PREPARATION METHOD FOR SEMICONDUCTOR STRUCTURE
AND SEMICONDUCTOR STRUCTURE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on, and claims priority to Chinese Patent Application
No. 202210209445.5, filed on March 4, 2022, and entitled “PREPARATION METHOD
FOR SEMICONDUCTOR STRUCTURE AND SEMICONDUCTOR STRUCTURE”,

the disclosure of which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates to, but not limited to, the technical field of semiconductor,
in particular to a preparation method for a semiconductor structure and a semiconductor

structure.

BACKGROUND

[0003] With the evolution of semiconductor technology nodes and machines, the density
of devices in integrated circuits becomes increasingly high, and the feature critical
dimensions (CD) of semiconductor devices are decreasing, which has approached the
optical physical limit of lithography. The mask patterns formed by existing lithography
processes are difficult to meet the requirements of continuously decreasing feature
critical dimensions of semiconductor devices, which limits the development of
semiconductor technology. How to optimize the preparation process of fine patterns has

become an urgent problem to be solved.

SUMMARY

[0004] Embodiments of the present disclosure provide a preparation method for a
semiconductor structure. The method comprises: providing a structure to be processed, in

which the structure to be processed comprises a substrate, and an etching target layer, a



bottom mask layer and a first mask layer stacked on the substrate; patterning the first
mask layer to form a first pattern, the first pattern exposing parts of the bottom mask
layer; forming spacers with vertical sidewall morphology on sidewalls of the first mask
layer; removing the first mask layer; filling a gap between the spacers with a filling layer,
in which there is a high etching selectivity ratio of a material of the spacers to a material

of the filling layer; and removing the spacers.

[0005] In some embodiments, after removing the spacers, the preparation method
further comprises: forming a second mask layer on the filling layer; etching the second
mask layer to form a second pattern, the second pattern exposing parts of the filling
layer; and patterning the filling layer with the second mask layer as a mask to form a

filling layer mask.

[0006] In some embodiments, after forming the filling layer mask, the method further
comprises: patterning the bottom mask layer with the filling layer mask as a mask to
form a third pattern, the third pattern exposing parts of the etching target layer; and

patterning the etching target layer with the bottom mask layer as a mask.

[0007] In some embodiments, the etching selectivity ratio of the material of the spacers

to the material of the filling layer is greater than or equal to 100.

[0008] In some embodiments, the material of the spacers has a Young's modulus greater
than or equal to 25GPa.

[0009] In some embodiments, the material of the filling layer comprises oxide.

[0010] In some embodiments, the material of the spacers comprises polysilicon, silicon

nitride or metal oxide.

[0011] In some embodiments, forming spacers with vertical sidewall morphology on
sidewalls of the first mask layer comprises: forming a spacer layer covering the first
mask layer and a surface of the bottom mask layer; removing the spacer layer covering a
top of the first mask layer and the spacer layer covering the surface of the bottom mask
layer, and retaining the spacer layer on the sidewalls of the first mask layer to form the

spacers with vertical sidewall morphology.



[0012] In some embodiments, removing the spacers comprises: removing the spacers by

an etching process with gas, in which the gas comprises chlorine and hydrogen bromide.

[0013] In some embodiments, removing the first mask layer comprises: removing the

first mask layer by an ashing process.

[0014] In some embodiments, patterning the first mask layer comprises: depositing a
third mask layer on the first mask layer; patterning the third mask layer and the first mask

layer; and removing the third mask layer and retaining the first mask layer.

[0015] In some embodiments, patterning the third mask layer and the first mask layer
comprises: forming a photoresist layer on the third mask layer; patterning the photoresist
layer to form a first patterned photoresist layer, the first patterned photoresist layer
exposing the third mask layer; and etching the third mask layer and the first mask layer

with the first patterned photoresist layer as a mask.

[0016] In some embodiments, filling the gap between the spacers with the filling layer
comprises: forming the filling layer on the bottom mask layer, the filling layer filling the
gap between two adjacent ones of the spacers and covering the spacers; planarizing the
filling layer such that an upper surface of the filling layer is flush with upper surfaces of

the spacers.

[0017] In some embodiments, the bottom mask layer comprises a first bottom mask
layer and a second bottom mask layer, and the second bottom mask layer is located on

the first bottom mask layer.

[0018] Embodiments of the present disclosure also provide a semiconductor structure

prepared by anyone of the above methods.

[0019] Embodiments of the present disclosure provide a preparation method for a
semiconductor structure and a semiconductor structure. Herein, the preparation method
comprises: providing a structure to be processed, in which the structure to be processed
comprises a substrate, and an etching target layer, a bottom mask layer and a first mask
layer stacked on the substrate; patterning the first mask layer to form a first pattern, the
first pattern exposing parts of the bottom mask layer; forming spacers with vertical

sidewall morphology on sidewalls of the first mask layer; removing the first mask layer;

3



filling a gap between the spacers with a filling layer, in which a material of the spacers to
a material of the filling layer has a high etching selectivity ratio; removing the spacers.
The embodiments of the present disclosure adopt a method of forming spacers with
vertical sidewall morphology firstly, then depositing a filling layer and removing the
spacers to form recesses, to form a mask with a corresponding pattern, and a high etching
selectivity ratio of the spacers to the filling layer can improve the consistency of pattern

transfer and the fineness of forming a patterned structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In order to more clearly illustrate the embodiments of the disclosure or the
technical solution in the conventional technique, a brief description of the drawings
required to be used in the embodiments will be provided below. Apparently, the drawings
of the following description are merely some embodiments of the disclosure. For a
person of ordinary skill in the art, other drawings can be obtained based on these

drawings without creative work.

[0021] FIG. 1 illustrates a flow chart of a preparation method for a semiconductor

structure in an embodiment of the present disclosure;

[0022] FIGs 2A to 2N illustrate a device structural diagram of a semiconductor structure

provided by embodiments of the present disclosure in the preparing process;

[0023] FIG. 3 illustrates a device structural diagram of a semiconductor structure

provided by another embodiment of the present disclosure;

[0024] Reference numerals:

201: substrate; 203: etching target layer; 205: bottom mask layer; 2051: first bottom
mask layer; 2052: second bottom mask layer; 207: first mask layer; 209: third mask layer;
211: first patterned photoresist layer; 211°: second patterned photoresist layer; 213: spacer
layer; 2131: spacer; 215: filling layer; 2151: filling layer mask; 217: second mask layer; 2171:
lower second mask layer; 2172: upper second mask layer; 20a: peripheral unit area; 20b: array

unit area.

DETAILED DESCRIPTION



[0025] Exemplary embodiments of the present disclosure will be described in more
detail below with reference to the accompanying drawings. Although exemplary
embodiments of the present disclosure are shown in the drawings, it should be
understood that the present disclosure may be embodied in various forms and should be
not be limited to the specific embodiments set forth herein. These embodiments are
provided so that the disclosure will be more thoroughly understood and the scope of the

disclosure will be fully conveyed to those skilled in the art.

[0026] In the description herein below, numerous specific details are given to provide a
more thorough understanding of the disclosure. However it will be apparent to those
skilled in the art that the present disclosure may be embodied without one or more of
these details. In other examples, some technical features well known in the art are not
described in order to avoid confusion with the present disclosure; that is, not all of the
features of the actual embodiment are described herein and well-known functions and

structures are not described in detail.

[0027] In the drawings, the dimensions of layers, regions, elements and their relative
dimensions may be exaggerated for clarity. Throughout the description, the same

reference numeral denotes the same element.

[0028] It should be understood that when an element or layer is referred to as “on”,
“adjacent to”, “connected to” or “coupled to” another element or layer, it may be directly
on the another element or layer, adjacent to the another element or layer, or connected to
or coupled to the another element or layer, or there may be an intermediate element or
layer. In contrast, when an element is referred to as “directly on”, “directly adjacent to”,
“directly connected to” or “directly coupled to” another element or layer, there is no
intermediate element or layer. It should be understood that although the terms , “first”,
“second”, “third” and the like may be used to describe various elements, components,
regions, layers, and/or portions, these elements, components, regions, layers, and/or
portions should not be limited by these terms. These terms are only used to distinguish
one element, component, region, layer or portion from another element, component,
region, layer or portion. Therefore, without departing from the teaching of the present
disclosure, a first element, component, region, layer or portion discussed hereinafter may
be expressed as a second element, component, region, layer or portion. While discussing

a second element, component, region, layer or portion, it does not imply that a first
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element, component, region, layer or portion is necessarily present in the present

disclosure.

[0029] The terms used herein are intended to describe specific embodiments only and
are not to be a limitation to the present disclosure. As used herein, the singular forms
“a/an”, “one”, and “the” may include the plural forms as well, unless the context clearly
dictates otherwise. It should be further understood that when terms “comprise ” and/or
“include” are used in the specification, it means that the stated features, integers, steps,
operations, elements and/or components are present, but the presence or addition of one
or more of other features, integers, steps, operations, elements, components and/or

combinations is not excluded. When used herein, the term “and/or” includes any of the

listed items and all combinations thereof.

[0030] Patterning process in related art is prone to problems such as bridge, breakage,
poor filling quality in corner space, etc., and it is often difficult to form a fine patterned

structure.

[0031] On the basis of this, embodiments of the present disclosure provide a preparation
method for a semiconductor structure. With reference to FIG. 1, the preparation method

comprises the following operations.

[0032] The operation 101: A structure to be processed is provided, in which the structure
to be processed comprises a substrate, an etching target layer, a bottom mask layer and a

first mask layer stacked on the substrate.

[0033] The operation 102: The first mask layer is patterned to form a first pattern, in

which the first pattern exposes parts of the bottom mask layer.

[0034] The operation 103: Spacers with vertical sidewall morphology are formed on

sidewalls of the first mask layer.
[0035] The operation 104: The first mask layer is removed.

[0036] The operation 105: A gap between the spacers is filled with a filling layer, in
which a material of the spacers to a material of the filling layer has a high etching

selectivity ratio.



[0037] The operation 105: The spacers are removed.

[0038] The embodiments of the present disclosure adopt a method of forming spacers
with vertical sidewall morphology firstly, then depositing a filling layer and removing the
spacers to form a recess, to form a mask corresponding to a pattern. The high etching
selectivity ratio of the spacers to the filling layer can improve the consistency of pattern

transfer and the fineness of forming a patterned structure.

[0039] Specific embodiments of the present disclosure will be described in detail below
with reference to FIGs 2A to 2N. In detailing the embodiments of the present disclosure,
the schematic diagram is partially enlarged without a general scale for convenience in
description, and the schematic diagram is only taken as an example, which should not

limit the scope of protection of the disclosure herein.

[0040] The method begins with the operation 101, as shown in FIG. 2A, a structure to be
processed is provided, in which the structure to be processed includes a substrate 201,
and an etching target layer 203, a bottom mask layer 205 and a first mask layer 207

stacked on the substrate.

[0041] Here, the substrate may be a semiconductor substrate and may include at least
one elemental semiconductor material (e.g. silicon (Si) substrate, germanium (Ge)
substrate), at least one III-V compound semiconductor material, at least one II-VI
compound semiconductor material, at least one organic semiconductor material, or other
semiconductor materials known in the art. In a specific embodiment, the substrate is a
silicon substrate, which may be doped or undoped. Specifically, the substrate may be, but

is not limited to, a wafer.

[0042] Taking as an example, the etching target layer 203 may be a material layer to be
etched, which is located on a substrate, for instance, including but not limited to a
polysilicon layer or a metal layer, and in some embodiments may also be a substrate; that
is, the target layer to be etched later may be a polysilicon layer located on the base, also
may be a metal layer located on the substrate or may be the substrate itself. In some

embodiments, the etching target layer 203 may be tungsten (W).

[0043] In some embodiments, with reference to FIG. 2A, the bottom mask layer 205
comprises a first bottom mask layer 2051 and a second bottom mask layer 2052, and the
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second bottom mask layer 2052 is located above the first bottom mask layer 2051.
Herein, the bottom mask layer 205 not only participates in pattern transfer, but also
serves as an etching barrier layer to protect the etching target layer and avoid the etching
target layer from being damaged by the subsequent process of forming a filling layer
mask. The mask layer with multi-layer structure can improve the line width consistency
and edge roughness. Here, the material of the first bottom mask layer 2051 may include,
but is not limited to, an amorphous carbon layer (ACL), and the material of the second
bottom mask layer 2052 may include, but is not limited to, silicon nitride (SiN) or silicon
oxynitride (SiON). More specifically, the material of the second bottom mask layer may
be silicon-rich silicon oxynitride. In practice, the process for forming the bottom mask
layer 205 includes, but is not limited to, chemical vapor deposition (CVD), plasma
enhanced chemical vapor deposition (PECVD), atomic layer deposition (ALD), or a

combination thereof.

[0044] Here, the first mask layer 207 may include but is not limited to an amorphous
carbon layer (ACL). In practice, the forming process of the first mask layer 207 includes,
but is not limited to, chemical vapor deposition (CVD), plasma enhanced chemical vapor

deposition (PECVD), atomic layer deposition (ALD), or a combination thereof.

[0045] Subsequently, as shown in FIGs. 2B to 2D, the operation 102 is performed, that
is, the first mask layer 207 is patterned to form a first pattern, in which the first pattern

exposes parts of the bottom mask layer 205.

[0046] In some embodiments, as shown in FIGs.2B to 2D, patterning the first mask
layer 207 comprises: depositing a third mask layer 209 on the first mask layer 207;
patterning the third mask layer 209 and the first mask layer 207; removing the third mask
layer 209 and retaining the first mask layer 207. In this way, after the cap layer structure
at the top is removed and then the spacer layer with high modulus is deposited, the

symmetrical spacer can be formed by one-step etching.

[0047] Specifically, firstly, referring to FIG. 2B, the third mask layer 209 is deposited on
the first mask layer 207. Here, the material of the third mask layer may include, but is not
limited to, an oxide or silicon oxynitride (SiON), such as, for example, silica (SiO2) or
oxygen-enriched silicon oxynitride. In practice, the process for forming the third mask

layer includes, but is not limited to, chemical vapor deposition (CVD), plasma enhanced



chemical vapor deposition (PECVD), atomic layer deposition (ALD), or a combination

thereof.

[0048] Subsequently, referring to FIG.2C, the third mask layer 209 and the first mask
layer 207 are patterned.

[0049] In some embodiments, patterning the third mask layer 209 and the first mask
layer 207 comprises: forming a photoresist (PR) layer on the third mask layer 209;
patterning the photoresist layer to form a first patterned photoresist layer 211, the first
patterned photoresist layer 211 exposing the third mask layer 209; etching the third mask
layer 209 and the first mask layer 207 with the first patterned photoresist layer 211 as a
mask. For example, a photoresist is spin-coated on the third mask layer 209, and the
photoresist is patterned through a mask. The process for patterning the third mask layer
209 and the first mask layer 207 is not limited thereto. In other embodiments, the third
mask layer 209 and the first mask layer 207 may also be patterned by self-aligned double
patterning (SADP) process or self-aligned quadruple patterning (SAQP) process on the
surface of the third mask layer 209.

[0050] Finally, referring to FIG.2D, the third mask layer 209 is removed and the first
mask layer 207 is retained. Here, the third mask layer 209 may be removed by dry
etching that includes sputtering and ion beam milling, plasma etching, high pressure
plasma etching, high density plasma (HDP) etching, reactive ion etching (RIE) and the
like.

[0051] In some embodiments, the photoresist layer further includes a Si-containing
anti-reflection coating (SiARC). The anti-reflection coating covers the surface of the
third mask layer 209. In this way, the reflected light of lithography can be absorbed,

thereby improving the line width resolution in lithography process.

[0052] Subsequently, as shown in FIG. 2F, the operation 103 is performed, that is,
spacers 2131 with vertical sidewall morphology are formed on sidewalls of the first mask

layer 207.

[0053] In some embodiments, the material of the spacers 2131 has a Young's modulus
greater than or equal to 25GPa. In practice, Young’s modulus of the material of the

spacers 2131 can have a range of 25GPa-250GPa, exemplary, for example, may be
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28Gpa, 46Gpa, 190GPa or 230GPa. By choosing the spacers with appropriate Young's
modulus, after the pattern of the first mask layer is subsequently removed, it is easier to
maintain the vertical morphology for the spacers with high Young's modulus; in addition,
the higher the Young's modulus, the less easily the spacers are to deform, so that a finer
pattern can be obtained and the accuracy can be improved. In some embodiments, the
material of the spacers 2131 has a Young's modulus of less than 500Gpa, so that the
spacers and other materials are not prone to delamination caused by stress and have

better compatibility.

[0054] In some embodiments, the material of the spacers 2131 comprises polysilicon,
silicon nitride or metal oxide. In a specific embodiment, the material of the spacers 2131
includes boron-doped polysilicon (Cygnus poly) or titanium oxide. In this way, a higher
Young's modulus can be obtained, and the etching selectivity ratio of the material of the
spacers to the material of the filling layer material formed subsequently is large, so that
the influence on the structure of the filling layer mask is reduced in the subsequent
process for removing spacers, and the problem of metal line bridging or breakage is

improved.

[0055] In some embodiments, as shown in FIGs. 2E to 2F, forming spacers 2131 with
vertical sidewall morphology on sidewalls of the first mask layer 207 comprises: forming
a spacer layer 213 covering the first mask layer 207 and a surface of the bottom mask
layer 205; removing the spacer layer 213 covering a top of the first mask layer 207 and
the spacer layer 213 covering the surface of the bottom mask layer 205, and retaining the
spacer layer 213 on the sidewalls of the first mask layer 207 to form spacers 2131 with

vertical sidewall morphology.

[0056] Specifically, firstly, referring to FIG. 2E, the spacer layer 213 covering the first
mask layer 207 and a surface of the bottom mask layer 205 is formed. Here, the spacer
layer may be formed by chemical vapor deposition process, spin coating process, or
atomic layer deposition process, and its thickness may have a range of 30nm to 180nm,
for example, may be 60nm, 65nm, 80nm, 85nm, 90nm, 95nm, or 120nm. If the thickness
of the spacer layer is smaller, it will not be conducive to the subsequent formation of
spacers with vertical sidewall morphology, and the spacers with vertical sidewall
morphology will easily collapse. If the thickness of the spacer layer is larger, it will not

be conducive to the formation of fine patterns. In practice, when selecting the thickness
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of the spacer layer, it should take into account the material of the spacers and the Young's
modulus of the material of the spacers. For example, if the Young's modulus of the spacer
higher, a smaller thickness of the spacer layer may be selected, and thus the fineness of

the pattern is improved.

[0057] Subsequently, as shown in FIG. 2F, the spacer layer 213 covering the top of the
first mask layer 207 and the spacer layer 213 covering the surface of the bottom mask
layer 205 is removed, and the spacer layer 213 on the a sidewall of the first mask layer

207 is retained to form spacers 2131 with vertical sidewall morphology.

[0058] Then, as shown in FIG. 2G, the operation 104 is performed, that is the first mask
layer 207 is removed. In practice, the first mask layer 207 may be removed by dry
etching process, and the dry etching process includes sputtering and ion beam milling,
plasma etching, high pressure plasma etching, high density plasma (HDP) etching,
reactive ion etching (RIE) and the like. Dry etching process has high selection ratio, good
controllability, flexibility and repeatability, and safe operation of fine lines, which can

ensure the high fidelity of fine patterns after transfer.

[0059] In some embodiments, removing the first mask layer comprises: removing the
first mask layer 207 by an ashing process. The pattern of the first mask layer can be
efficiently and completely removed by the ashing process, and no intermediate products
will be brought. At the same time, the surface cleanliness of the bottom mask layer can
be improved, which is beneficial to the subsequent deposition of the filling layer. In

practice, the parameters of the ashing process are as follows. The temperature of the
ashing chamber is 235 to 265°C, the radio frequency power is 2000 to 5000W, and the

pressure of the ashing chamber is 50 to 1500Mtorr, and the ashing time is 5 to 300
seconds. In this way, the efficiency of removing the first mask layer 207 can be further
improved, the cleanliness of the surface of the bottom mask layer can be improved, and

the yield is increased.

[0060] In some embodiments, after the pattern of the first mask layer is removed,
smoothing the profile of the spacers is further included such that the profiles of both sides
of the spacers are uniformly symmetrically smooth. In this way, the quality of the filling

layer mask formed subsequently according to the spacers can be improved, so that the
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filling layer mask is more regular, thereby improving the yield of the finally formed
product. In some embodiments, the profiles of the spacers are smoothed by the gas
etching process, in which the etching gas comprises at least one of Clz, HBr, O, SiCly

and SiBr.

[0061] Subsequently, as shown in FIG. 2I, the operation 105 is performed, that is, the
gap between the spacers 2131 is filled with a filling layer 215, in which the material of
the spacers 2131 to the material of the filling layer 215 has a high etching selectivity

ratio.

[0062] In some embodiments, as shown in FIG. 2H to 21, filling the gap between the
spacers 2131 with the filling layer 215 comprises: forming the filling layer 215 on the
bottom mask layer 205, in which the filling layer fills each gap between two adjacent
ones of the spacers 2131 and covers the spacers 2131; and planarizing the filling layer
215 such that an upper surface of the filling layer 215 is flush with upper surfaces of the
spacers 2131.

[0063] Specifically, firstly, referring to FIG.2H, the filling layer 215 is formed on the
bottom mask layer 205, in which the filling layer fills the gap between two adjacent ones
of the spacers 2131 and covers the spacers2131. In some embodiments, the material of
the filling layer comprises oxide. Compared with spin-on-carbon (SOC) layer filled by
the related technology, the filling effect of oxide is better, which further solves the
problem of poor effect of SOC filling in the prior art. In practice, the filling layer may be

formed by chemical vapor deposition, floating Oxide coating or atomic layer deposition.

[0064] In some embodiments, the etching selectivity ratio of the material of the spacers
to the material of the filling layer is greater than or equal to 100. Exemplary, the etching
selectivity ratio of the material of the spacers to the material of the filling layer has, for
example, a range of 120-800, and more specifically, may be 155, 334 or 650. In this way,
the influence on the filling layer mask structure is reduced in the subsequent process for

removing spacers, and the problem of metal line bridging or breakage is improved.

[0065] Subsequently, referring to FIG. 21, the filling layer is planarized such that the
upper surface of the filling layer 215 is flush with the upper surfaces of the spacers 2131.

In practice, the process of planarization includes chemical mechanical polishing, back
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etching, or a combination thereof.

[0066] Finally, referring to FIG. 2J, the operation 106 is performed, that is, the spacers

2131 are removed.

[0067] In some embodiments, removing the spacers 2131 comprises: removing the
spacers 2131 by gas etching, in which the gas comprises chlorine and hydrogen bromide.
It should be understood that gas etching has less pollution to the bottom mask, the
etching rate is controllable, and the formed filling layer mask is finer. In other

embodiments, the gas includes at least one of O, SiClsand SiBr.

[0068] In some embodiments, as shown in FIG. 2K to 2M, after removing the spacers
2131, the method further comprises: forming a second mask layer 217 on the filling layer
215; etching the second mask layer 217 to form a second pattern, the second pattern
exposing parts of the filling layer 215; patterning the filling layer 215 with the second
mask layer as a mask to form a filling layer mask 2151. In practice, because of the
precision and complex of the pattern, the process of one-step etching is difficult, and the
process maintenance is difficult or even impossible to achieve. In this way, the filling
layer is trimmed to form a final mask, which can effectively simplify the process and

improve the yield.

[0069] Specifically, firstly, referring to FIG. 2K, the second mask layer 217 is formed on
the filling layer 215. Here, the second mask layer 217 may comprise a lower second
mask layer 2171 and an upper second mask layer 2172 which are stacked, and the upper
second mask layer 2172 is located on the lower second mask layer 2171. The material of
the upper second mask layer 2172 may include, but is not limited to, silicon oxynitride
(SiON), polysilicon (Poly), amorphous carbon layer (ACL), oxide, and the like. The
upper second mask layer 2172 may be formed by chemical vapor deposition (CVD) or
spin-on dielectrics (SOD).

[0070] The material of the lower second mask layer 2171 may include, but is not limited
to, a spin-on hard mask (SOH) layer, the SOH layer may be formed by spin coating, and
may be an insulating layer of a hydrocarbon system, which may include a silicon hard

mask material, a carbon hard mask material, an organic hard mask material, and the like.

[0071] Subsequently, referring to FIG. 21, the second mask layer 217 is etched to form a

13



second pattern, and the second pattern exposes parts of the filling layer 215. In some
embodiments, etching the second mask layer 217 to form a second pattern comprises:
forming a photoresist (PR) layer on the second mask layer 217; patterning the photoresist
layer to form a second patterned photoresist layer 211°, in which the first patterned
photoresist layer 211’ exposes the second mask layer 217. In some embodiments, the
photoresist layer further includes a Si-containing anti-reflection coating (SiARC) that
covers the surface of the second mask layer 217. In this way, the reflected light of
lithography can be absorbed, thereby improving the linewidth resolution in lithography
process. The process for etching the second mask layer 217 to form the second pattern is
not limited thereto. In other embodiments, the second mask layer 217 may also be etched
by self-aligned double patterning (SADP) process or self-aligned quadruple patterning

(SAQP) process on the surface of the second mask layer 217 to form the second pattern.

[0072] Finally, referring to FIG.2M, the filling layer 215 is patterned with the second
mask layer 217 as a mask to form the filling layer mask 2151. Here, the filling layer 215
may be patterned by dry etching that includes sputtering and ion beam milling, plasma
etching, high pressure plasma etching, high density plasma (HDP) etching, reactive ion
etching (RIE) and the like. Dry etching has a high selection ratio, good controllability,
flexibility and repeatability, and safe operation of fine lines, which can ensure the high

fidelity of fine patterns after transfer.

[0073] In some embodiments, as shown in FIG.2N, after forming the filling layer mask
2151, the method further comprises: patterning the bottom mask layer 205 with the
filling layer mask 2151 as a mask to form a third pattern, in which the third pattern
exposes parts of the etching target layer 203; patterning the etching target layer 203 with
the bottom mask layer 205 as a mask. Here, the bottom mask layer not only participates
in pattern transfer, but also serves as an etching barrier layer to protect the etching target
layer and avoid the etching target layer from being damaged by the subsequent process of

forming the filling layer mask.

[0074] In one embodiment, patterning the bottom mask layer 205 with the filling layer
mask 2151 as a mask includes: patterning the bottom mask layer by dry etching. In some
embodiments, dry etching may have etching rates with different speeds, which is first fast
and then slow down. This enables a more uniform depth when the desired pattern is

subsequently transferred to the bottom mask layer 205.
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[0075] In some embodiments, the etching rate, which is first fast and then slow down,
may be achieved by adjusting the pressure of the cavity and/or radio frequency (RF)
power of the dry etching device. Generally, with the increase of cavity pressure, the
etching rate increases. Increasing RF power can increase the density of active agent and
ions in plasma, thereby increasing the etching rate. In other embodiments, the etching
rate, which is first fast and then slow down, may be achieved by adjusting the
composition of the etching gas and/or the gas flow rate. For example, the etching rate can
be controlled by adjusting the proportion of composition in the mixed gas. On the other
hand, the gas flow rate determines the degree of the effective supply of reactant. If gas
flow rate is too low, the etching rate is limited by the supplement of reactant gas, which
will reduce the etching rate. If the gas flow rate is too high, it will lead to the loss of
reactant gas in transit, which will also reduce the etching rate. In other embodiments, an
etching rate which is first fast and then slows down may be achieved by adjusting the
etching temperature. The etching temperature includes the temperature of the substrate
and the temperature of the cavity, and the influence of the temperature is mainly reflected

by the chemical reaction rate.

[0076] In other embodiments, the bottom mask layer comprises a first bottom mask
layer and a second bottom mask layer, and the second bottom mask layer is located on
the first bottom mask layer, and the second bottom mask layer has an etching rate greater
than the etching rate of the first bottom mask layer. In some other embodiments, the
bottom mask layer may include a stack of multiple layers of material with etching rates
of each layer gradually decreasing in a top-down direction, thereby achieving the etching
rate which is first fast and then slow down using different etching rates of different

materials.

[0077] In some embodiments, as shown in FIG. 3 the etching target layer 203 includes
an array unit area 20b and a peripheral unit area 20a located on the periphery of the array
unit area 20b. The spacers 2131 are located on the peripheral unit area 20a. Dynamic
random access memory (DRAM) includes an array memory cell array and a peripheral
circuit. The memory cell array and the peripheral circuit may be integrated on the same
chip, which allows for a wider bus and higher operating speeds. In practical applications,
the memory cell array and the peripheral circuit may be formed in different areas of the

same plane. Because the array unit area and the peripheral unit area have different device
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densities, and are not suitable for one-step formation. Patterning the metal layers
separately can effectively improve the yield. At this time, the bottom mask layer 205 can
be used to protect the device in the array unit area 20b, and avoid the contamination of
process of patterning the etching target layer in the peripheral unit area 20a. Referring to
FIG. 3, the etching target layer 203 in the array unit area 20b is patterned individually
firstly and the device in the array unit area 20b is protected by the bottom mask layer
205. Then, for the etching target layer 203 in the peripheral unit area 20a, the method of
forming spacers with vertical sidewall morphology, then depositing a filling layer and
removing the spacers to form recesses is adopted to form a mask with a corresponding
pattern for etching the etching target layer 203 in the peripheral unit area 20a. In this way,
the process difficulty can be effectively reduced, the complexity of the pattern is reduced,
and the yield is improved. It should be understood that, the sequence of separately
patterning the etching target layer 203 in the array unit area 20b and the etching target
layer 203 in the peripheral unit area 20a described above can be executed in reverse order

without conflict.

[0078] Embodiments of the present disclosure also provide a semiconductor structure

prepared by anyone of the above methods.

[0079] In summary, embodiments of the present disclosure provide a preparation
method for a semiconductor structure and a semiconductor structure. Herein, the
preparation method comprises: providing a structure to be processed, in which the
structure to be processed comprises a substrate, and an etching target layer, a bottom
mask layer and a first mask layer stacked on the substrate; patterning the first mask layer
to form a first pattern, the first pattern exposing parts of the bottom mask layer; forming
spacers with vertical sidewall morphology on sidewalls of the first mask layer; removing
the first mask layer; filling a gap between the spacers with a filling layer, in which a
material of the spacers to a material of the filling layer has a high etching selectivity
ratio; removing the spacers. The embodiments of the present disclosure adopts a method
of forming spacers with vertical sidewall morphology firstly, then depositing a filling
layer and removing the spacers to form recesses, to form a mask with a corresponding
pattern, and a high etching selectivity ratio of the spacers to the filling layer can improve

the consistency of pattern transfer and the fineness of forming a patterned structure.

[0080] In should be noted that the preparation method for a semiconductor structure and
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the semiconductor structure provided by the embodiments of the present disclosure may
be applied to any integrated circuit including this structure. Any technical feature of the
technical solution described in each embodiment can be arbitrarily combined without
conflict. Those skilled in the art can change the operation sequence of the formation
method without leaving the protection scope of the present disclosure. Under the
condition that each operation of the embodiments of the present disclosure does not
conflict, part of the operations may be executed at the same time or may be executed in

reverse order.

[0081] The descriptions above are only preferred embodiments of the present
disclosure, and are not intended to limit the scope of protection of the present disclosure.
Any modification, equivalent replacement and improvement made within the spirit and
principles of the present disclosure all fall with the protection scope of the present

disclosure.

INDUSTRIAL PRACTICALITYAPPLICABILITY

[0082] The embodiments of the present disclosure adopt a method of forming spacers
with vertical sidewall morphology firstly, then depositing a filling layer and removing the
spacers to form recesses, to form a mask with a corresponding pattern and a high etching
selectivity ratio of the spacers to the filling layer can improve the consistency of pattern

transfer and the fineness of forming a patterned structure.
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CLAIMS
1. A preparation method for a semiconductor structure, comprising:

providing a structure to be processed, wherein the structure to be processed comprises a
substrate, and an etching target layer, a bottom mask layer and a first mask layer stacked on

the substrate;

patterning the first mask layer to form a first pattern, the first pattern exposing parts of

the bottom mask layer;
forming spacers with vertical sidewall morphology on sidewalls of the first mask layer;
removing the first mask layer;
filling a gap between the spacers with a filling layer,

wherein there is a high etching selectivity ratio of a material of the spacers to a material

of the filling layer; and

removing the spacers.

2. The preparation method according to claim 1, wherein, after removing the spacers, the

preparation method further comprises:
forming a second mask layer on the filling layer;

etching the second mask layer to form a second pattern, the second pattern exposing

parts of the filling layer; and

patterning the filling layer with the second mask layer as a mask to form a filling layer

mask.

3. The preparation method according to claim 2, wherein, after forming the filling layer mask,

the method further comprises:
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patterning the bottom mask layer with the filling layer mask as a mask to form a third

pattern, the third pattern exposing parts of the etching target layer; and

patterning the etching target layer with the bottom mask layer as a mask.

4. The preparation method according to claim 1, wherein, the etching selectivity ratio of the

material of the spacers to the material of the filling layer is greater than or equal to 100.

5. The preparation method according to claim 1, wherein, the material of the spacers has a

Young's modulus greater than or equal to 25GPa.

6. The preparation method according to claim 1, wherein, the material of the filling layers

comprises oxide.

7. The preparation method according to claim 1, wherein, the material of the spacers

comprises polysilicon, silicon nitride or metal oxide.

8. The preparation method according to claim 1, wherein, forming spacers with vertical

sidewall morphology on sidewalls of the first mask layer comprises:

forming a spacer layer covering the first mask layer and a surface of the bottom mask

layer; and

removing the spacer layer covering a top of the first mask layer and the spacer layer
covering the surface of the bottom mask layer, and retaining the spacer layer on the sidewalls

of the first mask layer to form the spacers with vertical sidewall morphology.

9. The preparation method according to claim 1, wherein, removing the spacers comprises:
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removing the spacers by an etching process with gas, wherein the gas comprises chlorine

and hydrogen bromide.

10. The preparation method according to claim 1, wherein, removing the first mask layer

comprises:

removing the first mask layer by an ashing process.

11. The preparation method according to claim 1, wherein, patterning the first mask layer

comprises:
depositing a third mask layer on the first mask layer;
patterning the third mask layer and the first mask layer; and

removing the third mask layer and retaining the first mask layer.

12. The preparation method according to claim 11, wherein, patterning the third mask layer

and the first mask layer comprises:
forming a photoresist layer on the third mask layer;

patterning the photoresist layer to form a first patterned photoresist layer, the first

patterned photoresist layer exposing the third mask layer; and

etching the third mask layer and the first mask layer with the first patterned photoresist

layer as a mask.

13. The preparation method according to claim 1, wherein, filling the gap between the spacers

with the filling layer comprises:

forming the filling layer on the bottom mask layer, the filling layer filling the gap
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between two adjacent ones of the spacers and covering the spacers; and

planarizing the filling layer such that an upper surface of the filling layer is flush with

upper surfaces of the spacers.

14. The preparation method according to claim 1, wherein,

the bottom mask layer comprises a first bottom mask layer and a second bottom mask

layer, and the second bottom mask layer is located on the first bottom mask layer.

15. A semiconductor structure prepared by the preparation method for a semiconductor

structure according to anyone of claims 1 to 14.
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