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PAD STRUCTURES AND WIRING
STRUCTURES IN A VERTICAL TYPE
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority under
35 USC §119 to Korean Patent Application No. 10-2013-
0005317 filed on Jan. 17, 2013 in the Korean Intellectual
Property Office (KIPO), the entire disclosure of which is
incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] Example embodiments relate to pad structures and
wiring structures in a vertical type semiconductor device.
More particularly, example embodiments relate to step shape
pad structures and/or wiring structures in a vertical type non-
volatile memory device.

[0004] 2. Description of the Related Art

[0005] Recently, vertical semiconductor devices including
vertically arranged memory cells in three dimensions have
been suggested for accomplishing high integration degrees.
Because the vertical semiconductor devices may have a
stacked structure of memory cells in a vertical direction,
electric signals may be applied to each of the cells stacked in
the vertical direction. Thus, pad structures and wiring struc-
tures for applying the electric signals to the cells may be very
complicated.

SUMMARY

[0006] Anexample embodiment provides a pad structure of
avertical type semiconductor device capable of being formed
by a simplified process.

[0007] Another example embodiment provides a wiring
structure including the pad structure.

[0008] According to an example embodiment, there is pro-
vided a pad structure of a vertical type semiconductor device
including a first conductive line having a first line shape and
including first pad regions at an upper surface of an edge
portion, and a second conductive line having a second line
shape and spaced apart from the first conductive line, the
second conductive line being on the first conductive line. An
end portion of the first conductive line is extended to a first
position. Second pad regions are on an upper surface of an
edge portion of the second conductive line. An end portion of
the second conductive line has a line shape extended to the
first position. The second conductive line defines a dent por-
tion exposing a portion of the first pad regions in a vertical
direction.

[0009] In example embodiments, the first and second con-
ductive lines may form a stepped layer. The pad structure may
include a plurality of the stepped layers vertically stacked in
a first direction.

[0010] In example embodiments, a length of an upper
stepped layer may be shorter than a length of an underlying
stepped layer in the stacked stepped layers.

[0011] Inexample embodiments, the dent portion included
in the second conductive line may have a recess or an aper-
ture.

[0012] According to another example embodiment, there is
provided a wiring structure of a vertical type semiconductor
device including a first stepped layer structure including a

Jul. 17,2014

first word line and a second word line spaced apart from each
other. The first word line and the second word line are stacked
one on another in a first direction which is a vertical direction,
and a second stepped layer structure including a third word
line and a fourth word line. The second stepped layer structure
is provided on the first stepped layer structure. The third and
fourth word lines have a line shape extending in the second
direction. The first and second word lines have the line shape
extending in a second direction. The second word line defines
a first dent portion at an edge portion. The first dent portion
exposes at least a portion of an upper surface of the first word
line. The fourth word line defines a second dent portion at an
edge portion. The second dent portion exposes at least a
portion of an upper surface of the third word line. A length of
the second stepped layer structure is shorter than a length of
the first stepped layer structure. The wiring structure also
includes a first contact plug contacting the upper surface of
the first word line exposed through the first dent portion, a
second contact plug contacting an upper surface of the second
word line, a third contact plug contacting the upper surface of
the third word line exposed through the second dent portion,
and a fourth contact plug contacting an upper surface of the
fourth word line

[0013] Inexample embodiments, third to n-th stepped layer
structures (wherein n is a natural number greater than 2)
vertically stacked in the first direction on the second stepped
layer structure. The third to n-th stepped layer structures each
may have a step shape on the second stepped layer. The third
to n-th stepped layer structures may each include an upper
stepped layer and a lower stepped layer. A length of'the upper
stepped layer may be shorter than a length of the lower
stepped layer.

[0014] Inexample embodiments, the wiring structure may
include a plurality of step shape structures, each including the
first stepped layer structure stacked on the second stepped
layer structure. The plurality of the step shape structures may
be parallel to each other in the first direction and extending in
the second direction.

[0015] Inexample embodiments, the wiring structure may
further include first to fourth wiring lines electrically coupled
to the first to fourth contact plugs, respectively.

[0016] Inexample embodiments, the first and second con-
tact plugs may be on the first stepped layer structure in a first
zigzag pattern, and the third and fourth contact plugs may be
on the second step layer structure in a second zigzag pattern.
[0017] Inexample embodiments, the first and second con-
tact plugs may be in a row on the first stepped layer, and the
third and fourth contact plugs may be in a row on the second
stepped layer.

[0018] Inexample embodiments, the wiring structure may
include first and second wiring lines at both sides of the first
and second contact plugs, a first pad pattern connecting the
first wiring line and the first contact plug, a second pad pattern
connecting the second wiring line and the second contact
plug, third and fourth wiring lines at both sides of the third and
fourth contact plugs, a third pad pattern connecting the third
wiring line and the third contact plug, and a fourth pad pattern
connecting the fourth wiring line and the fourth contact plug.
[0019] In example embodiments, the first and second dent
portions included in the second and fourth word lines may
have a recess or an aperture.

[0020] According to example embodiments, there is pro-
vided a wiring structure of a vertical type semiconductor
device including a first stepped layer structure including first
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to n-th word lines including a stack of n layers (wherein n is
a natural number greater than 1), the first to n-th word lines
being spaced apart from each other and stacked one on
another in a first direction that is a vertical direction, and a
second stepped layer structure over the first stepped layer
structure. The second stepped layer structure has a step shape,
and the step shape has a gradually decreasing edge length
from a lower portion to an upper portion. The first to n-th word
lines extend in a second direction. Second to n-th word lines
define first dent portions exposing a portion of an edge portion
of a first underlying word line. The second stepped layer
structure includes first to m-th word lines including a stack of
m layers (wherein m is a natural number greater than 2)
spaced apart from each other in the vertical direction. The first
to m-th word line extend in the second direction. The second
to m-th word lines define second dent portions exposing a
portion of an edge portion of a second underlying word line.
The wiring structure also includes first contact plugs respec-
tively contacting an upper surface of the word lines exposed
through the first and second dent portions, and second contact
plugs respectively contacting an upper surface of an upper-
most word line in each of the first and second stepped layer
structures.

[0021] Inexample embodiments, the wiring structure may
include a plurality of step shape structures including the first
and second stepped layer structures, and the plurality of the
step shape structures may be parallel to each other in the first
direction and extending in the second direction.

[0022] Inexample embodiments, the wiring structure may
further include wiring lines electrically connecting the first
contact plugs contacting the word lines formed at a same level
layer with the second contact plugs contacting the word lines
formed in the same level layer, respectively.

[0023] According to still another example embodiment, a
wiring structure includes a stack structure. The stack structure
includes a plurality of stacked layers spaced apart from each
other in a first direction. Each of the stacked layers extends in
a second direction substantially perpendicular to the first
direction. Each of the stacked layers includes a first conduc-
tive layer stacked on a second conductive layer. The stacked
layers are staggered in the second direction so as to expose
end portions of the first and second conductive layers. The
first conductive layer has an edge portion partially exposing
an edge portion of the second conductive layer. The wiring
structure further includes contact plugs extending in the first
direction, the contact plugs contacting the exposed edge por-
tions of the first and second conductive layers, respectively.

[0024] The edge portion of the first conductive layer may
have at least one protruding portion extending in the second
direction. A length of the edge portion of the second conduc-
tive layer exposed by the edge portion of the first conductive
layer may be equal to or greater than a length of the at least
one protruding portion.

[0025] The edge portion of the first conductive layer may
have at least two protruding portions, and the at least two
protruding portions may be spaced apart from each other.

[0026] The edge portion of the first conductive layer may
have an enclosed opening partially exposing the edge portion
of the second conductive layer.

[0027] The contact plugs may be arranged either along a
same line or in a zigzag pattern in a third direction, the third
direction being substantially perpendicular to the first and
second directions.
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[0028] As described above, the pad structure of a vertical
semiconductor device in accordance with example embodi-
ments may be formed through a simplified process. In addi-
tion, the wiring structure in accordance with example
embodiments may have a simple structure. Thus, manufac-
turing cost for forming the wiring structure may be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Example embodiments will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings. FIGS. 1 to 39
represent non-limiting, example embodiments as described
herein.

[0030] FIG.11isaperspective view illustrating a step shape
pad structure of a vertical type semiconductor device in accor-
dance with an example embodiment;

[0031] FIG. 2 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with another example embodiment;
[0032] FIG. 3 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with still another example embodiment;
[0033] FIG. 4 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with a further example embodiment;
[0034] FIG. 5 is a perspective view illustrated for explain-
ing a wiring structure of a vertical type semiconductor device
in accordance with an example embodiment;

[0035] FIG. 6 is a plan view illustrated for explaining a
wiring structure of a vertical type semiconductor device in
accordance with another example embodiment;

[0036] FIGS. 7A and 7B are cross-sectional views illus-
trated for explaining a wiring structure of a vertical type
semiconductor device in accordance with the another
example embodiment;

[0037] FIG. 8 is a perspective view illustrated for explain-
ing a wiring structure of a vertical type semiconductor device
in accordance with still another example embodiment;
[0038] FIG. 9 is a plan view illustrated for explaining a
wiring structure of a vertical type semiconductor device in
accordance with a further example embodiment;

[0039] FIGS. 10A and 10B are cross-sectional views illus-
trated for explaining a wiring structure of a vertical type
semiconductor device in accordance with the further example
embodiment;

[0040] FIG. 11 is a plan view illustrated for explaining a
wiring structure of a vertical type semiconductor device in
accordance with a still further example embodiment;

[0041] FIGS. 12A and 12B are cross-sectional views illus-
trated for explaining a wiring structure of a vertical type
semiconductor device in accordance with the still further
example embodiment;

[0042] FIG. 13 is a plan view illustrated for explaining a
wiring structure of a vertical type semiconductor device in
accordance with yet another example embodiment;

[0043] FIGS. 14A and 14B are cross-sectional views illus-
trated for explaining a wiring structure of a vertical type
semiconductor device in accordance with the yet another
example embodiment;

[0044] FIGS. 15 to 22 are perspective views illustrated for
explaining a method of forming a step shape pad structure of
the vertical type semiconductor device illustrated in FIG. 1;
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[0045] FIGS. 23 and 24 are perspective views illustrated for
explaining other methods for forming a step shape pad struc-
ture of a vertical type semiconductor device in FIG. 1;
[0046] FIG.251s aperspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with an example embodiment;

[0047] FIGS. 26 and 27 are perspective views illustrated for
explaining a method of forming a step shape pad structure of
the vertical type semiconductor device in FIG. 25;

[0048] FIGS. 28 and 29 are perspective views illustrated for
explaining other method of forming a step shape pad structure
of the vertical type semiconductor device illustrated in FIG.
25;

[0049] FIGS. 30 and 31 are perspective views illustrated for
explaining a method of forming the wiring structures illus-
trated in FIGS. 5 to 7B;

[0050] FIG. 32A is a cross-sectional view illustrated for
explaining a step shape pad structure of the vertical type
semiconductor device in accordance with another example
embodiment;

[0051] FIG. 32B is a perspective view of a step shape pad
structure illustrated in FIG. 32A;

[0052] FIG. 33 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with still another example embodiment;
[0053] FIG. 34A is a cross-sectional view illustrated for
explaining a step shape pad structure of a vertical type semi-
conductor device in accordance with yet another example
embodiment;

[0054] FIG. 34B is a perspective view of the step shape pad
structure illustrated in FIG. 34A;

[0055] FIG. 351s aperspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with a yet still another example embodi-
ment;

[0056] FIG. 36 is a cross-sectional view illustrated for
explaining a step shape pad structure of a vertical type semi-
conductor device in accordance with a still further example
embodiment;

[0057] FIG. 37 is a cross-sectional view illustrated for
explaining a step shape pad structure of a vertical type semi-
conductor device in accordance with a yet further example
embodiment;

[0058] FIG. 38 is aperspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with an additional example embodi-
ment; and

[0059] FIG. 39 is a block diagram illustrating an informa-
tion processing system in accordance with an example
embodiment.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0060] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which some example embodiments are shown.
However, specific structural and functional details disclosed
herein are merely representative for purposes of describing
example embodiments, and thus may be embodied in many
alternate forms and should not be construed as limited to only
example embodiments set forth herein. Therefore, it should
be understood that there is no intent to limit example embodi-
ments to the particular forms disclosed, but on the contrary,
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example embodiments are to cover all modifications, equiva-
lents, and alternatives falling within the scope of the disclo-
sure.

[0061] In the drawings, the thicknesses of layers and
regions may be exaggerated for clarity, and like numbers refer
to like elements throughout the description of the figures.
[0062] Although the terms first, second, etc. may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are only used to
distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of example embodiments. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0063] Itwill be understood that, ifan element is referred to
as being “connected” or “coupled” to another element, it can
be directly connected, or coupled, to the other element or
intervening elements may be present. In contrast, if an ele-
ment is referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.).

[0064] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises,” “comprising,” “includes” and/or “including,” if used
herein, specity the presence of stated features, integers, steps,
operations, elements and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components and/or groups

thereof.

[0065] Spatially relative terms (e.g., “beneath,” “below,”
“lower,” “above,” “upper” and the like) may be used herein
for ease of description to describe one element or a relation-
ship between a feature and another element or feature as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, for example, the
term “below” can encompass both an orientation that is
above, as well as, below. The device may be otherwise ori-
ented (rotated 90 degrees or viewed or referenced at other
orientations) and the spatially relative descriptors used herein
should be interpreted accordingly.

[0066] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures). As such, variations from the shapes of the illus-
trations as a result, for example, of manufacturing techniques
and/or tolerances, may be expected. Thus, example embodi-
ments should not be construed as limited to the particular
shapes of regions illustrated herein but may include devia-
tions in shapes that result, for example, from manufacturing.
For example, an implanted region illustrated as a rectangle
may have rounded or curved features and/or a gradient (e.g.,
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of implant concentration) at its edges rather than an abrupt
change from an implanted region to a non-implanted region.
Likewise, a buried region formed by implantation may result
in some implantation in the region between the buried region
and the surface through which the implantation may take
place. Thus, the regions illustrated in the figures are sche-
matic in nature and their shapes do not necessarily illustrate
the actual shape of a region of a device and do not limit the
scope.

[0067] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0068] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0069] Hereinafter, example embodiments will be
described in detail with reference to the accompanying draw-
ings.

[0070] FIG.1is aperspective view illustrating a step shape

pad structure of a vertical type semiconductor device in accor-
dance with an example embodiment.

[0071] Hereinafter, a direction perpendicular to the upper
surface of a substrate may be defined as a first direction, two
directions in parallel to the upper surface of the substrate and
perpendicular to each other may be defined as a second direc-
tion and a third direction. The second direction may be the
extended direction of word lines. In addition, the direction
represented by arrows in the drawings may mean both of the
arrow direction and the counter direction of the arrow. The
definition on the directions may be the same in all of the
following drawings.

[0072] In FIG. 1, a substrate, a first insulating layer, etc.
may not be illustrated to clearly show a word line part. In FIG.
22, the substrate and the first insulating layer omitted in FIG.
1 may be shown.

[0073] Referring to FIGS. 1 and 22, a substrate (not illus-
trated) including a cell forming region A for forming memory
cells and a wiring forming region B for forming wirings for
connecting the cells may be provided. The wiring forming
region B may be positioned at both edge portions of the cell
forming region A.

[0074] On the substrate in the cell region, pillar structures
120 extended in the first direction may be provided. The
bottom portion of the pillar structure 120 may make contact
with the surface of the substrate. A tunnel insulating layer
pattern, a first charge storing layer pattern and a first blocking
layer pattern stacked one by one while surrounding the side
wall of the pillar structure 120 may be included.

[0075] The pillar structure 120 may include a cylinder type
channel pattern filled with a material, or a hollow cylinder
type channel pattern (for example a macaroni shape channel
pattern). When the channel pattern has a macaroni shape, an
inner portion of the channel pattern may be filled up with an
insulating material. In addition, the lower portion of the pillar
structure 120 directly contacting with the surface of the sub-
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strate may have the cylinder type channel pattern filled with a
material, and the upper portion of the pillar structure 120 may
have the hollow cylinder type channel pattern. The pillar
structure 120 may include a channel pattern and may be
designed in various shapes. Thus, the pillar structure 120 may
not be limited to the above-described structure.

[0076] Onthe substrate 100, a pad insulating layer 102 may
be provided.
[0077] Onthepadinsulating layer 102, word lines 130a and

1304 spaced apart to each other in the first direction may be
provided. Between the word lines 130a and 1305, first insu-
lating layers 106 may be inserted. That is, the word lines 130a
and 1305 and the first insulating layers 106 may be alternately
stacked. The word lines 130a and 1305 may be insulated by
the first insulating layers 106 in the first direction.

[0078] The word lines 130a and 13056 may surround the
pillar structures 120 and may be extended in the second
direction. That is, the pillar structure 120 may have a pen-
etrating shape through the word lines 1304 and 1305. Particu-
larly, the word lines 130a and 1305 may be formed on a
blocking layer pattern of the pillar structure. In addition, the
word lines 130a and 1305 may have a shape extended in the
second direction from the cell forming region A to the wiring
forming region B. The word lines 1304 and 1305 may include
a conductive material. Examples of the conductive material
used for the word lines 130a and 1305 may include a metal
material, a conductive semiconductor material, a metal
nitride, etc.

[0079] The alternately stacked structure of the word lines
130a and 1305 and the first insulating layers 106 in the first
direction may be called as a word line structure. The word line
structure may be repeatedly arranged in parallel to each other
in the third direction.

[0080] The word lines 130a and 1305 in the cell forming
region A may be provided as the control gate of each cell and
the gate of a selection transistor.

[0081] The vertical type semiconductor device having the
above-described structure may be a NAND flash memory
device. The lowest and the uppermost transistors of the pillar
structure may be provided as selection transistors. In addi-
tion, cell transistors may be connected between the selection
transistors in the structure.

[0082] The word lines 130a and 1305 in the wiring forming
region B may be provided as pad regions for forming wirings.
Hereinafter, the edge portion of the word line positioned in
the connection region may be called a pad structure 126.
[0083] The pad structure 126 may have a step shape. That
is, the pad structure 126 may include a plurality of stepped
layers 132. From the upper portion to the lower portion, the
pad structure 126 may be extended further in the second
direction. The lower portion of the pad structure 126 may be
extruded further to a side portion when compared with that in
the upper portion.

[0084] Inthe pad structure 126, at least two word lines may
be stacked in the vertical direction at one stepped layer 132.
That is, at least two word lines 130a and 1305, and two of first
insulating layers 106 positioned between the word lines 130a
and 1305 may be included in one stepped layer 132. In
example embodiments, two word lines 130 and 1305 may be
stacked at one stepped layer 132. Hereinafter, the word line
positioned at the lower portion in one stepped layer 132 may
be called as a first word line 130a, and the word line posi-
tioned at the upper portion may be called as a second word
line 13054. As described above, because two word lines 130a
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and 13056 may be stacked in one stepped layer 132, four
stepped layers 132 may be provided when eight word lines are
stacked as illustrated in the drawings.

[0085] In addition, when viewing the word lines 130a and
1304 positioned in one stepped layer 132 from the upper
surface, at least a portion of the upper portion of each word
line may not be overlapped. Thus, the first and second word
lines 1304 and 13054 included in one stepped layer 132 may
have different edge shapes to each other.

[0086] In example embodiments, the second word line
13056 may include (or define) a dent portion 136 formed by the
etching of a portion of the end portion thereof, and may
include an unetched portion extruding from a side direction.
The dent portion 136 may have on opened shape of a portion
of the side wall thereof. For example, the dent portion 136
may be shaped in the form of a “L”. Hereinafter, the dent
portion 136 having the above-described shape will be called
as an opened dent portion.

[0087] That is, the second word line 1305 may include a
dent portion 136 at the front portion in the third direction, and
have a rear portion having an extruding shape to a side. The
dent portion 136 may have opened shapes of two edge por-
tions. Thus, one of the second word lines may include one
extruding portion.

[0088] However, the first word line 130a may not include
the dent portion and may have an extended shape to the
extruding portion of the second word line. Thus, a portion of
the upper surface of the first word line 130e¢ may be
unshielded by the second word line 1305, through the dent
portion 136 of the second word line. In this case, the first
insulating layer 106 may remain on the upper portion of the
first word line 130a.

[0089] The extruding portion in the second word line 1305
may be provided as a second pad region 134b. In addition, in
the first word line 130qa, the exposed portion by the dent
portion 136 may be provided as a first pad region 134a. The
first and second pad regions 134a and 1345 may have suffi-
cient upper areas for contacting contact plugs for electrical
wiring.

[0090] The edge portions of the word line structures may
have the shape of the step shape pad structure 126. That is,
each of the word line structures arranged in parallel in the
third direction may have the same shape. Thus, each of the
word line structures arranged in parallel in the third direction
may have step shape pad structure 126 of the same shape.
[0091] Even though not illustrated, the step shape pad
structure 126 may be covered with an upper insulating inter-
layer.

[0092] InFIG. 1, the step shape pad structure is shown to be
disposed only at one edge portion. Alternatively, the step
shape pad structure having the same shape may be also dis-
posed at the facing edge portion of the step shape pad struc-
ture. That is, the step shape pad structures may be disposed at
both sides in the second direction.

[0093] FIG. 2 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical semiconductor
device in accordance with another example embodiment.
[0094] The step shape pad structure in FIG. 2 may be the
same as the step shape pad structure shown in FIG. 1 except
for the word line shape of the pad region. Thus, an overlap-
ping part with the explanation referring to FIG. 1 will be
omitted. In FIG. 2, only one of step shape pad structures may
be illustrated, however, the same pad structures may be dis-
posed in parallel in the third direction.
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[0095] Referring to FIG. 2, in the step shape pad structure,
at least two word lines 1304 and 13056 may be stacked in the
first direction at one stepped layer 132. In example embodi-
ments, the one stepped layer may include two stacked word
lines 130a and 1305.

[0096] The second word line 1305 positioned at the upper
portion of the stepped layer 132 may include an opened dent
portion 136a formed by etching of the edge portion of the
second word line 1305, and may include an unetched portion
having an extruding shape to a side. In the second word line
1304, a dent portion 1365 may be included at the front portion
in the third direction, and an extruding shape may be formed
in the front and the rear of the dent portion 1364. The dent
portion 136a may include one opened edge portion. The
opened portion of the dent portion 136a may correspond to
the end portion of the word line in the second direction. Thus,
two extruding portions may be included at both sides of the
dent portion 136a in one second word line.

[0097] Meanwhile, the first word line 130a may not be
provided with the dent portion 1364, and the second word line
1305 may have an extending shape to the extruding portion of
the second word line 1305. Thus, a portion of the upper
surface of the first word line 1304 may not be shielded by the
second word line 1305 through the dent portion 1364 of the
first word line 130a.

[0098] The extruding portion of the second word line 1305
may be provided as a second pad region 134b. In addition, in
the first word line, the exposed portion by the dent portion
136a may be provided as a first pad region 134a. The first and
second pad regions 1344 and 1345 may be required to have
sufficient upper areas so as to make contacts with contact
plugs for electrical wiring.

[0099] FIG. 3 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with still another example embodiment.

[0100] The pad structure in FIG. 3 may have the same
structure as the step shape pad structure illustrated in FIG. 1
except for the word line shape in the pad region. Thus, the
repeated explanation with that referring to FIG. 1 will be
omitted. In FIG. 3, only one of pad structures may be illus-
trated, however, the same pad structures may be arranged in
parallel in the third direction.

[0101] Referring to FIG. 3, in the pad structure, at least two
word lines 130a and 1305 may be stacked in the vertical
direction at one stepped layer 132. In example embodiments,
the one stepped layer 132 may include two stacked word lines
130a and 1305.

[0102] The second word line 1305 positioned at the upper
portion in the stepped layer 132 may include a closed opening
portion 1365 at the edge portion, that is, a hole shape opening
portion 1364 (or, alternatively, an aperture 1365). The upper
surface of the edge portion of the second word line 1306
excluding the opening portion 1365 may be provided as the
second pad region 1345.

[0103] The first word line 130a may not include the open-
ing portion 1365 and may have an extending shape to the end
portion of the second word line 13054. Thus, through the
opening portion of the second word line 1304, a portion of the
upper surface of the first word line 130a may not be shielded
by the second word line 13056. The upper surface of the first
word line 130a exposed through the opening portion 1365
may be provided as the first pad region 134a.
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[0104] The first and second pad regions 134a and 1345 may
be required to have sufficient upper arcas so as to make
contacts with contact plugs for electrical wiring.

[0105] FIG. 4 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical semiconductor
device in accordance with a further example embodiment.

[0106] InFIG.4, only one of step shape pad structures may
be illustrated, however, the same pad structures may be
arranged in parallel in the third direction.

[0107] Referring to FIG. 4, one or more word lines 130a to
130d may be stacked at one stepped layer 1324 or 1325 in the
vertical direction. Each of the stepped layers 132a and 1326
may include the same number of the word lines 130a to 1304,
or may include different numbers of the word lines 130q to
1304.

[0108] Inexample embodiments, as illustrated in the draw-
ing, first and second stepped layers 132a from the lowest
portion of the step shape pad structure may include one layer
of the word line 130q. In addition, at the third and fourth
stepped layers 1324, three layers of the word lines 1305 to
130d may be included. In the step shape pad structure, the
stacking number of the word lines included in one stepped
layer may not be limited.

[0109] Because the first and second stepped layers 132a
may include only one layer of the word line 130aq, the dent
portion may not be formed at the edge portion of the word line
130a included in the first and second stepped layers 132a.

[0110] Because the third and fourth stepped layers 1325
may be included in three word lines 1305 to 1304, each of the
word lines 1305 to 1304 included in the third and fourth
stepped layers 1325 may have different shapes. Hereinafter,
the word lines in the third and fourth stepped layers may be
called as first to third word lines 1305 to 130d from the lowest
in each of the third and fourth stepped layers. Further, the first
and second stepped layers 132¢ may be called as lower
stepped layers and the third and fourth stepped layers may be
called as upper stepped layers.

[0111] The uppermost word line in each of the upper
stepped layer may include one less dent portions than the
number of the word lines included in each of the upper
stepped layer. Thus, the third word line 1304 may include two
dent portions 1374 and 1374. The third word line 1304 may
include first and second dent portions 137a and 13764.

[0112] The second word line 130¢ may include one dent
portion. The one dent portion 1375 may be disposed to over-
lap with one of the first and the second dent portions 1374 and
1376 of'the third word line 130d. Particularly, the dent portion
1376 included in the second word line 130¢ may be over-
lapped with the second dent portion 1375 of the third word
line. Thus, a portion of the upper surface at the edge portion of
the second word line 130¢ may be exposed through the sec-
ond dent portion 1375 of the third word line 1304. The upper
surface of the exposed edge portion of the second word line
130c¢ may be provided as the second pad region 1355.

[0113] The first word line 1305 may not include the dent
portion, and may have an extending shape to the end portion
of the second and third word lines. Thus, through the over-
lapped dent portions 137a and 13756 in the second and third
word lines, a portion of the upper surface of the first word line
1304 may not be shielded but may be exposed by the second
and third word lines. The exposed upper surface of the first
word line 1305 may be provided as a first pad region 135a4.
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[0114] The first to third pad regions 135a to 135¢ may be
required to have sufficient upper areas so as to make contacts
with contact plugs for electrical wiring.

[0115] InFIG. 4, each of the dent portions included in the
second and third word lines may be illustrated to have the
same structure as that in FIG. 2. However, the shape of the
dent portions included in the second and third word lines may
not be limited to this shape. Particularly, the shape of the dent
portions included in the second and third word lines may be
the same as that illustrated in FIG. 1 or in FIG. 3.

[0116] As described in the above example embodiments,
the vertical semiconductor device in accordance with
example embodiments may have a step shape pad structure
including less numbers of stepped layers than the stacked
numbers of the word lines. In the pad structure having the
above structure, an optimization of wiring for an electric
connection of the word lines in each layer to each other may
be necessary. Hereinafter, the optimized wiring structure will
be explained.

[0117] Inthe following drawings, the wiring structure may
be formed on the pad structure illustrated in FIG. 2. However,
the pad structure for forming the wiring structure may not be
limited to the structure illustrated in FIG. 2. That is, the wiring
structures in accordance with example embodiments may be
applied to all of the vertical type semiconductor devices
including a step shape pad structure including less numbers of
the stepped layers than the stacking number of the word lines.
[0118] Thus, the dent portion 136 described in FIG. 1 is
intended to encompass the opened dent portion 136a shown
in FIG. 2, the closed opening portion 1365 shown in FIG. 3,
and the two dent portions 1374 and 1375 shown in FIG. 4.
[0119] FIG. 5 is a perspective view illustrated for explain-
ing a wiring structure of a vertical type semiconductor device
in accordance with an example embodiment. FIG. 6 is a plan
view illustrated for explaining a wiring structure of a vertical
type semiconductor device in accordance with another
example embodiment. FIGS. 7A and 7B are cross-sectional
views illustrated for explaining a wiring structure of a vertical
type semiconductor device in accordance with the another
example embodiment.

[0120] In FIG. 6, an upper contact plug and an upper plug
may be omitted for brevity.

[0121] As illustrated in the plan view of FIG. 6, the step
shape pad structure 126 may be symmetrically provided at
both sides of a cell region. However, the wiring structures
may not be provided at each of the step shape pad structures
126 at both sides of the cell region, respectively. The wiring
structure may be formed only at one side of the step shape pad
structure 126. In example embodiments, the wiring structure
may be provided at the step shape pad structure 126 disposed
at one edge portion among the step shape pad structures 126
provided at both sides. As described above, when the wiring
structure is formed only at one edge portion, circuits connect-
ing the wiring structure may be concentrated in one region. In
this case, the layout of the circuit designs may be simplified.
[0122] Referring to FIGS. 5 and 6, an upper insulating
interlayer (not illustrated) covering the step shape pad struc-
ture 126 may be provided. A wiring structure connecting each
of'the pad regions of the pad structure 126 may be provided at
the inner portion and the upper portion of the upper insulating
interlayer. The wiring structure may include first and second
contact plugs 170a and 1705, first and second wiring lines
172a and 1725, an upper contact plug (not illustrated) and an
upper wiring (not illustrated).
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[0123] The first and second contact plugs 170a and 1705
may contact the first and second pad regions 134a and 1345
through the upper insulating interlayer. The first contact plugs
170a may contact the first pad region 134a in one stepped
layer 132. The second contact plugs 1705 may contact the
second pad region 1345 in the one stepped layer 132.

[0124] The first contact plugs 170a positioned in the same
stepped layer 132 may be arranged in parallel in the third
direction. In addition, the second contact plugs 1705 posi-
tioned at the same stepped layer 132 may be arranged in
parallel in the third direction. The first and second contact
plugs 1704 and 1705 positioned in the same stepped layer 132
may not be arranged in parallel in the third direction, but may
be disposed in a zigzag shape. Thus, the first and second
contact plugs 170a and 1705 may be deviated from the center
portion of the first and second pad regions 134a and 1345,
respectively.

[0125] On the first contact plugs 170 positioned at the same
level stepped layers 132, a first wring line 172¢ may be
provided. That s, the first contact plugs 170a positioned at the
same level stepped layers may electrically connect with each
other by the first wiring line 172a. The first wiring line 172a
may have an extending shape to the third direction.

[0126] In addition, on the second contact plugs 1705 posi-
tioned at the same level stepped layers 132, a second wiring
line 1725 may be provided. That is, the second contact plugs
1704 positioned at the same level stepped layer may be elec-
trically connect with each other by the second wiring line
172b. The second wiring line 17256 may have an extending
shape in the third direction.

[0127] Because the first and second contact plugs 170a and
1705 may be disposed in a zigzag shape in the third direction,
the first and second wiring lines 172a and 1726 may be spaced
apart by a certain distance. In addition, the first and second
wiring lines 172a and 1726 may be alternately disposed.
[0128] FIG. 7A is a cross-sectional view taken along A-A'
in FIG. 6, and FIG. 7B is a cross-sectional view taken along
B-B'in FIG. 6. That is, FIG. 7A may be obtained by cutting
along the first pad region portion in the second direction, and
FIG. 7B may be obtained by cutting along the second pad
region portion in the second direction.

[0129] In FIG. 7A, first contact plugs 170a making a con-
tact with the first pad region 134a may be provided. The first
contact plugs 170a may contact the first wiring lines 172a. In
addition, on the first wiring line 172a, an upper contact plug
174 and an upper conductive line 176 may be provided.
[0130] In FIG. 7B, second contact plugs 1705 contacting
the second pad region 1345 may be provided. The second
contact plugs 1705 may contact the second wiring lines 172b.
In addition, on the second wiring line 1725, an upper contact
plug 174 and an upper conductive line 176 may be provided.
[0131] The upper contact plug 174 and the upper conduc-
tive line 176 may be wirings for an electric connection again
of the first and second wiring lines 1724 and 1725, respec-
tively contacting the pad region in the same level stepped
layers.

[0132] The upper contact plug 174 may contact the upper
surface of the first and second wiring lines 172a and 1725,
respectively contacting the pad region in the same level
stepped layers. The upper conductive line 176 may have a line
shape contacting the upper surface of the upper contact plug
174, while being extended in the second direction. Thus, the
upper contact plug 174 and the upper conductive line 176 may
be provided at least as much as the same number of the
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stacking number of the word lines 130a and 1305. The upper
conductive lines 176 for connecting each layer may be
arranged in parallel with a distance from each other.

[0133] FIG. 8 is a perspective view illustrated for explain-
ing a wiring structure of a vertical type semiconductor device
in accordance with still another example embodiment. FIG. 9
is a plan view illustrated for explaining a wiring structure of
a vertical type semiconductor device in accordance with a
further example embodiment. FIGS. 10A and 10B are cross-
sectional views illustrated for explaining a wiring structure of
a vertical type semiconductor device in accordance with the
further example embodiment.

[0134] InFIGS.8and9, anupper contact plug and an upper
wiring may be omitted for the brevity.

[0135] As illustrated in the plan view of FIG. 9, the step
shape pad structure may be provided at both sides of a cell
forming region A. In example embodiments, the wiring struc-
ture may be provided at only the step shape pad structure
positioned at one edge portion among both edge portions of
the step shape pad structure.

[0136] Referring to FIGS. 8 and 9, first contact plugs 180a
may be disposed in the first pad region 1344 in one stepped
layer 132 in the step shape pad structure. In addition, second
contact plugs 1805 may be disposed in the second pad region
13454 in one stepped layer 132.

[0137] The first and second contact plugs 180a and 1805
positioned at the same level stepped layer 132 may be
arranged in parallel to each other in the third direction. That
is, the first and second contact plugs 180a and 1805 posi-
tioned at the same level stepped layers 132 may not be dis-
posed in a zigzag shape. Thus, the first and second contact
plugs 180a and 1805 may be positioned at the center portion
of the first and second pad regions 134a and 1345, respec-
tively.

[0138] A first pad patterns 182¢ may be provided on the first
contact plugs 180a positioned at the same level stepped layers
132. A first wiring line 182a contacting the side wall of the
first pad patterns 182¢ arranged in parallel in the third direc-
tion, while being extended in the third direction may be pro-
vided. That is, the first contact plugs 1804 positioned at the
same level stepped layers 132 may be electrically connected
with each other by the first pad pattern 182¢ and the first
wiring line 182a.

[0139] On the second contact plugs 1805 positioned at the
same level stepped layers 132, second pad patterns 1824 may
be provided. In addition, a second wiring line 1825 contacting
the side wall of the second pad patterns 1824 arranged in
parallel in the third direction, while being extended in the
third direction may be provided.

[0140] The first and second pad patterns 182¢ and 1824
may be provided so that the first and second wiring lines 182a
and 1825 may be spaced apart to each other and may make an
electric connection, respectively with the first and second
contact plugs 180a and 1804. The first and second wiring
lines 182a and 1825 may be positioned between the first and
second contact plugs 180a and 1804.

[0141] FIG. 10A is a cross-sectional view taken along A-A'
in FIG. 9, and FIG. 10B is a cross-sectional view taken along
B-B'in FIG. 9. That is, FIG. 10A may be obtained by cutting
along the first pad region portion in the second direction, and
FIG. 10B may be obtained by cutting along the second pad
region portion in the second direction.

[0142] InFIG. 10A, the first contact plugs 180a contacting
the first pad region 134a may be provided. The first contact
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plug 180a may contact the first pad pattern 182¢ to make an
electric contact with the first wiring line 182a. In addition, an
upper contact plug 174 and an upper conductive line 176
making an electric connection with the first wiring line 182a
may be provided.

[0143] In FIG. 10B, second contact plugs 1805 contacting
the second pad region 1345 may be provided. The second
contact plug 1805 may contact the second pad pattern 182dto
make an electric connection with the second wiring line 1825.
In addition, an upper contact plug 174 and an upper conduc-
tive line 176 making an electric connection with the second
wiring line 1825 may be provided.

[0144] The upper contact plug 174 and the upper conduc-
tive line 176 may be wirings for an electric connection again
of the first and second wiring lines 1824 and 1825, respec-
tively contacting the pad region in the same level stepped
layers. The upper contact plugs 174 may preferably make a
respective contact with the first and second pad pattern 182¢
and 182d portions having relatively wide upper surface areas.
The upper conductive line 176 may contact the upper contact
plug 174, while having a line shape extended in the second
direction.

[0145] FIG. 11 is a plan view illustrated for explaining a
wiring structure of a vertical type semiconductor device in
accordance with a still further example embodiment. FIGS.
12A and 12B are cross-sectional views illustrated for explain-
ing a wiring structure of a vertical type semiconductor device
in accordance with the still example embodiment.

[0146] FIG.12Aisa cross-sectional view taken along I-I'in
FIG. 11. FIG. 12B is a cross-sectional view taken along II-IF
in FIG. 11.

[0147] As illustrated in the plan view in FIG. 11, the step
shape pad structures may be symmetrically provided at both
sides of the cell region. In example embodiments, the wiring
structures may be provided at both sides of the step shape pad
structure. As described above, when the wiring structure is
formed at both sides, a horizontal area for forming the wiring
may be increased and the wiring structures may be easily
formed.

[0148] Hereinafter, in one stepped layer, the contact plugs
contacting the first pad region may be called as first contact
plugs 1904 and 190¢, and the contact plugs contacting the
second pad region may be called as second contact plugs 1905
and 1904d.

[0149] Referring to FIGS. 11 and 12A, the step shape pad
structure positioned at the left portion will be explained first.
At the left step shape pad structure, the contact plugs may be
formed only in one pad region among the two pad regions
134a and 1345 included in one stepped layer 130. In addition,
the contact plugs contacting different pad regions according
to the stepped layers may be alternately provided.

[0150] Inexample embodiments, as illustrated in the draw-
ings, the first contact plug 190a contacting the first pad region
134a may be provided in the first stepped layer which is the
lowest stepped layer. In the next second stepped layer, the
second contact plug 1905 contacting the second pad region
1345 may be provided. In the next third stepped layer, the first
contact plug 190a contacting the first pad region 134a may be
provided again. That is, the first and second contact plugs
190a and 1905 may be alternately disposed by the stepped
layers. The first and second contact plugs 190a and 1905 may
be positioned at the center portion of the first and second pad
regions 134a and 1344.
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[0151] As described above, in the step shape pad structure
positioned at the left side, an electric wiring may be provided
with respect to the half of the pad region included in the
stepped layer.

[0152] On the first contact plugs 190a positioned at the
same level stepped layers, the first wiring line 192a may be
provided. That s, the first contact plugs 190a positioned at the
same level stepped layers may make an electric connection
with each other by the first wiring line 192a. The first wiring
line 1924 may have an extending shape in the third direction.
[0153] In addition, the second wiring line 1925 may be
provided on the second contact plugs 1905 positioned at the
same level stepped layer. That is, the second contact plugs
19054 positioned at the same level stepped layer may be elec-
trically connected with each other by the second wiring line
1924. The second wiring line 1926 may have an extending
shape in the third direction.

[0154] The first and second wiring lines 192a and 1925
may be alternately disposed.

[0155] An upper wiring for connecting the first and second
wiring lines 192a and 1924, respectively contacting the pad
region in the same layer may be provided. The upper wiring
may include a first upper contact plug 194a and a first upper
conductive line 196a. The first upper conductive line 1964
may be extended in the second direction. The first upper
conductive line 196a making a connection of the layers to
each other may be arranged in parallel with a distance from
each other.

[0156] Referring to FIGS. 11 and 12B, the step shape pad
structure positioned at the right side will be explained. At the
step shape pad structure positioned at the right side, each of
the wirings may be provided at the pad region portion in
which the wirings may not be formed at the step shape pad
structure positioned at the left side.

[0157] Inexample embodiments, as illustrated in the draw-
ings, a third contact plug 190c¢ contacting the second pad
region 1345 may be provided at the first stepped layer which
is the lowest stepped layer. At the next second stepped layer,
afourth contact plug 1904 contacting the first pad region 134a
may be provided. At the next third stepped layer, the third
contact plug 190¢ contacting the second pad region 1345
again may be provided. That is, the third and fourth contact
plugs 190¢ and 1904 may be alternately disposed by the
stepped layers. The third and fourth contact plugs 190¢ and
1904 may be positioned at the center portion of the first and
second pad regions 134a and 1345.

[0158] As described above, at the step shape pad structure
positioned at the right side, electric wirings may be provided
with respect to the half of the pad regions included in the
stepped layer.

[0159] On the third contact plugs 190¢ positioned at the
same level stepped layers, the third wiring line 192¢ may be
provided. The third contact plugs 190¢ positioned at the same
level stepped layers may be electrically connected with each
other by the third wiring line 192¢. The third wiring line 192¢
may have an extending shape in the third direction.

[0160] In addition, on the fourth contact plugs 1904 posi-
tioned at the same level stepped layer, the fourth wiring line
192d may be provided. That is, the fourth contact plugs 1904
positioned at the same level stepped layer may be electrically
connected by the fourth wiring line 192d. The fourth wiring
line 1924 may have an extending shape in the third direction.
[0161] Thethird and fourth wiring lines 192¢ and 1924 may
be alternately disposed.
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[0162] An upper wiring for connecting the third and fourth
wiring lines 192¢ and 1924 again, respectively contacting the
pad region at the same level stepped layers may be provided.
The upper wiring may include second upper contact plugs
1945 and second upper conductive lines 1964.

[0163] The second upper conductive lines 1965 may be
extended in the second direction. The second upper conduc-
tive lines 1965 may be arranged in parallel with a distance.
[0164] FIG. 13 is a plan view illustrated for explaining a
wiring structure of a vertical type semiconductor device in
accordance with yet another example embodiment. FIGS.
14 A and 14B are cross-sectional views illustrated for explain-
ing a wiring structure of a vertical type semiconductor device
in accordance with the yet another example embodiment.
[0165] FIG.14Aisa cross-sectional view taken along I-I' in
FIG. 13. FIG. 14B is a cross-sectional view taken along II-IF
in FIG. 13.

[0166] As illustrated in the plan view of FIG. 13, the step
shape pad structures may be symmetrically provided at both
sides of the cell region. In example embodiments, each of the
wiring structures may be provided at both sides of the step
shape pad structure.

[0167] Hereinafter, the contact plug contacting the first pad
region in one stepped layer may be called as a first contact
plug, and the contact plug contacting the second pad region
may be called as a second contact plug.

[0168] Referring to FIGS. 13 and 14A, the step shape pad
structure positioned at the left side will be explained first. At
the step shape pad structure positioned at the left side, the
contact plugs may be formed in only one pad region among
two pad regions included in one stepped layer. In addition, the
contact plugs making a contact with one pad region by the
stepped layers may be provided.

[0169] Inexample embodiments, as illustrated in the draw-
ings, the first contact plugs 200a contacting the first pad
region 134a may be provided in all of the stepped layers. That
is, the first contact plugs 200a may be arranged in parallel at
the stepped layers. The first contact plugs 200a may be posi-
tioned at the center portion of the first pad regions.

[0170] As described above, electric wirings may be pro-
vided with respect to the half of the pad region included in the
stepped layer.

[0171] A first wiring line 2024 for connecting the first con-
tact plugs 200a positioned at the same level stepped layers
may be provided. The first wiring line 202a may have an
extending shape in the third direction. Because only the first
contact plugs 200a may be provided at the stepped layers
formed at the left side, only the first wiring lines 202a may be
arranged in parallel.

[0172] An upper wiring for connecting the first wiring lines
202aq again, respectively contacting the first pad region at the
same level layer may be provided. The upper wiring may
include first upper contact plugs 204a and first upper conduc-
tive lines 206a. The first upper conductive lines 206a may be
extended in the second direction.

[0173] Referring to FIGS. 13 and 14B, the step shape pad
structure positioned at the right side will be explained. In the
step shape pad structure positioned at the right side, each of
the wirings may be provided in the pad region portion in
which the wiring may not be formed in the step shape pad
structure positioned at the left side.

[0174] Inexample embodiments, as illustrated in the draw-
ings, the second contact plugs 2005 contacting the second pad
region 1345 may be provided at all of the stepped layers. That
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is, the second contact plugs 2005 may be arranged in parallel
at the stepped layers. The second contact plugs 2006 may be
positioned at the center portion ofthe second pad region 1345.
[0175] As described above, electric wirings may be pro-
vided with respect to the remaining half of the pad region
included in the stepped layer in the step shape pad structure
positioned at the right side.

[0176] The second wiring line 2025 connecting the second
contact plugs 2005 positioned at the same level stepped layers
may be provided. The second wiring line 2025 may have an
extended shape in the third direction. Because only the sec-
ond contact plugs 2005 may be provided at the stepped layer
formed at the right side, only the second wiring lines 2025
may be arranged in parallel.

[0177] An upper wiring for connecting again the second
wiring lines 2025, respectively contacting the pad region at
the same level layers may be provided. The upper wiring may
include second upper contact plugs 2045 and second upper
conductive lines 2065. The second upper conductive lines
2065 may be extended in the second direction.

[0178] Hereinafter, a method of forming the above-de-
scribed step shape pad structure will be explained.

[0179] FIGS. 15 to 22 are perspective views illustrated for
explaining a method of forming a step shape pad structure of
the vertical type semiconductor device illustrated in FIG. 1.

[0180] Referring to FIG. 15, a semiconductor substrate 100
including a cell forming region A for forming memory cells
and a wiring forming region B may be prepared. The semi-
conductor substrate 100 may be a single crystalline silicon
substrate.

[0181] A pad insulating layer 102 may be formed on the
semiconductor substrate 100. On the pad insulating layer 102,
sacrificial layers 104 and first insulating layers 106 may be
alternately formed one by one. The first insulating layer 106
may be formed by depositing silicon oxide. The sacrificial
layer 104 may be formed by using a material having an
etching selectivity with respect to the first insulating layer
106. In example embodiments, the sacrificial layer 104 may
include silicon nitride.

[0182] The stacking number of the sacrificial layers 104
may be the same as the stacking number of cell transistors and
selection transistors. Thus, the stacking number of the sacri-
ficial layers 104 may be changed according to the stacking
number of the transistors. Even though the sacrificial layers
104 having 6 layers are illustrated in the drawing, the stacking
number of the first insulating layers 106 and the sacrificial
layers 104 may not be limited to the number.

[0183] Referring to FIGS. 16 and 17, the first insulating
layers 106 and the sacrificial layers 104 may be partially
etched to form a first preliminary step shape structure 110 (see
FIG. 17) having a step shape at the edge portion thereof. The
first preliminary step shape structure 110 may include each of
the stepped layers 110a to 1104, and at least two sacrificial
layers 104 may be included in each of the stepped layers 110a
to 110d. In addition, the first insulating layer 106 may be
inserted between the sacrificial layers 104.

[0184] As illustrated in the drawings, the uppermost layer
included in each of the stepped layers 110a to 1104 of the first
preliminary step shape structure 110 may be the first insulat-
ing layer 106. Alternatively, the uppermost layer included in
each of the stepped layers 110a to 1104 of the first prelimi-
nary step shape structure 110 may be the sacrificial layer 104.
[0185] Inexample embodiments, two sacrificial layers 104
and two of first insulating layers 106 may be included in each
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of'the stepped layers of the first preliminary step shape struc-
ture 110. Thus, as illustrated in the drawings, stepped layers
of four floors 110a to 1104 may be formed. Hereinafter, the
stepped layers will be called as first to fourth stepped layers
110a to 1104 for the explanation.

[0186] The first preliminary step shape structure 110 may
be illustrated to be formed only at one side, however, may be
formed at four side portions of the edge portions.

[0187] Hereinafter, an example embodiment on a method
of forming the first preliminary step shape structure will be
explained.

[0188] Referring to FIG. 16, a first photoresist layer may be
formed on the uppermost first insulating layer 106, and a first
photolithography process may be performed with respect to
the first photoresist layer to form a first photoresist pattern
(not illustrated). The first photoresist pattern may be provided
as a mask for forming the lowest stepped layer. Thus, the first
photoresist pattern may have a shape exposing the upper
portion for forming the lowest first stepped layer 110a. By
using the first photoresist pattern, an etching process may be
performed to remove two sacrificial layers 104. In this case,
the first insulating layers 106 between the sacrificial layers
104 may be removed at the same time.

[0189] Then, a first trimming process for partially remov-
ing the side portion of the first photoresist pattern may be
performed to form the second photoresist pattern 112. The
second photoresist pattern may have a shape exposing the
upper portion of a portion for forming the first and second
stepped layers 1104 and 1105. By using the second photore-
sist pattern 112, an etching process may be performed to
remove two sacrificial layers from each of the exposed layers.
In this case, the first insulating layers 106 between the sacri-
ficial layers 104 may be removed at the same time.

[0190] Through performing the above-described pro-
cesses, an unfinished step shape structure 108 as illustrated in
FIG. 16 may be formed.

[0191] Referring to FIG. 17, a second trimming process
may be performed to form a third photoresist pattern (not
illustrated), and etching process may be performed by using
the third photoresist pattern as an etching mask to remove the
two sacrificial layers 104 and the first insulating layers 106
between the sacrificial layers 104. Through performing the
processes, a first preliminary step shape structure 110 as
illustrated in FIG. 17 may be formed. Then, the photoresist
pattern 112 may be removed.

[0192] Inthe above example embodiment, the first prelimi-
nary step shape structure 110 may be formed by performing
the trimming processes and the etching processes two times.
When the number of stacking the sacrificial layers 104 and the
first insulating layers 110 increases, the trimming process and
the etching process may be repeatedly performed to form the
first preliminary step shape structure.

[0193] As described above, a series of processes including
the photoresist pattern forming process, the trimming process
and the etching process may be performed to form one
stepped layer. Thus, the number of the processes may increase
according to the increase of the number of the stepped layers.
However, in example embodiments, because two sacrificial
layers 104 may be included in one stepped layer stepped layer
110a to 1104, the number of the stepped layers included in the
first preliminary step shape structure 110 may be largely
decreased.

[0194] In a common step shape structure, one sacrificial
layer may be included in one stepped layer. When comparing
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with the common structure, the first preliminary step shape
structure 110 in accordance with the example embodiment
may include half of the stepped layers. As described above,
the number of the processes necessary for forming the first
preliminary step shape structure may be largely decreased,
and the first preliminary step shape structure 110 may be
easily formed.

[0195] Referring to FIG. 18, an etching mask pattern 114
selectively covering the corresponding portion of the second
pad region may be formed in the first preliminary step shape
structure 110. The etching mask pattern 114 may include a
photoresist pattern.

[0196] As illustrated in the drawings, when an etching
mask pattern 114 partially covering one side portion of the
first preliminary step shape structure 110 is formed, the struc-
ture having the step shape as illustrated in FIG. 1 may be
formed through performing subsequent processes.

[0197] However, different step shape structures from the
structure illustrated in FIG. 1 may be formed by changing the
exposed portion of the etching mask pattern 114. Particularly,
the step shape structures having the shapes illustrated in FI1G.
3 may be formed when the exposed portion has a hole shape.
[0198] Referring to FIG. 19, by using the etching mask
pattern 114 as an etching mask, one first insulating layer 106
and one sacrificial layer 104 from the exposed portion may be
etched to form a secondary preliminary step shape structure
116.

[0199] Inthe etching process, only the sacrificial layer 104
positioned at the upper portion of each of the stepped layers
110a to 110d of the first preliminary step shape structure 110
may be etched. Thus, a portion of the lower sacrificial layer
104 may be exposed by the etched portions in the second
preliminary step shape structure 116. Hereinafter, the etched
portion will be called as a dent portion 118.

[0200] That is, two the sacrificial layers 104 may be
included in each step of the stepped layers 116a to 116d in the
second preliminary step shape structure 116. However, at
least a portion of the upper surface of the two sacrificial layers
104 may have no overlapped portion in the first direction.
[0201] Referringto FIG. 20, afirst insulating interlayer (not
illustrated) covering the second preliminary step shape struc-
ture 116 may be formed.

[0202] Then, a pillar structure 120 contacting the substrate
through the second preliminary step shape structure 116 may
be formed. The pillar structure 120 may include a channel
pattern and may be designed in various shapes. Particularly,
the pillar structure may be formed only as the channel pat-
terns. Alternatively, the pillar structure may include the chan-
nel pattern, and may include at least one layer among a tunnel
insulating layer, a charge storing layer and a blocking layer on
the channel pattern. Thus, the pillar structure 120 may not be
limited to a specific structure.

[0203] Hereinafter, an example embodiment for forming
the pillar structure may be explained in brief.

[0204] A plurality of channel holes 119 exposing the upper
surface of the substrate 100 through the first upper insulating
interlayer, the first insulating layer 106, the sacrificial layers
104 and the pad insulating layer may be formed. The channel
holes 119 may be arranged in a row along the second and third
directions and may be formed.

[0205] In the channel holes 119, a first blocking layer (not
illustrated), a first charge storing layer (not illustrated), a
tunnel insulating layer (not illustrated) and a first channel
layer (not illustrated) may be formed one by one. The first
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blocking layer may be formed by using an oxide compound
such as silicon oxide, the first charge storing layer may be
formed by using a nitride compound such as silicon nitride,
and the tunnel insulating layer may be formed by using an
oxide compound such as silicon oxide. The first channel layer
may be formed by using doped or undoped polysilicon with
impurities or amorphous silicon.

[0206] The first channel layer, the tunnel insulating layer,
the first charge storing layer and the first blocking layer posi-
tioned at the bottom portion of the channel holes 119 may be
removed. Through the above-described processes, a first
channel layer pattern, a tunnel insulating layer pattern, a first
charge storing layer pattern and a first blocking layer pattern
may be formed on the side wall of the channel hole.

[0207] Then, a second channel layer may be formed on the
first channel layer. An insulating layer filling up the inner
portion of the channel hole 119 may be formed on the second
channel layer and then, planarized. Through the planarization
process, a channel pattern and an insulating pattern of stacked
structure of the first channel layer and the second channel
layer may be respectively formed. The upper portion of the
insulating pattern may be partially removed to form a recess
portion, and a conductive material may be formed to form a
conductive pattern.

[0208] Through performing the above-described pro-
cesses, the pillar structure 120 having the channel pattern of a
macaroni shape may be formed.

[0209] Referring to FIG. 21, the second preliminary step
shape structure 116 may be partially etched to form opening
portions 124 extended in the second direction and exposing
the substrate. Through forming the opening portions 124, the
second preliminary step shape structures 116 may be cut to
form a third preliminary step shape structures 122 having an
extended line shape in the second direction.

[0210] According to the position of forming the opening
portions 124, the shape of the third preliminary step shape
structure 122 may be changed.

[0211] When the forming position of the opening portion
124 includes a portion of the edge portion of the dent portion
118, the third preliminary step shape structure 122 having the
shape as illustrated in FIG. 21 may be formed. That is, the
dent portion 118 included in the third preliminary step shape
structure 122 may have an opened shape at two edge portions.
[0212] Alternatively, when the opening portion 124 is
spaced apart from the edge portion of the dent portion 118, the
third preliminary step shape structure having the shape as
illustrated in FIG. 2 may be formed. In this case, the dent
portion of the third preliminary step shape structure 122 may
have an opened shape at one edge portion.

[0213] Referring to FIGS. 22 and 1, the sacrificial layers
104 may be replaced with word lines through a gate replace-
ment process to form the step shape pad structure 126. Here-
inafter, the gate replacement process will be explained.
[0214] The sacrificial layers 104 exposed to the side wall of
the opening portion 124 may be removed to form gaps (not
illustrated). Through the gap, the side wall of the pillar struc-
ture may be exposed.

[0215] Onthe exposed surface ofthe pillar structures 120 in
the gaps, a second blocking layer (not illustrated) may be
formed. A barrier metal layer (not illustrated) may be formed
on the second blocking layer. In exemplary embodiments, the
second blocking layer may be formed by using a metal oxide,
for example, aluminum oxide, hafnium oxide, lanthanum
oxide, lanthanum aluminum oxide, lanthanum hafnium
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oxide, hafnium aluminum oxide, titanium oxide, tantalum
oxide, zirconium oxide, etc. However, the second blocking
layer may not be formed on the surface of the gaps.

[0216] The side wall of the pillar structure may have a
stacked structure constituting memory cells. Thus, the layer
formed on the surface of the gap may be different according
to the thin films included in the pillar structure.

[0217] A metal layer may be formed on the barrier metal
layer to completely fill up the gap portions.

[0218] The barrier metal layer may be formed by using, for
example, titanium, titanium nitride, tantalum, tantalum
nitride, etc. These compounds may be used alone or by stack-
ing two or more. The barrier metal layer may be formed along
the surface profile of the gaps. The gaps may not be com-
pletely filled up with the barrier metal layer.

[0219] The metal layer 130 may comprise a metal having a
low electric resistance. Examples of the metal used for metal
layer 130 may include tungsten.

[0220] The metal layer may be partially removed so as to
remain the metal layer only in the gaps. That is, the metal
layer formed in the opening portion 124 may be removed. The
removing process may include a wet etching process.

[0221] Through performing the removing process, the por-
tion in which the sacrificial layer 104 had been formed may be
replaced with a conductive layer pattern 130 including a
barrier metal layer pattern and a metal pattern as illustrated in
FIGS. 22 and 1. The conductive layer pattern 130 may be
provided as the gates of a cell transistor and a selection
transistor according to the position thereof. In addition, each
of the gates may have a connected shaped in the second
direction and may be provided as a word line 130. The edge
portion of the word lines 130 may have a step shape, and the
upper surface thereof may be provided as a pad region. Two of
first and second word lines 130a and 1305 may be included in
one stepped layer 132, and first and second pad regions 134a
and 1345 may be respectively included in the first and second
word lines 1304 and 1305.

[0222] Inexample embodiments, the sacrificial layers may
be replaced with the word lines through a gate replacement
process.

[0223] Alternatively, the sacrificial layers 104 may be
formed by using a conductive material such as polysilicon. In
this case, the forming process of the opening portion 124 in
FIG. 21, the removal of the sacrificial layer and the replace-
ment process of the metal layer in FIG. 22 may not be per-
formed. Thus, the formed structure in FIG. 20 may be a
completed step shape pad structure.

[0224] According to the above-explained processes, the
step shape pad structure of the vertical type semiconductor
device in FIG. 1 may be completely formed.

[0225] FIGS. 23 and 24 are perspective views illustrated for
explaining other methods for forming a step shape pad struc-
ture of the vertical type semiconductor device in FIG. 1.
[0226] First, the process explained referring to FIG. 15 may
be performed to form the structure illustrated in FIG. 15.
[0227] Referring to FIG. 23, the uppermost first insulating
layer 106 and the sacrificial layer 104 positioned in the con-
necting wiring region B may be partially etched. In this case,
only the uppermost one layer of the first insulating layers 106
and the uppermost one layer of the sacrificial layers 104 may
be etched. A step may be formed between the upper surfaces
of the etched portion and the unetched portion. The lowered
portion of the upper surface formed through the etching may
be called as a step portion 140. In this case, only the upper-
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most one layer of the first insulating layers 106 and the upper-
most one layer of the sacrificial layers 104 may be etched. The
step portion 140 may be a portion facing the first pad region in
each of the stepped layers.

[0228] Referring to FIGS. 24 and 17, the first insulating
layers 106 and the sacrificial layers 104 in the structure
including the step portion 140 may be partially etched to form
a preliminary step shape structure 116 having a step shape at
the edge portion. The preliminary step shape structure 116
formed by the above process may have the same shape as the
second preliminary step shape structure 116 illustrated in
FIG. 19.

[0229] Hereinafter, an example embodiment of forming the
preliminary step shape structure will be described.

[0230] Referring to FIG. 24, a first photoresist layer may be
formed on a structure including the step portion 140, and a
first photolithography process may be performed with respect
to the first photoresist layer to form a first photoresist pattern
(not illustrated). The first photoresist pattern may be provided
as a mask for forming the lowest stepped layer. Thus, the first
photoresist pattern may have a shape exposing the upper
portion of a portion for forming the lowest first stepped layer.
By using the first photoresist pattern, two sacrificial layers
and two first insulating interlayers may be etched.

[0231] Then, a first trimming process for partially remov-
ing the side portion of the first photoresist pattern may be
performed to form a second photoresist pattern 142. The
second photoresist pattern may have a shape exposing the
upper portion of a portion for forming the first and second
stepped layers. By using the second photoresist pattern 142,
the sacrificial layers and the first insulating layers, the sacri-
ficial layers and the first insulating layers of two floors from
each of' the exposed upper surface, may be etched to remove.
Through performing the above-described processes, the step
portion 140 may be included in one stepped layer, and the step
portion 140 may be lower portion in the one layer when
compared with other portions.

[0232] Referring to FIG. 19 again, the trimming process
and the removing process of the sacrificial layers and the first
insulating layers in two layers may be repeatedly performed
to form the preliminary step shape structure. That is, through
performing the second trimming process, a third photoresist
pattern may be formed, and the sacrificial layers and the first
insulating layers of two floors from each of the exposed upper
surface may be etched by using the third photoresist pattern as
an etching mask. Through repeatedly performing the above
processes so as to form the lowest one layer of the stepped
layers, the preliminary step shape structure may be formed.
Then, the third photoresist pattern may be removed.

[0233] Through performing the above process, the same
structure as illustrated in FIG. 19 may be formed. As
described above, the step portion 140 may be formed in the
stacked structure in advance, and then, the etching process
may be performed to form the preliminary step shape struc-
ture 116 including the dent portion 118 in the one step layer.
Thus, the preliminary step shape structure 116 may be formed
through simplified processes.

[0234] Then, the same process may be performed as the
processes explained referring to FIGS. 20 to 22. The step
shape pad structure of the vertical type semiconductor device
illustrated in FIG. 1 may be formed.

[0235] FIG. 251s a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with an example embodiment.
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[0236] The step shape pad structure in FIG. 25 may be the
same as the step shape pad structure in FIG. 1 except for the
position of the dent portion of the word line in each row. Thus,
the overlapping portions with the explanation referring to
FIG. 1 will be omitted.

[0237] Referring to FIG. 25, at least two word lines 250a
and 25056 may be stacked vertically at one stepped layer in the
pad structure. In example embodiments, two word lines may
be stacked at one stepped layer. The word line positioned at
the lower portion of the one stepped layer may be called as the
first word line 2504 and the word line positioned at the upper
portion may be called as the second word line 2504.

[0238] The second word line 2505 positioned at the upper
portion of one stepped layer may include a dent portion 136a
formed by partially etching the end portion thereof, and may
include an unetched portion having a shape extruding from a
side. The dent portion 136a may have an opened shape at two
edge portions. Thus, one of the second word lines 2505 may
include one extruding portion.

[0239] However, the first word line 250a may not include
an extruding portion at the end portion thereof and may have
an extending shape to the extruding portion of the second
word line 2505. Thus, through the dent portion 1364 of the
second word line 2504, a portion of the upper surface of the
first word line 250a may not be shielded by the second word
line 2506.

[0240] The extruding portion of the second word line 2505
may be provided as the second pad region 2545. In addition,
the exposed portion by the dent portion 1364 in the first word
line 250a may be provided as the first pad region 254a. The
first and second pad regions 254a and 2545 may be required
to have sufficient upper areas so as to make contacts with the
contact plugs for subsequent wiring.

[0241] Asillustrated in the drawing, the pad structures 248
may be separated to each other and may be disposed in par-
allel to each other. In the neighboring pad structures 248, the
dent portions 236a formed at the second word lines may have
a symmetric shape with respect to an imaginary line between
the pad structures 248 extended in the second direction. Thus,
the neighboring pad structures 248 may not have the same
shape. That is, each of the dent portions 1364 included in the
adjacently disposed second word lines 2505 may be disposed
in face.

[0242] When observing the pad regions positioned at the
same stepped layer in the third direction in the pad structure
248, two of the first pad regions 254a and two of the second
pad regions 2545 may be alternately disposed. That is, the
same pad regions may be adjacently disposed in the third
direction.

[0243] FIGS. 26 and 27 are perspective views illustrated for
explaining a method of forming the step shape pad structure
of the vertical type semiconductor device in FIG. 25.

[0244] The step shape pad structure of the vertical type
semiconductor device illustrated in FIG. 25 may be formed
by performing similar forming method of the step shape pad
structure of the vertical type semiconductor device illustrated
in FIG. 1. Thus, explanation on repeated portions may be
omitted.

[0245] First, the processes explained referring to FIGS. 15
to 17 may be performed to form the first preliminary step
shape structure 110 illustrated in FIG. 17.

[0246] Referring to FIG. 26, an etching mask pattern 114a
selectively covering a portion corresponding to the second
pad region in the first preliminary step shape structure 110
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may be formed. That is, the etching mask pattern 114a may
expose the first pad region portion. The etching mask pattern
114a may include a photoresist pattern.

[0247] Inexample embodiments, the first pad region of the
adjacent preliminary step shape pad structure may face in the
third direction. Thus, the width of the exposed portion of the
etching mask pattern 114a may be the same as the added
width of the first pad region of the two neighboring step shape
pad structures.

[0248] Referring to FIG. 27, the sacrificial layer and the
first insulating layer in one layer in the exposed portion may
berespectively etched by using the etching mask pattern 114a
as an etching mask to form a second preliminary step shape
structure 240.

[0249] Inthe etching process, only the sacrificial layer 104
positioned at the upper portion in each of the stepped layers
240a to 240d included in the second preliminary step shape
structure 240 may be etched. Thus, the second preliminary
step shape structure 240 may not be overlapped with the
underlying sacrificial layer at the etched portion 242.

[0250] Then, through performing the same processes
described referring to FIGS. 20 to 22, the step shape pad
structure of the vertical type semiconductor device illustrated
in FIG. 25 may be formed.

[0251] FIGS. 28 and 29 are perspective views illustrated for
explaining other methods of forming a step shape pad struc-
ture of the vertical type semiconductor device illustrated in
FIG. 25.

[0252] First, through performing the processes explained
referring to FIG. 15, the structure illustrated in FIG. 15 may
be formed.

[0253] Referring to FIG. 28, the connecting wiring region
B in the uppermost first insulating layer 106 and the sacrificial
layer 104 may be partially etched to form the step portion
140a. The step portion 140a may be a lowered portion of the
upper surface by the etching. In this case, the uppermost one
first insulating layer 106 and one sacrificial layer 104 may be
etched. The step portion 140a may be a portion facing the first
pad region at each of the stepped layers. In the neighboring
step shape pad structures, the first pad regions may be faced in
the third direction.

[0254] Referring to FIGS. 29 and 27, the first insulating
layers 106 and the sacrificial layers 104 in the structure
including the step portion 140a may be partially etched to
form a preliminary step shape structure 240 having a step
shape at the edge portion thereof.

[0255] Hereinafter, an example embodiment of a method of
forming the preliminary step shape structure will be
described.

[0256] Referring to FIG. 29, a first photoresist layer may be
formed on the structure including the step portion, and a first
photolithography process may be performed with respect to
the first photoresist layer to form a first photoresist pattern
(not illustrated). The first photoresist pattern may be provided
as a mask for forming the lowest stepped layer. The sacrificial
layers 104 and the first insulating layers 106 of two floors
from each of the exposed upper surface may be etched by
using the first photoresist pattern.

[0257] Then, a first trimming process for partially remov-
ing the first photoresist pattern may be performed to form a
second photoresist pattern 142a. The second photoresist pat-
tern 142a may have a shape exposing the upper portion of a
portion for forming the first and second stepped layers. The
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sacrificial layers 104 and the first insulating layers 106 may be
etched to remove by using the second photoresist pattern
142a as an etching mask.

[0258] Through performing the above processes, a portion
including the step portion 140a may be lower by one layer
than the portion excluding the step portion.

[0259] Referring to FIG. 27 again, the trimming process
and the removing process of the two sacrificial layers may be
repeatedly performed. Through repeating the above pro-
cesses so as to form a lowest stepped layer, the preliminary
step shape structure 240 may be formed. Then, the fourth
photoresist pattern may be removed.

[0260] The same processes explained referring to FIGS. 20
and 22 may be performed. Referring to FIG. 20, the prelimi-
nary step shape structures 240 may be cut to form the opening
portions 124, and the opening portions 124 may be formed to
have a line shape passing the center portion of the step portion
140a. Through performing the above processes, the step
shape pad structure of the vertical type semiconductor device
in FIG. 25 may be formed.

[0261] Subsequent wiring forming processes may be per-
formed with respect to the step shape pad structure in example
embodiments. The wirings formed at the step shape pad struc-
ture may be one of the illustrated wirings in FIGS. 6,9, 11 and
13.

[0262] Hereinafter, a method of forming the wiring struc-
tureillustrated in FIGS. 5 to 7B in the step shape pad structure
formed by the above method will be explained in brief.
[0263] FIGS.30and 31 are perspective views illustrated for
explaining a method of forming the wiring structure illus-
trated in FIGS. 5 to 7B.

[0264] Referring to FIG. 30, an insulating pattern (not illus-
trated) may be formed in the opening portion 124 between the
step shape pad structures. In addition, an upper insulating
interlayer (not illustrated) covering the step shape pad struc-
ture and the insulating pattern may be formed.

[0265] The upper insulating interlayer may be partially
etched to form first and second contact holes respectively
exposing the first pad region and the second pad region of the
word line. The first and second contact holes positioned at the
same step shape may not be disposed in parallel in the third
direction but may be disposed in a zigzag shape.

[0266] Then, the first and second contact holes may be
filled up with a conductive material to form first and second
contact plugs 170a and 1705.

[0267] Referring to FIG. 31, first and second wiring lines
172a and 1726 may be respectively formed on the first and
second contact plugs 170a and 1705. The first and second
wiring lines 172a and 1726 may be formed by depositing a
conductive layer and then patterning the conductive layer.
Alternatively, the first and second wiring lines 172a and 1725
may be formed by a damascene method. Through performing
the above processes, the structure as illustrated in FIG. 6 may
be formed.

[0268] Referring to FIG. 5 again, an insulating interlayer
covering the first and second wiring lines 172a and 1726 may
be formed. An upper contact hole penetrating the insulating
interlayer may be formed. The upper contact holes may
expose the upper surfaces of each of the first and second
wiring lines 172a and 1725 contacting the pad region in the
same level stepped layers.

[0269] Then, the upper contact holes may be filled up with
a conductive material to form upper contact plugs 174. In
addition, an upper conductive line 176 may be formed on the
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upper contact plugs 174. The upper conductive line 176 may
have a line shape extended in the second direction.

[0270] Through performing the above explained processes,
the wiring structure illustrated in FIGS. 5 to 7B may be
formed.

[0271] Meanwhile, in the above-described processes, the
wiring structure illustrated in FIGS. 8 and 9, the wiring struc-
ture illustrated in FIG. 11 and the wiring structure illustrated
in FIG. 13 may be respectively formed by changing the form-
ing position of the contact plug and the position of the wiring.
[0272] Hereinafter, example embodiments on step shape
pad structures having various shapes will be explained.
[0273] FIG. 32A is a cross-sectional view illustrated for
explaining a step shape pad structure of a vertical type semi-
conductor device in accordance with another example
embodiment. FIG. 32B is a perspective view of the step shape
pad structure illustrated in FIG. 32A.

[0274] Referring to FIGS. 32A and 32B, pad structures
which are stacked structures of word lines positioned in a
connection region may be provided. The pad structures may
have a step shape, and one of the word lines 300 and 3004 may
be included in each of the stepped layers.

[0275] The pad structures may have a step shape, and the
edge portions of each of the word lines 300 and 3004 may not
be overlapped to each other. The upper surface portion of the
edge portion of each of the word lines 300 and 3004 may be
provided as a pad region for forming contact plugs.

[0276] As illustrated in the drawings, the side wall of the
end portion of at least one word line 300a among each of the
word lines 300 and 300q stacked in the vertical direction may
have a different shape from other neighboring word lines. The
word line 300¢ having a different end portion of the side wall
among the word lines 300 and 300¢ may be provided to
confirm process defects and the stacking number of the word
lines. The word line 300a having the different end portion of
the side wall may be called as a first word line 300a. In
addition, the word lines excluding the first word line 300a
may be called as a second word line 300.

[0277] The side walls of the end portions of the first and
second word lines 300a and 300 may have different slopes.
Particularly, the second word line 300 may have a vertical
slope. In addition, the first word line 3004 may have a gentle
slope when compared with the second word line 300.

[0278] As described above, owing to the provision of the
first word line 300a having the different side wall of the end
portion, the confirmation of the process defects and the stack-
ing number of the word lines may be easily performed.
[0279] FIG. 33 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with still another example embodiment.
[0280] The step shape pad structure in FIG. 33 may have the
similar structure as the step shape pad structure in FIG. 1
except for including the different end portion of the side wall
in the stepped layers.

[0281] The side wall of the end portion of at least one
stepped layer 304a among each of the stepped layers 304
included in the step shape pad structure may have a different
shape from other neighboring stepped layers 304. The
stepped layer 304a having the different side wall of the end
portion among the stepped layers 304 may be provided to
confirm process defects and the stacking number of the word
lines. The stepped layer 3044 having the different side wall of
the end portion may be called as a stepped layer 304a for
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confirming. As illustrated in the drawings, two word lines
302a may be included in the stepped layer 3044 for confirm-
ing.

[0282] The two word lines 3024 included in the stepped
layer 304a for confirming may have a slope different from
other word lines. Particularly, the second word lines 302 in
the remaining stepped layer other than the stepped layer 304a
for confirming may have a vertical slope. The first word lines
302aq in the stepped layer 304a for confirming may have a
gentle slope.

[0283] As described above, the confirmation of the process
defects and the stacking number of the word lines may be
easily performed by providing the first word line 302a having
the different side wall of the end portion.

[0284] FIG. 34A is a cross-sectional view illustrated for
explaining a step shape pad structure of a vertical type semi-
conductor device in accordance with yet another example
embodiment. FIG. 34B is a perspective view of the step shape
pad structure illustrated in FIG. 34A.

[0285] Referring to FIGS. 34A and 34B, pad structures
which may be stacked structures of word lines positioned in a
connection region may be provided. The pad structures may
have a step shape, and one of the word lines may be included
in each of the stepped layers.

[0286] Because the pad structures have the step shape, the
edge portions of each of the word lines 310 and 3104 may not
be overlapped to each other. The upper surface portion of the
edge portions of each of the word lines 310 and 3104 may be
provided as a pad region for forming contact plugs.

[0287] At least one word line 310a among the word lines
310 and 3104 stacked in a vertical direction may have a pad
region having a different area from other neighboring word
lines 310. That is, at least one among the word lines stacked in
the vertical direction may have a first pad region having a first
area, and the remaining word lines may have a second pad
region having a second area different from the first area. As
illustrated above, the first pad region may be provided as a pad
region for confirming and may have a wider shape than the
second pad region.

[0288] The word lines including the first pad region may be
called as the first word line 310a. In addition, the word line
including the second pad region may be called as the second
word line 310.

[0289] Through providing the first word line 310a, the con-
firmation of the process defects and the number of the word
lines may be easily performed.

[0290] FIG. 351is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with a yet still another example embodi-
ment.

[0291] The step shape pad structure in FIG. 35 may have the
similar structure as the step shape pad structure illustrated in
FIG. 1 except for the area of the pad region.

[0292] That is, the area of the upper surface of the pad
region included in at least one stepped layer 314a among the
stepped layers 314 and 314qa included in the step shape pad
structure may be different from the area of the upper surface
of'the pad region included in other neighboring stepped layers
314. The stepped layer 314a having a different area of the
upper surface of the pad region may be provided to confirm
the process defects and the stacking number of the word lines.
The stepped layer having the different area of the upper sur-
face of the pad region may be called as a stepped layer 314a
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for confirming. As illustrated in the drawings, two word lines
312a may be included in the stepped layer 314a for confirm-
ing.

[0293] The two word lines 3124 included in the stepped
layer 314a for confirming may have a different area of the
upper surface of the pad region different from other word
lines 312. Particularly, two pad regions having a second area
may be included in the remaining stepped layers 314 other
than the stepped layer 314a for confirming. In the stepped
layer 314a for confirming, first pad regions having a first area
greater than the second area may be included.

[0294] As described above, the confirming of the process
defects and the number of the word lines may be easily
performed by providing the stepped layer 314a for confirm-
ing having the different area of the pad region.

[0295] FIG. 36 is a cross-sectional view illustrated for
explaining a step shape pad structure of a vertical type semi-
conductor device in accordance with a still further example
embodiment.

[0296] Referring to FIG. 36, pad structures which may be
stacked structures of word lines positioned in a connection
region may be provided. The pad structures may have a step
shape, and one of the word lines may be included in each of
the stepped layers.

[0297] At least one of the first word lines 3105 among the
word lines stacked in the vertical direction may be differen-
tiated from other neighboring word line, i.e., the second word
line 310. That is, the first word lines 3106 among the word
lines stacked in the vertical direction may have a first pad
region having the first area, and the second word lines 310
may have a second pad region having a different area from the
firstarea. The first word lines 3105 may be provided as a word
line for confirming. As illustrated in the drawings, the first pad
region may have a smaller shape than the second pad region in
example embodiments.

[0298] As described above, the confirmation of the process
defects and the stacking number of the word lines may be
easily performed by providing the first word line 3104.
[0299] FIG. 37 is a cross-sectional view illustrated for
explaining a step shape pad structure of a vertical type semi-
conductor device in accordance with a yet further example
embodiment.

[0300] Referring to FIG. 37, pad structures which may be
stacked structures of word lines positioned in a connection
region may be provided. The pad structures may have a step
shape, and one of the word lines may be included in each of
the stepped layers.

[0301] Because the pad structures may have the step shape,
the edge portions of each of the word lines may not be over-
lapped. The upper surface portion of the edge portion of each
of'the word lines may be provided as a pad region for forming
contact plugs.

[0302] As illustrated in the drawings, at least one word line
320a among each of the word lines 320 and 320a stacked in
the vertical direction may include a different material from
other word lines 320.

[0303] That is, the word line including the different mate-
rial may be called as the first word line 3204, and the first
word line 3204 may be formed by using a first material. The
first word line 320a may be provided as a word line for
confirming the process defects of the first word line 320a and
the stacking number of the word lines. In addition, the word
lines other than the first word line 320a may be called as a
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second word line 320. The second word line 320 may be
formed by using a second material different from the first
material.

[0304] Through providing the first word line including the
first material, the process defects and the stacking number of
the word lines may be easily confirmed.

[0305] FIG. 38 is a perspective view illustrated for explain-
ing a step shape pad structure of a vertical type semiconductor
device in accordance with an additional example embodi-
ment.

[0306] The step shape pad structure in FIG. 38 may have the
similar structure as the step shape pad structure illustrated in
FIG. 1 except for the material included in at least one of the
word lines.

[0307] Among the word lines 322 and 322a included in the
step shape pad structure, at least one word line 322¢ may
include a material different from the other neighboring word
lines 322.

[0308] Through providing the word line 322a for confirm-
ing, formed by using a material different from the other word
lines, the confirmation of the process defects and the number
of the word lines may be easily performed.

[0309] FIG. 39 is a block diagram illustrating an informa-
tion processing system in accordance with an example
embodiment.

[0310] Referring to FIG. 39, an information processing
system 1100 may include a vertical type memory device 1111
in accordance with an example embodiment.

[0311] The information processing system 1100 may
include a memory system 1110 and a modem 1120, a central
processing unit 1130, a RAM 1140 and a user interface 1150,
respectively making an electric connection to a system bus
1160. In the memory system 1110, data processed by the
central processing unit 1130 and data inputted from the out-
side may be stored. Because the memory system 1110 may
include the vertical type nonvolatile memory device 1111 in
accordance with example embodiments, the data of a large
capacity may be stably stored in the information processing
system 1100.

[0312] Even though not illustrated, the information pro-
cessing system 1100 in accordance with example embodi-
ments may further include an application chipset, a camera
image processor (CIS), a mobile DRAM, an input/output
apparatus, etc.

[0313] The pad structure in accordance with example
embodiments may be used in a vertical type nonvolatile
memory device. Particularly, a vertical nonvolatile memory
device may be manufactured by a simplified process in accor-
dance with example embodiments.

[0314] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the present inventive concepts. Accordingly, all such modifi-
cations are intended to be included within the scope of the
present inventive concepts as defined in the claims. There-
fore, it is to be understood that the foregoing is illustrative of
various example embodiments and is not to be construed as
limited to the specific example embodiments disclosed, and
that modifications to the disclosed example embodiments, as
well as other example embodiments, are intended to be
included within the scope of the appended claims.
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What is claimed is:

1. A pad structure of a vertical type semiconductor device,
comprising:

a first conductive line having a first line shape and includ-
ing first pad regions at an upper surface of an edge
portion, an end portion of the first conductive line being
extended to a first position; and

a second conductive line having a second line shape and
being spaced apart from the first conductive line, the
second conductive line on the first conductive line, sec-
ond pad regions being on an upper surface of an edge
portion of the second conductive line, an end portion of
the second conductive line being extended to the first
position, and the second conductive line defining a dent
portion exposing a portion of the first pad regions in a
vertical direction.

2. The pad structure of claim 1, wherein the first and second

conductive lines form a stepped layer, and

further comprising:

aplurality of the stepped layers being vertically stacked in
a first direction.

3. The pad structure of claim 2, wherein a length of an
upper stepped layer is shorter than a length of an underlying
stepped layer in the stacked stepped layers.

4. The pad structure of claim 1, wherein the dent portion in
the second conductive line has a recess or an aperture.

5. A wiring structure of a vertical type semiconductor
device, comprising:

a first stepped layer structure including,

a first word line and a second word line spaced apart
from each other,

the first word line and the second word line being
stacked one on another in a first direction which is a
vertical direction,

the first and second word lines having a line shape
extending in a second direction,

the second word line defining a first dent portion at an
edge portion, and

the first dent portion exposing at least a portion of an
upper surface of the first word line;
a second stepped layer structure on the first stepped layer
structure, the second stepped layer structure including,
a third word line and a fourth word line,
the third and fourth word line having the line shape
extending in the second direction,

the fourth word line defining a second dent portion at an
edge portion,

the second dent portion exposing at least a portion of an
upper surface of the third word line, and

a length of the second stepped layer structure being
shorter than a length of the first stepped layer struc-
ture;

a first contact plug contacting the upper surface of the first
word line exposed through the first dent portion;

a second contact plug contacting an upper surface of the
second word line;

athird contact plug contacting the upper surface of the third
word line exposed through second the dent portion; and

a fourth contact plug contacting an upper surface of the
fourth word line.

6. The wiring structure of claim 5, further comprising:

third to n-th stepped layer structures (wherein n is a natural
number greater than 2) vertically stacked in the first
direction on the second stepped layer structure,
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the third to n-th stepped layer structures each having a step
shape,

the third to n-th stepped layer structures each including an
upper stepped layer and a lower stepped layer, and

a length of the upper stepped layer being shorter than a
length of the lower stepped layer.

7. The wiring structure of claim 5, further comprising:

a plurality of step shape structures, each including the first
stepped layer structure stacked on the second stepped
layer structure,

the plurality of the step shape structures being parallel to
each other and extending in the second direction.

8. The wiring structure of claim 7, further comprising:

first to fourth wiring lines being electrically coupled to the
first to fourth contact plugs, respectively.

9. The wiring structure of claim 5, wherein

the first and second contact plugs are on the first stepped
layer structure in a first zigzag pattern, and

the third and fourth contact plugs are on the second stepped
layer structure in a second zigzag pattern.

10. The wiring structure of claim 5, wherein

the first and second contact plugs are in a row on the first
stepped layer, and

the third and fourth contact plugs are in a row on the second
stepped layer.

11. The wiring structure of claim 10, further comprising:

first and second wiring lines at both sides of the first and
second contact plugs;

a first pad pattern connecting the first wiring line and the
first contact plug;

a second pad pattern connecting the second wiring line and
the second contact plug;

third and fourth wiring lines at both sides of the third and
fourth contact plugs;

a third pad pattern connecting the third wiring line and the
third contact plug; and

a fourth pad pattern connecting the fourth wiring line and
the fourth contact plug.

12. The wiring structure of claim 5, wherein the first and
second dent portions of the second and fourth word lines have
a recess Or an aperture.

13. A wiring structure of a vertical type semiconductor
device, comprising:

a first stepped layer structure including,

first to n-th word lines including a stack of n layers
(wherein n is a natural number greater than 1),

the first to n-th word lines being spaced apart from each
other and stacked one on another in a first direction
that is a vertical direction,

the first to n-th word lines extending in a second direc-
tion, and

the second to n-th word lines defining first dent portions
exposing a portion of an edge portion of a first under-
lying word line;
a second stepped layer structure over the first stepped layer
structure, the second stepped layer structure having a
stepped shape, and the stepped shape having a gradually
decreasing edge length from a lower portion to an upper
portion, the second stepped layer structure including,
first to m-th word lines (wherein m is a natural number
greater than 2) including a stack of m layers spaced
apart from each other in the vertical direction,

the first to m-th word lines extending in the second
direction, and
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the second to m-th word lines defining second dent por-
tions exposing a portion of an edge portion ofa second
underlying word line;
first contact plugs respectively contacting an upper surface
of'the word lines exposed through the first dent portions
and the second dent portions; and
second contact plugs respectively contacting an upper sur-
face of an uppermost word line in each of the first and
second stepped layer structures.
14. The wiring structure of claim 13, further comprising:
a plurality of step shape structures including the first and
second stepped layer structures, and
the plurality of the step shape structures being parallel to
each other in the first direction and extending in the
second direction.
15. The wiring structure of claim 13, further comprising:
wiring lines electrically connecting the first contact plugs
contacting the word lines formed at a same level layer
with the second contact plugs contacting the word lines
formed in the same level layer, respectively.
16. A wiring structure, comprising:
a stack structure including,
aplurality of stacked layers spaced apart from each other
in a first direction,
each of the stacked layers extending in a second direc-
tion substantially perpendicular to the first direction,
each of the stacked layers including a first conductive
layer stacked on a second conductive layer,
the stacked layers being staggered in the second direc-
tion so as to expose end portions of the first and
second conductive layers, and
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the first conductive layer having an edge portion par-
tially exposing an edge portion of the second conduc-
tive layer; and
contact plugs extending in the first direction, the contact
plugs contacting the exposed edge portions of the first
and second conductive layers, respectively.

17. The wiring structure of claim 16, wherein

the edge portion of the first conductive layer has at least one
protruding portion extending in the second direction,
and

a length of' the edge portion of the second conductive layer
exposed by the edge portion of the first conductive layer
is equal to or greater than a length of the at least one
protruding portion.

18. The wiring structure of claim 17, wherein

the edge portion of the first conductive layer has at least two

protruding portions, and

the at least two protruding portions are spaced apart from

each other.

19. The wiring structure of claim 16, wherein

the edge portion of the first conductive layer has an

enclosed opening partially exposing the edge portion of
the second conductive layer.

20. The wiring structure of claim 16, wherein the contact
plugs are arranged either along a same line or in a zigzag
pattern in a third direction, the third direction being substan-
tially perpendicular to the first and second directions.
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