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(57) ABSTRACT 

A semiconductor device includes a stacked structure having 
first conductive layers stacked stepwise and first insulating 
layers interposed between the first conductive layers, wherein 
undercuts are formed under the first conductive layers and 
each of the first conductive layers includes a first region 
covered by the first conductive layer and a second region 
extending from the first region, contact pads coupled to the 
second regions of the respective first conductive layers, and a 
liner layer formed on the contact pads and filling the under 
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THREE-DIMIENSIONAL SEMCONDUCTOR 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 14/289.211 filed on May 28, 2014, which 
claims priority to Korean patent application number 10-2013 
0160219, filed on Dec. 20, 2013. The entire disclosure of each 
of the foregoing applications is Incorporated herein in its 
entirety by reference. 

BACKGROUND 

0002 1. Field of Invention 
0003 Various exemplary embodiments of the present 
invention relate generally to an electronic device, and more 
particularly, to a semiconductor device and a method of 
manufacturing the same. 
0004 2. Description of Related Art 
0005. A non-volatile memory device preserves the stored 
data even when the power is cut off. Two-dimensional 
memory devices in which memory cells are fabricated in a 
single layer over a silicon Substrate have reached physical 
limits in increasing their degree of integration. Accordingly, 
three-dimensional (3D) non-volatile memory devices in 
which memory cells are stacked in a direction perpendicular 
to a silicon Substrate have been proposed. 
0006 A 3D non-volatile memory device may include 
interlayer insulating layers and word lines stacked alternately 
and channel layers passing therethrough, in which memory 
cells may be stacked along the channel layers. Additionally, 
desired memory cells may be selectively driven by coupling 
contact plugs to the stacked word lines. 
0007. However, since contact plugs need to be formed at 
various depths to realize the 3D non-volatile memory device 
configured as described above, manufacturing processes may 
be difficult to perform. In addition, a bridge may be formed 
when the contact plugs pass through the word lines. 

SUMMARY 

0008 Exemplary embodiments of the present invention 
are directed to a semiconductor device having simplified 
manufacturing processes and a stabilized structure, and a 
method of manufacturing the same. 
0009. A semiconductor device according to an embodi 
ment of the present invention may include a stacked structure 
having first conductive layers stacked Stepwise and first insu 
lating layers interposed between the first conductive layers, 
wherein undercuts are formed under the first conductive lay 
ers and each of the first conductive layers includes the first 
region covered by the first insulating layer located thereover 
and a second region extending from the first region, contact 
pads coupled to the second regions of the respective first 
conductive layers, and a liner layer formed on the pads and 
filling the undercuts. 
0010. A semiconductor device according to an embodi 
ment of the present invention may include a stacked structure 
having first conductive layers stacked Stepwise and first insu 
lating layers interposed between the first conductive layers, 
wherein the stacked structures includes a stepped sidewall, 
and contact pads formed over the first conductive layers 
exposed on the sidewall of the stacked structure, wherein each 
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of the contact pads includes one or more second conductive 
layers and one or more second insulating layers stacked alter 
nately. 
0011. A semiconductor device according to an embodi 
ment of the present invention may include a stacked structure 
having first conductive layers stacked Stepwise and first insu 
lating layers interposed between the first conductive layers, 
wherein each of the first conductive layers includes the first 
region covered by the first insulating layer located thereover 
and a second region extending from the first region, contact 
pads coupled to the second regions of the respective first 
conductive layers, and a liner layer formed on the contact 
pads and interposed under the respective first conductive 
layers of the second region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0012 FIGS. 1A and 1B illustrate perspective views of a 
structure of a semiconductor device according to an embodi 
ment of the present invention; 
0013 FIGS. 2A to 2F illustrate cross-sectional views of a 
structure of a semiconductor device according to an embodi 
ment of the present invention; 
0014 FIGS. 3A to 3) illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
device according to an embodiment of the present invention; 
0015 FIGS. 4A to 4D illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
device according to an embodiment of the present invention; 
0016 FIGS.5A to 5G illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
device according to an embodiment of the present invention; 
0017 FIGS. 6A to 6E illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
device according to an embodiment of the present invention; 
0018 FIG. 7 is a block diagram illustrating the configura 
tion of a memory system according to an embodiment of the 
present invention; 
0019 FIG. 8 is a block diagram illustrating the configura 
tion of a memory system according to an embodiment of the 
preset invention; 
0020 FIG. 9 is a block diagram illustrating the configura 
tion of a computing system according to an embodiment of 
the present invention; and 
0021 FIG. 10 is a block diagram illustrating a computing 
system according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

0022 Various embodiments of the present disclosure will 
be described in detail with reference to the accompanying 
drawings. The present invention may, however, be embodied 
in different forms and should not be construed as limited to 
the embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the present 
invention to those skilled in the art. In the drawings, the 
thicknesses and length of components are exaggerated for 
convenience of illustration. In the following description, a 
detailed explanation of known related functions and consti 
tutions may be omitted to avoid unnecessarily obscuring the 
Subject matter of the present invention. Like reference numer 
als refer to like elements throughout the specification and 
drawings. 
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0023. Furthermore, connected/coupled 0 represents that 
one component is directly coupled to another component or 
indirectly coupled through another component, possibly 
through an intermediate component. In this specification, the 
singular form may include a plural form, and vice versa, so 
long as it is not specifically mentioned. Furthermore, 
include/comprise’ or including/comprising used in the 
specification represents that one or more components, steps, 
operations, and elements exist or are added. 
0024. It should be readily understood that the meaning of 
“on” and "over in the present disclosure should be inter 
preted in the broadest manner so that “on” means not only 
“directly on' but also “on” something with an intermediate 
feature(s) or a layer(s) therebetween, and that “over means 
not only directly on top but also on top of something with an 
intermediate feature(s) or a layer(s) therebetween. 
0025 FIGS. 1A and 1B illustrate perspective views of the 
configuration of a semiconductor device according to an 
embodiment of the present invention. 
0026. As illustrated in FIGS. 1A and 1B, a semiconductor 
device according to an embodiment may include stacked 
structures ST having stepped sidewalls. Each of the stacked 
structures ST may include conductive layers 11 stacked step 
wise and insulating layers 12 interposed between the conduc 
tive layers 11. The conductive layers 11 may be gate elec 
trodes of selection transistors, memory cells and the like. In 
FIGS. 1A and 1B, one of the stacked structures ST is illus 
trated for convenience of illustration. 

0027. Each of the conductive layers 11 may include a first 
region. A covered by the conductive layer 11 located thereover 
and a second region (or a contact region) B extending from the 
first region A. The second regions B may be exposed on the 
stepped sidewalls of the structures ST. Pads (or contact pads) 
13 may be coupled to the second regions B of the conductive 
layers 11. Each of the pads 13 may extend from a top surface 
of each of the conductive layers 11 in a diagonal direction (see 
FIG. 1A) or in a direction perpendicular to the top surface of 
each of the conductive layers 11 (see FIG. 18). For example, 
the pads 13 and the conductive layers 11 may be connected as 
a single layer or different layers. In addition, though not 
Illustrated in FIGS. 1A and 1B, an insulating layer may be 
interposed between the pads 13 and the conductive layers 11. 
In another example, at least one conductive layer and at least 
one insulating layer on which the pads 13 are alternately 
stacked may be included. 
0028 Undercuts UC may be located under the second 
regions B of the conductive layers 11 of the stacked structures 
ST. Contact plugs (not illustrated) are to be contacted in the 
second regions B. Therefore, the conductive layers 11 may 
protrude more than the insulating layers 12. The undercuts 
UC may extend between the stacked pads 13 and be filled 
with a liner layer (not illustrated). 
0029. First slits SL1 may be located between the stacked 
structures ST. In addition, each of the stacked structures ST 
may further include sacrificial layers 14 that are coupled to 
the conductive layers 11 and arranged in a central region 
separated from the first slit SL1. Thus, the conductive layers 
11 may be located on the sidewall of the stacked structure ST 
exposed through the first slit SL1, i.e., in an edge region 
thereof, and the sacrificial layers 14 may be located in the 
central region of the stacked structure ST. 
0030. In addition, the semiconductor device may further 
include at least one second slit SL2 that passes through the 

Jul. 28, 2016 

stacked structure ST and channel layers CH. The first and 
second slits SL1 and SL2 may be filled with insulating layers. 
0031 FIGS. 2A to 2F illustrate cross-sectional views of 
the configuration of a semiconductor device according to an 
embodiment of the present invention. FIG. 2B is a cross 
sectional view taken along A-A'. 
0032. As illustrated in FIGS. 2A to 2F, the stacked struc 
ture ST may include first conductive layers 21 and first insu 
lating layers 22 that are alternately stacked. The undercuts 
UC may be formed under the second regions B of the first 
conductive layers 21. Pads (or contact pads) 23 may be 
coupled to the second regions of the first conductive layers 21. 
The undercuts UC may extend between the pads 23. 
0033. The pads 23 may include the same or different mate 
rials from the first conductive layers 21. For example, the pads 
23 and the first conductive layers 21 may include metal layers. 
In another example, the pads 23 and the first conductive layers 
21 may include polysilicon layers. In yet another example, the 
first conductive layers 21 may include polysilicon layers and 
the pads 23 may include metal layers, or the first conductive 
layers 21 may include metal layers, and the pads 23 may 
include polysilicon layers. 
0034. In addition, a liner layer 25 may beformed on entire 
surfaces of the pads 23 and fill the undercuts UC formed 
under the pads 23. An interlayer insulating layer 26 may be 
formed over the liner layer 25. For example, the liner layer 25 
and the Interlayer insulating layer 26 may include oxide lay 
ers. Contact plugs 27 may pass through the Interlayer insu 
lating layer 26 and the liner layer 25 and be coupled to the 
pads 23. 
0035. As described above, since the pads 23 are addition 
ally formed on the exposed ends (the second regions B) of the 
first conductive layers 21, the contact plugs 27 may be pre 
vented from passing through the first conductive layers 21 
and being coupled thereto. In addition, since the undercuts 
UC are formed under the first conductive layers 21, a suffi 
cient space may be ensured between the pads 23 adjacent in 
the vertical direction. Therefore, even when the thickness of 
the pads 23 is increased, the pads 23 may be prevented from 
being bridged. 
0036 FIGS. 2A and 2B illustrate an example in which the 
pads 23 extend in a diagonal direction and a second insulating 
layer 24 is interposed between the pads 23 and the first con 
ductive layers 21. 
0037. The second insulating layer 24 may be an oxide 
layer formed through oxidation. Therefore, when the first 
conductive layers 21 and the pads 23 are electrically insulated 
from each other by the second insulating layer 24, the first 
conductive layers 21 and the pads 23 may be electrically 
coupled by coupling patterns 28 formed on the sidewalls of 
the stacked structures ST (see FIGS. 1A and 1B). For 
example, the first conductive layer 21, the second insulating 
layer 24 and the pad 23, exposed through the first slit SL1 
located between the stacked structures ST, may include 
grooves, and the coupling patterns 28 may be formed in the 
grooves. In addition, the coupling patterns 28 may include a 
silicide layer. 
0038. For example, the contact plug 27 may pass through 
the pad 23 and the second insulating layer 24 and contact the 
first conductive layer 21. In this example, the coupling pat 
terns 28 may not be formed. 
0039 FIG.2C illustrates an embodiment in which the pads 
23 extend in the diagonal direction and the pads 23 and the 
second insulating layers 24 are alternately stacked. For 

Micron Ex. 1014, p. 22 
Micron v. YMTC 
IPR2025-00229



US 2016/0218107 A1 

example, each of the pads 23 may include a 2-1 insulating 
layer 24-1, a 2-1 conductive layer 23-1, a 2-2" Insulating 
layer 24-2, and a 2-2" conductive layer 23-2 that are sequen 
tially stacked. The 2-1st insulating layer 24-1 may be formed 
on a surface of the second region B of the first conductive 
layer 21. The 2-1 conductive layer 23-1 may surround a top 
surface and a sidewall of the first conductive layer 21 with the 
2-1 insulating layer 24-1 interposed therebetween. The 
2-2" insulating layer 24-2 may be formed on a surface of the 
2-1 conductive layer 23-1. In addition, the 2-2" conductive 
layer 23-2 may surround a top surface and a sidewall of the 
2-1 conductive layer 23-1 with the 2-2" insulating layer 
24-2 interposed therebetween. 
0040. Additionally, when the first conductive layers 21 
and the pads 23 are electrically insulated from each other by 
the second insulating layers 24, the first conductive layers 21 
and the pads 23 may be coupled to each other by coupling 
patterns as described above with reference to FIG. 2B. 
0041 FIG. 2D illustrates an embodiment in which the 
pads 23 extend in a direction perpendicular to the first con 
ductive layers 21 and the second insulating layers 24 are 
interposed between the pads 23 and the first conductive layers 
21. For example, the second insulating layer 24 may be 
formed on the second region B of the first conductive layer 21, 
and the pad 23 may be formed on the second insulating layer 
24. When the first conductive layer 21 and the pad 23 are 
electrically insulated from each other by the second insulat 
ing layer 24, the first conductive layer 21 and the pad 23 may 
be coupled to each other by the coupling pattern 28 as 
described above with reference to FIG. 2B. 

0042 FIG.2E illustrates an embodiment in which the pads 
23 extend in the direction perpendicular to the first conductive 
layers 21 and the second insulating layers 24 are interposed 
between the pads 23 and the first conductive layers 21. For 
example, the second insulating layer 24 may beformed on the 
second region B of the first conductive layer 21. In addition, 
each of the pads 23 may surround the top surface and the 
sidewall of each of the second insulating layers 24 and contact 
each of the first conductive layers 21. 
0043 FIG.2F illustrates an embodiment in which the pads 
23 directly contact the first conductive layers 21. For 
example, each of the pads 23 may surround the top Surface 
and the sidewall of each of the second regions B of the first 
conductive layers 21. The first conductive layers 21 and the 
pads 23 may directly contact and be electrically connected to 
each other. 

0044 FIGS. 3A to 3.J illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
device according to an embodiment of the present invention. 
FIG.3H illustrates a cross-sectional view taken along A-A of 
FIG. 3G. FIG. 33 illustrates a cross-sectional view taken 
along A-A of FIG. 3A. 
0045. As Illustrated in FIG.3A, first material layers 31 and 
second material layers 32 may be alternately formed. The first 
material layers 31 may be stacked to form gate electrodes of 
selection transistors, memory cells and the like. The second 
material layers 32 may be stacked to form insulating layers 
that electrically insulate stacked conductive layers from each 
other. 
0046. The first material layers 31 may include a material 
having a high etch selectivity with respect to the second 
material layers 32. For example, the first material layers 31 
may include a sacrificial layer including a nitride, and the 
second material layers 32 may include an insulating layer 
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including an oxide. In another example, the first material 
layers 31 may include a conductive layer having polysilicon, 
and the second material layers 32 may include an insulating 
layer having an oxide. According to this embodiment, a 
description will be made in reference to an example in which 
the first material layers 31 include a sacrificial layer and the 
second material layers 32 include an insulating layer. 
0047 Subsequently, a sidewall of the stacked structure ST 
may be stepped. For example, the sidewall of the stacked 
structure ST may be patterned so that at least one first material 
layer 31 and at least one second material layer 32 may form a 
single layer. Each step of the stepped sidewall may include the 
upper second material layer 32 and the lower first material 
layer 31. In addition, the upper second material layer 32 may 
be etched by a predetermined thickness during a patterning 
process. 

0048 Thus, the stacked structure ST that includes the first 
material layers 31 stacked stepwise and the second material 
layers 32 interposed therebetween may be formed. Each of 
the first material layers 31 may include the first region A 
covered by the upper first material layer 31 and the second 
region B extending from the first region A. In addition, the 
second material layer 32 may cover both of the first and 
second regions A and B or only the first region A of the first 
material layer 31 located thereunder. 
0049. As Illustrated in FIG.3B, the second material layers 
32, exposed on the sidewall of the stacked structure ST, may 
be etched to form the undercuts UC under the first material 
layers 31. For example, the second material layers 32 may be 
selectively etched by a wet etch process. As a result, the first 
material layers 31 may protrude more than the second mate 
rial layers 32 and the undercuts UC may be formed under the 
second region B of the first material layers 31. 
0050. As illustrated in FIG. 3C, an insulating layer 33 may 
beformed on surfaces of the first material layers 31 exposed 
on the sidewall of the stacked structure ST. The insulating 
layer 33 may have a smaller thickness than the first and 
second material layers 31 and 32 and may not completely fill 
the undercuts UC. For example, the insulating layer 33 may 
beformed by oxidizing surfaces of the first material layers 31 
by a predetermined thickness through an oxidation process. 
In another example, the insulating layer 33 may be formed on 
the surfaces of the first material layers 31 and the second 
material layers 32 by a deposition process. 
0051. As described above with reference to FIG. 2F, when 
a pad directly contacts a gate conductive layer, the process of 
forming the insulating layer 33 may be omitted. 
0052. As illustrated in FIG. 3D, a third material layer 34 
may be formed on the insulating layer 33. The third material 
layer 34 may be formed to have a sufficient thickness in 
consideration of the target thickness of the pads and a thick 
ness of the third material layer 34 to be etched during a 
Subsequent etch processes. 
0053. The third material layer 34 may be formed on the 
surfaces of the first material layers 31 exposed on the sidewall 
of the stacked structure ST and may also be formed in the 
undercuts UC. Here, the undercuts UC may not be completely 
filled and a seam S may be formed therein. The seam S may 
refer to a space created when the third material layer 34 is 
formed in the undercuts UC having a relatively small width. 
The seam S may be a narrow space and extend from the 
exterior into the undercuts UC. For example, the third mate 
rial layer 34 may be formed by vapor deposition having poor 
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step coverage. Such as Low Pressure Chemical Vapor Depo 
sition (LPCVD) and Plasma Enhanced Chemical Vapor 
Deposition (PECVD). 
0054 The third material layer 34 may include the same 
material as the first material layers 31. For example, the third 
material layer 34 and the first material layers 31 may include 
a sacrificial layer Such as a nitride layer. In another example, 
the third material layer 34 may include a material having a 
high etch selectivity with respect to the first material layers 
31. For example, the third material layer 34 may include a 
sacrificial layer, Such as a nitride layer, and the first material 
layers 31 may include a conductive layer, such as a doped 
polysilicon layer. 
0055 As Illustrated in FIG.3E, the third material layer 34 
may be etched to form third material patterns 34A. For 
example, the third material patterns 34A may be formed by 
removing the third material layer 34 formed in the undercuts 
UC by a wet etch process. When the third material layer 34 is 
etched, the thickness of the third material layer 34 may be 
controlled so that upper and lower third material patterns 34A 
may not be connected and may not be penetrated during 
Subsequent processes of forming the contact plugs. There 
fore, the third material patterns 34A may be coupled to the 
first material layers 31 exposed on the sidewall of the stacked 
structure ST and extend from top surfaces of the first material 
layers 31 in the diagonal direction. 
0056. As illustrated in FIG. 3F, a liner layer 35 may be 
formed on entire surfaces of the third material patterns 34A 
and fill the undercuts UC, and an interlayer insulating layer 36 
may be subsequently formed over the liner layer 35. For 
example, the liner layer 35 and the interlayer insulating layer 
36 may include an insulating layer Such as an oxide layer. 
0057. As Illustrated in FIGS. 3G and 3H, the slit SL may 
beformed through the stacked structure ST. Subsequently, the 
third material patterns 34A, exposed through the slit SL, may 
be removed to form first openings OP1, and the first material 
layers 31 may be removed to form second openings OP2. 
0058. Though not illustrated in FIGS. 3G and 3H, the first 
material layers 31 may not be completely removed from the 
stacked structure. For example, as described above with ref 
erence to FIGS. 1A and 1B, only the first material layers 31 
adjacent to the edge region adjacent to the slit SL may be 
removed, and the first material layers 31 in the central region 
may remain. 
0059. In addition, processes may be changed depending 
on materials of the first material layers 31 and the third mate 
rial patterns 34A. For example, when the first material layers 
31 and the third material patterns 34A include the same mate 
rial (for example, sacrificial layer), the first openings OP1 and 
the second openings OP2 may be formed at the same time. In 
another example, when the first material layers 31 include a 
conductive layer, and the third material patterns 34A include 
a sacrificial layer, only the first openings OP1 may beformed. 
In yet another example, when the first material layers 31 
include a sacrificial layer, and the third material patterns 34A 
include a conductive layer Such as polysilicon, only the sec 
ond openings OP2 may be formed. 
0060. As Illustrated in FIGS.31 and 3J, conductive layers 
may beformed in the first and second openings OP1 and OP2. 
For example, second conductive layers (i.e., contact pads)37 
may be formed in the first openings OP1, and first conductive 
layers 38 may be formed in the second openings OP2. The 
first conductive layers 38 and the second conductive layers 37 
may be formed simultaneously or separately. In addition, the 
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first conductive layers 38 and the second conductive layers 37 
may include the same or different materials. For example, the 
first and second material layers 38 and 37 may include a metal 
layer Such as tungsten. 
0061 Subsequently, contact plugs 39 may be formed 
through the interlayer insulating layer 36 and the liner layer 
35 and coupled to the second conductive layers 37. The con 
tact plugs 39 may be arranged in a ZigZag pattern. In addition, 
the contact plugs 39 may be formed at the same time or 
through a different process, depending on depths thereof. 
0062) Subsequently, grooves may be formed by etching 
the conductive layers 38, the insulating layer 33 and the 
contact pads 37, exposed through the slit SL, by a predeter 
mined thickness. For example, when both the insulating layer 
33 and the second material layer32 include insulating layers, 
the insulating layer 33 may beformed using a material having 
a higher etch rate than the second material layer 32, so that 
grooves may be selectively formed in the insulating layer 33. 
Subsequently, coupling patterns 40 may be formed in the 
grooves. 
0063. Before the first and second material layers 38 and 37 
are formed, the second insulating layer 33 existing between 
the first openings OP1 and the second openings OP2 may be 
removed, so that the first opening OP1 and the second open 
ing OP2 may be coupled to each other. Thus, the process of 
forming the coupling patterns 40 may be omitted. 
0064. According to the above-described processes, con 
tact pads may be easily formed on ends of stacked gate elec 
trodes by using the undercuts UC. Therefore, by selectively 
increasing the thickness of the ends of the gate electrodes, the 
gate electrodes may be prevented from being penetrated and 
bridged when the contact plugs 39 are formed. In addition, 
since the first and second material layers 38 and 37, formed at 
the ends of the gate electrodes, prevent a punch phenomenon, 
the stacked gate electrodes may be prevented from being 
coupled to each other. 
0065. The above-described processes may be partly 
changed depending on types of the first, second and third 
material layers 31, 32 and 34. For example, the first material 
layers 31 may include a conductive layer Such as polysilicon, 
the second material layers 32 may include an insulating layer, 
and the third material layers 34 may include a sacrificial layer 
Such as a nitride layer. In this example, the process of forming 
the insulating layer 33 may be omitted. In addition, after the 
slit is formed, only the first openings OP1 may be formed. 
Subsequently, the same or different conductive layers from 
the first material layers 31 may beformed in the first openings 
OP1. When the first material layers 31 and the second con 
ductive layers 37 include a polysilicon layer, the coupling 
patterns 40 may include a silicide layer. In another example, 
the first material layers 31 may include a polysilicon layer, 
and the second conductive layers 37 may include a metal 
layer. 
0066. A description will be made in reference to another 
example in which the first and third material layers 31 and 34 
include conductive layers such as polysilicon and the second 
material layers 32 include insulating layers. In this example, 
after a slit is formed, the first and third material layers 31 and 
34, exposed through the slit, may be silicided. In addition, the 
processes of forming the first and second openings OP1 and 
OP2 may be omitted. 
0067 FIGS. 4A to 4D illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
device according to an embodiment of the present invention. 
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FIG. 4D illustrates a cross-sectional view taken along A-A of 
FIG. 4C. Hereinafter, a description of common contents with 
the earlier described embodiments is omitted. 
0068. As illustrated in FIG. 4A, first material layers 41 and 
second material layers 42 may be alternately stacked to form 
a stacked structure ST, and a sidewall of the stacked structure 
ST may be stepped. Subsequently, the second material layers 
42, exposed on the sidewall of the stacked structure ST, may 
be etched to form the undercuts UC under the first material 
layers 41, and a 1-1 insulating layer 43-1 may be formed on 
surfaces of the first material layers 41 exposed on the sidewall 
of the stacked structure ST. Subsequently, a 3-1" material 
layer may beformed on the 1-1 insulating layer 43-1, and the 
3-1 material layer formed in the undercuts UC may be 
removed to form 3-1 material patterns 44-1. 
I0069. Subsequently, a 1-2" insulating layer 43-2 may be 
formed on surfaces of the 3-1 material patterns 44-1. For 
example, the surfaces of the 3-1 material patterns 44-1 may 
be oxidized by a predetermined thickness to form the 1-2" 
insulating layer 43-2. Subsequently, a 3-2" material layer 
may be formed on the 1-2" insulating layer 43-2, and the 
3-2" material layer formed in the undercuts UC may be 
removed to form 3-2" material patterns 44-2. 
0070. As illustrated in FIG. 4B, a liner layer 45 may be 
formed on entire surfaces of the 3-2" material patterns 44-2 
and fill the undercuts UC, and an interlayer insulating layer 46 
may be formed on the liner layer 45. 
(0071. As illustrated in FIGS. 4C and 4D, after the slit SL 
may beformed through the first and second material layers 41 
and 42, the first material layers 41, the 3-1 material patterns 
44-1 and the 3-2" material patterns 44-2 may be removed 
through the slit SL to form openings. For example, 1-1 
openings may be formed by removing the 3-1 material pat 
terns 44-1, 1-2" openings may be formed by removing the 
3-2" material patterns 44-2, and second openings may be 
formed by removing the first material layers 41. 
0072 Subsequently, conductive layers may be formed in 
the openings. For example, 1-1 conductive layers 48-1 may 
be formed in the 1-1 openings, 1-2" conductive layers 48-2 
may be formed in the 1-2" openings, and second conductive 
layers 47 may be formed in the second openings. As a result, 
pads may include the 1-1 insulating layer 43-1, the 1-1 
conductive layer 48-1, the 1-2" insulating layer 43-2 and the 
1-2" conductive layer 48-2 that are sequentially stacked. In 
addition, these pads may be coupled to the second conductive 
layers 47 exposed on the sidewall of the stacked structure ST. 
0073 Subsequently, contact plugs 49 may be formed 
through the interlayer insulating layer 46 and the liner layer 
45 and coupled to the pads. Thereafter, grooves may be 
formed by etching the second conductive layers 47, the 1-1 
insulating layers 43-1, the 1-1 conductive layers 48-1, the 
1-2" insulating layers 43-2 and the 1-2" conductive layers 
48-2, exposed through the slit SL, by a predetermined thick 
ness, and coupling patterns 50 may be formed in the grooves. 
0074 According to the above-described processes, pads 
that include conductive layers and insulating layers stacked 
alternately may be formed. Therefore, the thickness of the 
pads may be selectively increased. In addition, the pads may 
be formed by alternately stacking two material layers having 
a high etch selectivity with respect to each other, so that the 
pads may be effectively prevented from being penetrated 
when the contact plugs 49 are formed. 
0075 FIGS.5A to 5G illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
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device according to an embodiment of the present invention. 
FIG.5E illustrates a cross-sectional view taken along A-A of 
FIG.SD. FIG.5G illustrates a cross-sectional view of A-A of 
FIG.5F. Hereinafter, a description of common contents with 
the earlier described embodiments is omitted. 

(0076. As illustrated in FIG.5A, first material layers 51 and 
second material layers 52 may be alternately stacked to form 
the stacked structure ST, and a sidewall of the stacked struc 
ture ST may be stepped. Subsequently, the second material 
layers 52, exposed on the sidewall of the stacked structure ST, 
may be etched to form the undercuts UC under the first 
material layers 51, and an Insulating layer 53 may be formed 
on surfaces of the first material layers 51 exposed on the 
sidewall of the stacked structure ST. More specifically, the 
insulating layer 53 including the seam S may beformed in the 
undercuts UC. 

(0077. As illustrated in FIG. 5B, the insulating layer 53, 
formed in the undercuts UC, may be removed to form insu 
lating patterns 53A. The insulating patterns 53A may be 
formed over the first material layers 51 exposed on the side 
wall of the stacked structure ST. In addition, the Insulating 
patterns 53A and the first material layers 51 may have the 
same or different thicknesses. 

0078. As illustrated in FIG. 5C, a second insulating layer 
58 may be formed on the first material layers 51 exposed on 
the sidewall of the stacked structure ST. For example, the 
second insulating layer 58 may be an oxide layer formed by 
oxidizing surfaces of the first material layers 51 by a prede 
termined thickness. 

0079 Subsequently, a third material layer may be formed 
on surfaces of insulating patterns 53A and fill the undercuts 
UC. Subsequently, third material patterns 54 may be formed 
by removing the third material layer formed in the undercuts 
UC. Since the exposed first material layers 51 are protected 
by the second insulating layer 58, the first material layers 51 
may not be damaged when the third material layer is removed. 
In addition, the third material patterns 54 and the insulating 
patterns 53A may have the same or different thicknesses. 
0080. As illustrated in FIGS. 5D and 5E, a liner layer 55 
may be formed on surfaces of the third material patterns 54 
and fill the undercuts UC, and Subsequently, an interlayer 
insulating layer 56 may be formed on the liner layer 55. 
Subsequently, the slit SL may be formed through the stacked 
structure ST, and the third material patterns 54 and the first 
material layers 51 may be removed through the slit SL to form 
the first openings OP1 and the second openings OP2. The first 
openings OP1 from which the third material patterns 54 are 
removed and the second openings OP2 from which the first 
material layers 51 are removed may be separated from each 
other. 

I0081. Subsequently, the insulating patterns 53A, exposed 
through the slit SL, may be etched by a predetermined thick 
ness. At this time, the second insulating layer 58 may also be 
removed. For example, the insulating patterns 53A may be 
selectively etched by a wet etch process. As a result, the first 
openings OP1 and the second openings OP2 may be con 
nected to each other. 

I0082. As illustrated in FIGS.5F and 5G, conductive layers 
57 may be formed in the first and second openings OP1 and 
OP2 through the slit SL. The conductive layers 57 may be 
formed as a single layer in the first opening OP1 and the 
second opening OP2 that are connected to each other. Subse 
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quently, contact plugs 59 may be formed through the inter 
layer insulating layer 56 and the liner layer 55 and coupled to 
the conductive layers 57. 
0083. According to the above-described processes, a pad 
and a conductive layer configured as a gate electrode may be 
connected as a single layer. Therefore, it may not be necessary 
to form a separate coupling pattern. 
008.4 FIGS. 6A to 6G illustrate cross-sectional views of a 
process flow for a method of manufacturing a semiconductor 
device according to an embodiment of the present invention. 
FIG. 6C illustrates a cross-sectional view taken along A-A of 
FIG. 6B. FIG. 6E illustrates a cross-sectional view taken 
along A-A of FIG. 6D. Hereinafter, a description of common 
contents with the earlier described embodiments is omitted. 

I0085. As Illustrated in FIG. 6A, first material layers 61 and 
second material layers 62 may be alternately stacked to form 
the stacked structure ST, and a sidewall of the stacked struc 
ture ST may be stepped. Subsequently, the second material 
layers 62, exposed on the sidewall of the stacked structure ST, 
may be etched to form the undercuts UC under the first 
material layers 61. 
I0086) Subsequently, a first insulating layer may beformed 
on surfaces of the first material layers 61, exposed on the 
sidewall of the stacked structure ST, and the first insulating 
layer, formed in the undercuts UC, may be removed to form 
first insulating patterns 63. In comparison to the embodiment 
described above with reference to FIG. 5B, the first insulating 
layer may be further etched to form the first insulating pat 
terns 63 having a relatively small width. 
0087 Subsequently, a second insulating layer 68 may be 
formed on the first material layers 61 exposed on the sidewall 
of the stacked structure ST. Thereafter, a third material layer 
may be formed over the first insulating patterns 63, and the 
third material layer, formed in the undercuts UC, may be 
removed to form third material patterns 64. Subsequently, a 
liner layer 65 may be formed on entire surfaces of the third 
material patterns 64 and fill the undercuts UC. Then, an 
interlayer insulating layer 66 may beformed on the liner layer 
65. 

I0088. As Illustrated in FIGS. 6B and 6C, the slit SL may be 
formed through the stacked structure ST, and the third mate 
rial patterns 64 and the first material layers 61 may be 
removed through the slit SL. 
0089. Subsequently, the first insulating patterns 63 may be 
etched to a predetermined thickness. The second insulating 
layer 68 may also be removed. As a result, the first openings 
and the second openings may be connected to each other so 
that openings OP having a “C” shape may be formed. 
0090. As illustrated in FIGS. 6D and 6E, conductive layers 
67 may be formed in the openings OP through the slit SL. 
Subsequently, contact plugs 69 may be formed through the 
interlayer insulating layer 66 and the liner layer 65 and 
coupled to the pads. 
0091. According to the above-described processes, a pad 
and a conductive layer configured as a gate electrode may be 
connected as a single layer. Therefore, it may not be necessary 
to form a separate coupling pattern. 
0092 FIG. 7 is a block diagram illustrating the configura 
tion of a memory system according to an embodiment of the 
present invention. 
0093. As illustrated in FIG. 7, a memory system 1000 
according to an embodiment of the present invention may 
include a memory device 1200 and a controller 1100. 
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0094. The memory device 1200 may be used to store vari 
ous data types such as text, graphic and Software code. The 
memory device 1200 may be a non-volatile memory and 
include the memory string described above with reference to 
FIGS. 1A to 6E. In addition, the memory device 1200 may 
include stacked structures including first conductive layers 
stacked stepwise and first insulating layers interposed 
between the first conductive layers, in which the first insulat 
ing layers include undercuts formed under the first conductive 
layers; pads coupled to the first conductive layers exposed on 
sidewalls of the stacked structures; and a liner layer formed on 
entire surfaces of the pads and filling the undercuts. Since the 
memory device 1200 is formed and manufactured in the 
above-described manner, a detailed description thereof will 
be omitted. 
(0095. The controller 1100 may be coupled to a host and the 
memory device 1200, and may access the memory device 
1200 in response to a request from the host. For example, the 
controller 1100 may control read, write, erase and back 
ground operations of the memory device 1200. 
0096. The controller 1100 may include a random access 
memory (RAM) 1110, a central processing unit (CPU) 1120, 
a host interface 1130, an error correction code (ECC) circuit 
1140 and a memory interface 1150. 
(0097. The RAM 1110 may function as an operation 
memory of the CPU 1120, a cache memory between the 
memory device 1200 and the host, and a buffer memory 
between the memory device 1200 and the host. The RAM 
1110 may be replaced by a static random access memory 
(SRAM) or a read only memory (ROM). 
(0098. The CPU 1120 may be suitable for controlling over 
all operations of the controller 1100. For example, the CPU 
1120 may be suitable for operating firmware such as an FTL 
(Flash Translation Layer) stored in the RAM 1110. 
(0099. The host interface 1130 may interface with the host. 
For example, the controller 1100 may communicate with the 
host through one of various interface protocols including a 
Universal Serial Bus (USB) protocol, a multimedia card 
(MMC) protocol, a peripheral component interconnection 
(PCI) protocol, a PCI-express (PCI-E) protocol, an Advanced 
Technology Attachment (ATA) protocol, a Serial-ATA proto 
col, a Parallel-ATA protocol, a small computer small interface 
(SCSI) protocol, an enhanced small disk interface (ESDI) 
protocol, an Integrated Drive Electronics (IDE) protocol and 
a private protocol. 
0100. The ECC circuit 1140 may detect and correct errors 
included in data read from the memory device 1200 by using 
error correction codes (ECCs). 
0101. The memory interface 1150 may interface with the 
memory device 1200. For example, the memory interface 
1150 may include a NAND interface or a NOR interface. 
0102) For example, the controller 1100 may further 
include a buffer memory (not Illustrated) configured to tem 
porarily store data. The buffer memory may temporarily store 
data, externally transferred through the host interface 1130, or 
temporarily store data, transferred from the memory device 
1200 through the memory interface 1150. In addition, the 
controller 1100 may further include ROM storing code data to 
interface with the host. 
0103 Since the memory system 1000 according to an 
embodiment of the present invention includes the memory 
device 1200 having an increased degree of integration, a 
degree of integration of the memory system 1000 may also be 
increased. 
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0104 FIG. 8 is a block diagram illustrating the configura 
tion of a memory system according to an embodiment of the 
present invention. Hereinafter, a description of common con 
tents with the earlier described embodiment is omitted. 
0105. As illustrated in FIG. 8, a memory system 1000' 
according to an embodiment of the present invention may 
include a memory device 1200' and the controller 1100. In 
addition, the controller 1100 may include the RAM1110, the 
CPU 1120, the host interface 1130, the ECC circuit 1140 and 
the memory interface 1150. 
0106 The memory device 1200' may be a non-volatile 
memory device. The memory device 1200' may be the semi 
conductor device described above with reference to FIGS. 1A 
to 1D. In addition, the memory device 1200' may include a 
first stacked structure including first conductive layers and 
first insulating layers formed alternately with each other, first 
semiconductor patterns passing through the first stacked 
structure, a coupling pattern coupled to the first semiconduc 
torpatterns, and a slit passing through the first stacked struc 
ture and the coupling pattern. Since the memory device 1200' 
Is formed and manufactured in the above-described manufac 
turing method, a detailed description thereof will be omitted. 
0107. In addition, the memory device 1200' may be a 
multi-chip package composed of a plurality of memory chips. 
The plurality of memory chips may be divided into a plurality 
of groups. The plurality of groups may communicate with the 
controller 1100 through first to k-th channels CH1 to CHk. In 
addition, memory chips, included in a single group, may be 
suitable for communicating with the controller 1100 through 
a common channel. The memory system 1000' may be modi 
fied so that a single memory chip may be coupled to a single 
channel. 
0108. As described above, according to an embodiment of 
the present invention, since the memory system 1000' 
includes the memory device 1200' having improved charac 
teristics of, for example cell current, characteristics of the 
memory system 1000' may also be improved. In addition, data 
storage capacity and driving speed of the memory system 
1000' may be further increased by forming the memory 
device 1200' using a multi-chip package. 
0109 FIG. 9 is a block diagram illustrating the configura 
tion of a computing system according to an exemplary 
embodiment of the present invention. Hereinafter, a descrip 
tion of common contents with the earlier described embodi 
ments is omitted. 
0110. As illustrated in FIG. 9, a computing system 2000 
according to an embodiment of the present invention may 
include a memory device 2100, a CPU 2200, a random-access 
memory (RAM) 2300, a user interface 2400, a power supply 
2500 and a system bus 2600. 
0111. The memory device 2100 may store data, which is 
input through the user interface 2400, and data, which is 
processed by the CPU 2200. In addition, the memory device 
2100 may be electrically coupled to the CPU 2200, the RAM 
2300, the user interface 2400 and the power supply 2500. For 
example, the memory device 2100 may be coupled to the 
system bus 2600 through a controller (not Illustrated) or be 
directly coupled to the system bus 2600. When the memory 
device 2100 is directly coupled to the system bus 2600, func 
tions of the controller may be performed by the CPU 2200 and 
the RAM 2300. 
0112 The memory device 2100 may be a non-volatile 
memory. In addition, the memory device 2100 may be the 
semiconductor memory device described above with refer 
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ence to FIGS. 1A to 6E. The memory device 2100 may 
include stacked structures including first conductive layers 
stacked stepwise and first insulating layers interposed 
between the first conductive layers, in which the first insulat 
ing layers include undercuts formed under the first conductive 
layers; pads coupled to the first conductive layers exposed on 
sidewalls of the stacked structures; and a liner layer formed on 
entire surfaces of the pads and filling the undercuts. Since the 
memory device 2100 is formed and manufactured in the 
above-described manner, a detailed description thereof will 
be omitted. 
0113. In addition, as described above with reference to 
FIG. 8, the memory device 2100 may be a multi-chip package 
composed of a plurality of memory chips. 
0114. The computing system 2000 having the above-de 
scribed configuration may be one of various components of 
an electronic device. Such as a computer, an ultra mobile PC 
(UMPC), a workstation, a net-book, personal digital assis 
tants (PDAs), a portable computer, a web tablet, a wireless 
phone, a mobile phone, a Smartphone, an e-book, a portable 
multimedia player (PMP), a portable game machine, a navi 
gation device, a blackbox, a digital camera, a three-dimen 
sional (3D) television, a digital audio recorder, a digital audio 
player, a digital picture recorder, a digital picture player, a 
digital video recorder, a digital video player, a device for 
transmitting/receiving information in wireless environment, 
one of various electronic devices for home network, one of 
various electronic devices for computer network, one of vari 
ous electronic devices for telematics network, an RFID 
device, and/or one of various devices for computing systems, 
etc 

0.115. As described above, since the computing system 
2000 according to an embodiment of the present invention 
includes a memory device 2100 having an increased degree of 
integration, the degree of integration of the computing system 
2000 may be increased accordingly. 
0116 FIG. 10 is a block diagram illustrating a computing 
system according to an embodiment of the present invention. 
0117. As illustrated in FIG. 10, a computing system 3000 
according to an embodiment of the present invention may 
include a software layer that has an operating system3200, an 
application 3100, a file system 3300 and a translation layer 
3400. In addition, the computing system 3000 may include a 
hardware layer such as a memory system 3500. 
0118. The operating system 3200 manages software and 
hardware resources of the computing system 3000. The oper 
ating system3200 may control program execution of a central 
processing unit. The application 3100 may include various 
application programs executed by the computing system 
3000. The application 3100 may be a utility executed by the 
operating system 3200. 
0119) The file system 3300 may refer to a logical structure 
configured to manage data and files present in the computing 
system 3000. The file system 3300 may organize files or data 
to be stored in the memory device 3500 according to rules. 
The file system 3300 may be determined depending on the 
operating system 3200 that is used in the computing system 
3000. For example, when the operating system 3200 is a 
Microsoft Windows-based system, the file system 3300 may 
be a file allocation table (FAT) or an NT file system (NTFS). 
In addition, when the operating system 3200 is a Unix/Linux 
based system, the file system 3300 may be an extended file 
system (EXT), a Unix file system (UFS) or a journaling file 
system (JFS). 
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0120 FIG. 10 illustrates the operating system 3200, the 
application 3100, and the file system 3300 in separate blocks. 
However, the application 3100 and the file system 3300 may 
be included in the operating system 3200. 
0121 The translation layer 3400 may translate an address 

to be suitable for the memory device 3500 in response to a 
request from the file system 3300. For example, the transla 
tion layer 3400 may translate a logic address, generated by the 
file system 3300, into a physical address of the memory 
device 3500. Mapping information of the logic address and 
the physical address may be stored in an address translation 
table. For example, the translation layer 3400 may be a flash 
translation layer (FTL), a universal flash storage link layer 
(ULL) or the like. 
0122) The memory device 3500 may be a non-volatile 
memory. The memory device 3500 may be the semiconductor 
memory device described above with reference to FIGS. 1A 
to 6E. In addition, the memory device 3500 may include 
stacked structures including first conductive layers stacked 
stepwise and first insulating layers interposed between the 
first conductive layers, in which the first insulating layers 
include undercuts formed under the first conductive layers: 
pads coupled to the first conductive layers exposed on side 
walls of the stacked structures; and a liner layer formed on 
entire surfaces of the pads and filling the undercuts. Since the 
memory device 3500 is formed and manufactured in the 
above-described manner, a detailed description thereof will 
be omitted. 
0123. The computing system 3000 having the above-de 
scribed configuration may be divided into an operating sys 
tem layer that is operated in an upper layer region and a 
controller layer that is operated in a lower level region. The 
application 3100, the operating system 3200, and the file 
system 3300 may be included in the operating system layer 
and driven by an operation memory. In addition, the transla 
tion layer 3400 may be included in the operating system layer 
or the controller layer. 
0124 AS described above, since the computing system 
3000 according to an embodiment of the present invention 
includes the memory device 3500 having an increased degree 
of integration, data storage capacity of the computing system 
3000 may be improved. 
0.125. According to an embodiment of the present inven 

tion, a bridge may be prevented when a contact plug is 
formed. In addition, since the thickness of ends of stacked 
gate electrodes is selectively increased, the height of a stacked 
structure may be reduced. Therefore, the degree of integration 
of a semiconductor device may be increased. 
0126 While the present invention has been described with 
respect to the specific embodiments, it will be apparent to 
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those skilled in the art that various changes and modifications 
may be made without departing from the spirit and scope of 
the invention as defined in the following claims. 
What is claimed is: 
1. A semiconductor device, comprising: 
a stacked structure including first conductive layers 

stacked stepwise and first insulating layers interposed 
between the first conductive layers, wherein the stacked 
structure includes a stepped sidewall; and 

contact pads formed over the first conductive layers 
exposed on the sidewall of the stacked structure, wherein 
each of the contact pads includes one or more second 
conductive layers and one or more second insulating 
layers stacked alternately. 

2. The semiconductor device of claim 1, wherein undercuts 
are formed under the first conductive layers and extending 
between the pads. 

3. The semiconductor device of claim 1, further comprising 
a liner layer formed on the contact pads and interposed under 
the first conductive layers of contact regions in which the 
contact pads are formed. 

4. The semiconductor device of claim 1, further compris 
ing: 

a slit located between adjacent stacked structures; 
grooves formed in the first conductive layers, the second 

insulating layers and the second conductive layers 
exposed through the slit; and 

coupling patterns formed in the grooves and coupling the 
contact pads located over the second insulating layers 
and the first conductive layers located under the second 
insulating layers. 

5. A semiconductor device, comprising: 
a stacked structure including first conductive layers 

stacked stepwise and first insulating layers interposed 
between the first conductive layers, wherein each of the 
first conductive layers includes a first region covered by 
the first conductive layer located thereover and a second 
region extending from the first region; 

contact pads coupled to the second regions of the respec 
tive first conductive layers; and 

a liner layer formed on the contact pads and interposed 
under the respective first conductive layers of the second 
region. 

6. The semiconductor device of claim 5, wherein the first 
insulating layers include undercuts formed under the first 
conductive layers and the undercuts are filled with the liner 
layer. 
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