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APPARATUSES INCLUDING STAIR-STEP
STRUCTURES AND METHODS OF FORMING

THE SAME
TECHNICAL FIELD
[0001] Embodiments of the present disclosure relate to
apparatuses such as three-dimensional semiconductor

devices and systems including the same. Embodiments of the
present disclosure also relate to so-called “stair-step” struc-
tures including conductive materials in so-called “stair-step”
configurations for electrical connection between, for
example, memory cells and conductive lines. Other embodi-
ments of the present disclosure relate to methods for forming
stair-step structures and devices including stair-step struc-
tures.

BACKGROUND

[0002] The semiconductor industry has continually sought
ways to produce memory devices with an increased number
of memory cells per memory die. In non-volatile memory
(e.g., NAND flash memory), one way to increase memory
density is by using a vertical memory array, which is also
referred to as a three-dimensional (3-D) memory array. One
type of vertical memory array includes semiconductor pillars
that extend through openings (e.g., holes) in layers of con-
ductive material (also referred to as word line plates or control
gate plates), with dielectric materials at each junction of the
semiconductor pillars and the conductive materials. Thus,
multiple transistors can be formed along each pillar. Vertical
memory array structures enable a greater number of transis-
tors to be located in a unit of die area by building the array
upwards (e.g., vertically) on a die, as compared to structures
with traditional planar (e.g., two-dimensional) arrangements
of transistors.

[0003] Vertical memory arrays and methods of forming
them are described in, for example: U.S. Patent Application
Publication No. 2007/0252201 of Kito, et al.; Tanaka, et al.,
“Bit Cost Scalable Technology with Punch and Plug Process
for Ultra High Density Flash Memory,” Symposium on VLSI
Technology Digest of Technical Papers, pp. 14-15 (2007);
Fukuzumi, et al., “Optimal Integration and Characteristics of
Vertical Array Devices for Ultra-High Density, Bit-Cost Scal-
able Flash Memory,” IEDM Technical Digest, pp. 449-52
(2007); and Endoh, et al., “Novel Ultrahigh-Density Flash
Memory with a Stacked-Surrounding Gate Transistor
(S-SGT) Structured Cell,” IEEE Transactions on Electron
Devices, vol. 50, no. 4, pp. 945-951 (April, 2003).

[0004] Conventional vertical memory arrays require an
electrical connection between the conductive materials (e.g.,
word line plates or control gates) and access lines (e.g., word
lines) so that memory cells in the 3-D array may be uniquely
selected for writing or reading functions. One method of
forming an electrical connection includes forming a so-called
“stair-step” structure at the edge of the conductive materials.
FIGS. 1A through 1D show one conventional method of
creating a stair-step structure 10 in a stack of conductive
materials 12. As shown in FIG. 1A, conductive materials 12
are separated by insulating materials 14 between the conduc-
tive materials 12. A mask 16 (e.g., photoresist material) is
formed over the topmost insulating material 14 and patterned
to expose a portion of the insulating material 144, the exposed
portion having a width of one so-called “step” of the stair-step
structure 10 to be formed. An anisotropic etch 18, such as a
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reactive ion etch (RIE) or other dry etch, is performed to
remove the insulating material 14a at the portion exposed
through the mask 16. The pattern in the insulating material
14a is then transferred to the conductive material 12a. The
exposed insulating material 14a is removed by one dry etch
process that stops on the conductive material 12a, and the
exposed conductive material 12a is then removed by another
dry etch process that stops on the insulating material 145.
Next, the mask 16 is reduced in size by removing a portion of
the mask (also known as “trimming”), such as by isotropic
etching, to expose another portion of the insulating material
14a, as shown in FIG. 1B.

[0005] The process is repeated by subjecting the structure
to an anisotropic etch 18, including removing exposed por-
tions of the two insulating materials 14a and 145 and subse-
quently removing exposed portions of the two conductive
materials 12a and 125. As shown in FIG. 1C, the successive
reduction in size of the mask 16 and the repeated dry etch
processes are continued until the insulating material 14¢ and
conductive material 12¢ is exposed, the mask 16 is removed,
and a stair-step structure 10 remains. Word line contacts 20
are formed to extend through each respective insulating mate-
rial 14 and electrically contact each conductive material 12, as
shown in FIG. 1D. The top of each word line contact 20, as
viewed in FIG. 1D, connects to a conductive word line (not
shown). While FIGS. 1A through 1D illustrate using two
anisotropic etches 18 to create three so-called “steps” of the
stair-step structure 10, the acts of etching the insulating mate-
rial 14, etching the conductive material, 12, and trimming the
mask 16 may be repeated to create more steps (and thus
contact regions for word line contacts). Current conventional
methods have been used to form more than eight contact
regions (e.g., steps).

[0006] As the desired number of steps in the conventional
stair-step structure increases, the margin of error associated
with each act in the process of forming the steps correspond-
ingly decreases when using the conventional method. For
example, and as explained above, each iteration of the con-
ventional method includes trimming the mask, etching the
insulating material, and etching the conductive material. The
desired number of steps is formed by repeating these acts as
many times as the number of conductive materials in the
stack. Each act of the conventional method has an associated
etch control error because the size of each step is designed to
fall within a particular range (e.g., tolerance) to allow enough
room for a contact to be formed thereon while keeping the
overall size of the stair-step structure small. Additionally, the
relative locations of the steps are designed to fall within a
range of locations in order to accurately form contacts
thereon. As the number of iterations increases, any deviation
from a target step width or location may be compounded
because errors in one material are transferred to an underlying
material. For a high number of steps in the stair-step structure,
the margin of error to be achieved for the etch rate control may
be less than one percent (1%). Small margins of error are
difficult and costly to attain using conventional methods.
Furthermore, because the mask is repeatedly trimmed, the
method may start with a mask of high thickness, which may
be difficult to repeatedly pattern and trim with the precision
needed to have the necessary control over step width. Fur-
thermore, the large amount of mask material is expensive and
time-consuming to both faun and remove.

[0007] Space savings in a memory device incorporating a
vertical memory array may be accomplished by reducing the

YMTC EXHIBIT 1005
Page 27 of 36



US 2012/0306089 A1l

area that a stair-step structure covers. One method of reducing
this area is described in U.S. Patent Application Publication
No. 2009/0310415 to Jin et al. Although some space is saved
by aligning the word line contacts in the same direction as the
bit lines, further improvements and reductions in cost in the
manufacturing of such structures, as well as alternative meth-
ods of reducing the area covered by the stair-step structures,
are desired. For example, the method described in Jin et al.
uses a unique mask for each etch act to form the steps, which
adds significant cost because of a high number of photolitho-
graphic reticles used to form the masks. Reductions in cost
and improvements in controllability of manufacturing stair-
step structures are, therefore, desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGS. 1A through 1D illustrate a conventional
method of forming a stair-step structure for a vertical memory
array.

[0009] FIGS. 2 through 10 illustrate an embodiment of a
process for forming a stair-step structure according to the
present disclosure.

[0010] FIGS. 11 through 14 illustrate another embodiment
of a process for forming a stair-step structure according to the
present disclosure.

[0011] FIGS. 15 through 20 illustrate another embodiment
of a process for forming a stair-step structure according to the
present disclosure.

[0012] FIGS. 21 through 24 illustrate another embodiment
of a process for forming a stair-step structure according to the
present disclosure.

[0013] FIG. 25 illustrates an embodiment of a stair-step
structure formed laterally adjacent another stair-step struc-
ture according to the present disclosure.

DETAILED DESCRIPTION

[0014] The following description provides specific details,
such as material types, material thicknesses, and processing
conditions in order to provide a thorough description of
embodiments of the present disclosure. However, a person of
ordinary skill in the art will understand that the embodiments
of the present disclosure may be practiced without employing
these specific details. Indeed, the embodiments of the present
disclosure may be practiced in conjunction with conventional
fabrication techniques employed in the industry.

[0015] The materials described herein may be formed by
any suitable technique including, but not limited to, spin
coating, blanket coating, chemical vapor deposition (CVD),
ALD, plasma enhanced ALD, or physical vapor deposition
(PVD), unless otherwise specified. The materials may also be
formed by being grown in situ. Depending on the specific
material to be formed, the technique for depositing or grow-
ing the material may be selected by a person of ordinary skill
in the art. While the materials described and illustrated herein
may be formed as layers, the materials are not limited thereto
and may be formed in other three-dimensional configura-
tions.

[0016] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof, and in which is shown, by way of illustration, specific
embodiments in which the present disclosure may be prac-
ticed. These embodiments are described in sufficient detail to
enable a person of ordinary skill in the art to practice the
present disclosure. However, other embodiments may be uti-
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lized, and structural, logical, and electrical changes may be
made without departing from the scope of the disclosure. The
illustrations presented herein are not meant to be actual views
of any particular system, device, or structure, but are merely
idealized representations that are employed to describe the
embodiments of the present disclosure. The drawings pre-
sented herein are not necessarily drawn to scale.

[0017] As used herein, the term “apparatus” includes a
device, such as a memory device (e.g., a vertical memory
device), or a system that includes such a device.

[0018] As used herein, the term “substantially” includes to
adegree that one skilled in the art would understand the given
parameter, property, or condition is met with a small degree of
variance, such as within acceptable manufacturing toler-
ances.

[0019] As used herein, the term “set” includes a conductive
material(s) and an immediately adjacent insulating material
(s). Each conductive material can form a word line connection
separated from additional conductive materials by the insu-
lating material. Each insulating material may insulate (e.g.,
electrically insulate, separate, isolate from) the conductive
material in its set from the conductive material of an adjacent
set. The conductive material of each set may form a conduc-
tive connection (e.g., a word line connection) for supplying
electrical signals to a semiconductor device. Although this
disclosure and the accompanying drawings refer to sets that
each include an insulating material formed over (e.g., on a
side opposite a substrate) a conductive material, this disclo-
sure is not so limited. A set may include a conductive material
formed over (e.g., on a side opposite the substrate) an insu-
lating material. The term “set” is used merely for ease in
describing, illustrating, and understanding the methods and
structures disclosed.

[0020] As used herein, any relational term, such as “first,”
“second,” “over,” “under,” “on,” “underlying,” “topmost,”
“next,” etc. is used for clarity and convenience in understand-
ing the disclosure and accompanying drawings and does not
connote or depend on any specific preference, orientation, or
order, except where the context clearly indicates otherwise.
[0021] As used herein, the terms “distal” and “proximal”
describe positions of materials or features in relation to a
substrate upon which the material or feature is formed. For
example, the term “distal” refers to a position relatively more
distant from the substrate, and the term “proximal” refers to a
position in closer relative proximity to the substrate.

[0022] As used herein, the terms “lateral” and “laterally”
refer to a direction that is parallel to the direction that a “step”
(e.g., contact region) of the stair-step structure extends. For
example, the lateral direction may be perpendicular to a direc-
tion that access lines (e.g., word lines) extend in a vertical
memory device including a stair-step structure to be
described in more detail below. The lateral direction may also
be parallel to a direction that bit lines extend in a vertical
memory device including the stair-step structure. For
example, the direction indicated by arrows 140 in FIG. 7 is the
lateral direction.

[0023] Non-volatile memory devices (e.g., vertical
memory devices, such as a three-dimensional NAND
memory devices) including a plurality of contact regions on
so-called “stair-steps” are disclosed, as are methods of form-
ing such devices. A pattern of the contact regions located
along an edge of the non-volatile memory device can be
formed on so-called “steps” in the non-volatile memory
device. A contact may be formed on each contact region to
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form connections (e.g., electrical connections) to a conduc-
tive material (e.g., word line connection or control gate).
‘While the non-volatile memory devices described herein may
make specific reference to NAND devices, the disclosure is
not so limited and may be applied to other semiconductor and
memory devices. Some embodiments of a stair-step structure
of the present disclosure and methods of forming such a
stair-step structure are shown in FIGS. 2 through 25 and are
described hereafter. Similar structures or components in the
various drawings may retain the same or similar numbering
for the convenience of the reader; however, the similarity in
numbering does not mean that the structures or components
are necessarily identical in size, composition, configuration,
or any other property. Embodiments disclosed herein include
stair-step structures (see FIGS. 9, 10, 12, 14, 20) that include
at least two regions laterally adjacent each other, each region
of the at least two regions providing access to a portion of a
plurality of conductive materials. A first region may provide
access to a first portion of the plurality of conductive materi-
als. A second region may provide access to a second portion
of the plurality of conductive materials different from the first
portion. Embodiments disclosed herein also include methods
of forming stair-step structures.

[0024] An embodiment of a method of forming a stair-step
structure 100 for electrical access to a vertical device (e.g.,
memory array) is illustrated by way of example in FIGS. 2
through 10. Alternating conductive materials 112 and insu-
lating materials 114 may be formed over a substrate (not
shown) by conventional methods. The substrate over which
the conductive materials 112 and insulating materials 114 are
formed may be any substantially planar material. By way of
non-limiting example, the substrate may be a semiconductor
material and may include at least portions of circuits to which
transistors of a memory array may be connected. Each con-
ductive material 112 may be used to form a conductive con-
nection (e.g., word line connection, control gate), although
the disclosure is not so limited. Each conductive material 112
may, by way of non-limiting example, be a substantially
planar conductive material 112. As used herein, the term
“substrate” includes a semiconductor-based material includ-
ing silicon, silicon-on-insulator (SOI) or silicon-on-sapphire
(SOS) technology, doped and undoped silicon, doped and
undoped semiconductors, epitaxial layers of silicon sup-
ported by a base semiconductor foundation, and other semi-
conductor structures. When reference is made to a “substrate”
in the following description, previous process acts may have
been conducted to form regions or junctions in or over the
base semiconductor structure or foundation. In addition, the
semiconductor need not be silicon-based, but may be based
on silicon-germanium, silicon-on-insulator, silicon-on-sap-
phire, germanium, or gallium arsenide, among others.

[0025] FIG. 2 shows eighteen sets 115 of conductive mate-
rial 112 and insulating material 114 for clarity and ease of
understanding of the drawings and related description. How-
ever, any number of sets 115 may be used. In other words,
fewer or more sets 115 may be used without exceeding the
scope of the present disclosure. By way of example and not
limitation, a total of thirty-six conductive materials 112 and
insulating materials 114 may be formed to produce the eigh-
teen sets 115. Each of the conductive materials 112 may have
the same or a different composition and each of the insulating
materials 114 may have the same or a different composition.
Furthermore, although each conductive material 112 may be
referred to herein in the singular form, for convenience, the
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conductive material 112 of each set 115 may include one or
more conductive materials. Similarly, the insulating material
114 of each set may include one or more insulating materials.
For example, the conductive material 112 of a first set 115
may include a first conductive material formed on a second
conductive material. The first and second conductive materi-
als of the conductive material 112 of the first set 115 may be
separated from the conductive material(s) 112 of an adjacent
second set 115 by an insulating material(s) 114.

[0026] The alternating conductive materials 112 and insu-
lating materials 114 may include an array region 122 (e.g., a
vertical memory array region) and in a stair-step region 124
(i.e., a region that may include a stair-step after further pro-
cessing) of a vertical memory device. The conductive mate-
rial 112 may be formed from any suitable conductive material
(s). By way of example and not limitation, the conductive
material 112 may include one or more of polysilicon and a
metal, such as tungsten, nickel, titanium, platinum, alumi-
num, gold, tungsten nitride, tantalum nitride, titanium nitride,
etc. The insulating material 114 may be formed from any
suitable insulating material(s). By way of example and not
limitation, the insulating material 114 may include a silicon
oxide (e.g., Si0,). Each set 115 of conductive material 112
and insulating material 114 may have a thickness that is
approximately 1 pm. Each of the conductive material 112 and
insulating material 114 may be formed by conventional tech-
niques, which are not described in detail herein.

[0027] The method may include forming the alternating
conductive material 112 and the insulating material 114 in a
different order than that shown in FIG. 2. For example, in
some embodiments, each set 115 may include a conductive
material 112 with an insulating material 114 formed there-
over (i.e., on a side opposite the substrate, as shown in FIG. 2)
while in other embodiments, each set 115 may include a
conductive material 112 with an insulating material 114
formed thereunder (i.e., on the same side of the conductive
material 112 as the substrate, not shown). A vertical memory
device resulting from such a switched configuration may have
little or no difference in terms of functionality or operability
as compared to a vertical memory device formed by the
method shown in FIGS. 2 through 9.

[0028] A firstmask 116 may be formed over the topmost set
115a of conductive material 112¢ and insulating material
114a. The first mask 116 may be referred to as a stair-step
mask, as it is used to form a plurality of steps (e.g., contact
regions) in the conductive material 112 and insulating mate-
rial 114. The first mask 116 may be formed of a photoresist
material, for example. The first mask 116 may be patterned, as
is known in the art, to remove material from the first mask 116
atan outer edge of the stair-step region 124. The material may
be removed from the first mask 116 to expose a portion of a
major surface of the topmost insulating material 114a in the
stair-step region 124 that has a width 111 of approximately a
desired width of the step to be formed. By way of example, a
final stair-step structure (described in more detail below) to be
formed by this method may include individual steps, each
exhibiting a width 111 sufficient to provide space for a con-
ductive contact to be formed thereon. For example, the
desired width of a step may be in a range of from about 100
nm to about 500 nm. Therefore, the width 111 may be from
about 100 nm to about 500 nm. In some embodiments, the
width 111 may be from about 220 nm to about 250 nm.
However, these particular widths are described by way of
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example only, and not limitation. The width 111 may be
greater or less than the particular widths described.

[0029] As used herein, the phrase “to expose” includes to
uncover a major surface of a material. For example, the insu-
lating material 114a shown in FIG. 2 includes a portion of a
major surface thereof that is exposed.

[0030] After the first mask 116 is patterned, the portion of
the insulating material 114a exposed through the first mask
116 may be removed by, for example, an anisotropic etch 118.
By way of example, the anisotropic etch 118 may include a
first dry etch act that removes the exposed portion of the
insulating material 1144 and exposes the conductive material
1124, followed by a second dry etch act that removes a por-
tion of the conductive material 1124 that was exposed by the
first dry etch act. The second dry etch act of the anisotropic
etch 118 may expose the insulating material 1145. One
instance of the first dry etch act and the second dry etch act
may be referred to herein as a cycle of the anisotropic etch
118. Since the first dry etch act and the second dry etch act
remove the portion of the insulating material 114a and the
portion of the conductive material 112a, the first dry etch act
and the second dry etch act may remove a portion of the first
set 115a. Although the method described herein refers to an
anisotropic etch 118, the disclosure is not so limited. For
example, an isotropic etch may be used in place of the aniso-
tropic etch 118.

[0031] The first dry etch act of each cycle of the anisotropic
etch 118 may selectively remove the insulating material 114.
In other words, the first dry etch act may remove exposed
portions of the insulating material 114 and stop removing
material once the conductive material 112 is at least partially
exposed. The first dry etch act of the anisotropic etch 118 may
be performed longer than necessary to ensure that substan-
tially all of the exposed insulating material 114 is removed
and the conductive material 112 immediately thereunder is
substantially completely exposed. Similarly, the second dry
etch act of each cycle of the anisotropic etch 118 may selec-
tively remove the exposed portions of the conductive material
112 and stop removing material once the insulating material
114 immediately thereunder is exposed. The second dry etch
act of the anisotropic etch 118 may be performed longer than
necessary to ensure that substantially all of the conductive
material 112 is removed and the insulating material 114
immediately thereunder is substantially completely exposed.
The dry etch acts will be apparent to a person having ordinary
skill in the art and, thus, are not described in detail herein.

[0032] A portion of the first mask 116 may then be removed
to expose another portion of the first insulating material 114a,
resulting in the structure shown in FIG. 3. The portion of the
first mask 116 may be removed by, for example, an isotropic
etch that is selective to the material of the first mask 116 and
that does not substantially remove the material of the insulat-
ing material 114 or the conductive material 112. Material
from the first mask 116 may be removed to the extent that the
portion of the first insulating material 114a that is exposed
exhibits a width that is approximately a desired width of a
step, as described above.

[0033] Another anisotropic etch 118 may be used to remove
exposed portions of the insulating materials 114a and 1145
and subsequently exposed portions of the conductive materi-
als 1124 and 1125 thereunder. In other words, exposed por-
tions of the set 1154 and the set 1155 may be removed by one
cycle of the anisotropic etch 118. A portion of the first mask
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116 may be removed again to expose yet another portion of
the insulating material 1144, resulting in the structure shown
in FIG. 4.

[0034] The acts of removing a portion of the first mask 116,
removing the exposed insulating material 114, and removing
the exposed conductive material 112 may be repeated a plu-
rality of times to expose insulating material 114; and form
steps in sets 1154 through 1154, which covers one-half of the
total number of sets 115, as shown in FIG. 5. In other words
and by way of example, where the total number of sets 115 is
eighteen, the ninth insulating material 114/ (when counting
sequentially starting with insulating material 114a) may have
an exposed step formed therein, while the tenth insulating
material 114; thereunder may not have a step formed therein.
The tenth insulating material 114; may have a portion thereof
exposed. The remainder of the first mask 116 may then be
removed by conventional techniques, which are not described
in detail herein. By way of example, the first mask 116 may be
substantially removed from the surface of the first insulating
material 114a with a dry or wet etch act.

[0035] As can be seen in FIG. 6, an intermediate stair-step
structure 150 may be formed in which half the number of sets
115 of the total number of sets 115 includes steps formed
therein. By way of example and as shown in FIG. 6, for a
structure with eighteen sets 115, the method as described may
be used to form an intermediate stair-step structure 150 with
nine sets 115 having steps formed therein, while the remain-
ing nine sets 115 do not include steps formed therein.

[0036] Referring now to FIG. 7, a second mask 126 (also
referred to as a chop mask 126) may be formed over the
insulating materials 114a through 114 and patterned to cover
the array region 122 (not shown in FIG. 7) and a first region
170 of'the stair-step region 124, while leaving a second region
180 of the stair-step region 124 exposed. The second region
180 may be aregion thatis laterally (i.e., in the direction of the
arrows 140 in FIG. 7) adjacent the first region 170. By way of
example, the second region 180 may have a length 182 deter-
mined by the configuration and size of word lines that will
eventually connect to the stair-step structure 100 by way of
word line contacts. In an embodiment where each set 115 has
athickness of about 1 um, the length 182 exposed through the
mask 126 may be about 3 um.

[0037] The second region 180 may then be subjected to an
anisotropic etch 128, including enough cycles to remove
material from a number of sets 115 to expose the sets 115 of
the bottom half of the stack, as shown in FIG. 8. By way of
example, the anisotropic etch 128 may include: a first dry etch
act that selectively removes exposed portions of the insulating
material 114; a second dry etch act that removes portions of
the conductive material 112 that are exposed by the first dry
etch act; a third dry etch act that removes portions of the
insulating material 114 that are exposed by the second dry
etch act; and so forth until the desired amount of material is
removed. By way of non-limiting example and as shown in
FIGS. 7 and 8, the anisotropic etch 128 may be repeated
in-situ nine times to remove portions of nine exposed sets
115.

[0038] As can be seen in FIG. 9, the second mask 126 may
be removed, providing access (i.e., exposure) to each set 115
and forming a stair-step structure 100. The stair-step structure
100 may include a first region 170 providing exposure to a
first half of the sets 115 and a second region 180 laterally
adjacent the first region 170 providing exposure to a second
half of the sets 115. Thus, each set 115 may be accessible to
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form a conductive contact thereon electrically connected to
each conductive material 112, respectively. In other words, an
exposed portion of each set 115 may be referred to as a
“contact region.” Each contact region may be offset from
other contact regions. As used herein, the term “offset”
includes located at a different distance from a substrate. For
example, a first contact region offset from a second contact
region may refer to the contact region of a first set and the
contact region of a second set different from the first set, as
shown in FIG. 9. The contact regions of the stair-step struc-
ture 100 may extend at an angle 190 from the substrate, as will
be explained in more detail below.

[0039] Referring now to FIG. 10, conductive contacts 120
may be formed to provide electrical contact to each conduc-
tive material 112. By way of example, a second insulating
material (not shown), such as one or more of a silicon oxide,
borophosphosilicate glass (BPSG), and a spin-on dielectric
(SOD), may be formed over the stair-step region 124. The
second insulating material may optionally be planarized by,
for example, an abrasive planarization process, such as a
chemical-mechanical polishing (CMP) process or a mechani-
cal polishing process. Openings may be formed through the
second insulating material and through the insulating mate-
rial 114 (where the insulating material 114 covers the top of
each contact area of the stair-step structure 100, as shown in
FIG. 10) to expose the underlying conductive materials 112.
The openings may then be filled with a conductive material
(e.g., polysilicon, tungsten, titanium, aluminum, etc.) to form
the conductive contacts 120 that electrically connect to the
conductive materials 112, respectively, as shown in FIG. 10.
By way of example, the conductive contacts 120 may be word
line contacts. Conductive word lines may then be formed (not
shown) and connected to each word line contact 120. The
length 182 (see FIG. 7) of the second region 180 of the
stair-step region 124 may be chosen to provide sufficient
space for the word lines and word line contacts 120 to be
formed and electrically isolated from one another.

[0040] Alternatively, the conductive contacts 120 may be
formed to have a configuration different than that shown in
FIG. 10. By way of example, the conductive contacts 120 may
be formed to extend from each conductive material 112
through the stair-step structure 100 to the substrate rather than
or in addition to away from the substrate. For example, U.S.
patent application Ser. No. [Attorney Docket No.
2269-10470U8], filed on even date herewith and assigned to
the Assignee of the present application, describes contacts
extending toward the substrate through a stair-step structure
and methods of forming such contacts. In other words, this
disclosure is not limited to forming contacts extending from
the materials of the stair-step structure 100 in a direction away
from the substrate, as shown in FIG. 10.

[0041] The method illustrated in FIGS. 2 through 10 results
in a stair-step structure 100 having two distinct regions 170
and 180. The first region 170 of the stair-step structure 100
includes contact areas allowing electrical access to a first
portion of the sets 115 of insulating materials 114 and con-
ductive materials 112. The second region 180 of the stair-step
structure 100 is laterally adjacent the first region 170 and
includes contact areas allowing electrical access to a second
portion of the sets 115. The first region 170 may include
contact areas of one-half of the sets 115 and the second region
180 may include contact areas of the other half of the sets 115.
[0042] By utilizing the embodiment illustrated in FIGS. 2
through 10 and described in the accompanying text, a stair-
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step structure 100 may be formed to provide access to each set
115. The stair-step structure 100 extends only half as far out
from the array region 122 (see FIG. 5) as compared to prior art
stair-step structures having the same number of sets of insu-
lating material 114 and conductive material 112, saving space
and reducing the size of a memory device including the stair-
step structure 100. Additionally, the stair-step structure 100
may be formed proximate another stair-step structure (not
shown) of another vertical device. A gap between the two
stair-step structures may be smaller than a conventional gap,
which may be cheaper and easier to fill with material (e.g., the
second insulative material described above) in subsequent
steps. Because the resulting fill material would span a shorter
distance, planarization of the resulting fill material may be
accomplished more easily and controllably. The method
described in FIGS. 2 through 10 also may have the advantage
of forming a large number of steps while greatly reducing a
manufacturing margin of error. By way of example, the act of
removing portions of the first mask 116 may be done only
eight times to form the eighteen steps of the stair-step struc-
ture 100. In contrast, conventional methods may require trim-
ming back of a mask seventeen times to form a stair-step
structure with eighteen steps. Any error in trimming the mask
may, therefore, be multiplied up to eight times rather than
seventeen times, as would be done with conventional meth-
ods. In other words, the method described in this disclosure
may provide a lower margin of error to form a stair-step
structure 100 as compared to a stair-step structure formed by
conventional methods. Furthermore, the method described in
this disclosure may include forming two masks (first mask
116 and second mask 126) to achieve a manageable margin of
error and space savings, rather than using a larger number of
masks as would be done with conventional methods. Since
each mask may require an additional photolithographic
reticle to be formed, the large number of masks adds signifi-
cant expense to the manufacturing process. Thus, reducing
the number of masks used to attain a better margin of error
provides cost savings.

[0043] Another embodiment of a method for forming a
stair-step structure is illustrated in FIGS. 11 through 14. The
method may begin in a similar fashion to that illustrated in
FIGS. 2 through 6 to form an intermediate stair-step structure
250. However, the intermediate stair-step structure 250 of this
embodiment is different than the intermediate stair-step struc-
ture 150 shown in FIG. 6 because the intermediate stair-step
structure 250 includes exposure of, and steps formed in, one-
fourth of the sets 215 of insulating material 214 and conduc-
tive material 212, rather than one-half of the sets 115 as in the
intermediate stair-step structure 150 shown in FIG. 6. By way
of non-limiting example and for ease of illustration, the struc-
ture shown in FIG. 11 includes sixteen total sets 215. How-
ever, any desired number of sets 215 may be used. Steps may
be formed into the four topmost sets 215 (i.e., one-fourth of
the sixteen total sets 215) essentially as described above with
reference to FIGS. 2 through 6 to expose the insulating mate-
rial 214 of each of the four topmost sets 215. A second mask
236 may be formed over the insulating materials 214a
through 2144 and patterned to expose the sets in a second
region 260 laterally adjacent a first region 240 of the inter-
mediate stair-step structure 250.

[0044] An anisotropic etch 238 may be performed includ-
ing four cycles of removing insulating material 214 and con-
ductive material 212 to expose and form steps in the next four
sets 215 (215e through 215%) in the exposed second region
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260, as illustrated in FIGS. 11 and 12. After the anisotropic
etch 238 is performed, the second mask 236 may be removed.
Thus, the four topmost sets 215a through 2154 may be
exposed and have steps formed therein in a first region 240
and the next four sets 215e through 215/ may be exposed and
have steps formed therein in a second region 260 laterally
adjacent the first region 240. The bottom half of the sets 215
(i.e., the eight sets 215 below the eighth set 215/ in FIG. 12)
may not have steps formed therein. The conductive material
214 of the ninth set 215i may have a portion thereof exposed
after the formation of a step in the eighth set 2154.

[0045] Referring now to FIG. 13, a third mask 246 may be
formed over exposed insulating material 214a through 2144
of a first portion 241 of the first region 240 (FIG. 12) and over
exposed insulating material 214e through 214/ of a first por-
tion 261 of the second region 260 (FIG. 12) and patterned to
expose a second portion 243 of the first region 240 and a
second portion 263 of the second region 260. By way of
non-limiting example, about one-half of each of the first
region 240 and of the second region 260 may be covered by
the third mask 246 while the remaining about one-half may be
exposed.

[0046] Another anisotropic etch 248 may be conducted to
remove the exposed material. By way of example, the aniso-
tropic etch 248 may include eight cycles of removing insu-
lating material 214 and conductive material 212 to remove
material from eight sets 215 in each of the exposed portions
243 and 263. As can be seen in FIG. 14, a resulting stair-step
structure 200 may include four distinct regions 243,241, 261,
and 263 laterally adjacent one another, each providing expo-
sure to a distinct one-fourth of the total number of sets 215.
Conductive contacts (not shown) may then be formed to
provide electrical contact with each conductive material 212
essentially as described above with reference to FIG. 10.
[0047] Itis noted that variations of the embodiment shown
in FIGS. 11 through 14 may exist that do not exceed the scope
of the present disclosure. For example, the anisotropic etch
238 shown in FIG. 11 may remove eight sets 215 rather than
four sets 215 and the anisotropic etch 248 shown in FIG. 13
may remove four sets 215 rather than eight sets 215. Although
the number of cycles of each anisotropic etch is changed, a
resulting structure may still include four distinct regions that
each provides access to one-fourth of the sets 215. It is also
noted that the specific number of sets 215 shown in FIGS. 11
through 14 is sixteen for convenience; however, the disclo-
sure is not so limited. A stair-step structure with any desired
number of sets 215 of insulating material 214 and conductive
material 212 may be formed by the methods disclosed.
[0048] The embodiment of the method of the disclosure
shown in FIGS. 11 through 14 may provide some advantages
over the embodiment illustrated in FIGS. 2 through 10. For
example, an even more attainable margin of error may be
realized because the first mask (i.e., the stair-step mask) may
be trimmed fewer times to gain the same number of contact
regions (e.g., steps). In addition, the distance that a stair-step
region 224 of the method shown in FIGS. 11 through 14
extends from an array region (e.g., a vertical memory array
region) is less than the distance that the stair-step region 124
of the method shown in FIGS. 2 through 10; thus additional
space savings may be realized. However, an additional pho-
tolithographic reticle may be used to form the third mask 246
shown in FIG. 13 that is omitted in the method shown in
FIGS. 2 through 10. Therefore, there may be some additional
cost in manufacturing the stair-step structure 200 formed by
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the method shown in FIGS. 11 through 14. Thus, a method of
forming a stair-step structure of the present disclosure may be
modified and tailored to the costs and benefits involved in a
given situation.

[0049] Another embodiment of a method of forming a stair-
step structure for electrical access to a vertical device (e.g.,
memory array) is illustrated by way of example in FIGS. 15
through 20. Referring to FIG. 15, a number of sets 315 of
alternating conductive material 312 and insulating material
314 may be formed. By way of example and for clarity,
eighteen sets 315 are shown, although the disclosure is not so
limited. A first mask 316 (also referred to as a “stair-step mask
316”) may be formed over insulating material 314a to cover
both an array region 322 (e.g., a vertical memory array
region) and a stair-step region 324. The first mask 316 may be
patterned to expose a portion of the insulating material 314a
with a width about the same width as a desired step of a
stair-step structure to be formed, essentially as described
above with reference to FIG. 2.

[0050] An anisotropic etch 318 may be performed to
remove a portion of the two uppermost sets 315a and 3155. In
other words, the anisotropic etch 318 may remove the
exposed portion of the insulating material 3144, the underly-
ing portion of the conductive material 3124, the underlying
portion of the next insulating material 3145, and the under-
lying portion of the next conductive material 3125. In other
words, two cycles of the anisotropic etch 318 may be per-
formed to remove portions of two sets 315 of conductive
material 312 and insulating material 314, rather than one
cycle of anisotropic etching 318 through one set 315. A por-
tion of the first mask 316 may then be removed to expose
another portion of the insulating material 314a, essentially as
described above with reference to FIG. 2.

[0051] Referring now to FIG. 16, a portion having a width
of about one desired step width of the insulating material
314a may be exposed as well as a similar portion of the third
insulating material 314¢. Another anisotropic etch 318 may
be performed, again etching through two sets 315 of conduc-
tive material 312 and insulating material 314. Another portion
of the first mask 316 may be removed through an isotropic
etch, resulting in the structure shown in FIG. 17. The sequen-
tial anisotropic etching 318 and removal of portions of the
first mask 316 may continue until steps have been formed in
a desired fraction, such as one-half, of the sets 315 and an
intermediate stair-step structure 350 is foamed, as shown in
FIG. 18. In other words, every other set 315 (when proceeding
from a substrate towards a topmost set 315a) may have at least
a portion of its insulating material 314 exposed, the exposed
portion having a width sufficient to form a conductive contact
thereon or therethrough.

[0052] Referring now to FIG. 19, a second mask 326 (also
referred to as a “chop mask 326”) may be formed over the
exposed insulating materials 314 and patterned to cover a first
region 370 of the stair-step region 324 and to expose a second
region 380 laterally adjacent the first region 370. One cycle of
another anisotropic etch 328 may be performed on the
exposed second region 380 to remove an exposed portion of
one set 315 from each step. In other words, the anisotropic
etch 328 may remove exposed insulating material 314 from
each of the exposed sets 315 and then may remove underlying
conductive material 312 from each of the exposed sets 315. In
this manner, the sets 315 that were not exposed in the inter-
mediate stair-step structure 350 shown in FIG. 18 may be
exposed by performing one cycle of the anisotropic etch 328.
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[0053] The second mask 326 may be removed, resulting in
the stair-step structure 300 shown in FIG. 20. The stair-step
structure 300 may include a first region 370 providing expo-
sure of (i.e., access to) one-half of the sets 315. The first
region 370 may provide exposure of every other set 315. The
stair-step structure 300 may also include a second region 380
laterally adjacent the first region 370 providing exposure of
the other half of the sets 315.

[0054] An angle 390 of a stair-step structure 300 formed by
the method illustrated in FIGS. 15 through 20 may be less
than an angle 190 of a stair-step structure 100 formed by the
method illustrated in FIGS. 2 through 10. A device including
a stair-step structure 300 may also include another stair-step
structure (not shown) facing the first. A steeper stair-step
structure (i.e., a smaller angle) may result in a valley between
neighboring stair-step structures with less width than a valley
between stair-step structures that are less steep (i.e., having a
larger angle). A valley having such a smaller width may be
easier, and therefore cheaper, to fill with dielectric or other
desired materials. A valley with a smaller width filled with
dielectric or other desired material may also be easier to
planarize, such as before forming contacts providing electri-
cal connection to the conductive materials of the stair-step
structure.

[0055] Another embodiment of a method for forming a
stair-step structure, such as the stair-step structure 300 shown
in FIG. 20, is illustrated in FIGS. 21 through 24. As shown in
FIG. 21, alternating conductive materials 412 and insulating
materials 414 may be formed over a substrate (not shown) to
form a plurality of sets 415, each set 415 including one or
more conductive material(s) 412 and one or more insulating
material(s) 414. By way of example and not limitation, eigh-
teen sets 415 are shown for clarity, although the disclosure is
not so limited. A first mask 426 (also referred to as a “‘chop
mask 426”) may be formed over the insulating material 414a
and patterned to expose the insulating material 414 in a
second region 480 laterally adjacent a first region 470. The
first mask 426 may also be formed to cover an array region
(not shown). Material from the set 4154 including the insu-
lating material 414a and the conductive material 412a may be
removed in the second region 480 by a cycle of an anisotropic
etch 428.

[0056] Asshown in FIG. 22, the set 4154 may remain in the
first region 470 and be removed in the second region 480,
exposing the insulating material 4145 in the second region
480. The first mask 426 may be removed from the first region
470 to expose the insulating material 414q in the first region
470. Referring now to FIG. 23, a second mask 436 (also
referred to as a “stair-step mask 436””) may be formed over
both the first region 470 and the second region 480 and
patterned to expose approximately one stair-width of the
insulating materials 414a and 4145. Material from the two
sets 4154 and 415b may be removed by an anisotropic etch
438 in the first region 470 and material from the two sets 4155
and 415¢ may be removed by the anisotropic etch 438 in the
second region 480. In other words, the anisotropic etch 438
may include two cycles of etching through insulating material
414 and conductive material 412. A portion of the second
mask 436 may then be removed to expose a portion of the two
sets 415a and 4155 having a width of approximately one
stair-width, as illustrated in FIG. 24.

[0057] In the first region 470, portions of the insulating
material 414a and portions of the insulating material 414¢
may be exposed. In the second region 480 laterally adjacent
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the first region 470, portions of the second insulating material
414b and the fourth insulating material 4144 may be exposed.
Another anisotropic etch 438 may be performed to remove
exposed portions of the sets 415q, 41556, 415¢, and 415d,
again removing two sets 415 in each exposed portion.
[0058] The acts of removing a portion of the second mask
436 and anisotropically etching 438 through exposed por-
tions of two sets 415 may be repeated a plurality of times until
a portion of each set 415 is exposed. The second mask 436
may then be removed. The embodiment illustrated and
described with reference to FIGS. 21 through 24 may result in
a stair-step structure 300 substantially identical in configura-
tion to the stair-step structure 300 shown in FIG. 20.

[0059] Insomeembodiments, multiple stair-step structures
100, 200, or 300 may be fanned simultaneously following the
methods described herein, as will be appreciated by one
skilled in the art. By way of example and as illustrated in FIG.
25, a first stair-step structure 100a may be formed as
described in more detail hereinabove to include a first region
170a and a second region 180a laterally adjacent the first
region 170a. At the same time and by following the same
methods, a second stair-step structure 1005 may be formed
laterally adjacent the first stair-step structure 100a. For
example, a first region 1705 of the second stair-step structure
1005 may be formed laterally adjacent the second region
1804 of the first stair-step structure 100a. The first stair-step
structure 1004 may be electrically insulated from the second
stair-step structure 1005 by way of an insulating material (not
shown), which could be a void, disposed between the first and
second stair-step structures 100a and 1005.

[0060] In some embodiments, a vertical memory device
may include a stair-step structure, such as the stair-step struc-
tures 100, 200, or 300. Each conductive material 112, 212,
312, or 412 of the stair-step structure may function as a
conductive connection (e.g., a word line connection). Each
conductive material may provide electrical access to transis-
tors (not shown) in a particular plane in a vertical memory
array. Thus, any of the stair-step structures 100, 200, or 300
disclosed herein may be used in a vertical memory device, or
other vertical device.

[0061] Several embodiments of stair-step structures and
methods for forming stair-step structures have been shown
and described. These embodiments may have advantages as
compared to conventional structures and methods. For
example, a margin of error in forming the plurality of stair-
steps may be kept to a more reasonable and attainable level by
utilizing the methods of the present disclosure as compared to
conventional methods. The improvement in the margin of
error may be achieved without the expense of utilizing large
numbers of reticles that may be required for forming a plu-
rality of masks. In addition, a stair-step structure of the
present disclosure may cover less area than some conven-
tional stair-step structures. The smaller area covered by the
stair-step structure may allow a device including the stair-step
structure to be produced more efficiently and cost-effectively.
Furthermore, a space between adjacent stair-step structures
may be reduced in size and therefore easier and/or cheaper to
fill and planarize with material in subsequent manufacturing
processes.

CONCLUSION

[0062] In one embodiment, a method of forming a semi-
conductor structure is described, including forming a plural-
ity of sets of conductive material and insulating material,
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forming a first mask over a topmost set of the plurality of sets,
removing a portion of the first mask to expose a portion of a
major surface of the topmost set, removing the exposed por-
tion of the topmost set, removing another portion of the first
mask to expose another portion of the topmost set, and repeat-
ing the removing a portion of the first mask and removing the
exposed portion of the topmost set until a first number of
contact regions are formed. The method also includes form-
ing a second mask over a first region of the plurality of sets
and removing material from of the plurality of sets in a sec-
ond, exposed region of the plurality of sets laterally adjacent
the first region to faun a second number of contact regions.
[0063] In a further embodiment, a method of forming a
stair-step structure is described, including forming first con-
tact regions on portions of sets of conductive materials and
insulating materials, forming a mask over a region of the sets,
and removing a portion of the sets not covered by the mask to
form second contact regions. Each of the second contact
regions may be more proximal to an underlying substrate than
each of the first contact regions.

[0064] Inan additional embodiment, a method of forming a
vertical memory device is described, including forming a
plurality of alternating word line connections and insulating
materials and forming contact regions on portions of the word
line connections. The method also includes forming a mask
over a region of the alternating word line connections and
insulating materials, removing a portion of the word line
connections and insulating materials not covered by the
mask, and forming contacts in connection with each contact
region.

[0065] In another embodiment, an apparatus is described
that includes a plurality of sets of conductive material and
insulating material. A first region of the plurality of sets
includes contact regions of a first portion of the plurality of
sets and a second region of the plurality of sets includes
contact regions of a second portion. The first region and the
second region of the plurality of sets are laterally adjacent one
another. The contact regions of'the first region are offset from
the contact regions of the second region.

[0066] In an additional embodiment, an apparatus is
described, including a vertical memory array region includ-
ing a plurality of conductive materials and a stair-step region
also including the plurality of conductive materials. The stair-
step region includes a first region and a second region laterally
adjacent the first region. The first region includes contact
regions of a first portion of the plurality of conductive mate-
rials and the second region includes contact regions of a
second portion of the plurality of conductive materials differ-
ent than the first portion. Each contact region of the first
region is offset from each contact region of the second region.
[0067] In yet another embodiment, a method of forming a
semiconductor structure is described including forming a
plurality of sets of conductive material and insulating mate-
rial, removing a first portion of a topmost set of the plurality,
forming a mask over a first region of a second portion of the
topmost set and leaving a second region of the second portion
exposed, and removing the exposed second portion of the
topmost set.

[0068] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments have
been shown by way of example in the drawings and have been
described in detail herein. However, the invention is not
intended to be limited to the particular forms disclosed.
Rather, the invention is to cover all modifications, combina-
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tions, equivalents, and alternatives falling within the scope of
the invention as defined by the following appended claims
and their legal equivalents. For example, while embodiments
of the present disclosure have been described as relating to
vertical memory devices, other devices may include methods
and structures similar to those described without exceeding
the scope of the present disclosure. For example, a stair-step
structure formed by the methods disclosed herein may be
used to form contact regions for vertically stacked wiring
busses, capacitors, or any other set of laminated conductors.
In other words, any stair-step structure may be formed by the
methods disclosed herein and be configured identically or
similarly to the structures disclosed herein.

What is claimed is:

1. A method of forming a semiconductor structure, com-
prising:

forming a plurality of sets of conductive material and insu-

lating material,

forming a first mask over a topmost set of the plurality of

sets;

removing a portion of the first mask to expose a portion of

amajor surface of the topmost set of the plurality of sets;
removing the exposed portion of the topmost set of the
plurality of sets;

removing another portion of the first mask to expose

another portion of the major surface of the topmost set,
the another portion of the major surface of the topmost
set adjacent to the removed portion of the major surface
of the topmost set of the plurality of sets;

repeating the removing a portion of the first mask and

removing the exposed portion of the topmost set of the
plurality of sets until a first number of contact regions are
formed, each contact region offset from the other contact
regions;

forming a second mask over a first region of the plurality of

sets; and

removing material from the plurality of sets in a second,

exposed region of the plurality of sets laterally adjacent
the first region to form a second number of contact
regions.

2. The method of claim 1, wherein removing an exposed
portion of the topmost set of the plurality of sets comprises:

anisotropically etching a conductive material of the top-

most set; and

anisotropically etching an insulating material of the top-

most set.

3. The method of claim 1, wherein forming a plurality of
sets of conductive material and insulating material comprises
forming each set of the plurality to comprise the insulating
material on a side of the conductive material opposite a sub-
strate.

4. The method of claim 1, wherein removing material
comprises removing all of the insulating material and con-
ductive material from one-half of the plurality of sets in the
second, exposed region.

5. The method of claim 1, wherein removing an exposed
portion of the topmost set of the plurality of sets comprises
removing an exposed portion of one set of the plurality of sets.

6. The method of claim 1, wherein removing an exposed
portion of the topmost set of the plurality of sets comprises
anisotropically etching through portions of two sets of the
plurality of sets.

7. The method of claim 1, wherein repeating the removing
a portion of the first mask and removing the exposed portion
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of the topmost set of the plurality of sets until a first number
of contact regions are formed comprises forming the contact
regions on one-half of a total number of sets of the plurality of
sets, each contact region comprising a step, each step having
an end portion offset from an end portion of an adjacent step.

8. The method of claim 1, wherein repeating the removing
a portion of the first mask and removing the exposed portion
of the topmost set of the plurality of sets until a first number
of contact regions are formed comprises forming the contact
regions on one-fourth of a total number of sets of the plurality
of sets.

9. The method of claim 1, wherein removing material
comprises forming steps in the second, exposed region of the
plurality of sets, each step in the first region of the plurality of
sets having an end portion offset from an end portion of an
adjacent step in the second, exposed region.
10. The method of claim 1, further comprising forming
contacts in contact with each of the contact regions.
11. The method of claim 1, wherein forming a second mask
over a first region of the plurality of sets and removing mate-
rial from the plurality of sets in a second, exposed region of
the plurality of sets laterally adjacent the first region are
performed before forming a first mask over a topmost set of
the plurality of sets, removing a portion of the first mask to
expose a portion of a major surface of the topmost set of the
plurality of sets, and removing the exposed portion of the
topmost set of the plurality of sets.
12. The method of claim 1, wherein forming a second mask
over a first region of the plurality of sets and removing mate-
rial from the plurality of sets in a second, exposed region of
the plurality of sets laterally adjacent the first region are
performed after forming a first mask over a topmost set of the
plurality of sets, removing a portion of the first mask to
expose a portion of a major surface of the topmost set of the
plurality of sets, and removing the exposed portion of the
topmost set of the plurality of sets.
13. A method of forming a semiconductor structure, com-
prising:
forming first contact regions on portions of sets of conduc-
tive materials and insulating materials, each first contact
region offset from the other first contact regions;

forming a mask over a region of the sets of conductive
materials and insulating materials; and

removing a portion of the sets of conductive materials and

insulating materials not covered by the mask to form
second contact regions, wherein each of the second con-
tact regions is more proximal to an underlying substrate
than each of the first contact regions.

14. The method of claim 13, further comprising forming
another mask over a portion of the first contact regions and a
portion of the second contact regions.

15. The method of claim 12, further comprising removing
a portion of the sets of conductive materials and insulating
materials not covered by the another mask to form third
contact regions and fourth contact regions, wherein each of
the third and fourth contact regions is more proximal to a
underlying substrate than each of the first and second contact
regions.

16. A method of forming a vertical memory device, com-
prising:

forming a plurality of alternating word line connections

and insulating materials;
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forming contact regions on portions of the word line con-
nections, each contact region offset from the other con-
tact regions;

forming a mask over a region of the plurality of alternating
word line connections and insulating materials;

removing a portion of the word line connections and insu-
lating materials not covered by the mask to form addi-
tional contact regions on other portions of the word line
connections of the plurality; and

forming contacts in connection with each contact region
and each additional contact region.

17. An apparatus, comprising:

a plurality of sets of conductive material and insulative
material, the plurality of sets comprising:

a first region of the plurality of sets comprising contact
regions of a first portion of the plurality of sets; and

a second region of the plurality of sets laterally adjacent
the first region comprising contact regions of a second
portion of the plurality of sets, wherein the contact
regions of the first region are offset from the contact
regions of the second region.

18. The apparatus of claim 17, wherein:

the contact regions of the first region comprise contact
regions of first alternating sets of the plurality of sets;
and

the contact regions of the second region comprise second
alternating sets of the plurality of sets.

19. The apparatus of claim 17, wherein the plurality of sets
is formed over a substrate and wherein the contact regions of
the first region are more proximate to the substrate than the
contact regions of the second region.

20. The apparatus of claim 17, further comprising:

a third region of the plurality of sets laterally adjacent the
second region comprising contact regions of a third por-
tion of the plurality of sets; and

a fourth region of the plurality of sets laterally adjacent the
third region comprising contact regions of a fourth por-
tion of the plurality of sets, wherein the contact regions
of the second region are offset from the contact regions
of the third region and the contact regions of the third
region are offset form the contact regions of the fourth
region.

21. The apparatus of claim 20, wherein the contact regions
of the first region are offset from the contact regions of the
third region and the contact regions of the second region are
offset from the contact regions of the fourth region.

22. An apparatus, comprising:

a vertical memory array region comprising a plurality of

conductive materials; and

a stair-step region comprising the plurality of conductive
materials and including a first region and a second region
laterally adjacent the first region, the first region includ-
ing contact regions of a first portion of the plurality of
conductive materials and the second region including
contact regions of a second portion of the plurality of
conductive materials different than the first portion,
wherein each contact region of the first region is offset
from each contact region of the second region.

23. The apparatus of claim 22, wherein the stair-step region

further comprises:

a third region laterally adjacent the first region comprising
contact regions of a third portion of the plurality of
conductive materials different than both the first and
second portions; and
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a fourth region laterally adjacent the second region com-
prising contact regions of a fourth portion of the plurality
of conductive materials different than the first, second,
and third portions.

24. The apparatus of claim 22, further comprising a plural-
ity of contacts, each contact of the plurality of contacts elec-
trically connected to a respective one of the contact regions.

25. The apparatus of claim 22, wherein the vertical
memory array and stair-step regions are formed over a sub-
strate, and each contact region of the second region is closer
to the substrate than a respective adjacent one of the contact
regions of the first region.

26. A method of forming a semiconductor structure, the
method comprising:

forming a plurality of sets of conductive material and insu-
lating material;

removing a first portion of a topmost set of the plurality of
sets;
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forming a mask over a first region of a second portion of the
topmost set, wherein a second region of the second por-
tion of the topmost set is exposed; and
removing the second portion of the topmost set in the
second region, wherein the second portion of the top-
most set in the first region comprises a first contact
region and a portion of a set underlying the second
portion of the topmost setin the second region comprises
a second contact region.
27. The method of claim 26, wherein forming a mask over
a first region of a second portion of the topmost set comprises
forming a stair-step mask over the first region of the second
portion of the topmost set.
28. The method of claim 26, wherein forming a mask over
a first region of a second portion of the topmost set comprises
forming a chop mask over the first region of the second
portion of the topmost set.
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