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METHODS OF FORMING 
SEMCONDUCTOR DEVICE STRUCTURES 
INCLUDING STAIR STEP STRUCTURES, 

AND RELATED SEMCONDUCTOR DEVICE 
STRUCTURES AND SEMCONDUCTOR 

DEVICES 

TECHNICAL FIELD 

0001. The disclosure, in various embodiments, relates 
generally to the field of semiconductor device design and 
fabrication. More specifically, the disclosure relates to meth 
ods of farming semiconductor device structures including 
stair step structures, and to related semiconductor device 
structures and semiconductor devices. 

BACKGROUND 

0002. A continuing goal of the semiconductor industry 
has been to increase the memory density (e.g., the number 
of memory cells per memory die) of memory devices. Such 
as non-volatile memory devices (e.g., NAND Flash memory 
devices). One way of increasing memory density in non 
volatile memory devices is to utilize vertical memory array 
(also referred to as a “three-dimensional (3D) memory 
array') architectures. A conventional vertical memory array 
includes semiconductor pillars extending through openings 
in tiers of conductive structures (e.g., word line plates, 
control gate plates) and dielectric materials at each junction 
of the semiconductor pillars and the conductive structures. 
Such a configuration permits a greater number of transistors 
to be located in a unit of die area by building the array 
upwards (e.g., longitudinally, vertically) on a die, as com 
pared to structures with conventional planar (e.g., two 
dimensional) arrangements of transistors. 
0003 Conventional vertical memory arrays include elec 

trical connections between the conductive structures and 
access lines (e.g., word lines) so that memory cells in the 
vertical memory array can be uniquely selected for writing, 
reading, or erasing operations. One method of forming Such 
an electrical connection includes forming a so-called “stair 
step’ structure at edges of the tiers of conductive structures. 
The stair step structure includes individual “steps' defining 
contact regions of the conductive structures upon which 
contact structures can be positioned to provide electrical 
access to the conductive structures. 
0004 As vertical memory array technology has 
advanced, additional memory density has been provided by 
forming vertical memory arrays to include additional tiers of 
conductive structures, and, hence, additional steps in the 
stair step structures associated therewith. However, increas 
ing the number of steps of a stair step structure without 
undesirably increasing the overall width (e.g., lateral foot 
print) of the stair step structure can decrease the margin of 
error associated with different acts in the process of forming 
the increased number of steps. A conventional process of 
forming a stair step structure may include repeated acts of 
trimming a uniform width of a mask (e.g., photoresist) 
overlying alternating conductive structures and insulating 
structures, etching portions of the insulating structures not 
covered by a remaining portion of the mask, and then 
etching portions of the conductive structures not covered by 
remaining portions of the insulating structures. Each of these 
repeated acts has an associated margin of error permitting 
the steps of the stair step structure to be suitably sized and 
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positioned to form contact structures thereon. As the number 
of repeated acts increases, deviation from a desired step 
width and/or a desired step position may be compounded 
because errors in the size and/or position of one structure are 
transferred to subsequently formed structures later in the 
process. For a large number of steps in the stair step 
structure, margins of error to achieve Suitably sized and 
positioned steps may be Small, such as less than one percent 
(1%). Achieving such small margins of error can be very 
difficult using conventional methods, which may result in 
improperly positioned contact structures and may undesir 
ably decrease yield (e.g., the number of memory cells that 
are validly programmable and erasable as a percentage of 
the total number of memory cells in a given batch). 
0005. It would, therefore, be desirable to have improved 
methods of farming stair step structures for semiconductor 
devices (e.g., vertical memory devices, such as NAND Flash 
memory devices) that reduce, if not eliminate, the afore 
mentioned problems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIGS. 1 through 5 are cross-sectional views illus 
trating different process stages and structures for a method 
of forming a semiconductor device structure including a 
stair step structure, in accordance with an embodiment of the 
disclosure. 
0007 FIG. 6 is a partial cutaway perspective view of a 
vertical memory device including a semiconductor device 
structure having a stair step structure, in accordance with an 
embodiment of the disclosure. 

DETAILED DESCRIPTION 

0008 Methods of forming semiconductor device struc 
tures including stair step structures are described, as are 
related semiconductor device structures and semiconductor 
devices (e.g., vertical memory devices, such as 3D NAND 
Flash memory devices). In some embodiments, a method of 
forming a semiconductor device structure includes forming 
a photoresist over tiers of alternating conductive structures 
and insulating structures overlying a Substrate. Varied 
widths of the photoresist and the tiers are selectively 
removed through a series of material removal processes to 
form a stair step structure comprising steps exhibiting varied 
widths relative to one another. The widths of the photoresist 
and the tiers removed through the material removal pro 
cesses (and, hence the widths of the steps formed) may be 
varied in accordance with variations in estimated (e.g., 
expected, projected) error associated with forming the steps. 
Such variations in removed width may decrease defects in 
step size and position that may otherwise decrease yield. 
After forming the stair step structure, contact structures 
(e.g., conductive contacts) may be formed over the steps of 
the stair step structure. The contact structures may be 
non-uniformly (e.g., unevenly) spaced apart from one 
another based on the varied widths of the steps. The varied 
widths of the steps of the stair step structure and the 
non-uniform spacing to the contact structures may increase 
contact landing margins such that, even if processing (e.g., 
material removal) errors do occur, substantially all of the 
contact structures may nonetheless be provided in Suitable 
contact (e.g., Suitable electrical contact) with the conductive 
structures of the tiers. The methods of the disclosure may 
decrease error propagation in the formation of semiconduc 
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tor device structures including stair step structures without 
increasing the lateral dimensions of the semiconductor 
device structures (and stair step structures thereof), and may 
be effectuated without changes to the processing materials 
and/or the number of processing acts utilized in conven 
tional methods of forming conventional stair step structures. 
The methods and structures of the disclosure may enhance 
the manufacturability of semiconductor device structures 
including stair step structures having relatively large num 
bers of steps, facilitating the efficient formation of semicon 
ductive devices exhibiting improved performance as com 
pared to conventional semiconductive devices. 
0009. The following description provides specific details, 
Such as material compositions 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 would understand that the embodiments of the 
present disclosure may be practiced without employing 
these specific details. Indeed, the embodiments of the pres 
ent disclosure may be practiced in conjunction with con 
ventional semiconductor fabrication techniques employed in 
the industry. In addition, the description provided below 
does not form a complete process flow for manufacturing a 
semiconductor device. The semiconductor device structures 
described below do not form a complete semiconductor 
device. Only those process acts and structures necessary to 
understand the embodiments of the present disclosure are 
described in detail below. Additional acts to form a complete 
semiconductor device from the semiconductor device struc 
tures may be performed by conventional fabrication tech 
niques. 
0010 Drawings presented herein are for illustrative pur 
poses only, and are not meant to be actual views of any 
particular material, component, structure, device, or system. 
Variations from the shapes depicted in the drawings as a 
result, for example, of manufacturing techniques and/or 
tolerances, are to be expected. Thus, embodiments described 
herein are not to be construed as being limited to the 
particular shapes or regions as illustrated, but include devia 
tions in shapes that result, for example, from manufacturing. 
For example, a region illustrated or described as box-shaped 
may have rough and/or nonlinear features, and a region 
illustrated or described as round may include Some rough 
and/or linear features. Moreover, sharp angles that are 
illustrated may be rounded, and Vice versa. Thus, the regions 
illustrated in the figures are schematic in nature, and their 
shapes are not intended to illustrate the precise shape of a 
region and do not limit the scope of the present claims. The 
drawings are not necessarily to Scale. Additionally, elements 
common between figures may retain the same numerical 
designation. 
0011. As used herein, the term “substrate” means and 
includes a base material or construction upon which addi 
tional materials are formed. The substrate may be a semi 
conductor Substrate, a base semiconductor layer on a Sup 
porting structure, a metal electrode, or a semiconductor 
Substrate having one or more layers, structures or regions 
formed thereon. The substrate may be a conventional silicon 
Substrate or other bulk Substrate comprising a layer of 
semiconductive material. As used herein, the term “bulk 
Substrate” means and includes not only silicon wafers, but 
also silicon-on-insulator (SOI) substrates, such as silicon 
on-sapphire (SOS) substrates and silicon-on-glass (SOG) 
Substrates, epitaxial layers of silicon on a base semiconduc 
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tor foundation, and other semiconductor or optoelectronic 
materials, such as silicon-germanium, germanium, gallium 
arsenide, gallium nitride, and indium phosphide. The Sub 
strate may be doped or undoped. By way of non-limiting 
example, a Substrate may comprise at least one of silicon, 
silicon dioxide, silicon with native oxide, silicon nitride, a 
carbon-containing silicon nitride, glass, semiconductor, 
metal oxide, metal, titanium nitride, carbon-containing tita 
nium nitride, tantalum, tantalum nitride, carbon-containing 
tantalum nitride, niobium, niobium nitride, carbon-contain 
ing niobium nitride, molybdenum, molybdenum nitride, 
carbon-containing molybdenum nitride, tungsten, tungsten 
nitride, carbon-containing tungsten nitride, copper, cobalt, 
nickel, iron, aluminum, and a noble metal. 
0012. As used herein, the terms “vertical”, “longitudi 
nal”, “horizontal, and “lateral are in reference to a major 
plane of a substrate in or on which the structures described 
are formed and are not necessarily defined by earth's gravi 
tational field. A "horizontal or “lateral direction is a 
direction that is substantially parallel to the major plane of 
the substrate, while a “vertical or “longitudinal direction 
is a direction that is Substantially perpendicular to the major 
plane of the substrate. The major plane of the substrate is 
defined by a surface of the substrate having a relatively large 
area compared to other Surfaces of the Substrate, such as by 
a Substantially planar circular Surface of a conventional 
semiconductor wafer Substrate. 
0013 As used herein, spatially relative terms, such as 
“beneath.” “below,” “lower,” “bottom.” “above,” “upper.” 
“top,” “front,” “rear,” “left,” “right,” and the like, may be 
used for ease of description to describe one elements or 
feature's relationship to another element(s) or feature(s) as 
illustrated in the figures. Unless otherwise specified, the 
spatially relative terms are intended to encompass different 
orientations of the materials in addition to the orientation 
depicted in the figures. For example, if materials in the 
figures are inverted, elements described as “below' or 
“beneath or “under or “on bottom of other elements or 
features would then be oriented “above' or “on top of the 
other elements or features. Thus, the term “below’ can 
encompass both an orientation of above and below, depend 
ing on the context in which the term is used, which will be 
evident to one of ordinary skill in the art. The materials may 
be otherwise oriented (e.g., rotated 90 degrees, inverted, 
flipped) and the spatially relative descriptors used herein 
interpreted accordingly. 
0014. As used herein, the singular forms “a,” “an,” and 
“the are intended to include the plural forms as well, unless 
the context clearly indicates otherwise. 
0015. As used herein, “and/or includes any and all 
combinations of one or more of the associated listed items. 
0016. As used herein, the term “configured’ refers to a 
size, shape, material composition, and arrangement of one or 
more of at least one structure and at least one apparatus 
facilitating operation of one or more of the structure and the 
apparatus in a pre-determined way. 
0017. As used herein, the term “substantially' in refer 
ence to a given parameter, property, or condition means and 
includes to a degree that one of ordinary skill in the art 
would understand that the given parameter, property, or 
condition is met with a degree of variance, Such as within 
acceptable manufacturing tolerances. By way of example, 
depending on the particular parameter, property, or condi 
tion that is Substantially met, the parameter, property, or 
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condition may be at least 90.0% met, at least 95.0% met, at 
least 99.0% met, or even at least 99.9% met. 
0.018. As used herein, the term “about in reference to a 
given parameter is inclusive of the stated value and has the 
meaning dictated by the context (e.g., it includes the degree 
of error associated with measurement of the given param 
eter). 
0019 FIGS. 1 through 5 are simplified partial cross 
sectional views illustrating embodiments of a method of 
forming a semiconductor device structure including a stair 
step structure. Such as a semiconductor device structure for 
a vertical memory device (e.g., a 3D NAND Flash memory 
device). With the description provided below, it will be 
readily apparent to one of ordinary skill in the art that the 
methods described herein may be used to form various other 
devices. In other words, the methods of the disclosure may 
be used whenever it is desired to form a stair step structure. 
0020 Referring to FIG. 1, a semiconductor device struc 
ture 100 may include a substrate 102, alternating conductive 
structures 104 and insulating structures 106 arranged in tiers 
110 over the substrate 102, and a photoresist 108 over the 
tiers 110 of the conductive structures 104 and the insulating 
structures 106. For clarity and ease of understanding of the 
drawings and related description, FIG. 1 shows five (5) tiers 
110 of the conductive structures 104 and the insulating 
structures 106. A first tier 110a includes a first conductive 
structure 104a and a first insulating structure 106a over the 
first conductive structure 104a, a second tier 110b overlies 
the first tier 110a, and includes a second conductive structure 
104b and a second insulating structure 106b over the second 
conductive structure 104b, a third tier 110c overlies the 
second tier 110b, and includes a third conductive structure 
104c and a third insulating structure 106c over the third 
conductive structure 104c., a fourth tier 110d overlies the 
third tier 110C, and includes a fourth conductive structure 
104d and a fourth insulating structure 106d over the fourth 
conductive structure 104d and a fifth tier 110e overlies the 
fourth tier 110d, and includes a fifth conductive structure 
104e and a fifth insulating structure 106e over the fifth 
conductive structure 104e. However, the semiconductor 
device structure 100 may include a different number of tiers 
110. For example, in additional embodiments, the semicon 
ductor device structure 100 may include greater than five (5) 
tiers 110 (e.g., greater than or equal to ten (10) tiers 110. 
greater than or equal to twenty-five (25) tiers 110, greater 
than or equal to fifty (50) tiers 110, greater than or equal to 
one hundred (100) tiers 110) of the conductive structures 
104 and the insulating structures 106, or may include less 
than five (5) tiers 110 (e.g., less than or equal to three (3) 
tiers 110) of the conductive structures 104 and the insulating 
structures 106. 

0021. The conductive structures 104 may be formed of 
and include at least one conductive material, such as a metal 
(e.g., tungsten, titanium, molybdenum, niobium, Vanadium, 
hafnium, tantalum, chromium, Zirconium, iron, ruthenium, 
osmium, cobalt, rhodium, iridium, nickel, palladium, plati 
num, copper, silver, gold, aluminum), a metal alloy (e.g., a 
cobalt-based alloy, an iron-based alloy, a nickel-based alloy, 
an iron- and nickel-based alloy, a cobalt- and nickel-based 
alloy, an iron- and cobalt-based alloy, a cobalt- and nickel 
and iron-based alloy, an aluminum-based alloy, a copper 
based alloy, a magnesium-based alloy, a titanium-based 
alloy, a steel, a low-carbon steel, a stainless Steel), a con 
ductive metal-containing material (e.g., a conductive metal 
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nitride, a conductive metal silicide, a conductive metal 
carbide, a conductive metal oxide), a conductively-doped 
semiconductor material (e.g., conductively-doped silicon, 
conductively-doped germanium, conductively-doped silicon 
germanium), or combinations thereof. Each of the conduc 
tive structures 104 may independently include a substan 
tially homogeneous distribution or a Substantially heteroge 
neous distribution of the at least one conductive material. As 
used herein, the term “homogeneous distribution” means 
amounts of a material do not vary throughout different 
portions (e.g., different lateral and longitudinal portions) of 
a structure. Conversely, as used herein, the term "heteroge 
neous distribution” means amounts of a material vary 
throughout different portions of a structure. Amounts of the 
material may vary stepwise (e.g., change abruptly), or may 
vary continuously (e.g., change progressively, Such as lin 
early, parabolically) throughout different portions of the 
structure. In some embodiments, each of the conductive 
structures 104 exhibits a substantially homogeneous distri 
bution of conductive material. In additional embodiments, at 
least one of the conductive structures 104 exhibits a sub 
stantially heterogeneous distribution of at least one conduc 
tive material. The conductive structure 104 may, for 
example, be formed of and include a stack of at least two 
different conductive materials. The conductive structures 
104 may each be substantially planar, and may each inde 
pendently exhibit any desired thickness. 
0022. Each of the conductive structures 104 may be 
substantially the same (e.g., exhibit substantially the same 
material composition, average grain size, material distribu 
tion, size, and shape) as one another, or at least one of the 
conductive structures 104 may be different (e.g., exhibit one 
or more of a different material composition, a different 
average grain size, a different material distribution, a dif 
ferent size, and a different shape) than at least one other of 
the conductive structures 104. As a non-limiting example, 
each of the first conductive structure 104a, the second 
conductive structure 104b, the third conductive structure 
104C, the fourth conductive structure 104d, and the fifth 
conductive structure 104e may exhibit substantially the 
same material composition, material distribution, and thick 
ness. As another non-limiting example, at least one of the 
first conductive structure 104a, the second conductive struc 
ture 104b, the third conductive structure 104C, the fourth 
conductive structure 104d, and the fifth conductive structure 
104e may exhibit one or more of a different material 
composition, a different material distribution, and a different 
thickness than at least one other of the first conductive 
structure 104a, the second conductive structure 104b, the 
third conductive structure 104c, the fourth conductive struc 
ture 104d, and the fifth conductive structure 104e. In some 
embodiments, each of the conductive structures 104 is 
substantially the same as each other of the conductive 
structures 104. 

0023 The insulating structures 106 may beformed of and 
include at least one insulating material. Such as an oxide 
material (e.g., silicon dioxide, phosphosilicate glass, boro 
silicate glass, borophosphosilicate glass, fluorosilicate glass, 
titanium dioxide, Zirconium dioxide, hafnium dioxide, tan 
talum oxide, magnesium oxide, aluminum oxide, or a com 
bination thereof), a nitride material (e.g., silicon nitride), an 
oxynitride material (e.g., silicon oxynitride), amphorous 
carbon, or a combination thereof. Each of the insulating 
structures 106 may independently include a substantially 
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homogeneous distribution or a substantially heterogeneous 
distribution of the at least one insulating material. In some 
embodiments, each of the insulating structures 106 exhibits 
a Substantially homogeneous distribution of insulating mate 
rial. In additional embodiments, at least one of the insulating 
structures 106 exhibits a substantially heterogeneous distri 
bution of at least one conductive material. The conductive 
structure 104 may, for example, beformed of and include a 
stack (e.g., laminate) of at least two different insulating 
materials. The insulating structures 106 may each be sub 
stantially planar, and may each independently exhibit any 
desired thickness. 

0024. Each of the insulating structures 106 may be sub 
stantially the same (e.g., exhibit Substantially the same 
material composition, material distribution, size, and shape) 
as one another, or at least one of the insulating structures 106 
may be different (e.g., exhibit one or more of a different 
material composition, a different material distribution, a 
different size, and a different shape) than at least one other 
of the insulating structures 106. As a non-limiting example, 
each of the first insulating structure 106a, the second insu 
lating structure 106b, the third insulating structure 106c, the 
fourth insulating structure 106d, and the fifth insulating 
structure 106e may exhibit substantially the same material 
composition, material distribution, and thickness. As another 
non-limiting example, at least one of the first insulating 
structure 106a, the second insulating structure 106b, the 
third insulating structure 106c, the fourth insulating struc 
ture 106d, and the fifth insulating structure 106e may exhibit 
one or more of a different material composition, a different 
material distribution, and a different thickness than at least 
one other of the first insulating structure 106a, the second 
insulating structure 106b, the third insulating structure 106c. 
the fourth insulating structure 106d, and the fifth insulating 
structure 106e. In some embodiments, each of the insulating 
structures 106 is substantially the same as each other of the 
insulating structures 106. 
0025. As shown in FIG. 1, in some embodiments, the 
conductive structures 104 and the insulating structures 106 
are arranged in an alternating sequence, beginning with one 
of the conductive structures 104. In additional embodiments, 
the conductive structures 104 and the insulating structures 
106 exhibit a different arrangement relative to one another. 
By way of non-limiting example, the conductive structures 
104 and the insulating structures 106 may be arranged in an 
alternating sequence beginning with one of the insulating 
structures 106. Accordingly, each of the tiers 110 may 
include one of the conductive structures 104 on or over one 
of the insulating structures 106. A semiconductor device 
(e.g., a vertical memory device, such as a 3D NAND Flash 
memory device) employing a semiconductor device struc 
ture having such a configuration may have little or no 
difference in terms of functionality or operability as com 
pared to a semiconductor device employing the arrangement 
of the conductive structures 104 and the insulating structures 
106 shown in FIG. 1. 

0026. The photoresist 108 may serve as a mask to enable 
selective removal of (e.g., etch) portions of the tiers 110 of 
the conductive structures 104 and the insulating structures 
106 and form a stair step structure, as described in further 
detail below. The photoresist 108 may be formed of and 
include a conventional photoresist material. Such as a con 
ventional positive tone photoresist material, or a conven 
tional negative tone photoresist material. Suitable photore 
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sist materials are known in the art, and are, therefore, not 
described in detail herein. The photoresist 108 may be 
compatible with 13.7 nm, 157 nm, 193 nm, 248 nm, or 365 
nm wavelength systems; with 193 nm wavelength immer 
sion systems; and/or with electron beam lithographic sys 
tems. The photoresist 108 may be substantially planar, and 
may exhibit any desired thickness. 
0027. The substrate 102, the conductive structures 104, 
the insulating structures 106, and the photoresist 108 may 
each independently be formed using conventional processes 
including, but not limited to, physical vapor deposition 
(“PVD), chemical vapor deposition (“CVD), atomic layer 
deposition (ALD), and/or spin-coating. PVD includes, but 
is not limited to, one or more of sputtering, evaporation, and 
ionized PVD. Such processes are known in the art and, 
therefore, are not described in detail herein. 
0028 Referring next to FIG. 2, the semiconductor device 
structure 100 may be subjected to a first material removal 
process to remove (e.g., trim) a first width W of the 
photoresist 108, and remove (e.g., etch) a portion of the fifth 
tier 110e (e.g., including a portion of each of the fifth 
insulating structure 106e and the fifth conductive structure 
104e) to the first width W using a remaining portion of the 
photoresist 108 as a mask. The first width W may corre 
spond to a width of a first step (e.g., a longitudinally lowest 
step, a step most longitudinally proximate the Substrate 102) 
to be formed through Subsequent processing (e.g., Subse 
quent material removal processes), as described in further 
detail below. The first step may, for example, comprise 
portions of the first conductive structure 104a and the first 
insulating structure 106a not covered by at least one other of 
the tiers 110 of the conductive structures 104 and the 
insulating structures 106. 
(0029. The magnitude of the first width W of the photo 
resist 108 (and, hence, of the fifth insulating structure 106e 
and the fifth conductive structure 104e) removed by the first 
material removal process may be tailored to an overall width 
of the semiconductor device structure 100 and in consider 
ation of an expected error distribution associated with all of 
the material removal processes (e.g., including the first 
material removal process and any Subsequent material 
removal processes) used to form a stair step structure 
exhibiting a desired number of steps (e.g., corresponding to 
the number of conductive structures 104). The expected 
error distribution may be achieved using conventional mod 
eling processes (e.g., mathematical modelling processes, 
Such as stochastic modelling processes), which are not 
described in detail herein. Such modeling processes may, for 
example, evaluate various process parameters (e.g., material 
compositions, material distributions, material thicknesses, 
etch chemistries) in view of a desired stair step structure 
configuration (e.g., a desired overall stair step structure 
width, and a desired number of stair step structure steps). 
Error models (and, hence, the expected error distributions 
generated thereby) may be refined over time by correlation 
to multiple iterations of empirical data obtained through 
actual production and analysis. The first width W may 
account for estimated (e.g., expected, projected) error asso 
ciated with forming a first step of the stair step structure to 
be suitably sized (e.g., wide enough) and positioned to form 
a first contact structure thereon or thereover. For example, 
the first width W may account for the likelihood and 
magnitude of potential over-removal and/or under-removal 
of the photoresist 108 (and, hence, underlying portions of 
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the tiers 110 covered by the photoresist 108) during the 
formation of the first step. However, unlike additional 
widths of at least the photoresist 108 removed through 
subsequent material removal processes, the first width W. 
does not need to account for the estimated error associated 
with previous material removal processes. As described in 
further detail below, at least some additional widths of the 
photoresist 108 removed through subsequent material 
removal processes may be relatively larger than the first 
width W to compensate (e.g., Scale) for relatively larger 
amounts of estimated error (e.g., cumulative error associated 
with the Subsequent material removal processes and any 
previous material removal processes). Such relatively larger 
additional widths may increase error margins (e.g., increase 
amounts of permissible error) associated with forming addi 
tional steps of the stair step structure to be suitably sized and 
positioned to form contact structures thereon or thereover. 
0030 The first material removal process may include 
photolithographically processing the photoresist 108 to 
remove the first width W of the photoresist 108, and then 
removing a portion of the fifth tier 110e (e.g., including a 
portion of each of the fifth insulating structure 106e and the 
fifth conductive structure 104e) not covered by a remaining 
portion of the photoresist 108 using at least one etching 
process. For example, the photoresist 108 may be exposed to 
an appropriate wavelength (e.g., 13.7 nm, 157 nm, 193 nm, 
248 nm, 365 nm) of radiation through a reticle and then 
developed to trim the first width W of the photoresist 108 
and expose a portion of the fifth insulating structure 106e, 
the exposed portion of the fifth insulating structure 106e 
may be selectively removed using an etching process (e.g., 
an anisotropic etching process, such as a dry etching pro 
cess) to expose a portion of the fifth conductive structure 
104e, and then the exposed portion of the fifth conductive 
structure 104e may be selectively removed using another 
etching process (e.g., another anisotropic etching process, 
Such as another dry etching process) to expose a portion of 
the fourth insulating structure 106d. Process parameters 
(e.g., radiation wavelengths, developers, etchants, exposure 
times) of the first material removal process may be tailored 
to the configurations (e.g., material compositions, material 
distributions, thicknesses, arrangements) of the photoresist 
108, the conductive structures 104, and the insulating struc 
tures 106. 

0031 Referring next to FIG. 3, the semiconductor device 
structure 100 may be subjected to a second material removal 
process to remove (e.g., trim) a second width W of the 
photoresist 108, to remove (e.g., etch) an additional portion 
of the fifth tier 110e (e.g., including another portion of each 
of the fifth insulating structure 106e and the fifth conductive 
structure 104e) to the second width W, and to remove a 
portion of the fourth tier 110d (e.g., including a portion of 
each of the fourth insulating structure 106d and the fourth 
conductive structure 104d) to the first width W. The addi 
tional portion of the fifth tier 110e and the portion of the 
fourth tier 110d may be substantially simultaneously 
removed using the second material removal process. The 
photoresist 108 remaining following the removal of the 
second width W of the photoresist 108 may serve as a mask 
to remove the additional portion of the fifth tier 110e to the 
second width W, and the fifth tier 110e remaining following 
the first material removal process may serve a mask to 
remove the portion of the fourth tier 110d to the first width 
W. The second width W may correspond to a width of a 
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second step (e.g., a step longitudinally overlying and adja 
cent a first step) to be formed through Subsequent processing 
(e.g., Subsequent material removal processes), as described 
in further detail below. The second step may, for example, 
comprise portions of the second conductive structure 104b 
and the second insulating structure 106b not covered by at 
least one other of the tiers 110 of the conductive structures 
104 and the insulating structures 106. 
0032 Similar to the first width W described above, the 
magnitude of the second width W of the photoresist 108 
(and, hence, of the fifth insulating structure 106e and the 
fifth conductive structure 104e) removed by the second 
material removal process may be tailored to an overall width 
of the semiconductor device structure 100 and to the 
expected error distribution associated with all of the material 
removal processes (e.g., including the first material removal 
process, the second material removal process, and any 
Subsequent material removal processes) used to form a stair 
step structure exhibiting a desired number of steps. The 
second width W may account for estimated (e.g., expected, 
projected) cumulative error associated with forming a sec 
ond step of the semiconductor device structure 100 to be 
Suitably sized and positioned for a second contact structure 
to be formed thereon orthereover. The estimated cumulative 
error may factor in the estimated error associated with the 
second material removal process (e.g., the likelihood and 
magnitude of over-removal and/or under-removal of mate 
rials during the second material removal process), as well as 
potential shift in a desired position of the second step and/or 
the second contact structure due to variance in a desired 
position of the first step and/or the first contact structure 
resulting from estimated error associated with the first 
material removal process. If the estimated cumulative error 
associated with forming the second step is greater than the 
estimated error associated with forming the first step, the 
second width W, removed by the second material removal 
process may be greater than the first width W removed by 
the first material removal process. Forming the second width 
W to be larger than the first width W may increase the error 
margin (e.g., increase the amount of permissible error) 
associated with forming the second step of the stair step 
structure to be suitably sized and positioned to form the 
second contact structure thereon or thereover. Conversely, if 
the estimated cumulative error associated with forming the 
second step is not much larger than (e.g., is Substantially the 
same as) the estimated error associated with forming the first 
step, the second width W, removed by the second material 
removal process may be substantially the same as the first 
width W removed by the first material removal process. In 
Some embodiments, such as in embodiments wherein the 
estimated cumulative error for forming each additional step 
of the semiconductor device structure 100 gradually 
increases, the second width W removed by the second 
material removal process is larger than the first width W. 
removed by the first material removal process. By way of 
non-limiting example, in some embodiments, a magnitude 
of the second width W, of the photoresist 108 removed by 
the second material removal processes is about 50 nm 
greater than a magnitude of the first width W of the 
photoresist 108 removed through the first material removal 
process. 

0033. The second material removal process may include 
photolithographically processing the photoresist 108 to 
remove the second width W of the photoresist 108 to, and 
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then removing portions of the fifth tier 110e (e.g., including 
a portion of each of the fifth insulating structure 106e and the 
fifth conductive structure 104e) and the fourth tier 110d 
(e.g., including a portion of each of the fourth insulating 
structure 106d and the fourth conductive structure 104d) 
underlying the removed portion of the photoresist 108 using 
at least one etching process. For example, the photoresist 
108 may be exposed to an appropriate wavelength (e.g., 13.7 
nm, 157 nm, 193 nm, 248 nm, 365 nm) of radiation through 
a reticle and then developed to trim the second width W. 
from the photoresist 108 and expose an additional portion of 
the fifth insulating structure 106e, the additional exposed 
portion of the fifth insulating structure 106e and an exposed 
portion of the fourth insulating structure 106d may be 
selectively removed using an etching process (e.g., an aniso 
tropic etching process. Such as a dry etching process) to 
expose an additional portion of the fifth conductive structure 
104e and a portion of the fourth conductive structure 104d, 
and then the additional exposed portion of the fifth conduc 
tive structure 104e and the exposed portion of the fourth 
conductive structure 104d may be selectively removed using 
another etching process (e.g., another anisotropic etching 
process, such as another dry etching process) to expose an 
additional portion of the fourth insulating structure 106d and 
a portion of the third insulating structure 106c. Process 
parameters (e.g., radiation wavelengths, developers, 
etchants, exposure times) of the second material removal 
process may be tailored to the configurations (e.g., material 
compositions, material distributions, thicknesses, arrange 
ments) of the photoresist 108, the conductive structures 104, 
and the insulating structures 106. In some embodiments, at 
least one of a duration and an end-point Scheme of the 
second material removal process is different than a duration 
and/or an end-point Scheme of the first material removal 
process. 

0034 Referring next to FIG. 4, the semiconductor device 
structure 100 may be subjected to additional material 
removal processes to remove (e.g., trim) additional portions 
of the photoresist 108, the insulating structures 106, and the 
conductive structures 104 and form a stair step structure 116 
including steps 112 at least partially defined by the resulting 
recessed edges of the tiers 110. For example, as shown in 
FIG. 4, the additional material removal processes may form 
a first step 112a at least partially defined by edges of the first 
tier 110a and by recessed edges of the second tier 110b 
overlying the first tier 110a, a second step 112b at least 
partially defined by the recessed edges of the second tier 
110b and by recessed edges of the third tier 110c overlying 
the second tier 110b, a third step 112c at least partially 
defined by the recessed edges of the third tier 110C and by 
recessed edges of the fourth tier 110d overlying the third tier 
110c, a fourth step 112d at least partially defined by the 
recessed edges of the fourth tier 110d and by recessed edges 
of the fifth tier 110e overlying the fourth tier 110d, and a fifth 
step 112e at least partially defined by the recessed edges of 
the fifth tier 110e. The additional material removal processes 
may trim additional widths from the photoresist 108 corre 
sponding to widths of the steps 112. For example, a third 
material removal processes may remove a third width W of 
the photoresist 108 corresponding to a width of the third step 
112c, and a fourth material removal processes may remove 
a fourth width Wa of the photoresist 108 corresponding to a 
width of the fourth step 112d. The width Ws of the fifth step 
112e of the stair step structure 116 may correspond to at least 
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a portion of the fifth tier 110e remaining following the 
additional material removal processes. 
0035. While various embodiments herein are described 
and illustrated for clarity in the context of the stair step 
structure 116 as being formed to include five (5) steps 112, 
the stair step structure 116 may, alternatively, be formed to 
include a different number of steps 112. In some embodi 
ments, the number of steps 112 formed directly corresponds 
to (e.g., is the same as) the number of conductive structures 
104 included in the semiconductor device structure 100. By 
way of non-limiting example, if the semiconductor device 
structure 100 is formed to include fifty (50) of the conduc 
tive structures 104, the stair step structure 116 may be 
formed to include fifty (50) steps 112. In additional embodi 
ments, the number of steps 112 formed may be different than 
(e.g., less than, or greater than) the number of conductive 
structures 104 included in the semiconductor device struc 
ture 100. By way of non-limiting example, if the semicon 
ductor device structure 100 is formed to include fifty (50) 
conductive structures 104, the stair step structure 116 may be 
formed to include less than fifty (50) steps 112 (e.g., 
forty-nine (49) steps 112), or may be formed to include 
greater than fifty (50) steps 112 (e.g., fifty-one (51) steps 
112). 
0036. The magnitude of each additional width (e.g., the 
third width W, the fourth width W) of the photoresist 108 
removed by each additional material removal process, and 
the width (e.g., the fifth width Ws) of the photoresist 108 
remaining after the additional material removal processes 
may be tailored to the overall width of the semiconductor 
device structure 100 and to the expected error distribution 
associated with all of the material removal processes used to 
form the stair step structure 116 of the semiconductor device 
structure 100. In some embodiments, a magnitude of at least 
one of the additional widths of the photoresist 108 removed 
by at least one of the additional material removal processes 
is about greater than or equal to about 20 nm (e.g., greater 
than or equal to about 30 nm, greater than or equal to about 
40 nm, greater than or equal to about 50 nm) greater than the 
magnitude of a width of the photoresist 108 removed 
through an immediately preceding material removal process 
(e.g., the second material removal process, at least one other 
of the additional material removal processes). Similar to the 
second W. described above, each width (e.g., the third width 
W., the fourth width W, and the fifth width Ws) may 
account for estimated (e.g., expected, projected) cumulative 
error associated with forming a corresponding step (e.g., the 
third step, the fourth step, and the fifth step) of the semi 
conductor device structure 100 to be sufficiently sized and 
positioned for a contact structure to be formed thereon or 
thereover. The estimated cumulative error associated with 
each additional material removal process may factor in the 
estimated error associated with the additional material 
removal process (e.g., the likelihood and magnitude of 
over-removal and/or under-removal of materials during the 
additional material removal process), as well as potential 
shift in a desired position of an associated step and/or an 
associated contact structure due to variance in a desired 
position of a preceding, longitudinal adjacent (e.g., a lon 
gitudinally lower and adjacent) step and/or an adjacent 
contact structure associated with the preceding, longitudinal 
adjacent step resulting from the estimated cumulative error 
associated with a previous material removal process. 
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0037. As a non-limiting example, if the expected error 
distribution exhibits a gradual increase in estimated cumu 
lative error, the additional widths (e.g., the third width W. 
the fourth width W.) of the photoresist 108 removed by each 
additional material removal process may be tailored to 
gradually increase to compensate for the gradual increase in 
estimated cumulative error across the expected error distri 
bution. For example, as shown in FIG. 4, the fifth width Ws 
(e.g., the width of the fifth step) may be larger than the fourth 
width Wa (e.g., the width of the fourth step), which may be 
larger than the third width W. (e.g., the width of the third 
step), which may be larger than the second width W. (e.g., 
the width of the second step), which may be larger than the 
first width W (e.g., the width of the first step). The gradual 
increase in the widths (e.g., removed widths and a final 
remaining width) may gradually increase error margins 
(e.g., gradually increase amounts of permissible error, Such 
as maximum amounts of permissible cumulative error) 
associated with forming progressively higher steps (e.g., 
steps more longitudinally distal from the substrate 102) of 
the stair step structure 116 to be sufficiently sized and 
positioned to form contact structures thereon or thereover. 
0038. In additional embodiments, depending on the 
expected error distribution, the widths of one or more of the 
steps 112 of the stair step structure 116 may be faulted to 
vary in a different manner than that depicted in FIG. 4. For 
example, if the expected error distribution indicates that the 
estimated cumulative error associated with forming a higher 
step does not vary (e.g., increase) substantially from the 
estimated error (e.g., the estimated cumulative error) asso 
ciated with forming a longitudinally adjacent lower step, the 
higher step may be formed to exhibit substantially the same 
width as the longitudinally adjacent lower step (e.g., the 
width of the longitudinally adjacent steps may not be 
varied). As another example, if the expected error distribu 
tion indicates that the estimated error (e.g., the estimated 
cumulative error) associated with forming a lower step (e.g., 
a step more longitudinally proximate from the substrate 102) 
is greater than the estimated error (e.g., estimated cumula 
tive error) associated with forming a longitudinally adjacent 
higher step, the lower step may be formed to exhibit a larger 
width than the longitudinally adjacent higher step. As a 
further example, a first, lowest step of a stair step structure 
may exhibit a relatively greater width than a second, higher 
step of the stair step structure, and then the widths of higher 
steps (e.g., steps Successively higher than the second step) of 
the stair step structure may vary (e.g., increase) in accor 
dance with variances (e.g., increases) in estimated cumula 
tive error across the expected error distribution. 
0039. The additional material removal processes may 
each include photolithographically processing the photore 
sist 108 to remove an additional width (e.g., the third width 
W., the fourth width W.) of the photoresist 108, and then 
removing portions of the tiers 110 (e.g., portions of fifth tier 
110e, the fourth tier 110d, the third tier 110C, and the second 
tier 110b) not covered by a remaining portion of the pho 
toresist 108 using at least one etching process. Process 
parameters (e.g., radiation wavelengths, developers, 
etchants, exposure times) of the additional material removal 
processes may be tailored to the configurations (e.g., mate 
rial compositions, material distributions, thicknesses, 
arrangements) of the photoresist 108, the conductive struc 
tures 104, and the insulating structures 106. In some 
embodiments, at least one of a duration and an end-point 
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scheme of the one or more of the additional material removal 
processes is different than a duration and/or an end-point 
scheme of one or more of the first material removal process, 
the second material removal process, and at least one other 
of the additional material removal processes. 
0040. Referring next to FIG. 5, the remainder of the 
photoresist 108 (FIG. 4) may be removed, and contact 
structures 114 (e.g., conductive contacts) may be formed to 
provide electrical contact to each of the conductive struc 
tures 104 (e.g., the first conductive structure 104a of the first 
tier 110a, the second conductive structure 104b of the 
second tier 110b, the third conductive structure 104c of the 
third tier 110C, the fourth conductive structure 104d of the 
fourth tier 110d, and the fifth conductive structure 104e of 
the fifth tier 110e). The contact structures 114 may be formed 
on or over portions of the conductive structures 104 partially 
defining the steps 112 of the stair step structure 116. For 
example, as shown in FIG. 5, a first contact structure 114a 
may be formed on or over a portion of the first conductive 
structure 104a partially defining the first step 112a, a second 
contact structure 114b may be formed on or over a portion 
of the second conductive structure 104b partially defining 
the second step 112b, a third contact structure 114c may be 
formed on or over a portion of the third conductive structure 
104c partially defining the third step 112c, a fourth contact 
structure 114d may be formed on or over a portion of the 
fourth conductive structure 104d partially defining the fourth 
step 112d, and a fifth contact structure 114e may be formed 
on or over a portion of the fifth conductive structure 104e 
partially defining the fifth step 112e. In additional embodi 
ments, the contact structures 114 may be formed to exhibit 
a configuration different than that shown in FIG. 5. By way 
of non-limiting example, the contact structures 114 may be 
formed to longitudinally extend from each of the conductive 
structures 104, through the stair step structure 116, and to the 
substrate 102 (e.g., longitudinally toward the substrate 102 
rather than or in addition to longitudinally away from the 
substrate 102). In other words, this disclosure is not limited 
to forming contact structures 114 longitudinally extending 
from the conductive structures 104 of the semiconductor 
device structure 100 in a direction longitudinally away from 
the substrate 102. 

0041 While various embodiments herein are described 
and illustrated for clarity in the context of the semiconductor 
device structure 100 as being formed to include five (5) 
contact structures 114, the semiconductor device structure 
100 may, alternatively, be formed to include a different 
number of contact structures 114. The number of contact 
structures 114 formed may directly correspond to the num 
ber of conductive structures 104 (and, hence, the number of 
steps 112) included in the semiconductor device structure 
100. By way of non-limiting example, if the semiconductor 
device structure 100 is formed to include fifty (50) conduc 
tive structures 104 (and, hence, fifty (50) steps 112), the 
semiconductor device structure 100 may also be formed to 
include fifty (50) contact structures 114 in electrical contract 
with each of the fifty (50) conductive structures 104. 
0042. The contact structures 114 may be formed of and 
include at least one conductive material. Such as a metal 
(e.g., tungsten, titanium, molybdenum, niobium, Vanadium, 
hafnium, tantalum, chromium, Zirconium, iron, ruthenium, 
osmium, cobalt, rhodium, iridium, nickel, palladium, plati 
num, copper, silver, gold, aluminum), a metal alloy (e.g., a 
cobalt-based alloy, an iron-based alloy, a nickel-based alloy, 
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an iron- and nickel-based alloy, a cobalt- and nickel-based 
alloy, an iron- and cobalt-based alloy, a cobalt- and nickel 
and iron-based alloy, an aluminum-based alloy, a copper 
based alloy, a magnesium-based alloy, a titanium-based 
alloy, a steel, a low-carbon steel, a stainless Steel), a con 
ductive metal-containing material (e.g., a conductive metal 
nitride, a conductive metal Suicide, a conductive metal 
carbide, a conductive metal oxide), a conductively-doped 
semiconductor material (e.g., conductively-doped silicon, 
conductively-doped germanium, conductively-doped silicon 
germanium), or combinations thereof. Each of the contact 
structures 114 have substantially the same material compo 
sition, or at least one of the contact structures 114 may have 
a different material composition than at least one other of the 
contact structures 114. 

0043. As illustrated in FIG. 5, the contact structures 114 
may be non-uniformly (e.g., unevenly) spaced apart from 
one another. A magnitude of the distance between adjacent 
contact structures 114 may at least partially depend on the 
widths of the steps 112 over which the adjacent contact 
structures 114 are positioned. The contact structures 114 
may be formed to be generally centrally positioned on or 
over each of the steps 112. Accordingly, distances between 
adjacent contact structures 114 may vary in accordance with 
variance in the widths of the adjacent steps 112 associated 
with the adjacent contact structures 114. As a non-limiting 
example, if the widths (e.g., the first width W through the 
fifth width Ws) of the steps 112 gradually increase from the 
first step 112a to the fifth step 112e, the distances between 
the contact structures 114 may also gradually increase from 
the first contact structure 114a through the fifth contact 
structure 114e. As another non-limiting example, if the 
widths of a group of three steps 112 do not substantially vary 
relative to one another (e.g., each of the three steps 112 
exhibit substantially the same width), the distances between 
adjacent contact structures 114 of a group of three contact 
structures 114 associated with the group of three steps 112 
may also not Substantially vary relative to one another (e.g., 
the distance between each of the adjacent contact structures 
114 may be substantially the same). As an additional non 
limiting example, if the width of a middle step of a group of 
three steps 112 is greater than the width of each of a lower 
step and a higher step of the group of three steps 112 and the 
width of the higher step is also greater than the width of the 
lower step, the distance between adjacent contact structures 
114 associated with the lower step and the middle step may 
be less than the distance between other adjacent contact 
structures 114 associated with the middle step and the higher 
step. 

0044) The variability in widths of the steps 112 and the 
non-uniform spacing of the contact structures 114 may 
increase error margins and landing margins for Successfully 
contacting (e.g., electrically contacting) Substantially all of 
the contact structures 114 with all of the conductive struc 
tures 104 of the tiers 110. The variability in widths of the 
steps 112 and the non-uniform spacing of the contact struc 
tures 114 may ensure that, even if processing errors (e.g., 
material removal errors, such as over-removal of materials 
and/or under-removal of materials; positioning errors) may 
occur during the formation of the semiconductor device 
structure 100 including the stair step structure 116 and the 
contact structures 114, Substantially all of the contact struc 
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tures 114 may nonetheless be provided in suitable contact 
(e.g., Suitable electrical contact) with the conductive struc 
tures 104 of the tiers 110. 

0045. The contact structures 114 may be formed through 
conventional processes (e.g., conventional material deposi 
tion processes, conventional material removal processes), 
which are not described in detail herein. By way of non 
limiting example, an insulating material (e.g., a silicon 
oxide, silicon nitride, borophosphosilicate glass, a spin-on 
dielectric) may be formed on or over at least the stair step 
structure 116 of the semiconductor device structure 100, 
openings (e.g., vias, apertures) may be formed through the 
insulating material and portions of the insulating structures 
106 defining the steps 112 of the tiers 110 to expose contact 
regions of the underlying conductive structures 104, and the 
openings may be filled with a conductive material to form 
the contact structures 114. 

0046. Thus, in accordance with embodiments of the 
disclosure, a method of forming a semiconductor device 
structure comprises forming tiers comprising conductive 
structures and insulating structures in a stacked arrangement 
over a substrate. Portions of the tiers are selectively removed 
to form a stair step structure comprising a selected number 
of steps, the steps exhibiting different widths substantially 
corresponding to variances in projected error associated with 
forming the steps. Contact structures are formed on the steps 
of the stair step structure. 
0047. In addition, in accordance with embodiments of the 
disclosure, a semiconductor device structure comprises a 
stair step structure comprising steps of varying (e.g., differ 
ent) width at least partially defined by laterally peripheral 
portions of partially conductive tiers overlying a Substrate, 
and non-uniformly spaced contact structures over and in 
contact with the steps. 
0048 FIG. 6 illustrates a partial cutaway perspective 
view of a portion of a semiconductor device 200 (e.g., a 
vertical memory device, such as a 3D NAND Flash memory 
device) including a semiconductor device structure 202 
including tiers 204 of conductive structures and insulative 
structures defining a stair step structure 206, and contact 
structures 208 electrically connected to steps of the stair step 
structure 206. The semiconductor device structure 202 (e.g., 
including the tiers 204 of conductive structures and insula 
tive structures, the stair step structure 206, and the contact 
structures 208) may be substantially similar to and may be 
formed in Substantially the same manner as the semicon 
ductor device structure 100 (e.g., including the tiers 110 of 
the conductive structures 104 and the insulating structures 
106, the stair step structure 116, and the contact structures 
114) previously described in with respect to FIGS. 1-5. The 
semiconductor device 200 may further include vertical 
strings 212 of memory cells 214 coupled to each other in 
series, data lines 216 (e.g., bit lines), a source tier 218, 
access lines 210, first select gates 220 (e.g., upper select 
gates, drain select gates (SGDS)), select lines 222, a second 
select gate 224 (e.g., a lower select gate, a source select gate 
(SGS)), and additional contact structures 226. The vertical 
strings 212 of memory cells 214 extend vertically and 
orthogonal to conductive lines and tiers (e.g., the data lines 
216, the source tier 218, the tiers 204 of the semiconductor 
device structure 202, the access lines 210, the first select 
gates 220, the select lines 222, the second select gate 224), 
and the contact structures 208 and the additional contact 
structures 226 may electrically couple components to each 
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other as shown (e.g., the select lines 222 to the first select 
gates 220, the access lines 210 to the tiers 204 of the 
semiconductor device structure 202). The semiconductor 
device 200 may also include a control unit 228, which may 
include one or more of string driver circuitry, pass gates, 
circuitry for selecting gates, circuitry for selecting conduc 
tive lines (e.g., the data lines 216, the access lines 210), 
circuitry for amplifying signals, and circuitry for sensing 
signals. The control unit 228 may, for example, be electri 
cally coupled to the data lines 216, source tier 218, access 
lines 210, first select gates 220, and second select gate 224, 
for example. 
0049. Thus, in accordance with embodiments of the 
disclosure, a semiconductor device comprises alternating 
conductive structures and insulating structures arranged in 
stacked tiers overlying a substrate, a stair step structure 
comprising steps of varying widths comprising lateral end 
portions of the stacked tiers, and contact structures in 
physical contact with the steps. Each of the stacked tiers 
comprises one of the conductive structures and one of the 
insulating structures. 
0050. The methods and structures of the disclosure may 
Substantially alleviate error-propagation-based problems 
related to the formation and processing of semiconductive 
device structures including stair step structures. For 
example, tailoring the widths of the steps 112 and the 
spacing of the contact structures 114 of the semiconductor 
device structure 100 to an expected error distribution may 
increase error margins where they most needed (e.g., for 
steps 112 of the stair step structure 116 more likely to exhibit 
error-propagation-based deficiencies in Suitable width and/ 
or suitable position) without impacting the overall width of 
the stair step structure 116 and/or the semiconductor device 
structure 100. Selectively modifying the error margins based 
on predetermined design needs may, in turn, facilitate 
increased yield as compared to conventional methods of 
forming semiconductor device structures including stair step 
structures. In addition, the methods and structures of the 
disclosure may not require additional processing acts (e.g., 
additional photolithography acts, additional etching acts) 
and/or additional processing materials (e.g., additional 
etchants) as compared to conventional methods of forming 
a semiconductor device structure including stair step struc 
tures, providing increased yield without a corresponding 
decrease in process efficiency and/or a significant increase in 
processing costs. 
0051 While the disclosure 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 disclosure is 
not limited to the particular forms disclosed. Rather, the 
disclosure is to cover all modifications, equivalents, and 
alternatives falling within the scope of the following 
appended claims and their legal equivalents. 

1. A method of forming a semiconductor device structure, 
comprising: 

forming tiers comprising conductive structures and insu 
lating structures in a stacked arrangement over a Sub 
Strate; 

Selectively removing portions of the tiers to form a stair 
step structure comprising a selected number of steps, 
and forming at least some of the steps of the stair step 
structure to exhibit relatively larger widths than at least 
some other of the steps of the stair step structure based 
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on increases in mathematically modeled error associ 
ated with laterally sizing and positioning steps of 
another stair case structure having the same number of 
steps and overall width as the stair step structure to 
receive structures thereon; and 

forming contact structures on the steps of the stair step 
Structure. 

2. The method of claim 1, wherein selectively removing 
portions of the tiers comprises: 

forming a photoresist over the tiers; and 
Subjecting the photoresist and the tiers to a series of 

material removal processes to selectively remove dif 
ferent widths of the photoresist and the tiers based on 
different mathematically modeled error values of a 
mathematical-model-based error distribution associ 
ated with laterally sizing and positioning each step of 
the another stair case structure to receive a structure 
thereon. 

3. The method of claim 2, wherein subjecting the photo 
resist and the tiers to a series of material removal processes 
to selectively remove different widths of the photoresist and 
the tiers based on different mathematically modeled error 
values of a mathematical-model-based error distribution 
comprises increasing amounts of the photoresist laterally 
removed by one of the material removal processes relative 
to previously laterally removed amounts of the photoresist 
based on an increase in a mathematically modeled error 
value associated with laterally sizing and positioning a step 
of the another stair case structure to receive a structure 
thereon relative to another mathematically modeled error 
value associated with laterally sizing and positioning 
another step of the another stair case structure to receive 
another structure thereon. 

4. (canceled) 
5. The method of claim 2, wherein subjecting the photo 

resist and the tiers to a series of material removal processes 
to selectively remove different widths of the photoresist and 
the tiers based on different mathematically modeled error 
values of a mathematical-model-based error distribution 
comprises removing relatively greater widths of the photo 
resist and at least some of the tiers during one or more 
sequentially later material removal processes than during 
one or more sequentially earlier material removal process 
according to an increase in at least one mathematically 
modeled error value of the mathematical-model-based error 
distribution associated with forming at least one relatively 
higher step of the another stair case structure relative to at 
least one other mathematically modeled error value of the 
mathematical-model-based error distribution associated 
with forming at least one relatively lower step of the another 
stair case structure. 

6. The method of claim 2, wherein subjecting the photo 
resist and the tiers to a series of material removal processes 
to selectively remove different widths of the photoresist and 
the tiers based on different mathematically modeled error 
values of a mathematical-model-based error distribution 
comprises: 

Subjecting the photoresist and the tiers to a first material 
removal process comprising: 

Subjecting the photoresist to a first photolithographic 
process to remove a first width of the photoresist based 
on a first mathematically modeled error value of the 
mathematical-model-based error distribution associ 
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ated with laterally sizing and positioning a first step of 
the another stair case structure to receive a first struc 
ture thereon; and 

Subjecting at least one of the tiers to at least one etching 
process to remove portions of the at least one of the 
tiers not covered by the photoresist following the first 
photolithographic process; and 

Subjecting the photoresist and the tiers to a second mate 
rial removal process after the first material removal 
process, the second material removal process compris 
ing: 
Subjecting the photoresist to a second photolitho 

graphic process following the at least one etching 
process to remove a second width of the photoresist 
different than the first width of the photoresist 
removed using the first photolithographic process, a 
magnitude of the second width based on a second 
mathematically modeled error value of the math 
ematical-model-based error distribution associated 
with laterally sizing and positioning a second step of 
the another stair case structure to receive a second 
structure thereon; and 

Subjecting at least two of the tiers to at least one 
additional etching process to remove portions of the 
at least two of the tiers not covered by the photoresist 
following the second photolithographic process. 

7. The method of claim 6, wherein subjecting at least one 
of the tiers to at least one etching process to remove portions 
of the at least one of the tiers not covered by the photoresist 
comprises: 

Subjecting an insulating structure of a tier directly under 
the photoresist to a first anisotropic etch to remove a 
portion of the insulating structure corresponding to the 
first width; and 

Subjecting a conductive structure of the tier to a second 
anisotropic etch to remove a portion of the conductive 
structure corresponding to the first width. 

8. The method of claim 7, wherein subjecting at least two 
of the tiers to at least one additional etching process to 
remove portions of the at least two of the tiers not covered 
by the photoresist comprises: 

Subjecting each of the insulating structure of the tier and 
another insulating structure of another tier directly 
under the tier to a third anisotropic etch to remove 
another portion of the insulating structure to the second 
width and a portion of the another insulating structure 
of the another tier to the first width; and 

subjecting each of the conductive structure of the tier and 
another conductive structure of the another tier to a 
fourth anisotropic etch to remove another portion of the 
conductive structure to the second width and a portion 
of the another conductive structure of the another tier to 
the first width. 

9. The method of claim 1, wherein forming contact 
structures on the steps of the stair step structure comprises 
forming a first contact structure to be laterally spaced apart 
from a second contact structure laterally adjacent thereto by 
a different distance than that between the first contact 
structure and a third contact structure laterally adjacent 
thereto. 
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10. The method of claim 1, wherein forming contact 
structures on the steps of the stair step structure comprises 
forming the contact structures to be non-uniformly spaced 
apart from one another. 

11.-20. (canceled) 
21. The method of claim 1, further comprising determin 

ing the mathematically modeled errors using a mathematical 
modeling process that generates an expected error distribu 
tion for forming the another stair case structure. 

22. The method of claim 21, wherein the mathematical 
modeling process is a stochastic modeling process designed 
to evaluate different process parameters employed to form 
the stair step structure. 

23. The method of claim 1, wherein selectively removing 
portions of the tiers to form a stair step structure comprises 
forming each longitudinally higher step of the stair step 
structure to exhibit an increased width relative to a longi 
tudinally lower step adjacent thereto in accordance with an 
increase in mathematically modeled errors associated with 
laterally sizing and positioning each corresponding longitu 
dinally higher step of the another stair case structure relative 
to a longitudinally lower step of the another stair case 
structure adjacent thereto. 

24. The method of claim 2, wherein a magnitude of a 
width of the photoresist and the tiers removed by one of the 
material removal processes is at least 20 nanometers less 
than a magnitude of another width of the photoresist and the 
tiers removed by another of the material removal processes 
following the one of the material removal processes. 

25. The method of claim 2, wherein a magnitude of a 
width of the photoresist and the tiers removed by one of the 
material removal processes is at least 50 nanometers greater 
than a magnitude of another width of the photoresist and the 
tiers removed by another of the material removal processes 
immediately preceding the one of the material removal 
processes. 

26. A method of forming a semiconductor device struc 
ture, comprising: 

forming a stack structure comprising conductive tiers over 
a Substrate, each of the conductive tiers comprising a 
conductive structure and an insulating structure longi 
tudinally adjacent the conductive structure; 

generating a mathematically modeled error distribution 
associated with forming a theoretical stair case struc 
ture exhibiting predetermined step widths and lateral 
positions from the stack structure using a mathematical 
modeling process; 

Subjecting the stack structure to multiple material removal 
processes to remove portions of the tiers thereof and 
form an actual stair step structure comprising steps 
exhibiting different widths than one another, at least 
Some of the steps of the actual stair step structure 
formed to exhibit relatively increased widths based on 
relatively increased mathematically modeled error val 
ues of the mathematically modeled error distribution 
associated with forming longitudinally corresponding 
steps of the theoretical stair case structure; and 

forming non-uniformly laterally spaced contact structures 
on the steps of the actual stair step structure. 

k k k k k 
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