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plurality of memory cells vertically arranged as a NAND 
string and a plurality of word line plates each electrically 
connected to a respective gate of the memory cells in the 
NAND String. A plurality of word line contacts can each be 
electrically connected to a respective word line plate, where 
the plurality of word line contacts are aligned to a bit line 
direction in the device. 
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Fig. 1 
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Fig. 5B 
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Fig. 6A 
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Fig. 7A 
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Fig. 22 
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Fig. 27 
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NON-VOLATILE MEMORY DEVICES 
INCLUDING VERTICAL NAND STRINGS 
AND METHODS OF FORMING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to Korean Patent 
Application 10-2008-0054710, filed in the Korean Intellec 
tual Property Office on Jun. 11, 2008, the disclosure of which 
is incorporated by reference herein in its entirety. 

FIELD 

0002 The present inventive concept relates to the field of 
semiconductors in general, and more particularly, to method 
of forming semiconductor devices. 

BACKGROUND 

0003 Vertical NAND string configurations have been 
used to increase the density of non-volatile memories. One 
such vertical NAND string structure is discussed in, “Bit Cost 
Scalable Technology With Punch and Plug Process For Ultra 
High Density Flash Memory.” by H. Tanaka et al. in Symp. 
On VLSI Tech. Dig., pp 14-15 (2007). Other approaches are 
discussed in, for example, Optimal Integration and Charac 
teristics of Vertical Array Devices for Ultra High Density, 
Bit-Cost Scalable Flash Memory by Y. Fukuzumi et al. in 
IEDM Tech. Dig., pp-449-452 (2007); US Patent Publication 
No. US2007/0252201 A1 to Kito et al.; U.S. Pat. No. 6,85, 
8906; U.S. Pat. No. 7,253,467; U.S. Pat. No. 7,315,474 and 
US Patent Publication No. 2006/0180851, the disclosures of 
which are incorporated herein in their entireties. 

SUMMARY 

0004 Embodiments according to the inventive concept, 
can provide non-volatile memory devices including vertical 
nand strings and methods of forming the same. Pursuant to 
these embodiments, a NAND based non-volatile memory 
device can include a plurality of memory cells vertically 
arranged as a NAND string and a plurality of word line plates 
each electrically connected to a respective gate of the memory 
cells in the NAND string. A plurality of word line contacts can 
each be electrically connected to a respective word line plate, 
where the plurality of word line contacts are aligned to a bit 
line direction in the device. 
0005. In some embodiments according to the invention, a 
method of forming a NAND based non-volatile memory 
device can include forming a plurality of word line contacts 
electrically coupled to a plurality of memory cells vertically 
arranged as a NAND string, where each of word line contacts 
is electrically connected to a respective one of a plurality of 
word line plates, where the plurality of word line contacts are 
aligned to a bit line direction in the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIGS. 1-4 are plan views of integrated circuit lay 
outs including cell array regions containing memory cell 
regions both Surrounded by a peripheral region in some 
embodiments according to the invention. 
0007 FIGS.5A-5C are different views of vertical NAND 
strings in a non-volatile memory device in Some embodi 
ments according to the invention. 
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0008 FIGS. 6A-8B are plan and cross sectional views 
illustrating methods of forming contact portions of word line 
plates included in vertical NAND strings in some embodi 
ments according to the invention. 
0009 FIG. 9 is the table that illustrates steps in forming 
contact portions of word line plates included in vertical 
NAND strings of non-volatile memory devices in some 
embodiments according to the invention. 
(0010 FIGS. 10, 12, 14, and 16 are tables showing sub 
sections of the table illustrated in FIG. 9 illustrating steps in 
forming contact portions of vertical NAND strings in non 
Volatile memory devices in some embodiments according to 
the invention. 
0011 FIGS. 11, 13, 15 and 17 are cross sectional views of 
word line plate layers Subject to etching using mask layers to 
provide for the formation of contact portions of the word line 
plates included in vertical NAND strings in non-volatile 
memory devices in Some embodiments according to the 
invention. 
0012 FIG. 18 is a table that further illustrates the forma 
tion of the vertical NAND strings including contact portions 
of word line plates included in non-volatile memory devices 
in some embodiments according to the invention. 
0013 FIG. 19 is a perspective view showing contact por 
tions including different layers of word line plates of vertical 
NAND strings of non-volatile memory devices formed 
according to the steps illustrated in FIG. 18, in some embodi 
ments according to the invention. 
(0014 FIGS. 20 and 21 are plan views that illustrate the 
formation of a line and space pattern including contact por 
tions in Some embodiments according to the invention. 
0015 FIG.22 is a perspective view illustrating the contact 
portions of a line and space pattern shown in FIGS. 20 and 21, 
in some embodiments according to the invention. 
0016 FIG. 23 is a plan view illustrating the formation of 
contact portions of line and space patterns including side wall 
regions thereof in some embodiments according to the inven 
tion. 
0017 FIGS. 24-26 are cross sectional views illustrating 
the formation of contact portions of line and space patterns 
including side wall regions thereof in some embodiments 
according to the invention. 
0018 FIG. 27 is a schematic view illustrating a decoder 
circuit coupled to memory cell regions having memory 
devices therein including vertical NAND strings with contact 
portions in some embodiments according to the invention. 
0019 FIG. 28 is a block diagram that illustrates a memory 
card including memory devices having vertical NAND 
strings therein in Some embodiments according to the inven 
tion. 
0020 FIG. 29 is a block diagram that illustrates a memory 
system including non-volatile memory devices with vertical 
NAND strings therein in some embodiments according to the 
invention. 

DESCRIPTION OF EMBODIMENTS 
ACCORDING TO THE INVENTIVE CONCEPT 

0021. The present inventive concept now will be described 
more fully hereinafter with reference to the accompanying 
drawings, in which embodiments of the inventive concept are 
shown. However, this inventive concept should not be con 
strued as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the 
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inventive concept to those skilled in the art. In the drawings, 
the thickness of layers and regions may be exaggerated for 
clarity. Like numbers refer to like elements throughout. As 
used herein the term “and/or includes any and all combina 
tions of one or more of the associated listed items and may be 
abbreviated as “7”. 
0022. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the inventive concept. As used herein, the 
singular forms “a” “an and “the are intended to include the 
plural forms as well, unless the context clearly indicates oth 
erwise. It will be further understood that the terms “com 
prises.” “comprising.” “having.” “having.” “includes,” and/or 
“including when used in this specification, specify the pres 
ence of stated features, regions, steps, operations, elements, 
and/or components, but do not preclude the presence or addi 
tion of one or more other features, regions, steps, operations, 
elements, components, and/or groups thereof. 
0023. It will be understood that when an element such as a 
layer or region is referred to as being “on” or extending “onto' 
another element (or variations thereof), it can be directly on or 
extend directly onto the other element or intervening ele 
ments may also be present. In contrast, when an element is 
referred to as being “directly on' or extending “directly onto' 
another element (or variations thereof), there are no interven 
ing elements present. It will also be understood that when an 
element is referred to as being “connected or “coupled to 
another element (or variations thereof), it can be directly 
connected or coupled to the other element or intervening 
elements may be present. In contrast, when an element is 
referred to as being “directly connected or “directly 
coupled to another element (or variations thereof), there are 
no intervening elements present. 
0024. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various elements, 
components, regions, layers and/or sections, these elements, 
materials, regions, layers and/or sections should not be lim 
ited by these terms. These terms are only used to distinguish 
one element, material, region, layer or section from another 
element, material, region, layer or section. Thus, a first ele 
ment, material, region, layer or section discussed below could 
be termed a second element, material, region, layer or section 
without departing from the teachings of the present inventive 
concept. 
0025. Relative terms, such as “lower”, “back', and 
“upper may be used herein to describe one element's rela 
tionship to another element as illustrated in the Figures. It will 
be understood that relative terms are intended to encompass 
different orientations of the device in addition to the orienta 
tion depicted in the Figures. The exemplary term “upper, can 
therefore, encompasses both an orientation of “lower” and 
“upper, depending on the particular orientation of the figure. 
Similarly, if the structure in one of the figures is turned over, 
elements described as “below' or “beneath other elements 
would then be oriented “above' the other elements. The 
exemplary terms “below' or “beneath’ can, therefore, 
encompass both an orientation of above and below. 
0026. Embodiments of the present inventive concept are 
described herein with reference to cross section and perspec 
tive illustrations that are schematic illustrations of idealized 
embodiments of the present inventive concept. As such, varia 
tions from the shapes of the illustrations as a result, for 
example, of manufacturing techniques and/or tolerances, are 
to be expected. Thus, embodiments of the present inventive 
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concept should not be construed as limited to the particular 
shapes of regions illustrated herein but are to include devia 
tions in shapes that result, for example, from manufacturing. 
For example, a region illustrated or described as flat may, 
typically, have rough and/or nonlinear features. Moreover, 
sharp angles that are illustrated, typically, may be rounded. 
Thus, the regions illustrated in the figures are schematic in 
nature and their shapes are not intended to illustrate the pre 
cise shape of a region and are not intended to limit the scope 
of the present inventive concept. 
0027. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this inventive concept belongs. It will be further under 
stood that terms, such as those defined in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and the present disclosure, and will not be interpreted in an 
idealized or overly formal sense unless expressly so defined 
herein. 

0028 FIG. 1 is a plan view illustrating a semiconductor 
device 100 including a plurality of memory cell regions 110 
included in a cell array region 105 surround by a peripheral 
region 115. According to FIGS. 2-4, each of the memory cell 
regions 110 can include a contact region 120 located in any of 
the positions illustrated by FIGS. 2-4. For example, FIG. 2 
shows that a contact region 120 is located along a single edge 
of the memory cell region 110. Alternatively, FIG. 3 illus 
trates that contact regions 120 can be located along two 
opposing edges of the memory cell region 110. Finally, FIG. 
4 illustrates that contact regions 120 can be located along each 
of the edges of the memory cell region 110. Accordingly, 
contact portions of the word line plates included in vertical 
NAND strings described herein can be located within the 
contact regions 120 shown in FIGS. 2-4. 
(0029 FIGS.5A-C are different views illustrating contact 
portions 35 of word line plates 30 included in a vertical 
NAND string of the semiconductor device 100. In particular, 
FIG. 5A illustrates a perspective view of the vertical NAND 
string configuration where each of the word line plates 30 
(WL PT) is electrically coupled to one of the memory cells 
included in the vertical NAND string located between an 
upper select line (USL) and a lower selection plate (LS PT). 
It will be understood that the upper select line USL can 
provide a similar function to that of a string select line in a 
NAND string device. Accordingly, each of the vertical 
NAND strings illustrated in FIG. 5A includes a plurality of 
memory cells MC oriented along the vertical direction fol 
lowed by the pillar PL. 
0030. It will be further understood that each of the word 
line plates 30 is electrically coupled to the gate electrodes of 
each of the memory cells in each of the immediately adjacent 
vertical NAND strings. For example, the upper most word 
line 30 is shown in FIG.5A as being coupled to an exemplary 
number of vertical NAND strings 1-4 shown in positions 
extending from right most pillar PL to the left most pillar PL. 
Accordingly, the upper most word line plate 30 is electrically 
coupled to the gate electrode corresponding to the upper most 
memory cell MC in each of the immediately adjacent vertical 
NAND strings 1-4. Furthermore, the plurality of word line 
plates 30 are vertically spaced apart from one another so that 
each of the memory cells MC in the vertical NAND string is 
electrically coupled to a corresponding word line plate 30 so 

YMTC EXHIBIT 1017 
Page 26 of 30



US 2009/031 0415 A1 

that each particular memory cell MC can be controlled by a 
corresponding respective word line plate 30. 
0031. As further shown in FIG. 5A, the vertical NAND 
strings are positioned beneath a plurality of corresponding bit 
lines BL extending in a first direction in the semiconductor 
device 100. Furthermore, a column select line CSL extends in 
a second direction that is perpendicular to the first direction of 
the bit lines in the semiconductor device 100 and is electri 
cally connected to a source contact S. CT that extends down 
ward alongside the vertical NAND string. Furthermore, a 
plurality of global word lines 60 GWL extends in a direction 
that is perpendicular to the bit lines BL and electrically con 
tact a plurality of word line contacts 50 (WL CT) that extend 
downward into the vertical NAND string. 
0032. As further shown in FIG.5A, each of the word line 
contacts 50 electrically contacts a corresponding contact por 
tion of a respective word line plate 35 so that the contact 
portions of each of the word line plates 35 defines a stair-step 
structure that extends downward into the vertical NAND 
string. Furthermore, the word line contacts 50 are aligned to 
one another and to the direction in which the bit lines BL 
extend in the semiconductor device 100. 

0033. As further illustrated by FIG.5A, each of the pillars 
PL can include a drain region as well as body region and the 
lower selection plate LS PT is formed on the capacitor 
dielectric CD located on the substrate (formed to have an 
orientation 100). Further, a gate insulator film (GI) can extend 
as shown from the lower selection plate LS PT to the upper 
selection line (USL). FIGS. 5B and 5C illustrate a cross 
sectional view and a plan view of the vertical mass structure 
illustrated in FIG. 5A. 

0034. As further shown in FIG. 5A, each of the contact 
portions 35 of the respective word line plates 30, to which it is 
connected, protrudes from a majority of the word line plate 30 
to provide for contact by the respective word line contact 50. 
Furthermore, portions of the word line plate 30 located 
behind the word line contacts 50 define a word line plate 
sidewall that faces in the direction of the global word line. The 
size of the word line plate sidewall facing the global word line 
direction decreases as the stair step pattern of the contact 
portions extends downward. For example, the portion of the 
word line plate sidewall adjacent to the lowest most word line 
plate 30 is smaller than any of the other portions of the word 
line plate side wall located above it. Furthermore, the same 
can be said of any of the portions of the word line plate 
sidewall defined by a corresponding word line plate 30. It will 
be further understood that the contact portion 35 and the word 
line plate 30 comprises a homogeneous unitary structure Such 
that there is no division in formation between the word line 
plate 30 and the portion of the word line plate 30 that pro 
trudes to define the word line plate contact portion 35 in some 
embodiments according to the invention. 
0035. As further shown in FIG. 5A, each of the contact 
portions 35 associated with a respective word line plate 30 is 
uncovered by all of the contact portions 35 located above. 
Furthermore, an uncovered portion of the contact portion 35 
is uncovered by an amount that is sufficient to allow the 
respective word line contact 50 electrically contacting there 
with to avoid contact with any other of the word line contact 
portions within the stair step pattern. The word line plate 
sidewall terminates the uncovered contact portion in the glo 
bal word line direction. In some embodiments according to 
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the invention, the word line contacts 50 are spaced apart from 
the portions of the word line plates 50 that define the sidewall 
by an equal distance. 
0036 FIGS. 6A-8B show various plan and cross sectional 
views illustrating the formation of contact portions of word 
line plates included invertical NAND strings of semiconduc 
tor memory devices in Some embodiments according to the 
invention. In particular, FIGS. 6A and 6B show a first stack in 
the formation of contact portion of word line plates in a 
vertical NAND string where a first mask M1 is formed on a 
sequence of eight word line layers 31-38 (referred to collec 
tively as 30) separated by a series of interlayer dielectric 
layers 20 all of which are located on a substrate 10. It will be 
understood that the FIGS. 6B, 7B, and 8B are cross sectional 
views taken along line I-I" shown in FIGS. 6A, 7A, and 8A. 
0037 According to FIG. 6B, the first mask M1 is used to 
etch the four upper most word line plate layers 31-34 (and the 
intervening interlayer dielectric layers 20) while keeping the 
four lower most word line plate layers 35-38 intact. As shown 
in FIG. 6A the mask M1 covers half of the contact portions 
(designated as R(1) to R(4) of R(1) to R(8)) and exposes the 
remaining number of contact portions of the word line plates. 
0038 According to FIGS. 7A and 7B, the first mask M1 is 
removed and a second mask M2 is formed thereon. As shown 
in FIG. 7A, the second mask M2 covers half of the contact 
portions which were covered by the first mask M1 in FIG.6A 
and, further, the mask M2 also covers half of the contact 
portions R5-R8 which were left exposed by the first mask M1 
in FIG. 6A. 
0039. As illustrated by FIG. 7B, the second mask M2 is 
used to etch half of the remaining layers which were exposed 
by the first mask M1 corresponding to contact portions 
R5-R8. For example, according to FIG. 7B, two of the four 
word line plate layers 35-38 are etched using the second mask 
M2 so as to leave the two lower most word line plate layers 37 
and 38 intact. Furthermore, the second mask M2 is also used 
to remove word line plate layers exposed by the second mask 
M2 which were also covered by the first mask M1 in FIG. 6A. 
Accordingly, the two upper most word line plate layers 31 and 
32 are also removed while word line plate layers 35 and 36 are 
removed using the second mask M2. 
0040. According to FIGS. 8A and 8B, the second mask 
M2 is removed and a third mask M3 is formed in its place. 
According to FIG. 8A, the third mask M3 is formed to cover 
half the contact portions of the underlying word line plates 
which were covered by the second mask M2 and which were 
also exposed by the second mask M2. In particular, the third 
mask M3 covers R1 and R5 both of which were covered by 
the second mask M2 and covers contact portions R3 and R7 
both of which were left exposed by the second mask M2. 
0041 According to FIG. 8B, the third mask M3 is used to 
etch half the number of word line plate layers 30 which were 
left intact after the etching step outlined in FIGS. 7A and 7B. 
In particular, the third mask M3 is used to etch the remaining 
word line plate layer 37 so as to leave the word line plate layer 
38 as the only remaining word line plate layer left intact at 
contact portion R(8). Furthermore, the third mask M3 is also 
used to etch a single word line plate layer 30 and each of the 
contact portions left exposed by the third mask M3. In par 
ticular, the third mask M3 is used to etch a single exposed 
portion of a word line plate layer 30 corresponding to contact 
portions R2, R4, and R6 each of which are left exposed by the 
third mask M3. Therefore, the sequential application of the 
three masks M1, M2, and M3 as outlined above provides the 
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formation of the eight contact portions R1-R8 arranged in a 
stair step pattern extending downward in the direction of the 
bit line in the non-volatile memory device. 
0.042 FIG. 9 is a table that illustrates the formation of a 
plurality of word line contact portions of word line plates 
including a vertical NAND string in some embodiments 
according to the invention. In particular, FIG. 9 illustrates the 
formation of 64 word line contact portions of the vertical 
NAND String as an exemplary embodiment. Accordingly, the 
columns labeled L represent the specific layer in which the 
word line contact portion is to be formed. The columns 
labeled 1-6 specified mask and etch steps that are used to form 
the 64 contact portions. 
0043. The numbers located in the columns and rows of the 
table indicate the number of underlying layers that are to be 
removed at the respective contact portion. For example, in a 
first step (shown by the column labeled 1) a mask is formed to 
coverall of the underlying layers at positions that correspond 
to contact portions 32-63 whereas locations that correspond 
to contact portions 1-32 are left uncovered by the first mask. 
Furthermore, the number 32 specified in the column labeled 1 
indicates that 32 of the underlying word line plate layers are 
to be removed during the first etching step. In other words, 
during the first etching step, 32 of the 64 underlying layers 
will be removed. During the second etching step (in the col 
umn labeled S2) a mask is formed to cover locations corre 
sponding to contact portions 17-32 and to cover contact por 
tions corresponding to 49-64. Locations corresponding to 
contact portions 1-16 and 33-48 are left uncovered. During 
etching for this step, 16 of the underlying layers (of the 
remaining 32) are removed. 
0044 FIGS. 10-17 are figures that illustrate further details 
regarding the embodiment illustrated in FIG. 9. For example, 
the table illustrated in FIG. 10 shows a subset of the entries of 
the table in FIG.9, reflecting that during a third step a mask is 
formed on the word plate layers to cover locations corre 
sponding to contact portions 9-16. Subsequently, the etching 
associated with step three is performed to remove 8 of the 
underlying layers exposed by the mask. For example, as 
shown in FIG. 11, the 8 upper most layers 30 left exposed by 
the mask M3 are removed so that the lower most 8 layers 
remain intact and Such that the layers protected by the mask 
layer M3 are not etched. 
0045. In a step 4 illustrated by FIGS. 12 and 13, mask M4 

is formed to cover portions of the layers 30 corresponding to 
contact portions 5-8 and 13-16 whereupon four of the layers 
exposed by the mask M4 are removed as shown in FIG. 13. 
According to a step 5 illustrated in FIGS. 14 and 15, a mask 
M5 is formed to cover the layers 30 at positions correspond 
ing to contact portions 1-4, 7-8, 11-12, and 15-16 as shown in 
FIG. 15. During the etching step, two of the exposed layers 30 
are removed as shown in FIG. 15. 
0046. In a sixth step as illustrated in FIGS. 16 and 17, a 
mask M6 is formed on the layers 30 to cover locations therein 
corresponding to contact portions 2, 4, 6, 8, 10, 12, 14, and 16 
as shown in FIG. 17. During the etching using the mask M6, 
a single one of the exposed layers is removed to provide the 
stair step pattern shown in FIG. 17, which extends downward 
in the direction of the bit line in the non-volatile memory 
device. 

0047 FIGS. 18 and 19 provide further illustrations of the 
formation of contact portions of a NAND string non-volatile 
memory device in Some embodiments according to the inven 
tion. In particular, FIG. 18 is a table that illustrates the for 
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mation of 16 contact portions of the word line plates within 
the contact region adjacent to the memory cell region MCR. 
According to FIG. 18, a first step in forming the 16 contact 
portions includes the removal of 8 of the upper most layers 
corresponding to contact portions R9-R16. Second, the etch 
ing is performed at locations corresponding to contact por 
tions R1-R4 and R9-R12. During a third step, etching is 
performed corresponding to locations for contact portions 
R1, R2, R5, R6, R9, R10, R13, and R14. During a fourth step, 
the etching is performed at locations corresponding to contact 
portions R1, R3, R5, R7, R9, R11, R13, and R15 to provide 
the 16 contact portions of the word line plates as illustrated, 
for example, in FIG. 19. 
0048 FIG. 20 is a plan view that illustrates the formation 
of contact portions 35 according to a line and space pattern in 
Some embodiments according to the invention. In particular, 
a conductive line 30 can beformed to have contact portions 35 
within the contact region that have a stair step pattern as 
described herein. 
0049. As shown in FIG. 21, the contact portions 35 within 
the contact region can include contacts 50, which electrically 
contact each of the contact portions 35. Furthermore, the 
conductive lines 30 include a sidewallportion defined by each 
of the sidewalls of the conductive lines 30, which make up the 
stair step pattern including the contact portions 35. 
0050. According to FIG. 22, the stair step pattern can be 
formed such that the contact portions within the contact 
region have varying widths W1. For example, according to 
FIG. 22, the word line plates 30 can include the contact 
portions within the contact region so that any number of the 
contact portions associated with the word line plates 30 can 
have a width that is different from the other widths associated 
with the other contact portions. Furthermore, the width W1 
for each of the contact portions is greater than a width W2 of 
the contacts 50, which electrically contact each of the contact 
portions 35. 
0051 FIGS. 23-26 are figures that illustrate the formation 
of contact portions in some embodiments according to the 
invention. FIG. 23 is a plan view of a stair step pattern of 
contact portions within the contact region including a side 
wall region of the conductive lines 30. 
0.052 According to FIG.24, a mask is formed on the layers 
30 where the mask exposes locations within the layers 30, 
which correspond to half of the contact portions to be formed 
therein (not shown in FIG. 24). Subsequent to this step, a first 
mask M1 is formed on the layers 30 to cover more than half of 
the contact portions to be formed within layers 30. The mask 
M1 is then used to etch the remaining layers 30 that are 
exposed by the mask M1. 
0053. In particular, more than half of the remaining layers 
exposed by the mask M1 can be removed by etching. For 
example, in FIG. 24 three of the remaining four layers 
exposed by the mask M1 at a location close pointing to 
contact portion 1 are removed. Furthermore, three layers of 
the word plate lines 30 are also removed at a position corre 
sponding to contact portion 5. It will also be understood that 
the sidewall region of the conductive lines shown in FIG. 23 
can be etched simultaneous with the layers that are etched to 
define the contact portions within the contact region. 
0054. In a next step, FIG.25 illustrates that a second mask 
M2 is formed therein to cover more than half of the contact 
portions and including covering the sidewall region. During 
etching, two of the remaining layers exposed by the mask M2 
are removed. According to FIG. 26, a third mask is formed to 
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cover more than half of the contact portions and to expose the 
sidewall region. During the etching step, a single one of the 
layers exposed by the mask M3 is removed so as to define 8 
contact portions arranged in the stair step configuration as 
described herein. 
0055 FIG. 27 is a block diagram that illustrates a decoder 
circuit 2900 having signal lines electrically connected to ver 
tical NAND strings within the memory cell regions 110. In 
particular, the decoder circuits 2900 are coupled to the cells 
within the MCR region 110 by contact portions within the 
contact region 120 as described herein. 
0056 FIG. 28 is a schematic representation of a memory 
card 1200 including non-volatile (flash) memory devices 
1210 in some embodiments according to the present inven 
tion. The memory card 1200 also includes a controller circuit 
1220 to coordinate operations of the memory card including 
a CPU 1222, SRAM 1221, a Host Interface (I/F) Circuit 1223, 
and Error Correction Circuit 1224 and a Memory Interface 
(I/F) Circuit 1225. 
0057 FIG. 29 is a block diagram of a memory system 
1310 (including a memory controller 1312 and a flash 
memory 1311) coupled to a system that includes a CPU 1330, 
RAM 1340, a User Interface 1350, a Modem 1320, all of 
which are connected by a bus 1360. It will be understood that 
the devices used to implement the devices can all be imple 
mented using contact portion of word line plates in Vertical 
NAND structures in some embodiments according to the 
invention. 
0058. Many alterations and modifications may be made by 
those having ordinary skill in the art, given the benefit of 
present disclosure, without departing from the spirit and 
scope of the invention. Therefore, it must be understood that 
the illustrated embodiments have been set forth only for the 
purposes of example, and that it should not be taken as lim 
iting the invention as defined by the following claims. The 
following claims are, therefore, to be read to include not only 
the combination of elements which are literally set forth but 
all equivalent elements for performing Substantially the same 
function in Substantially the same way to obtain Substantially 
the same result. The claims are thus to be understood to 
include what is specifically illustrated and described above, 
what is conceptually equivalent, and also what incorporates 
the essential idea of the invention. 
0059 What is claimed: 

1. A NAND based non-volatile memory device compris 
1ng: 

a plurality of memory cells vertically arranged as a NAND 
String: 

a plurality of word line plates each electrically connected to 
a respective gate of the memory cells in the NAND 
String; and 

a plurality of word line contacts each electrically con 
nected to a respective word line plate, the plurality of 
word line contacts being aligned to a bit line direction in 
the device. 

2. A NAND device according to claim 1 the device further 
comprising: 

a plurality of contact portions of the plurality of word line 
plates wherein each one of the plurality of word line 
contacts is electrically coupled to a respective one of the 
plurality of word line plates. 

3. A NAND device according to claim 2 wherein the plu 
rality of contact portions define a stair-step pattern extending 
downward in the bit line direction. 
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4. A NAND device according to claim 3 wherein the plu 
rality of word line plates define a word line plate side wall 
thereof that faces in a global word line 60 GWO direction. 

5. A NAND device according to claim 4 wherein each 
portion of the word line plate side wall is progressively 
smaller extending downward in the bit line direction. 

6. A NAND device according to claim 4 wherein each of 
the plurality of word line contacts and the respective one of 
the plurality of word line plates electrically coupled thereto 
comprises a respective homogeneous unitary structure. 

7. A NAND device according to claim 4 wherein each of 
the contact portions are uncovered by a neighboring one of 
the word line plates immediately above the uncovered contact 
portion by about an amount sufficient to allow the respective 
word line contact to electrically couple to the respective con 
tact portion without contacting the neighboring one of the 
word line plates and one of the contact portions immediately 
above the uncovered contact portion. 

8. A NAND device according to claim 5 wherein the word 
line plate side wall terminates the uncovered contact portion 
in the global word line direction. 

9. A NAND device according to claim 2 wherein the plu 
rality of contact portions comprise respective protruding tabs 
extending from the word line plates. 

10. A NAND device according to claim 2 wherein the word 
line contacts are equidistant from edges of multi-ones of the 
word line plates. 

11. ANAND device according to claim 2 wherein the word 
line contacts are in a contact region of the device located 
between a memory region of the device and an outer package 
wall of the device. 

12. A method of forming a NAND based non-volatile 
memory device comprising: 

forming a plurality of word line contacts electrically 
coupled to a plurality of memory cells vertically 
arranged as a NAND string, each of word line contacts 
being electrically connected to a respective one of a 
plurality of word line plates, the plurality of word line 
contacts being aligned to a bit line direction in the 
device. 

13. A method according to claim 12 wherein forming a 
plurality of word line contacts comprises: 

forming a first mask pattern to provide a first covered 
portion covering half a number of word line contact 
portions and to provide a first exposed portion exposing 
a remaining half of the number of word line contact 
portions; 

etching using the first mask pattern to remove half the 
number of layers included in the first exposed portion to 
define a single side wall of the word line contact por 
tions; 

removing the first mask pattern; 
forming a second mask pattern to provide a second covered 

portion and a second exposed portion covering half of 
the contact portions covered by the first covered portion 
of the first mask pattern and covering half the contact 
portions exposed by the first mask pattern; 

etching using the second mask pattern to remove half a 
number of remaining layers included in the second 
exposed portion to further define the single side wall of 
the word line contact portions; 

removing the second mask pattern; 
forming a third mask pattern to provide a third covered 

portion and a third exposed portion covering half the 
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contact portions covered by the second covered portion 
and exposing half the contact portions exposed by the 
second exposed portion; and 

etching using the third mask pattern to remove half a num 
ber of remaining layers included in the third exposed 
portion to further define the single side wall of the word 
line contact portions 

14. A method according to claim 12 wherein forming a 
plurality of word line contacts comprises: 

forming a first mask pattern to provide a first covered 
portion covering half a number of word line contact 
portions and to provide a first exposed portion exposing 
a remaining half of the number of word lines contact 
portions; 

etching using the first mask pattern to remove half the 
number of layers included in the first exposed portion to 
define opposing side walls of the word line contact por 
tions; 

removing the first mask pattern; 
forming a second mask pattern to provide a second covered 

portion and a second exposed portion covering half of 
the contact portions covered by the first covered portion 
of the first mask pattern and covering half the contact 
portions exposed by the first mask pattern; 

etching using the second mask pattern to remove half a 
number of remaining layers included in the second 
exposed portion to further define the opposing side walls 
of the word line contact portions: 

removing the second mask pattern; 
forming a third mask pattern to provide a third covered 

portion and a third exposed portion covering half the 
contact portions covered by the second covered portion 
and exposing half the contact portions exposed by the 
second exposed portion; and 

etching using the third mask pattern to remove half a num 
ber of remaining layers included in the third exposed 
portion to further define the opposing side walls of the 
word line contact portions. 

15. A method according to claim 12 wherein forming a 
plurality of word line contacts comprises: 

forming a first mask pattern to provide a first covered 
portion covering half a number of word line contact 
portions and to provide a first exposed portion exposing 
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a remaining half of the number of word lines and expos 
ing a portion defining opposing side walls of the word 
line contact portions; 

etching using the first mask pattern to remove half a num 
ber of layers included in the first exposed portion to 
define opposing side walls of the word line contact por 
tions; 

removing the first mask pattern; 
forming a second mask pattern to provide a second covered 

portion and a second exposed portion covering more 
than half of the contact portions included in the first 
covered portion and more than half of the contact por 
tions exposed by the first exposed portion and exposing 
the portion defining the opposing side walls of the word 
line contact portions; 

etching using the second mask pattern to remove more than 
half a number of remaining layers included in second 
exposed portion; 

etching using the second mask to remove more than half a 
number of remaining layers included in the portion 
defining the opposing side walls of the word line contact 
portions; 

removing the second mask pattern; 
forming a third mask pattern covering the portion defining 

the opposing side walls of the word line contact portions 
and exposing 

16. A method according to claim 15 wherein the word line 
contact portions formed comprise different sizes. 

17. A method according to claim 12 wherein the plurality 
of word line contacts define a stair-step pattern extending 
downward in the bit line direction. 

18. A method according to claim 17 wherein the plurality 
of word line plates define a word line plate side wall thereof 
that faces in a global word line direction. 

19. A method according to claim 18 wherein each portion 
of the word line plate side wall is progressively smaller 
extending downward in the bit line direction. 

20. A method according to claim 18 wherein each of the 
plurality of word line contacts and the respective one of the 
plurality of word line plates electrically coupled thereto com 
prises a respective homogeneous unitary structure. 

c c c c c 
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