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SEMICONDUCTOR DEVICE AND METHOD OF FABRICATING THE SAME
Abstract

PURPOSE: A semiconductor device and a manufacturing method thereof are provided to improve a connection failure of a
conductive pattern due to excessive etch by forming a first insulation layer and a second insulation layer with different materials.
CONSTITUTION: A first interlayer insulation layer(205) is formed on the upper side of a semiconductor substrate(201) with a
source area(203). A laminate structure is formed on the upper side of the first interlayer dielectric layer. The laminate structure is
formed by alternatively laminating a multilayered conductive layers(207a-207f) and multilayered second interlayer dielectric
layers(209a-209f). A first insulation layer(213) is formed on the upper side of the laminate structure. An etch stop layer(215) is
formed on the upper side of the first insulation layer.
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The wording below is an initial machine translation of the original publication. To generate a version using the
latest translation technology, go to the original language text and use Patent Translate.

Semiconductor device and method of fabricating same

[0001] The present invention relates to a semiconductor device and a method of manufacturing the same, and
more particularly, to a semiconductor device including conductive patterns connected to respective laminated
films of a laminated structure patterned in a stepwise manner, and a method of manufacturing the same.

[0002] Semiconductor devices include signal lines for applying drive signals to a number of transistors and
transistors, respectively. The transistor and the signal line are electrically connected through a conductive
pattern passing through the insulating film formed therebetween.

[0003] The conductive pattern passing through the insulating film can be formed by removing a predetermined
region of the insulating film corresponding to the region where the conductive pattern is to be formed and then
filling the region from which the insulating film is removed with a conductive material. At this time, when a
conductive pattern is to be connected to each laminated film of a laminated structure constituted by multilayered
films and patterned in a stepwise pattern, the depth of the conductive patterns connected to the multilayered
laminated films, respectively, It is formed differently depending on the depth. When the depths of the
conductive patterns are different from each other, a problem may occur that a specific region is excessively
etched in the process of removing the insulating layer corresponding to the regions in which the conductive
patterns are to be formed. Such transient etching may cause defects such that a part of the conductive pattern
penetrates through the laminated film as a connection target and is connected to another laminated film below
the laminated film.

The present invention provides a semiconductor device capable of improving the phenomenon that a part of the
conductive patterns respectively connected to the laminated films of the stepwise patterned laminated structure
is connected to the other laminated film through the laminated film serving as the connection target, And a
manufacturing method thereof.

A method of fabricating a semiconductor device according to an embodiment of the present invention includes
forming a stacked structure in which a plurality of conductive films and a plurality of interlayer insulating films
are alternately stacked, a step of patterning both sides of the conductive films in a step- Forming a first
insulating film along a surface of the stacked structure including the conductive films exposed in a stepwise
manner, forming a second insulating film having a lower density than the first insulating film on the first
insulating film Forming contact holes by removing the first and second insulating films so that each of the
conductive films patterned in a stepwise pattern is exposed, and filling the inside of the contact holes with a
conductive material A method of fabricating a semiconductor device according to another embodiment of the
present invention includes the steps of forming a laminated structure including a plurality of laminated films,
Forming a first insulating film along a surface of the stacked layers exposed in a stepwise manner, forming a
second insulating film having a lower densification than the first insulating film on the first insulating film,
Forming a first insulating film on the first insulating film, removing the first insulating film and the second
insulating film to expose each of the laminated films patterned in a stepwise manner to form trenches, and filling
the trenches with a conductive material A semiconductor device according to an embodiment of the present
invention includes stacked structures in which a multilayered conductive film and a multilayered interlayer
insulating film are alternately stacked with a stepped patterned contact region, A first insulating layer formed on
the first insulating layer to fill a space between the first and second insulating layers, A second insulating layer,
and contact patterns connected to the contact regions of the conductive layers through the first and second
insulating layers. The first insulating layer is a high density plasma (HDP) oxide layer, The insulating layer is
preferably an SOD (Spin On Dielectric) insulating layer. An etch stop layer is further formed between the first
and second insulating layers.

Micron Ex. 1020, p. 13
Micron v. YMTC
IPR2025-00228



The present invention forms contact holes or trenches by etching the first and second insulating films after
forming the first insulating film and the second insulating film on top of the laminated structure patterned
stepwise. In order to enable the second insulating layer to be etched faster than the first insulating layer during
the etching of the first and second insulating layers, the first and second insulating layers are formed of different
materials. Accordingly, the present invention can expose and etch the first insulating layer in a region where
relatively shallow contact holes or trenches are to be formed, while etching the second insulating layer to form a
relatively deep contact hole or trench. Is slow compared to the etch rate of the second insulating layer, the
present invention has the problem that the stack structure is exposed through relatively shallow contact holes or
trenches during the etch process to form relatively deep contact holes or trenches, Can be improved. As a result,
the present invention can improve the connection failure of the conductive pattern due to transient etching.

[0012] BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The present invention relates
to a three-dimensional semiconductor memory device and a method of fabricating the same, Sectional views for
explaining a semiconductor device and a manufacturing method thereof according to another embodiment of the
present invention.

[0013] Hereinafter, preferred embodiments of the present invention will be described with reference to the
accompanying drawings. However, the present invention is not limited to the embodiments described below, but
may be implemented in various forms, and the scope of the present invention is not limited to the embodiments
described below. It is to be understood that both the foregoing general description and the following detailed
description are exemplary and explanatory and are intended to provide further explanation of the invention as
claimed.

[0014] 1 is a perspective view of a three-dimensional semiconductor memory device according to the present
invention. 1 shows one memory block.

[0015] Referring to FIG. 1, a three-dimensional semiconductor memory device according to the present
invention includes a plurality of strings ST arranged on a semiconductor substrate or on a source region SL
formed in a semiconductor substrate. The source region SL may be an impurity implantation region of the
semiconductor substrate, or may be a doped polysilicon film formed on the semiconductor substrate. Each of the
strings ST has a source region SL along a vertical channel film CH and a vertical channel film CH extending
along the z direction of the xyz coordinate system and connected between the source region SL and the bit line
BL, A lower selection transistor stacked on top, a plurality of memory cells, and an upper selection transistor

[0016] The lower selection transistor is formed at the intersection of the lower selection gate LSG and the
vertical channel film CH stacked above the source region SL. A plurality of memory cells are formed at the
intersections of the multi-layered cell gates CG and the vertical channel layer CH stacked on the lower select
gate LSG. The upper select transistor is formed at the intersection of the upper select gate (USG) and the
vertical channel film (CH) stacked on the cell gates (WL) of the multiple layers.

[0017] The outer wall of the vertical channel film CH may be surrounded by a tunnel insulating film, a charge
storage film, and a charge blocking film. The charge storage film traps / emits charge to the trap site as a
substantial data store to store / erase data. The charge blocking film blocks the charges stored in the charge
storage film from moving to the cell gate (WL). The tunnel insulating film serves as a potential barrier film
when charges are injected into the charge storage film from the vertical channel film CH or when charge
accumulated in the charge storage film moves into the vertical channel film CH.

[0018] The source region SL, the lower select gate LSG, the cell gates CG, and the upper select gate USG are
isolated by the interlayer insulating film. On the other hand, the stacked structure formed by stacking the lower
select gate LSG, the cell gates CG, and the upper select gate USG is separated in memory block units. In order
to allow the contact patterns CT _LSG, CT_CG and CT_USG, which are conductive patterns, to be connected to
the lower select gate LSG, the cell gates CG and the upper select gate USG of the stacked structure, And has
stepped patterned sidewalls. The source region SL has sidewalls that protrude from the stacked structure so that
the contact pattern CT_SL, which is a conductive pattern, can be connected to the source region SL.

[0019] The contact patterns CT_LSG, CT_CG, CT_USG and CT_SL are connected to the signal lines M_USG,
M LSG,M CG and M_SL formed on the upper part of the laminated structure, extending in the z direction of
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the xyz coordinate system and spaced apart from the laminated structure. The signal lines M_USG, M_LSG,
M_CG, and M_SL may be formed of metal wirings.

[0020] 1, in addition to a three-dimensional semiconductor memory device having a vertical string structure
extending along the z direction as shown in FIG. 1, two column memory cells arranged vertically along the z
direction are connected by a pipe channel to form a U- memory A three-dimensional semiconductor memory
device having a U-shaped string structure is also provided with a laminated structure patterned in a stepwise
manner so that a contact pattern can be connected to memory cells and pipe channels of each layer.

[0021] In order to connect not only the above-described three-dimensional semiconductor memory device but
also the laminated films of the laminated structure composed of the multilayered films to the signal lines formed
on the laminated structure, each of the laminated films may be exposed in a step- The laminated structure should
be patterned in a stepped pattern. Then, a conductive pattern should be formed between each of the laminated
films of the laminated structure patterned stepwise and the signal lines. Hereinafter, the present invention will be
described in more detail with reference to Examples.

[0022] 2A and 2B are cross-sectional views illustrating a semiconductor device and a method of manufacturing
the same according to an embodiment of the present invention. FIGS. 2A and 2B show the boundary between
blocks of the three-dimensional memory device shown in FIG.

[0023] Referring to FIG. 2A, a first interlayer insulating film 105 is formed on a semiconductor substrate 101
having source regions 103. Thereafter, multilayered conductive films 107a to 107f and multilayered second
interlayer insulating films 109a to 109f are alternately stacked on the first interlayer insulating film 105 to form
a multilayer structure ML. Among the multilayer conductive films 107a to 107f, the lowermost conductive film
107a is the conductive film for the lower selection gate LSG, and the conductive film 107f for the uppermost
conductive film 107f is the conductive film for the upper selection gate USG . The conductive films 107b to
107¢ between the lowermost conductive film 107a and the uppermost conductive film 107f may be conductive
films for cell gates CG.

[0024] After the formation of the laminated structure ML, a process for forming the string ST structure shown in
FIG. 1 may be performed, but a detailed description thereof will be omitted.

[0025] Thereafter, a photoresist pattern (not shown) is formed on the laminated structure ML, and the laminated
structure ML is separated by etching the laminated structure ML with the photoresist pattern as an etching
barrier. At this time, a step for exposing the conductive films 107a to 107f of the multilayer structure ML in a
stepwise manner is formed by repeatedly etching the multilayer structure ML while reducing the width of the
photoresist pattern. The detailed process will be described later in FIGS. 3A to 3C.

[0026] The exposed regions of each of the conductive films 107a to 107f of the stacked patterned stacked
structure ML are the contact regions A. [ An insulating film 111 is formed on the stacked structure ML in which
the contact region A is exposed. The insulating film 111 is formed to fill the region between the lamination
structures ML.

[0027] Referring to FIG. 2B, the insulating film 111 is etched to form contact holes 121a to 121f that expose the
contact regions A of the conductive films 107a to 107f, respectively. At this time, a contact hole 123 exposing
the contact region of the source region 103 protruding from the stacked structure ML is also formed.

[0028] Since the conductive films 107a to 107f of the respective layers are located at different depths from the
surface of the insulating film 111, the contact holes 121a to 121f and 123 are also formed to have different
depths. At this time, during the etching of the insulating film 111 to form a contact hole (for example, 121a)
having a relatively deep depth, a contact hole having a relatively shallow depth (for example, 121f) Not only the
conductive film 107f but also the second interlayer insulating film 109e below the conductive film 107f may be
etched to expose the conductive film 107e under the exposed target. This is because the thickness of the
insulating film 111 to be removed in order to form the contact hole 121a having a relatively deep depth is
smaller than the thickness of the insulating film 111 and the second interlayer insulating film 109f, so that a
portion B which is excessively etched after the formation of the contact hole 121f having a shallow depth is
generated.

[0029] Thereafter, the contact holes 121a to 121fand 123 are filled with a conductive material to form contact
patterns 131. At this time, a failure occurs in which the conductive films (for example, 107f and 107¢) to be
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insulated from each other are electrically connected by the conductive material embedded in the transiently
etched portion B.

[0030] In order to solve the above-mentioned problem, there is a method of thickening the etching stopper film
with a nitride film before forming the insulating film 111. [ The etching stopper film is formed of a nitride film
different from the oxide film which is a constituent material of the interlayer insulating films 109a to 109f and
105 and the insulating film 111. [ Therefore, a large inclination may be generated on the etched side walls of the
etch stop layer during the etching process for forming the contact holes 121a to 121f and 123. [ The large
inclination occurring on the sidewall of the etch stop film can reduce the formation area of the contact pattern
131 and increase the resistance of the contact pattern 131.

[0031] Another embodiment of the present invention for solving the above problems will be described as
follows.

[0032] 3A to 3F are cross-sectional views illustrating a semiconductor device and a method of manufacturing
the same according to another embodiment of the present invention. FIGS. 3A to 3F show the boundary between
blocks of the three-dimensional memory device shown in FIG. 1. FIG.

[0033] Referring to FIG. 3A, a first interlayer insulating film 205 is formed on a semiconductor substrate 201
having source regions 203. The source regions 203 may be formed by implanting impurities into the
semiconductor substrate 201 or may be formed by depositing a doped polysilicon film doped with impurities on
the semiconductor substrate 201 and patterning the doped polysilicon film . These source regions 203 may be
separated in units of memory blocks. The first interlayer insulating film 205 may be formed of an oxide film for
electrically insulating the source region 203 and the conductive film 207a formed thereon.

[0034] Thereafter, multilayered conductive films 207a to 207f and multilayered second interlayer insulating
films 209a to 209f are alternately stacked on the first interlayer insulating film 205 to form a multilayer structure
ML. Among the multilayered conductive films 207a to 207f, the lowermost conductive film 207a is the
conductive film for the lower selection gate (LSG), and the conductive film 207f for the uppermost conductive
film is the conductive film for the upper selection gate USG . The conductive films 207b to 207e between the
lowermost conductive film 207a and the uppermost conductive film 207f may be conductive films for cell gates
CG. The number of stacked conductive films 207b to 207¢ for the cell gate (CG) can be variously changed
according to the number of memory cells to be stacked. The second interlayer insulating films 209a to 209¢ may
be formed of an oxide film for electrically insulating the conductive films 207a to 207f of the stacked structure.
On the other hand, a second interlayer insulating film 209f, which is an oxide film, may be further formed to
separate the film to be formed subsequently on the uppermost layer of the laminated structure ML and the
conductive film 207f formed on the uppermost layer of the laminated structure ML have. The conductive films
207a to 207f may be formed of a polysilicon film.

[0035] Although not shown in the figure, after forming the multilayer structure ML, a multilayer structure ML, a
channel hole forming process that penetrates the first interlayer insulating film 205 to form the string ST
structure shown in FIG. 1, A step of laminating a charge blocking layer, a charge storage layer, and a tunnel
insulating layer on the sidewall, and a process of filling the channel hole with a vertical channel layer may be
performed.

[0036] Next, a mask pattern 211 serving as an etching barrier is formed in the step pattern formation process for
exposing the contact regions of the conductive films 207a to 207f on the stacked structure ML. The mask pattern
211 may be formed of a photoresist pattern and exposes the multilayer structure ML in consideration of the
width of the conductive film 207a disposed on the lowermost layer of the multilayer structure ML. The mask
pattern 211 has a first width W1 and a first height h1 at the time of initial formation. The first width W1 is a
value set by the patterning width of the lowermost conductive film 207a (that is, the conductive film first layer)
forming the stepwise pattern. The first height h1 is set to a value that is set so that the mask pattern 211 having a
reduced height can sufficiently serve as an etch barrier even if the height of the mask pattemn 211 is reduced
during the subsequent etching process of the laminated structure ML. to be.

[0037] The uppermost second interlayer insulating film 209f and the conductive film 207f of the multilayer
structure ML exposed by the mask pattern 211 having the first width W1 are etched. At this time, the second
interlayer insulating film 209e under the conductive film 207f can be further etched. As a result, the conductive
film 207e under the uppermost conductive film 207f is exposed.
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[0038] Referring to FIG. 3B, the mask pattern 211 is etched to reduce the size of the mask pattern 211. Thus, the
width of the mask pattern 211 becomes the second width W2 which is narrower than the first width W1, and the
height of the mask pattern 211 becomes the second height h2 which is lower than the first height hl .

[0039] In the above, the second width W2 is a value set by the patterning width of the conductive film second
layer 207b forming a stepped pattern.

[0040] The conductive films 207f and 207e of the two layers adjacent to the uppermost layer of the multilayer
structure ML exposed by the mask pattern 211 having the second width W2 and the second interlayer insulating
films 209f and 209¢ are etched do. At this time, the second interlayer insulating film 209d under the conductive
film 207e can be further etched. As a result, the conductive film 207d under the conductive films 207f and 207e
of the two layers adjacent to the uppermost layer is exposed.

[0041] 3C, the width of the mask pattern 211 becomes the third width W3 set by the width of the conductive
film 207f of the uppermost layer constituting the stepped pattern A, and the width of the lowermost layer The
process of reducing the mask pattern 211 described in FIG. 3B and the process of etching the reduced mask
pattern 211 with the etching barrier are repeated until the conductive film 207a of the conductive film 207a is
separated and patterned do. When the width of the mask pattern 211 becomes the third width W3, the height of
the mask pattern 211 is also reduced by the repeated process of reducing the mask pattern 211, (h3).

[0042] The contact region A of the conductive films 207a to 207f is patterned so as to be exposed stepwise due
to the repetition of the mask pattern 211 reduction process and the etching process of the multilayer structure
ML. At this time, the stepped patterned lamination structure ML is formed so as to expose the contact region of
the source region 203.

[0043] Referring to FIG. 3D, a first insulating film 213 is formed along the surface of the entire structure
including the contact region A exposed stepwise. The first insulating layer 213 may be formed to have a film
quality that is lower than the film quality of the second insulating layer 217 so that the etching rate may be
slower than that of the second insulating layer 217 in a subsequent etching process. Further, it is preferable to be
formed along the stepped portion by the laminated structures ML patterned in a stepwise manner. For this, the
first insulating layer 213 is preferably formed of a dense HDP (High Density Plasma) oxide layer.

[0044] Thereafter, an etch stop layer 215 may be further formed on the first insulating layer 213. The etch stop
layer 215 is formed to serve as an etch stop layer during the planarization process of the second insulation layer
217 to be formed subsequently. In addition, the etch stop layer 215 is formed to prevent the sidewalls of the
conductive layers 207a to 207f from being exposed in the subsequent process of forming a contact hole. It is
preferable that the etching stopper film 215 is formed of a nitride film to enable this role. The thickness of the
etching stopper film 215 is preferably as thin as possible so that the width of the contact hole is not narrowed by
inclined side walls of the etching stopper film 215 etched in the subsequent process of forming the contact hole.

[0045] Next, a second insulating film 217 is formed on the etch stop layer 215. The second insulating film 217
is preferably formed to have a lower film density than the first insulating film 213 so as to have a higher etching
rate than the first insulating film 213 in a subsequent etching process. It is preferable to be formed of a material
capable of embedding a space between the lamination structures ML so as to cover it. For this, the second
insulating film 217 is preferably formed of an SOD (Spin On Dielectric) oxide film having excellent filling
property and low density.

[0046] Referring to FIG. 3E, the surface of the second insulating film 217 is planarized. The planarization
process may be performed by a chemical mechanical polishing (CMP) method. When the etch stop film 215 is
formed, the planarization process of the second insulation film 217 is performed until the etch stop film 215 is
exposed.

[0047] Referring to FIG. 3F, the second insulating layer 217, the etch stop layer 215, and the first insulating
layer 213 are etched to form the contact regions A and the source regions 203 of the conductive layers 207a to
2071, respectively. The contact holes 221a to 221f and 223 are formed to expose the contact region of the
contact hole. At this time, the first interlayer insulating film 205 formed on the contact region of the source
region 203 may be further etched.

[0048] During the process of forming the above-described contact holes 221a to 221f and 223, the second
insulating film 217 of the region where the relatively deep contact hole (for example, 221a) is to be formed is
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etched while the relatively shallow contact The first insulating film 213 of the region where the hole (for
example, 221f) is to be formed is exposed and etched. At this time, the etching rate of the second insulating film
213 is faster than the etching rate of the first insulating film 213 due to the difference in film density, so that the
first insulating film 213 in the region where the shallow contact hole 221f is to be formed The second insulating
film 217 formed thick in the region where the deep contact hole 221a is to be formed is removed. Therefore, the
time for which the conductive film 207f exposed through the shallow contact hole 221f is exposed during the
etching of the insulating film in the region where the deep contact hole 221f is to be formed is reduced, and the
conductive film 207f is overetached Is improved. As a result, while the contact holes 221a to 221f and 223
having different depths are formed, the conductive film (for example, 207f) to be the exposure target is over-
etched and the conductive film 207¢ Can be improved.

[0049] Thereafter, the contact holes 221a to 221f and 223 are filled with a conductive material to form the
contact patterns 231 connected to the contact regions of the conductive films 207a to 207f and the source region
203. [

[0050] Although the method of forming the contact patterns 231 of the three-dimensional semiconductor
memory device has been described above, the present invention is not limited thereto, and may include a
laminated structure patterned so that each of the multilayered laminated films may be exposed in a step- And a
step of etching the insulating film covering the laminated structure to form a trench exposing each of the
laminated films.

[0051] In the process of forming the contact holes 221a to 221f and 223 or the trenches using the etching rate
difference between the first and second insulating films 213 and 217 formed on the stepped patterned laminated
structure, The conductive film 207f serving as a target through the hole 221f or the trench is excessively etched
to expose the lower conductive film 207e. The conductive films 207f and 207e to be insulated from each other
are formed on the conductive pattern 231 even when the conductive patterns 231 are filled in the contact holes
221ato 221f and 223 or trenches in the subsequent process So that the phenomenon of being electrically
connected can be improved.

[0052] 201: Semiconductor substrate 205, 209a to 209f: interlayer insulating film 207a to 207f: conductive film
ML: laminated structure 211: mask pattern 213: first insulating film 215: etch stop film 217: second insulating
film 221a to 221f, 223: pattern
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1. A step of forming a laminated structure in which a plurality of conductive films and a plurality of interlayer
insulating films are alternately stacked, performing a patterning process so that both sides of the conductive
films are exposed stepwise, Forming a first insulating layer on the surface of the stacked structure including the
first insulating layer, the second insulating layer having a lower density than the first insulating layer on the first
insulating layer; And forming the contact holes by removing the first and second insulating films to expose each
of the conductive films patterned in a stepwise pattern. And filling the inside of the contact holes with a
conductive material.

2. A method of manufacturing a semiconductor device, the method comprising: forming a stacked structure
including a plurality of stacked layers; performing a patterning process so that both sides of the stacked layers
are exposed stepwise; Forming a second insulating layer having a lower density than the first insulating layer on
the first insulating layer, removing the first and second insulating layers to expose each of the laminated layers
patterned in the stepwise pattern, Forming trenches; And filling the trenches with a conductive material.

3. The method of claim 1 or 2, further comprising forming an etch stop layer along the surface of the first
insulating film before forming the second insulating film.

4. The semiconductor device according to claim 1 or 2, wherein the first insulating film is a high density plasma
(HDP) oxide film, and the second insulating film is an SOD (Spin On Dielectric) insulating film.

5. A first insulating layer formed on the surface of the stacked structures, a second insulating layer formed on
the first insulating layer, and a second insulating layer formed on the first insulating layer, A second insulating
layer filling a space between the stacked structures and having a density lower than that of the first insulating
layer; And contact patterns penetrating the first and second insulating films and connected to the contact region
of each of the conductive films.
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