides a semiconductor structure
forming method, which includes the following operations. A semiconductor substrate and
a mask layer on the semiconductor substrate are provided. The semiconductor substrate is
etched to form discrete feature portions by taking the mask layer as a mask. A
semiconductor structure which includes the semiconductor substrate, the feature portions
and the mask layer, is ashed. The mask layer is removed. The semiconductor structure is

cleaned and dried in sequence. An oxide layer is removed.

[ 0073] The semiconductor structure forming method of the present example will be

described below in detail with reference to the accompanying drawings.

[ 0074] Referring to FIGS. 1 and 2, a semiconductor substrate 111 is provided. The
semiconductor substrate 111 has a mask layer 200 on its top surface. The semiconductor
substrate 111 is etched by taking the mask layer 200 as a mask to form discrete feature

portions 112.

[ 0075] Specifically, referring to FIG. 1, a mask layer 200 is formed on a substrate 101.
The substrate 101 is etched based on the mask layer 200 to form a semiconductor
substrate 111 and discrete feature portions 112 as shown in FIG. 2. The feature portions
112 are provided with the mask layer 200. In the present example, the semiconductor
substrate 111 is formed of a material such as silicon or germanium, and the mask layer
200 is formed of silicon dioxide. In other examples, the mask layer 200 may be formed
of other insulating materials such as silicon nitride or silicon oxynitride. In addition, the
feature portions 112 provided in the present example are used for subsequently forming
active areas. The inclination of the feature portions 112 may result in the inclination of
the formed active areas, i.e., the feature portions 112 in a vertical state may avoid the

inclination of the active areas. In addition, the technical solution may also be used for
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realizing other areas.

[ 0076] Referring to FIG. 2, the height of the feature portions 112 is H, a gap between
two adjacent discrete feature portions 112 is S, and an aspect ratio H/S of the feature
portions 112 is relatively larger. In the present example, the aspect ratio H/S of the
feature portions 112 is 10. In other examples, a preset aspect ratio may be 5, 8, 12, 15,
etc., which may be set according to actual demands. In addition, the aspect ratio H/S of
the feature portions may also be set to be more than the preset aspect ratio, which may be
5, 8,10, 12, 15, etc. In the semiconductor manufacturing process where the aspect ratio
of the feature portions 112 is large, the defect of inclination of the feature portions 112
readily occurs. It is known to those skilled in the art that limitation of the aspect ratio of
the feature portions 112 in the examples is to ensure that the feature portions 112 will
incline in a subsequent drying process. The technical solutions in which the feature
portions 112 incline subsequently due to the limited aspect ratio also fall within the

protection scope of the present disclosure.

[ 0077] The semiconductor structure is ashed. The semiconductor structure includes
the semiconductor substrate 111, the feature portions 112 and the mask layer 200. The
process of ashing is used for ashing the remaining etching gas or etching liquid to prevent
the residual etching gas or etching liquid from continuously etching the semiconductor

substrate 111 and the feature portions 112.
[ 0078] Referring to FIG. 3, the mask layer 200 is removed by etching.

[ 0079] Referring to FIG. 4, the semiconductor structure is cleaned. The semiconductor
structure includes the semiconductor substrate 111, the feature portions 112 and the mask
layer 200. Since the mask layer 200 has been removed, only the semiconductor substrate

111 and the feature portions 112 are cleaned.

[ 0080] The process of cleaning is used for repairing defects on the surfaces of the
feature portions 112, i.e. recesses formed by over-etching partial side walls or protrusions
formed by incompletely etching partial side walls in the process of forming the feature
portions 112 by etching, so that the surfaces of the feature portions 112 are uneven. The

surfaces of the feature portions 112 are oxidized to form an oxide layer 120 after the
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process of cleaning.

[ 0081] Referring to FIG. 5, the semiconductor structure is dried after being cleaned.
The semiconductor structure includes the semiconductor substrate 111, the feature
portions 112 and the mask layer 200. Since the mask layer 200 has been removed, the

semiconductor substrate 111 and the feature portions 112 are dried.

[ 0082] Referring to FIGS. 5 and 6, the oxide layer on the surfaces of the inclined

feature portions 112 is removed.

[ 0083] In the present example, after drying, the oxide layers on the surfaces of the
inclined feature portions 112 are bonded to form a bonded oxide layer 130 (referring to
FIG. 5). After the bonded mask layer 130 is removed, the inclined feature portions 112
are gradually restored (i.e., to a vertical state) since a bonding force of the bonded oxide

layer 130 disappears and no capillary force is applied to the inclined feature portions 112.

[ 0084] Since the above examples correspond to the present example, the present
example may be implemented in cooperation with the above examples. The related
technical details mentioned in the above examples are still valid in the present example,
and the technical effects that can be achieved in the above examples may also be
achieved in the present example. Descriptions are omitted here in order to reduce
repetition. Accordingly, the related technical details mentioned in the present example

may also be applied to the above examples.

[ 0085] The above division of various steps is merely for clarity of description. During
implementation, the steps may be combined into one step or some steps may be split and
decomposed into multiple steps, which may be within the scope of protection of this
patent as long as the same logical relationship is included. It is within the scope of
protection of this patent to add insignificant modifications to the process or to introduce

insignificant designs without changing the core design of the process.

[ 0086] It will be appreciated by those of ordinary skill in the art that the various
examples described above are specific examples for implementing the present disclosure
and that various changes in form and details may be made in practice without departing

from the spirit and scope of the present disclosure.
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CLAIMS

1. A semiconductor structure processing method, comprising:

providing a semiconductor substrate, which is provided with feature portions having a

mask layer on their top surfaces;

ashing a semiconductor structure comprising the semiconductor substrate, the feature

portions and the mask layer;
removing the mask layer;

cleaning the semiconductor structure, and forming an oxide layer on surfaces of the

feature portions after the feature portions are cleaned;
drying the semiconductor structure; and
removing the oxide layer,

wherein during drying, one feature portion of at least one group of adjacent feature
portions inclines towards another feature portion adjacent thereto, and a distance between said
one inclined feature portion and the other feature portion adjacent thereto after drying is

smaller than a distance therebetween before drying.

2. The semiconductor structure processing method of claim 1, wherein ashing the

semiconductor structure comprises:

ashing the semiconductor structure by using an oxygen-free first mixed gas.

3. The semiconductor structure processing method of claim 2, wherein the first mixed gas at

least comprises hydrogen and nitrogen.
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4. The semiconductor structure processing method of claim 1, wherein ashing the

semiconductor structure comprises:

ashing the semiconductor structure by using a second mixed gas which contains

oxygen.

5. The semiconductor structure processing method of claim 4, wherein the second mixed gas

at least comprises hydrogen, nitrogen and oxygen.

6. The semiconductor structure processing method of claim 1, wherein a mixed liquid of
NH4OH, H,0; and H,O is used in the cleaning, and a volume ratio of NH4,OH, H,0O, and H,O
satisfies NH4OH:H,0,:H,0=1:1~4:20~100.

7. The semiconductor structure processing method of claim 1, wherein drying the

semiconductor structure comprises:

drying the surfaces of the feature portions by using isopropanol at a first temperature;

and

drying the bottom of the semiconductor substrate by using deionized water at a second

temperature while drying the surfaces of the feature portions.

8. The semiconductor structure processing method of claim 7, wherein the first temperature is

in a range of 60~80°C, and the second temperature is in a range of 60~80°C.

9. The semiconductor structure processing method of claim 1, further comprising performing
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a compensation treatment of the oxide layer after drying the semiconductor structure and

before removing the oxide layer.

10. The semiconductor structure processing method of claim 9, wherein performing the

compensation treatment of the oxide layer comprises:

performing the compensation treatment of the oxide layer by using a third mixed gas

which at least comprises hydrogen, nitrogen and oxygen.

11. The semiconductor structure processing method of claim 9, wherein performing the

compensation treatment of the oxide layer comprises:

performing the compensation treatment of the oxide layer by using mixed plasma

which at least comprises plasma of hydrogen, nitrogen and oxygen.

12. The semiconductor structure processing method of claim 1, wherein removing the oxide

layer comprises:

supplying a chemical gas to the oxide layer to react with the oxide layer at a third

temperature; and

after the reaction, performing a thermal treatment of the oxide layer at a fourth
temperature, and supplying a carrier gas to the oxide layer at the same time to remove the

oxide layer by evaporation.

13. The semiconductor structure processing method of claim 12, wherein the third

temperature is in a range of 30~150°C, and the fourth temperature is in a range of 100~200°C.
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14. The semiconductor structure processing method of claim 12, wherein an etching selection

ratio of the chemical gas to the mask layer and the feature portions is more than 500:1.

15. The semiconductor structure processing method of claim 14, wherein the chemical gas at
least comprises ammonia and hydrogen fluoride, and the carrier gas at least comprises

nitrogen or argon.

16. The semiconductor structure processing method of claim 1, wherein an aspect ratio of the

feature portions disposed on the semiconductor substrate is 10.

17. A semiconductor structure forming method, comprising:
providing a semiconductor substrate and a mask layer on the semiconductor substrate;

etching the semiconductor substrate to form discrete feature portions by taking the

mask layer as a mask;

ashing a semiconductor structure comprising the semiconductor substrate, the feature

portions and the mask layer;
removing the mask layer;

cleaning and drying the semiconductor structure in sequence, wherein an oxide layer is
formed on a surface of the semiconductor structure after the semiconductor structure is

cleaned; and

removing the oxide layer.

18. The semiconductor structure forming method of claim 17, wherein an aspect ratio of the

formed feature portions is 10.

21



