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A nonvolatile memory device of a  tertiary  structure according to one embodiment of the present invention comprises a 
substrate, at least one semiconductor pillar extending upwardly from the substrate and doped an impurity of a first conductive 
type, and at least one NAND string having a plurality of memory cells connected in series along the at least one semiconductor 
pillar. The substrate comprises an LDD region, which is in contact with at least one semiconductor pillar and is doped with 
an impurity of a second conductive type opposite to the first conductive type; and a source region, which surrounds a portion 
of the LDD region and is spaced apart from the semiconductor pillar so as not to be in contact with the semiconductor pillar 
and is doped with an impurity of a second conductive type; wherein the concentration of the impurity of the second conductive 
type in the LDD region is lower than the concentration of the impurity of the second conductive type in the source region. 
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Scope of Claim  
Claim 1 
A nonvolatile memory device having a tertiary structure, comprising a substrate, at least one NAND string having at least 
one semiconductor pillar extending upwardly above 
 the substrate and doped with an impurity with a first conductivity type and a plurality of memory cells connected in series 
along the at least one semiconductor pillar; wherein the at least one semiconductor pillar includes at least one lateral extension 
within each NAND string, the plurality of memory cells in each NAND string are stacked in a plurality of layers on the 
substrate and include a plurality of control gate electrodes surrounding the at least one semiconductor pillar and at least one 
charge storage layer between the at least one semiconductor pillar and the control gate electrodes, the substrate includes a 
Lightly Doped Drain (LDD) region, which is doped with an impurity of a second conductivity type opposite to the first 
conductivity type and which is coupled to the at least one semiconductor pillar and a source region, which surrounds a portion 
of the LDD region and is spaced apart from the semiconductor pillar so as not to couple to the semiconductor pillar and is 
doped with an impurity of the second conductivity type; and wherein the concentration of the impurity of the second 
conductivity type in the LDD region is lower than the concentration of the impurity of the second conductivity type in the 
source region. 
Claim 2 
The nonvolatile memory device having a tertiary structure according to Claim 1,  
wherein the at least one semiconductor pillar comprises single crystal silicon formed by selective epitaxial growth from a 
surface of the substrate. 
Claim 3 
The nonvolatile memory device having a tertiary structure according to Claim 1,  
wherein the at least one semiconductor pillar extends vertically to the substrate. 
Claim 4 
The nonvolatile memory device having a tertiary structure according to Claim 1, further comprising at least one bit line 
connected to an end of the at least one NAND string,  
the at least one NAND string further comprising a string select transistor between the plurality of memory cells and the at 
least one-bit line. 
Claim 5 
A method for manufacturing a nonvolatile memory device having a tertiary structure, comprising: a step for preparing a 
substrate having an LDD (Lightly Doped Drain) region doped with an impurity of a second conductive type opposite to a 
first conductive type and a source region doped with an impurity of a second conductive type surrounding a part of the LDD 
region,  
wherein the concentration of the impurity of  
the second conductive type in the LDD region is lower than the concentration of the impurity of the second conductive type 
in the source region,  
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a step for stacking a plurality of first conductive layers on the substrate, a step for forming at least one first through hole 
penetrating the plurality of first conductive layers so that the LDD region is exposed while the source region is not exposed,  
a step for forming at least one first charge storage layer on an inner surface of the at least one first through hole; a step of 
forming at least one first semiconductor pillar, doped with an impurity of the first conductive type, on the at least one first 
charge storage layer within the at least one first through hole, and not in contact with the source region but in contact with 
the LDD region; forming at least one first lateral extension connected to an end of the at least one first semiconductor pillar 
on the plurality of first conductive layers, 
a step of depositing a plurality of second conductive layers on the at least one first lateral extension 
 and a  
step of forming at least one second semiconductor pillar through the plurality of second conductive layers and connected to 
the at least one first lateral extension; 
Claim 6 
The method for manufacturing a tertiary structure nonvolatile memory device according to Claim 5, comprising a step of 
forming at least one second through hole through the plurality of second conductive layers, exposing the at least one first 
lateral extension layer; and a step of forming at least one second charge storage layer on an inner surface of the at least one 
second through hole before forming the at least one second semiconductor pillar, wherein the at least one second 
semiconductor pillar is formed on the at least one second charge storage layer within the at least one second through hole so 
as to be connected to the at least one first lateral extension layer. 
Claim 7 
The method for manufacturing a nonvolatile memory device having a tertiary structure according to Claim 5 
, wherein the at least one first semiconductor pillar comprises single crystal silicon formed from a surface of the substrate 
using a selective epitaxial growth method. 
Claim 8 
The method for manufacturing a nonvolatile memory device having a tertiary structure according to Claim 5,  
wherein the at least one first lateral extension is formed into a single crystal structure using a selective epitaxial growth 
method from a surface of the at least one first semiconductor pillar. 
Claim 9 
A memory chip comprising a memory cell array including a nonvolatile memory device having a tertiary structure 
according to any one of Claims 1 to 4,  
a row decoder coupled to word lines of the memory sensor array,  
a column decoder coupled to bit lines of the memory sensor array,  
and a control logic coupled to the row decoder and the column decoder. 
Specification 
Technical Field 

[0001] The present invention relates to semiconductor devices, and particularly to nonvolatile memory devices having a tertiary 
structure and memory chips utilizing the same. 
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Prior Art 

[0002] Electronic products are becoming increasingly smaller while requiring high-capacity data processing. Accordingly, it is 
necessary to reduce the volume of memory chips used in such electronic products while increasing their density. In this 
regard, nonvolatile memory devices having a tertiary structure that stack memory cells vertically on a substrate instead of 
a conventional flat structure are being considered for such a highly integrated memorial chip. In this regard, a nonvolatile 
memory device having a tertiary structure that vertically stacks memory cells on a substrate instead of the conventional 
planar structure is being considered for such high-density memory chips. 
 Correspondence of Invention 
Problem to be Solved 

[0003] However, as the number of stacks of memory cells in nonvolatile memory devices having a tertiary structure increase, the 
aspect ratio  increases, making the manufacturing process difficult. Thus, the reliability of nonvolatile memory devices 
having tertiary structures is decreasing. 

[0004] Accordingly, the present invention is provided to address the above-described problems, providing nonvolatile memory 
devices and methods of manufacturing thereof that can increase the reliability of the manufacturing process in a tertiary 
structure. In addition, the present invention provides memory chips utilizing nonvolatile memory devices with such tertiary 
structures. 

[0005] However, the technical problems described above have been provided by way of example, and the technical problems the 
present invention seeks to solve are not limited by the examples described above. 
Solution to the Problem 

[0006] A nonvolatile memory device having a tertiary structure according to one form of the present invention is provided. The 
nonvolatile memory device having a tertiary structure includes a substrate, at least one semiconductor pillar extending 
upwardly from the substrate and doped an impurity having a first conductivity type, and at least one NAND string having 
a plurality of memory cells connected in a row along the at least one semiconductor pillar. The at least one semiconductor 
pillar includes at least one lateral extension within each NAND string, and the plurality of memory cells within each NAND 
string include a plurality of control gate electrodes stacked in a plurality of layers on the substrate and surrounding the at 
least one semiconductor pillar, and at least one charge storage layer between the at least one semiconductor pillar and the 
control gate electrodes. The substrate includes an LDD (Lightly Doped Drain) region, which is in contact with the at least 
one semiconductor pillar and is doped with an impurity of a second conductive type opposite to the first conductive type, 
and a source region, which surrounds a portion of the LDD region and is spaced apart from the semiconductor pillar so as 
not to be in contact with the semiconductor pillar and is doped with an impurity of the second conductive type; wherein 
the concentration of the impurity of the second conductive type in the LDD region is lower than the concentration of the 
impurity of the second conductive type in the source region. 

[0007] In the nonvolatile memory device of the tertiary structure, the at least one semiconductor column may comprise a single-
crystal silicon formed by linear epitaxial growth from the surface of the substrate (e.g., selective epitaxial growth). 

[0008] In the nonvolatile memory device having a tertiary structure, the at least one semiconductor pillar may extend vertically to 
the  
substrate. 

[0009] The nonvolatile memory device of the above tertiary structure further includes at least one bit line connected to an end of 
the at least one NAND string, and the at least one NAND string may further include a string selection transistor between 
the plurality of memory cells and the at least one bit line. 

[0010] A method of manufacturing a nonvolatile memory device having a tertiary structure according to another form of the 
present invention is provided. The method for manufacturing a nonvolatile memory device having a three-dimensional 
structure comprises the steps of: preparing a substrate having an LDD (Lightly Doped Drain) region doped with an impurity 
of a second conductive type opposite to a first conductive type and a source region doped with an impurity of a second 
conductive type surrounding a part of the LDD region, wherein the concentration of the impurity of the second conductive 
type in the LDD region is lower than the concentration of the impurity of the second conductive type in the source region; 
a step of stacking a plurality of first conductive layers on the substrate, a step of forming at least one first through hole 
penetrating the plurality of first conductive layers so that the source region is not exposed while the LDD region is exposed, 
a step of forming at least one first charge storage layer on the inner surface of the at least one first through hole, wherein 
the method comprises: forming at least one first semiconductor pillar, doped with an impurity of the first conductive type, 
on the at least one first charge storage layer in the at least one first through hole, and not in contact with the source region 
but in contact with the LDD region, a step of forming at least one first lateral extension connected to an end of the at least 
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one first semiconductor pillar on the plurality of first conductive layers, a step of stacking a plurality of second conductive 
layers on the at least one first lateral extension, and a step of forming at least one second semiconductor pillar connected 
to the at least one first lateral extension through the plurality of second conductive layers. 

[0011] The method for manufacturing a nonvolatile memory device having a tertiary structure includes, before forming the at least 
one second semiconductor pillar, a step of forming at least one second through hole through the plurality of second 
conductive layers to expose the at least one first lateral extension layer; and a step of forming at least one second charge 
storage layer on an inner surface of the at least one second through hole; wherein the at least one second semiconductor 
pillar can be formed on the at least one second charge storage layer within the at least one second through hole to be 
connected to the at least one first lateral extension layer. 

[0012] In the method of manufacturing a nonvolatile memory device of the tertiary structure, the at least one first semiconductor 
column may comprise a single-crystal silicon formed from the surface of the substrate using selective epitaxial growth. 

[0013] In the method of manufacturing a nonvolatile memory device of the tertiary structure, the at least one first lateral expansion 
may be formed into a single crystal structure using selective epitaxial growth method from the surface of the at least one 
first semiconductor column . 

[0014] A memory chip according to yet another form of the invention is provided. The memory chip comprises a memory cell 
array comprising a nonvolatile memory device having a tertiary structure described above; a low decoder coupled to word 
lines of the memory cell array; a column decoder coupled to bit lines of the memory cell array; and control logic coupled 
to the low decoder and the column decoder. 
Effects of the Invention 

[0015] According to the nonvolatile memory device having a tertiary structure and its manufacturing method according to the 
embodiments of the present invention, it is possible to overcome the stacking limit of vertical structure channels with 
low manufacturing cost (cost/bit) and expand to ultra-high layers, and to provide an ultra-high-density nonvolatile 
memory device having a tertiary structure and its manufacturing method that can greatly improve device characteristics 
such as Ion and Ion/Ioff and lower the operating voltage. Of course, the scope of the present invention is not limited by 
these effects. 
Brief Explanation of the Drawings 

[0016] FIG. 1 is a schematic perspective view showing a nonvolatile memory device according to an embodiment of the present 
invention. 
FIG. 2 is a cross-sectional view taken from line II-II' of FIG. 1. 
FIG. 3 is a cross-sectional view showing a nonvolatile memory device in accordance with another embodiment of the 
present invention. 
FIG. 4 is an equivalent circuit diagram of a part of the nonvolatile memory element according to embodiments of the 
present invention. 
FIGS. 5-14 are cross-sectional views showing a method of making a nonvolatile memory device in accordance with 
embodiments of the present invention. 
and 
FIG. 15 is a schematic block diagram showing a memory chip in accordance with yet another embodiment of the present 
invention. 
Specific details for implementing the invention 

[0017] Hereinafter, the present invention will be described in detail by explaining a preferred embodiment according to the present 
invention with reference to the accompanying drawings.However, the present invention will be implemented in various 
different forms, not limited to the embodiments disclosed below, and only this embodiment is provided to ensure that the 
disclosure of the invention is complete and to fully inform those of ordinary skill in the art of the scope of the invention. 
In the drawings, the sizes of the components may be exaggerated for convenience of explanation. 

[0018] The first conductive type mentioned in the specification may be, for example, p-type and the second conductive type may 
be, for example, n-type, but in some cases, on the contrary, the first conductive type may be n-type and the second 
conductive type may be p-type. 

[0019] FIG. 1 is a schematic perspective view showing a nonvolatile memory device according to an embodiment of the present 
invention. FIG. 2 is a cross-sectional view taken from line II-II' of FIG. 1. 
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[0020] Referring to FIGS. 1 and 2, a memory-centered array of vertical structures may be provided on the substrate (105). The 
substrate (105) may include a semiconductor material, such as a group IV semiconductor, a group III-V compound 
semiconductor, or a group II-VI oxide semiconductor. For example, the group IV semiconductor may include silicon, 
germanium, or silicon-germanium. The substrate (105) may be provided as a bulk wafer or epitaxial layer. For example, 
a portion of the bulk wafer or epitaxial layer may be doped with impurities, and the doped region may be used as a 
common source line (see CSL in FIG. 4). 

[0021] The semiconductor pillars (130) may be arranged to extend upwardly onto the substrate (105). For example, the 
semiconductor pillars (130) may extend vertically to the substrate (105). The semiconductor pillars (130) may have a 
cylindrical or polygonal pillar shape. The number of semiconductor pillars (130) may be appropriately selected according 
to the capacity of the nonvolatile memory device, and does not limit the scope of this embodiment. The semiconductor 
pillars (130) may include a semiconductor material, for example, a group IV semiconductor material such as silicon, 
germanium, or silicon-germanium. For a specific example, the semiconductor pillars (130) may include single crystal 
silicon formed by selective epitaxial growth from the surface of the substrate (105).  

[0022] For example, each semiconductor pillar (130) may include first and second semiconductor pillars (130a, 130b) of a vertical 
structure and at least one lateral extension portion (135). The lateral extension portion (135) may be arranged between the 
first and second semiconductor pillars (130a, 130b). For example, the first semiconductor pillar (130a) may be vertically 
arranged on the substrate (105), the lateral extension (135) may be arranged on the first semiconductor pillar (130a), and 
the second semiconductor pillar (130b) may be vertically arranged on the substrate (105) above the lateral extension portion 
(135). 

[0023] The lateral extension portion (135) may have a larger cross-sectional area than the first and second semiconductor pillars 
(130a, 130b) based on a cross-section parallel to the substrate (105). For example, the lateral extension portion (135) may 
substantially cover the entire upper surface of the first semiconductor pillar (130a) and may extend laterally. The lower end 
of the second semiconductor pillar (130b) may be entirely or at least partially in contact with the lateral extension portion 
(135). 

[0024] The lateral extension portion (135) may be formed of the same semiconductor material as the first and second 
semiconductor pillars (130a, 130b) or may be formed of different semiconductor materials. For example, the first and 
second semiconductor pillars (130a, 130b) and the lateral extension portion (135) may be formed of the same 
semiconductor material having a substantially single crystal structure. However, in a modified example of this embodiment, 
some or all of the first and second semiconductor pillars (130a, 130b) and the lateral extension portion (135) may be formed 
of a semiconductor material having a multi-crystalline structure. The semiconductor pillar (130) and the lateral extension 
portion (135) may be doped with impurities of the first conductive type. 

[0025] The inventors of the present invention have confirmed that device characteristics such as Ion and Ion/Ioff can be improved by 
providing a semiconductor pillar (130) including single crystal silicon formed by selective epitaxial growth from the surface 
of a substrate (105). Accordingly, it is expected that there will be an effect of being able to expand a tertiary structured 
high-layer device to an ultra-high layer. 

[0026] According to the comparative example of the present invention assuming a semiconductor pillar (130) including polysilicon 
formed by chemical vapor deposition, in a nonvolatile memory device having a tertiary structure with a polycrystalline 
polysilicon channel, the device characteristic values such as Ion and Ion/Ioff are low, which reduces the operating speed of 
the device and increases the error rate of memory operation. This causes the problem of having to widen the channel 
diameter, which hinders three-dimensional integration and limits the expansion of high-layer devices to ultra-high layers. 

[0027] In the present invention, by replacing the polysilicon vertical channel with single-crystal episilicon, the device characteristic 
values such as Ion and Ion/Ioff can be increased, thereby enabling the high-layer expansion of a tertiary structured high-layer 
device, and at the same time, there is no need to further expand the channel diameter to form a vertical channel, and rather, 
the channel diameter can be narrowed, thereby further increasing the integration, and an additional effect of significantly 
lowering the operating voltage due to the electric field effect concentrated at a diameter of 100 nm or less can be expected. 
When manufacturing a nonvolatile memory device having a tertiary structure according to the present invention, the vertical 
through-type tertiary structured nonvolatile memory device can be expanded to a high layer, thereby greatly increasing the 
integration of the three-dimensional nonvolatile memory device with the same manufacturing cost (cost/bit). Not only that, 
but the reliability of semiconductor devices can be greatly improved by increasing the operating speed of the device and 
reducing the error rate of memory device operation that occurs during the operation of non-memory devices [sic]. 

[0028] Meanwhile, device performance may be degraded due to the autodoping phenomenon of the single crystal silicon channel 
grown vertically in the source region of the silicon substrate.  For example, in order to impart electrical resistance 
characteristics to the vertically grown single crystal silicon channel, an impurity of the first conductive type (e.g., boron 
(B)) may be supplied in very small quantities to have the desired resistance value, during which a flow phenomenon occurs 
in which the impurity diffuses from the sodium region of the silicon substrate to the vertically grown single crystal silicon 
channel. This causes the channel to have an inconsistent distribution of resistance values . The diffusion phenomenon of 
impurities that causes an inconsistent resistance value distribution as described above must be removed from the process , 
and this  unintended doping phenomenon  is called autodoping .   
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[0029] The present inventors have confirmed that this problem can be overcome by forming a substrate (105) including an LDD 
(Lightly Doped Drain) region (170) doped with a second conductive type impurity opposite to the first conductive type and 
surrounding a portion of the LDD region (170) so as not to contact the semiconductor pillar (130) and spaced apart from 
the semiconductor pillar (130), and doped with a second conductive type impurity, wherein the concentration of the second 
conductive type impurity in the LDD region (170) is lower than the concentration of the second conductive type impurity 
in the source region (180). By adding the LDD ion implantation process to the source region formation in the silicon 
substrate of the nonvolatile memory device having a tertiary structure, the performance improvement and manufacturing 
cost (cost/bit) reduction were secured simultaneously with the minimum additional process. 

[0030] The upper ends of the semiconductor pillars (130) can be connected to the bit lines (155, BL). For example, when 
semiconductor pillars (130) are arranged in a matrix, semiconductor pillars (130) arranged in the same row can be connected 
to the same bit line (155). Such an arrangement can reduce the number of bit lines (155), thereby simplifying the structure 
of the nonvolatile memory device. 

[0031] The control gate electrodes (140) can be laminated in multiple layers on the substrate (105) while surrounding the 
semiconductor pillars (130).Interlayer insulating layers (110) may be interposed between the control gate electrodes (140). 
The number of the control gate electrodes (140) above and below the lateral extension portion (135) may or may not be the 
same. In FIG. 1, a structure is illustrated in which four control gate electrodes (140) are arranged under a lateral extension 
portion (135) and four control gate electrodes (140) are arranged on top of the lateral extension portion.  This number of 
stacks of control gate electrodes (140) may be selected appropriately depending on the capacity of the nonvolatile memory 
device and does not limit the scope of this embodiment. 

[0032] The control gate electrodes (140) may be connected to the word lines (160, WL) through the via plugs (150). For example, 
the control gate electrodes (140) may be arranged in a line pattern within each plane, and the control gate electrodes (140) 
of the same layer may be connected to the same word line electrode (160). For the placement of the via plugs (150), the 
control gate electrodes (140) may be disposed in a narrower step shape as they move away from the substrate (105). 

[0033] The word lines (160) may extend perpendicular to the control gate electrodes (140) and parallel to the bit lines (155). In a 
modified example of this embodiment, the control gate electrodes (140) may be provided in a flat type, in which case one 
word line (160) may be connected to each flat plate. 

[0034] The first and second charge storage layers (125a, 125b) may be arranged at least between the control gate electrodes (140) 
and the semiconductor pillars (130).  For example, the first charge storage layer (125a) may be provided between the first 
semiconductor pillar (130a) and the control gate electrodes (140) below the lateral extension portion (135), and the second 
charge storage layer (125b) may be provided between the second semiconductor pillar (130b) and the control gate 
electrodes (140) above the lateral extension portion (135). Optionally, a portion of the first charge storage layer (125a) may 
be further extended onto the control gate electrode (140) below the lateral extension portion (135). 

[0035] The first and second charge storage layers (125a, 125b) can be used as data storage layers of memory cells (see TMc in 
FIG. 4) configured with a stacked structure between semiconductor pillars (130) and control gate electrodes (140). For 
example, the first and second charge storage layers (125a, 125b) can include a stacked structure of a tunneling insulating 
layer (124a)/charge trap layer (123a)/blocking insulating layer (122a) between the semiconductor pillars (130) and the 
control gate electrodes (140). The charge trap layer has charge storage capability, the tunneling insulating layer is used as 
a tunneling path for charges, and the blocking insulating layer can play a role in suppressing reverse tunneling of charges. 

[0036] For example, the charge trap layer may be a silicon nitride layer or may comprise an insulating layer comprising quantum 
dots or nanoparticles. The quantum dots or nanoparticles can be composed of fine particles of an electrical conductor, such 
as a metal or  semiconductor. The tunneling insulating layers and the blocking insulating layers may include any suitable 
insulating film, such as an oxide film, a nitride film, or a high-k film. The high-k film may refer to a dielectric film having 
a higher dielectric constant than the oxide film and the nitride film. 

[0037] The string selection lines (145) may be arranged to surround the semiconductor pillar (130) between the bit lines (155) and 
the uppermost control gate electrode (140). The second charge storage layer (125b) may be arranged to extend between the 
string selection lines (145) and the second semiconductor pillars (130b) and may function as a gate insulating layer. In a 
modified example of this embodiment, a single-layer jet insulation layer (not shown) may be interposed between the string 
selection lines (145) and the second semiconductor pillars (130b) instead of the second charge storage layer (125b). 

[0038] The string selection lines (145) may be stretched perpendicular to the bit lines (155) and provided in a line pattern. 
Accordingly, semiconductor pillars (130) disposed in the same row may be each surrounded by the same string selection 
line (145). Meanwhile, a source/drain region may be formed in the semiconductor pillars (130) on both sides of the string 
selection lines (145). 
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[0039] The stacked structure between the semiconductor pillar (130) and the string selection lines (145) may form string selection 
transistors (Tss of FIG. 4). In this embodiment, the string selection lines (145) may serve as gate electrodes of the string 
selection transistors (Tss of FIG. 4). In a modified example of this embodiment, the string selection gate electrodes may be 
provided to surround the semiconductor pillar (130), and the string selection lines may additionally be provided to be 
connected to the gate electrodes. 

[0040] FIG. 3 is a cross-sectional view showing a nonvolatile memory device according to another embodiment of the present 
invention. The nonvolatile memory device according to this embodiment may refer to the nonvolatile memory devices of 
FIGS. 1 and 2, and therefore, duplicate descriptions in the two embodiments are omitted.  

[0041] Referring to FIG. 3, a ground selection line (147) may be further arranged between the substrate (105) and the lowermost 
control gate electrode (140). The ground selection line (147) may be arranged to surround the semiconductor pillar (130) 
on the substrate (105). The first charge storage layer (125a) may be arranged to extend further between the ground selection 
line (147) and the first semiconductor pillar (130a) and may function as a gate insulating layer.  

[0042]  In a modified example of this embodiment, between the ground selection line (147) and the first semiconductor column 
(130a), a single layer of gate insulation layer (not shown)  may be interposed in place of the first charge storage layer 
(125a). For example, the ground selection line (147) may  extend perpendicular to the bit line (155) and  provided in a line 
pattern . In another example, the ground selection line (147)  may be provided in one plate -like configuration. 

[0043] The stacked structure between the semiconductor pillar (130) and the ground selection line (147) may form a ground 
selection transistor (TGS of FIG. 4). In this embodiment, the ground selection line (147) may serve as a gate electrode of 
the ground selection transistor (TGS of FIG . 4). In a modified example of this embodiment, a ground selection gate electrode 
may be provided to surround the semiconductor column (130), and a ground selection line may additionally be provided to 
connect to the ground selection gate electrode. 

[0044] The first lateral extension portion (135a) may be provided on the first semiconductor pillar (130a), and the second lateral 
extension portion (135b) may be provided on the second semiconductor pillar (130b). For example, the first lateral 
extension portion (135a) may be provided to cover the upper surface of the first semiconductor pillar (130a), and the second 
lateral extension portion (135b) may be provided to cover the upper surface of the second semiconductor pillar (130b). 

[0045] The third semiconductor pillar (130c) may be provided on the second lateral extension portion (135b). The cross-sectional 
area of the first and second lateral extension portions (135a, 135b) in a direction parallel to the substrate (105) may be 
larger than the cross-sectional area of the first to third semiconductor pillars (130a, 130b, 130c) in a direction parallel to 
the substrate (105). The bit lines (155) may be connected to the upper surface of the semiconductor pillar (130), that is, the 
upper surface of the third semiconductor pillar (130c). 

[0046] The control gate electrodes (140) may be provided to surround the first to third semiconductor pillars (130a, 130b, 130c). 
The first to third charge storage layers (125a, 125b, 125c) may be respectively arranged between the first to third 
semiconductor pillars (130a, 130b, 130c) and the control gate electrodes (140). Optionally, the first charge storage layer 
(125a) may be further extended onto the control gate electrode (140) directly below the first lateral extension portion (135a), 
and the second charge storage layer (125b) may be further extended onto the control gate electrode (140) directly below 
the second lateral extension portion (135b).  

[0047] The number of control gate electrodes (140) between the first and second lateral extension portions (135a, 135b) can be 
appropriately selected.FIG. 3 illustrates a structure in which two control gate electrodes (140) are arranged under the first 
lateral extension portion (135a), three control gate electrodes (140) are arranged between the first and second lateral 
extension portions (135a, 135b), and three control gate electrodes (140) are arranged on the second lateral extension (135b). 

[0048] In yet another embodiment of the invention, the lateral extension portions are provided in one or more, and the control gate 
electrodes can be grouped into a plurality of groups by the lateral extension portions. For example, the number of control 
gate electrodes in each group may be 2 to 6, but this embodiment is not limited thereto. Grouping control gate electrodes 
into multiple groups can increase the manufacturing reliability of a memory cell array with a vertically stacked structure, 
as will be described later. 

[0049] FIG. 4 is an equivalent circuit diagram for a portion of nonvolatile memory devices according to embodiments of the 
present invention. In this circuit diagram, the number of bit lines and NAND strings is shown as an example. 

[0050] Referring to FIG. 4, a memory-cell array of vertical structures may include a band string (NSl, NS2) disposed in a vertical 
structure on a substrate (FIGS. 1-3, 105). Each of the NAND strings (NSl, NS2) may comprise a plurality of memory cells 
(TMCs) in series perpendicularly connected to the substrate (105).  A set of NAND trunks (NSl, NS2) is connected to a bit 
line (BL), and the other end is connected to a common soot line (CSL). 
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[0051] Between the bit line (BL) and the memory cells (TMC ) there may be string select transistors (Tss ), and between the common 
source line (CSL) and the memory cells (TMC ) there may be ground select transistors (TGS ). Optionally, for the nonvolatile 
memory devices of FIGS. 1 and 2, ground select transistors (TGS) may be omitted. 

[0052] Word lines (WL01 to WLn) are disposed in multiple layers and may be defective in sharing in memory cells (TMCs) of 
that layer. Word  lines (WL01 to WLn) may be selected appropriately and do not limit the scope of this embodiment. 
Word lines (WL01-WLn) may control control gate electrodes (see 140 in FIGS. 1-3) of memory cells (TMCs), thereby 
controlling the probe , erasing and reading operation of memory cells (TMCs). For example, program operation may be 
performed by selecting one of the word lines (WL01 to WLn) to apply a program voltage, and may also be read by 
applying a read voltage. 

[0053] The ground selection line (GSL) can be shared with the ground selection transistor (TGS). For the nonvolatile memory 
device of FIGS. 1 and 2, a ground selection line (GSL) may be omitted. Since the ground selection line (GSL) is  covalently 
coupled to the NAND strings (NSl, NS2), a signal of a common soot line (CSL), such as a ground voltage, may be applied 
simultaneously to the NAND strings (NSl, NS2). During the program and read operations of the memory cells (TMC), a 
turn-on voltage may be applied to the ground select line (GSL) to turn on the ground select transistors (TGS), and during 
the program prevention operation, a turn-off voltage may be applied to turn off the ground select transistors (TGS). 

[0054] The string selection lines (SSL1, SSL2) can be connected to the string select transistors (TSS), respectively. In order to 
separate the signals of the NAND strings (NS1, NS2) sharing the bit line (BL), the string select lines (SSL1, SSL2) can be 
connected to the string select transistors (TSS), respectively. However, if the NAND strings (NSl, NS2) are disposed in an 
array as in the case of FIG . 1, the string selection lines (SSLl, SSL2) may be covalently coupled to the string selection 
transistors (TSS) disposed in the same row. 

[0055] For example, to select a NAND string (NSl), the string selection line (SSLl) may be subjected to a turn-on voltage for 
turning on the string selection transistors (TSS) and the string selection line (SSL2) may be subjected to a turn-off voltage 
for turning them off . By this, a signal of the bit line (BL) may be selectively applied to memory cells (TMC ) in the NAND 
string (NSl). Similarly, in order to select a NAND string (NS2), a turn-on voltage may be applied to the string selection 
line (SSL2) to turn on the string selection  transistors (TSS) and a turn -off voltage to turn off the string selection transistors 
(TSS) to the string selection line (SSLl). Accordingly, the signal of the memory line (BL) can be selectively applied to the 
memory cells (TMC) in the NAND string (NS2). 

[0056] FIGS. 5-11 are cross-sectional views showing a method of making a nonvolatile memory device in accordance with 
embodiments of the present invention. 

[0057] Referring to FIG. 5, a substrate (105) is prepared, which has an LDD region (170) doped with an impurity of a second 
conductive type opposite to the first conductive type and a source region (180) doped with an impurity of a second 
conductive type surrounding a part of the LDD region (170), but the concentration of the impurity of the second conductive 
type in the LDD region (170) is lower than the concentration of the impurity of the second conductive type in the source 
region (180). 

[0058] The first electrically conductive layer (115a) may be disposed on the substrate (105). For example, the step of forming a 
first insulating layer (110a) on the substrate (105) and forming a first electrically conductive layer (115a) on the first 
insulating layer (110a) may be repeated to form a repeat stacked structure of the first insulating layer (110a)/first electrically 
conductive layer (115a). 

[0059] For example, the first insulating layer (110a) can be formed using any insulating material, such as an oxide, by an 
appropriate deposition method. The first conductive layer (115a) can be formed of an appropriate conductive material, 
such as polysilicon, by an appropriate deposition method. For example, the first conductive layer (115a) can be formed as 
a polysilicon layer using a chemical vapor deposition (CVD) method, and can be formed by doping impurities at the same 
time as the deposition. Or, it can be formed by doping impurities after the final deposition is completed. 

[0060] The first through-holes (120a) may then be formed through the first insulating layer (110a) and the first electrically 
conductive layer (115a). The first through-hole (120a) may be formed such that the source region (180) is exposed while 
the LDD region (170) is not exposed .  
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[0061] In a modified embodiment of the present invention, a first insulating layer (110a) and a first through-hole (120a) may be 
formed disposed on a substrate (105) with a source region (180), followed by a LDD region (170) to the substrate (105) 
exposed by the first through-hole (120a). In this case, the LDD region (170) and the first semiconductor pillars (130a) may 
be misaligned to effectively prevent a configuration in which the first semiconductor pillars (130a) and the source region 
(180) are in direct contact. 

[0062] The number of first through-holes (120a) may be appropriately selected and does not limit the scope of this embodiment. 
For example, photo  lithography techniques may be used to form a photoresist mask (not shown), and the first through-
holes (120a) may be formed by etching the first insulating layer (110a) and the first conductive layer (115a) with the mask 
as a protective film. 

[0063] Referring to FIG. 6A, the first charge storage layers (125a) may be formed on the sidewalls of the first through-holes 
(120a). The region comprising the inner surface and the surface of the periphery of the first through-holes (120A) shown 
in FIGS. 6a-  8 corresponds to an enlarged portion of the A region of FIG. 5. 

[0064] Furthermore, the first charge storage layers (125a) may be further extended on the bottom surface of the first through-holes 
(120a) and the topmost first conductive layer (115a). For example, first charge storage layers (125a) including a stacked 
structure of a blocking insulating layer (122a)/charge trap layer (123a)/tunneling insulating layer (124a) may be formed on 
a resultant in which first through holes (120a) are formed. The result of the formation of the first through hole (120a) may 
include the inner (side wall and bottom) surface of the first through hole (120a) and the surface of the peripheral portion of 
the first through hole (120a). The blocking insulating layer (122a)/charge trap layer (123a)/tunneling insulating layer (124a) 
may each comprise, for example, a first oxide layer, a nitride layer and a second oxide layer. 

[0065] Referring to FIG. 6B, a subsequent process may be carried out such that the first charge storage layers (125a) may be 
formed only on the side walls of the first through-holes (120a). For example, the first charge storage layers (125a) formed 
on the inner (side wall and bottom) surface of the first through-holes (120a) and the surface of the peripheral portion of the 
first through-holes (120a) may be anisotropically etched to form the first charge storage layers (125a) only on the sidewalls 
of the first through-holes (120a). That is, upon anisotropically etching the first charge storage layers (125a), the first charge 
storage layers (125a) formed on the bottom surface of the first through-holes (120a) and the surface of the periphery of the 
first through-holes (120a) may be removed. In this case, the tunneling insulation layer (124a) containing the second oxide 
layer located on the side wall of the first through-holes (120a) during an anisotropic etching process is subject to etching 
damage, which may be a direct factor that degrades the variation and reliability of device characteristics. 

[0066] A protective layer (126a) may be formed on the blocking insulating layer (122a)/charge trap layer (123a)/tunneling 
insulating layer (124a) to prevent this problem. The protective layer (126a) serves as an etch protection pattern to prevent 
etch damage of the first charge storage layers (125a), in particular the tunneling insulating layer (124a), disposed on the 
side walls of the first through hole (120a) in the process of anisotropically etching the first charge storage layers (125a). 
The protective layer (126a) may be, for example, an amorphous silicon, polycrystalline silicon, a thin film comprising an 
oxide or nitride with a fast etch rate. 

[0067] Referring to FIG. 8, the first charge storage layers (125a) are anisotropically etched and then the remaining protective layer 
(126a) is removed. For example, if the protective layer (126a) comprises a nitride, the protective layer (126a) may be 
removed by an isotropic dry-etch or wet-etch using a phosphoric acid solution. In addition, if the protective layer (126a) 
comprises amorphous silicon or polycrystalline silicon, the protective layer (126a) may be removed by an  isotropic dry-
etch. 

[0068] On the other hand, optionally, the top layer of the laminate structure of the first insulating layer (110a) and the first 
conductive layer (115a) may be the first insulating layer (110a), in which case the first charge storage layers (125a) may 
be disposed in spacer form within the first through-holes (120a) and not stretched onto the first insulating layer (110a) and 
the first conductive layer (115a) using deposition and dry etching techniques. 

[0069] In a modified embodiment of the present invention, the tunneling insulating layer (124a) may also serve as the protective 
layer in anisotropic etching, after thicker deposition of the tunneling insulating layer (124a) without forming a separate 
protective layer (126a) for forming the first charge storage layers (125a) on the sidewalls of the first through-holes (120a). 
The area comprising the inner surface and the surface of the periphery of the first through-holes (120a) shown in FIGS. 
7A-7B corresponds to an enlarged portion of the A region of FIG. 5. 

[0070] Referring to FIG. 7A, the first charge storage layers (125a) may be further extended onto the bottom surface of the first 
through-holes (120a) and onto the first conductive layer (115a) of the top. For example, first charge storage layers (125a) 
comprising a stacked structure of a blocking insulating layer (122a)/charge trap layer (123a)/tunneling insulating layer 
(124a) may be formed on the result in which the first through-holes (120a) are formed. The result of the formation of the 
first through-hole (120a) may include the inner (side wall and bottom) surface of the first through-hole (120a) and the 
surface of the periphery of the first through-hole (120a). The blocking insulating layer (122a)/charge trap layer 
(123a)/tunneling insulating layer (124a) may each comprise, for example, a first oxide layer, a nitride layer and a second 
oxide layer. Meanwhile, unlike FIGS. 6a and 6b, in a modified embodiment of the present invention, the tunneling 
insulating layer (124a) can be formed relatively thicker without forming a separate protective layer (126a). 
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[0071] Instead of the protective layer (126a), the thickness of the tunneling insulating layer formed on the sidewall of the vertical 
channel is deposited thicker than the target thickness (the thickness of 124a in FIG. 8) so that the thick additionally 
deposited thickness protects the inside, which is the target thickness. The additional deposited thickness can be easily 
removed at the pre-cleaning step which is performed immediately before receiving the plasma and etching or forming the 
subsequent channel layer instead of the film thickness of the tunneling insulating layer inside upon subsequent anisotropic 
etching. 

[0072] Referring to FIG. 7B, a subsequent process may be carried out such that the first charge storage layers (125a) may be 
formed only on the side walls of the first through-holes (120a). For example, the first charge storage layers (125a) formed 
on the inner (side wall and bottom) surface of the first through-holes (120a) and the surface of the peripheral portion of the 
first through-holes (120a) may be anisotropically etched to form the first charge storage layers (125a) only on the sidewalls 
of the first through-holes (120a). That is, upon anisotropically etching the first charge storage layers (125a), the first charge 
storage layers (125a) formed on the bottom surface of the first through-holes (120a) and the surface of the periphery of the 
first through-holes (120a) may be removed. In this case, the surface portion of the tunneling insulating layer (124a) 
comprising a second oxide layer located on the side walls of the first through-holes (120a) during an anisotropic etching 
process may be subjected to etching damage. The surface portion of the tunneling insulation layer (124a) subjected to 
etching damage may be removed in a subsequent cleaning step. The subsequent cleaning step is a pre-cleaning  step 
performed prior to forming the first semiconductor pillars (130a), and the solution used may use red hydrofluoric acid (HF, 
50:1 or less), red BOE, phosphoric acid (H3PO4, 140°C or more), 5HNO3+126NH4F +(60-120)H2O, and 
tetramethylammonium hydroxide (TMAH). Accordingly , according to the modified embodiment of the invention 
described with reference to FIGS. 7A and 7B, it can be expected that the structure shown in FIG . 8 can be implemented 
without forming a separate protective layer (126a), thereby providing a significantly advantageous effect that the process 
can be simplified. 

[0073] Referring then to FIG. 9, the first semiconductor pillar (130a) can be formed with the first conductive type of impurities 
doped on the first charge storage layers (125a) in the first through-holes (120a). The first semiconductor pillars (130a) can 
be formed to fill the first through holes (120a). The first semiconductor pillars (130a) can be formed to contact the LDD 
region (170) without contacting the source region (180). That is, the first semiconductor pillars (130a) can be formed spaced 
apart from the source region (180). In a modified example of this embodiment, the thickness of the first semiconductor 
pillars (130a) may be adjusted so as not to completely fill the first through holes (120a). The first semiconductor pillars 
(130a) may be used as a channel layer of memory cells (TMC of FIG. 4). 

[0074] For example, a selective epitaxial growth (SEG) method may be used to form a pillar-shaped semiconductor layer on a 
substrate (105), and the first semiconductor pillars (130a) may be formed by flattening the semiconductor layer. In this 
case, if the substrate (105) is a single crystal, the first semiconductor pillars (130a) can be formed with a single crystal 
structure. Furthermore, the SEG condition when forming the first semiconductor pillars (130a) can be a vertical growth 
condition based on the substrate (105). For example, the semiconductor layer can include silicon, germanium, or silicon-
germanium. 

[0075] As another example, an amorphous semiconductor layer may be formed within the first through holes (120a), and the first 
semiconductor pillars (130a) may be formed by flattening and heat-treating the same. In this case, the amorphous 
semiconductor layer may be substantially re-crystallized into a single crystal structure during the heat treatment step 
because the width of the first through holes (120a) is small. As another example, the first semiconductor pillars (130a) 
may be formed into a polycrystalline structure by forming a polycrystalline semiconductor layer within the first through 
holes (120a), and flattening the same. 

[0076] Referring to FIG. 10, a lateral extension layer (135) may be formed on the first semiconductor pillars  For example, the 
lateral extension layer (135) can be formed into a single crystal structure from the first semiconductor pillars (130a) using 
a selective epitaxial growth (SEG) method. When forming the lateral extension layer (135), the SEG condition may be a 
lateral growth condition in which the horizontal direction is preferentially grown with respect to the substrate (105), unlike 
when forming the first semiconductor pillar (130a). In this case, by controlling the SEG time, the lateral extension layer 
(135) can be formed only by the SEG method without an additional patterning process. However, in a modified example 
of this embodiment, a patterning process may be added after the SEG growth. 

[0077] As another example, the lateral extension layer (135) may be formed by depositing an amorphous semiconductor layer 
and then performing a patterning and heat treatment process. Since the size of the lateral extension layer (135) is not large, 
the amorphous semiconductor layer may be recrystallized into a single crystal structure by heat treatment. The patterning 
process may utilize photolithography and etching techniques. In another example, the lateral expansion layer (135) may 
form a polycrystalline semiconductor layer, which may be flattened and patterned to form a polycrystalline structure. 

[0078] 

Referring to FIG. 11, a stacked structure of the second insulating layer (110b ) and the second conductive layer (115b ) can 
be formed on the result in which the lateral expansion layer (135) is formed . A description of this lamination structure may 
refer to the description  of the lamination  structure of the first insulating layer (110a) and the first electrically conductive 
layer (115a) of FIG. 5. 
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[0079] Referring to FIG. 12, second through-holes (120b) may be formed through the second insulating layer (110b) and the second 
conductive layer (115b). The second through-holes (120b) may expose some or all of the top surface of the lateral expansion 
layer (135). The second through-holes (120 B) may be formed using photolithography and etching techniques, as can the 
first through-holes (120a in FIG. 5). 

[0080] In the photolithography step, the second through-holes (120b) may be formed to align with the lateral expansion layers 
(135). Since the lateral expansion layers (135) have a wider cross-sectional area than the first semiconductor pillar (130a), 
aligning the second through-holes (120b) to the lateral expansion layers (135) is advantageous over aligning the first 
semiconductor pillar (130a). Accordingly, the alignment margin of the second through holes (120b) can be improved by 
arranging the lateral expansion layers (135). 

[0081] Referring to FIG. 13, the second charge storage layer (125b) and the second semiconductor pillars (130b) may be formed 
sequentially within the second through-holes (120b). The method of forming the second charge storage layer (125b) and 
the second semiconductor pillars (130b) may refer to the description of the first charge storage layer (125a) and the first 
semiconductor pillars (130a) of FIG. 6A. 

[0082] Referring to FIG. 14, the first and second conductive layers (115a, 115b) may be patterned to form control gate electrodes 
(140) and string selection lines (145). The control gate electrodes (140) may be patterned in a stepwise manner. Afterwards, 
a third insulating layer (not shown) is filled to form an insulating layer (110), and via holes (not shown) penetrating the 
insulating layer can be formed, and via plugs (150) can be formed in the via holes. 

[0083] Subsequently, bit lines (155) can be formed on the semiconductor pillars (130), and word lines (160) can be formed on the 
via plugs (150). The bit lines (155) and word lines (160) may be disposed on the same plane or on different planes. 

[0084] According to the manufacturing method according to this embodiment, the semiconductor pillar (130) may be formed by 
dividing it into a first semiconductor pillar (130a), a lateral extension layer (135), and a second semiconductor pillar (130b) 
instead of forming it all at once. If the semiconductor pillar (130) is formed all at once, the aspect ratio of the through hole 
increases, making it difficult to form the through hole, and it also becomes difficult to fill the semiconductor material in the 
through hole. This difficulty limits the height of the semiconductor pillar (130), which limits the number of memory cells 
(TMc) in the vertical NAND strings (NS1, NS2 in FIG. 4).  

[0085] However, by dividing the semiconductor pillars (130) into the first semiconductor pillars (130a) and the second 
semiconductor pillars (130b), the aspect ratio of the first through holes (120a) and the second through holes (120b) can be 
significantly reduced. Accordingly, not only the formation of the first and second through holes (120a, 120b), but also the 
formation of the first and second semiconductor pillars (130a, 130b) that fill them becomes easier.  

[0086] In addition, by arranging the lateral extension portion (135) between the first semiconductor pillar (130a) and the second 
semiconductor pillar (130b), the alignment margin is increased when the second through holes (120b) are formed, thereby 
increasing the connection reliability between the first semiconductor pillar (130a) and the second semiconductor pillar 
(130b). In this regard, the number of lateral extension portions (135) can be appropriately selected in consideration of the 
aspect ratio of the first and second through holes (120a, 120b). For example, a plurality of lateral extensions (135) can be 
provided between two and six control gate electrodes (140).  

[0087] Accordingly, by using the manufacturing method according to this embodiment, the length of the vertical semiconductor 
pillar (130) can be increased, and accordingly, the number of stacked control gate electrodes (140) can be increased. As a 
result, the number of memory cells stacked in each NAND string may be increased, increasing the capacity of the 
nonvolatile memory device. 

[0088] With reference to the above-described manufacturing methods, the nonvolatile memory device of FIG.  3 can also be 
manufactured. For example, the nonvolatile memory device of FIG.  3 may be manufactured by repeating the steps of FIGS. 
11-13 on the output of FIG. 13, and then proceeding with the steps of FIG.  14. 

[0089] Furthermore, by repeating the steps of FIGS.  11 - 13 as appropriate number of times,  nonvolatile memory devices with 
four or more lateral  extension portions can also be manufactured. 

[0090] FIG. 15 is a schematic block diagram showing a memory chip (300) according to an embodiment of the present invention. 

[0091] Referring to FIG. 15, the memory-cell array (310) may comprise at least one of the nonvolatile memory elements of the 
tertiary structure described above. The memory cell array (310) may be coupled with an X-buffer/row decoder (320) and a 
Y-buffer/column decoder (330). For example, word lines (WL) of the memory cell array (310) may be coupled to the X-
buffer/row decoder (320).The bit lines (BLs) of the memory cell array (310) may be connected to the  Y-buffer/column 
decoder (330). The control logic (340) may be coupled to and  controlled by  X-buffer/row decoder (320) and Y-
buffer/column  decoder (330). 
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[0092] For example, looking at the transmission process of the address signal, the control logic (340) transmits the row address 
signal to the X-buffer/row decoder (320), and the X-buffer/row decoder (320) can decode these signals and transmit the 
row address signal to the memory cell array (310). Further, the control logic (340) communicates the column address signal 
to the Y-buffer/column decoder (330), and the Y-buffer/column decoder (330) can decode the signal to communicate the 
column address signal to the memory cell array (310) via bit lines (BLs). 

[0093] The nonvolatile memory devices of the tertiary structure according to embodiments of the present invention, methods of 
making them, and memory chips have been described in detail so far. 

[0094] According to a nonvolatile memory element having a tertiary structure according to embodiments of the invention, at least 
one NAND string is manufactured on the substrate. The above at least one NAND string includes a high-concentration 
source and LDD (Lightly Doped Drain) region formed on the substrate, at least one epi semiconductor pillar extending 
vertically upward, and a plurality of memory cells having a charge storage layer surrounding the semiconductor pillar along 
the vertical direction of the at least one epi semiconductor pillar, and insulating layers (oxide film/nitride film/oxide film). 
The high-concentration source region formed on the above substrate secures a predetermined distance from the bottom 
surface position where the epi semiconductor pillar is vertically extended, and forms an LDD region at the bottom surface 
position where the epi semiconductor pillar is vertically extended, thereby preventing impurities in the high-concentration 
source region from diffusing into the vertical channel. Accordingly, a nonvolatile memory device with a vertical tertiary 
structure can be expanded to a high stacking level, and high integration, high performance, low power consumption, and 
low manufacturing cost can be expected.For example, in the nonvolatile memory device of the three-dimensional structure 
according to the present invention, it was confirmed that the device characteristics such as Ion/Ioff were increased by more 
than 500 times compared to the conventional ones and that low-voltage operation of 1V or less was possible. 

[0095] According to the present invention, the device performance limitation due to auto-doping of the silicon channel in 
nonvolatile memory device having a tertiary structure was overcome by adding an LDD ion implantation process to the 
silicon substrate source region formation and vertically growing a single crystal epi-silicon channel. This enables 
simultaneous performance improvement and manufacturing cost (cost/bit) reduction with minimal additional processes, and 
also resolves channel characteristic deterioration, deviation, and distribution that occur when expanding tertiary structures 
to high layers by manufacturing using epitaxial single crystal channel materials. This is an innovation and foundation for 
continuous technological advancement by removing the major obstacles to technological development that have been 
inherently associated with high integration. In addition, nonvolatile memory devices of tertiary structures can be 
manufactured with lower power consumption, better performance, and lower error rates of device behavior than current 
nonvolatile memory devices having a tertiary structure. 

[0096] The above description of specific embodiments of the invention has been provided for purposes of illustration and 
description. Thus, it is clear that the invention is not limited to the above embodiments, and that many modifications and 
changes are possible, such as combining the above embodiments by a person of ordinary skill in the art within the technical 
spirit of the invention. 
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FIG. 13 

 
  

Micron Ex. 1023, p. 23 
Micron v. YMTC 
IPR2025-00294



Registered Patent10-1487746

- 24 - 

FIG. 13 

 
  

Micron Ex. 1023, p. 24 
Micron v. YMTC 
IPR2025-00294



Registered Patent10-1487746

- 25 - 

FIG. 14 

 
 

FIG. 15 
 

 
[Examiner's Ex Officio Correction] 
[Correction Item 1] 
[Correction Item] Scope of claims 
[Correction details] Claim 1 
 
 
 
 
 
 
 

X-buffer

Row decoder

Memory cell 
array01

Y-buffer

Column decoderControl logic

Micron Ex. 1023, p. 25 
Micron v. YMTC 
IPR2025-00294



Registered Patent10-1487746

- 26 - 

[Before change] 
the at least one NAND string 

[After change] 
at least one NAND string 

 

Micron Ex. 1023, p. 26 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 27 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 28 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 29 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 30 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 31 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 32 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 33 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 34 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 35 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 36 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 37 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 38 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 39 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 40 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 41 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 42 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 43 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 44 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 45 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 46 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 47 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 48 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 49 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 50 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 51 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 52 
Micron v. YMTC 
IPR2025-00294



Micron Ex. 1023, p. 53 
Micron v. YMTC 
IPR2025-00294


	KR101487746B1.pdf
	Bibliography
	Abstract
	Claims
	Description
	Drawings




