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(57) ABSTRACT 

Provided are non-volatile memory devices and methods of 
fabricating the same, including improved bit line and contact 
formation that may reduce resistance and parasitic capaci 
tance, thereby reducing manufacturing costs and improving 
device performance. The non-volatile memory devices may 
include a substrate; a plurality of field regions formed on the 
Substrate, each of the field regions including a homogeneous 
first field and a second field that is divided into two sub 
regions via a bridge region; an active region formed on the 
Substrate and defined as having a string structure by the field 
regions, where at least two strings may be connected via one 
of the bridge regions; and a plurality of shared bit lines may be 
formed on the field regions and connected to the active region 
viabit line contacts, where the bit line contacts may be direct 
COntactS. 
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NON-VOLATILE MEMORY DEVICES 
INCLUDING SHARED BIT LINES AND 

METHODS OF FABRICATING THE SAME 

PRIORITY STATEMENT 

0001. This application claims priority under 35 U.S.C. 
S119 to Korean Patent Application Nos. 10-2008-0053212 
and 10-2008-0057021, filed on Jun. 5, 2008 and Jun. 17, 
2008, in the Korean Intellectual Property Office (KIPO), the 
entire contents of which are incorporated herein by reference. 

BACKGROUND 

0002 1. Field 
0003. Example embodiments relate to semiconductor 
memory devices and methods of fabricating the same, and 
more particularly, to non-volatile memory devices with 
improved integration density and methods of fabricating the 
SaC. 

0004 2. Description of the Related Art 
0005 Flash memory devices are non-volatile memory 
devices that can be electrically programmed and erased. Flash 
memory devices may have good portability and impact resis 
tance characteristics. There is a growing demand for flash 
memory devices to be used in portable information devices, 
Such as portable personal computers (PCs) or mobile phones. 
For this reason, research has been directed towards increasing 
integration density of memory devices in order to enable the 
production of increased capacity memory devices. In order to 
enable increase integration density, flash memory devices 
were introduced that include 16 or 32 memory cells con 
nected in series to form a string. 
0006. As device pitch is reduced in highly integrated flash 
memory devices, it becomes increasingly difficult to form a 
contact between an active string and a bit line. The alignment 
process must be performed very accurately and a defect (e.g., 
a short circuit) is likely to occur between adjacent bit lines 
even after forming the contact. A double patterning technol 
ogy (DPT) process may be performed in order to form bit 
lines that are accurately aligned in a one to one relationship 
with an active string within a very small device pitch. How 
ever, this process may be difficult to perform. 
0007 Furthermore, a reduction of device pitch results in a 
reduction of the interval between bit lines. A reduction of the 
interval between bit lines results in an increase in parasitic 
capacitance because the capacitance is proportional to the 
surface area of each of the bit lines and is inversely propor 
tional to the distance between the bit lines. When parasitic 
capacitance C increases between bit lines the perfor 
mance of a memory device is degraded. For example, 
increases or decreases in a read time t of a memory are 
directly proportional to increases or decreases in resistance 
and/or capacitance. Accordingly, methods of preventing 
parasitic capacitance from increasing due to a reduction in a 
bit line interval caused by a reduction in device pitch and 
methods of reducing resistance between a bit line contact and 
an active region may be desirable. 

SUMMARY 

0008 Example embodiments provide non-volatile 
memory devices which may be fabricated using simplified bit 
line and bit line contact fabrication processes while prevent 
ing or reducing increases in parasitic capacitance, thereby 
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reducing manufacturing costs and improving the perfor 
mance of the devices and methods of fabricating the same. 
0009. According to example embodiments, there are pro 
vided non-volatile memory devices having shared bit lines. 
The devices may include a Substrate, a field region on the 
Substrate including a first field and a second field, the second 
field divided into Sub regions via a bridge region, and a 
plurality of strings in the active region, the plurality of strings 
defined by the field region, with at least two of the strings 
connected via the active region in the bridge region. The 
non-volatile memory device may include a bit line on the field 
region, a bit line contact that is a direct contact in the bridge 
region connecting the at least two strings to the bit line, and a 
plurality of word lines perpendicular to the field region and 
crossing above the active region and the field region. A tun 
neling oxide may be on the active region. The field region may 
include an oxide layer and the oxide of the field region may be 
on the active region in each bridge region. The bit line contact 
may include a barrier metal and a conductive material. The bit 
lines may be copper. The barrier metal may be either silicon 
nitride spacer/titanium/titanium nitride or titanium/titanium 
nitride. The conductive material may be either tungsten or 
polysilicon. 
0010. The non-volatile memory device may include a plu 
rality of field regions in parallel, where the first and second 
fields are alternately arranged, the first fields and the second 
fields are longer in a first direction than a second direction 
perpendicular to the first direction, and the plurality of strings 
are between the first fields and the second fields. The bridge 
regions may be aligned either horizontally or diagonally. The 
bit line contact may extend to at least one of the two adjacent 
Sub regions. Each of the bridge regions may be convexly 
curved toward at least one of the two adjacent first fields and 
two Sub regions. The active region in each of the bridge 
regions may be convexly curved toward at least one of the two 
adjacent first fields and two Sub regions. Every two strings in 
the active region may be connected via one of the bridge 
regions. 
0011. According to example embodiments, there is pro 
vided a memory card including the above non-volatile 
memory with shared bit lines and a controller configured to 
control and exchange data with the non-volatile memory. 
According to example embodiments there is provided an 
electronic system including the above non-volatile memory 
with shared bit lines, a processor configured to communicate 
with the non-volatile memory device via a bus, and an input/ 
output device configured to communicate via the bus. 
0012. According to example embodiments, there is pro 
vided a method of fabricating a non-volatile memory device, 
the method including forming a plurality of field regions on a 
substrate in a first direction, where each of the field regions 
may include a single first field and a second field that is 
divided into two Sub regions via a bridge region; growing a 
tunneling oxide layer on an active region defined as having a 
string structure by the field regions, where at least two strings 
are connected via one of the bridge regions; respectively 
forming a plurality of bit line contacts on the bridge regions; 
and respectively forming a plurality of shared bit lines on the 
field regions in the first direction. 
0013 The forming of the plurality of field regions may 
include depositing first, second, and third insulating layers 
which are different layers on the substrate, and etching the 
second and third insulating layers by performing a double 
patterning technology (DPT) process; depositing a first oxide 
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layer over the resultant structure, and performing planariza 
tion by chemical-mechanical polishing until the second insu 
lating layer is exposed; forming photo mask patterns on the 
first oxide layer, forming a trench by etching the resultant 
structure by using the second insulating layer and the photo 
mask patterns, and removing the photo mask patterns so as to 
obtain the bridge regions under the first oxide layer where the 
photo mask patterns have been removed; and obtaining the 
field regions in the first direction by depositing a second oxide 
layer over the resultant structure and performing planariza 
tion by chemical-mechanical polishing until the second insu 
lating layer is exposed. During the growing of the tunneling 
oxide layer, the first and second insulating layers are removed 
using the second oxide layer as a mask So as to expose the 
active region on the resultant structure, and growing the tun 
neling oxide layer on the active region. 
0014 Before the forming of the plurality of bit line con 

tacts, the method may further include forming a plurality of 
word lines in a second direction perpendicular to the first 
direction, across the upper parts of the active region and the 
field regions, wherein the photo mask patterns are arranged in 
the second direction, either in a straight line or a ZigZag. 
fashion. Each of the bit line contacts extend to at least one of 
two adjacent Sub regions. The active region in each of the 
bridge regions may be convexly curved toward at least one of 
two adjacent first fields and two sub regions. The shared bit 
line may be fabricated by performing a Cu damascene pro 
CCSS, 

BRIEF DESCRIPTION OF THE DRAWINGS 

00.15 Example embodiments will be more clearly under 
stood from the following brief description taken in conjunc 
tion with the accompanying drawings. FIGS. 1-9 represent 
non-limiting, example embodiments as described herein. 
0016 FIG. 1 is a block diagram of a non-volatile memory 
according to example embodiments; 
0017 FIG. 2 is a layout diagram of part of a memory cell 
array of a non-volatile memory according to example 
embodiments; 
0018 FIGS. 3A-3D are cross-sectional views taken along 
the lines I-I", II-II, III-III' and IV-IV of FIG. 2; 
0019 FIGS. 4A-4H are layout diagrams of bridge regions 
and a shared bit line contact (SBC) according to example 
embodiments; 
0020 FIGS. 5A-5N are cross-sectional views illustrating 
a method of fabricating a non-volatile memory including 
shared bit lines according to example embodiments; 
0021 FIGS. 6A-6E are plan views respectively corre 
sponding to FIGS. 5I, 5.J. 5K, 5M and 5N: 
0022 FIGS. 7A and 7B are, respectively, a plan view and 
a cross-sectional view of a non-volatile memory according to 
example embodiments; 
0023 FIG. 8 is a block diagram schematically illustrating 
a memory card according to example embodiments; and 
0024 FIG. 9 is a block diagram schematically illustrating 
a system according to example embodiments. 
0025. It should be noted that these Figures are intended to 
illustrate the general characteristics of methods, structure 
and/or materials utilized in certain example embodiments and 
to supplement the written description provided below. These 
drawings are not, however, to scale and may not reflect the 
precise structural or performance characteristics of any given 
embodiment, and should not be interpreted as defining or 
limiting the range of values or properties encompassed by 
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example embodiments. For example, the relative thicknesses 
and positioning of molecules, layers, regions and/or struc 
tural elements may be reduced or exaggerated for clarity. The 
use of similar or identical reference numbers in the various 
drawings is intended to indicate the presence of a similar or 
identical element or feature. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

0026. Example embodiments will now be described more 
fully with reference to the accompanying drawings, in which 
example embodiments are shown. Example embodiments 
may, however, be embodied in many different forms and 
should not be construed as being 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 concept of example embodiments to those of 
ordinary skill in the art. In the drawings, the thicknesses of 
layers and regions are exaggerated for clarity. Like reference 
numerals in the drawings denote like elements, and thus their 
description will be omitted. 
0027. It will be understood that when an element is 
referred to as being “connected' or “coupled to another 
element, it can be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
when an element is referred to as being “directly connected 
or “directly coupled to another element, there are no inter 
vening elements present. Like numbers indicate like elements 
throughout. As used herein the term “and/or” includes any 
and all combinations of one or more of the associated listed 
items. 
0028. It will be understood that, although the terms “first, 
“second, etc. may be used herein to describe various ele 
ments, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, layer or section 
from another element, component, region, layer or section. 
Thus, a first element, component, region, layer or section 
discussed below could be termed a second element, compo 
nent, region, layer or section without departing from the 
teachings of example embodiments. 
(0029 Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above.” “upper and the like, may be used hereinfor 
ease of description to describe one element or feature's rela 
tionship to another element(s) or feature(s) as illustrated in 
the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, elements described as “below' or 
“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, the exemplary 
term “below can encompass both an orientation of above and 
below. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 
0030 The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of example embodiments. As used herein, the 
singular forms “a” “an and “the are intended to include the 
plural forms as well, unless the context clearly indicates oth 
erwise. It will be further understood that the terms “com 
prises' and/or "comprising, when used in this specification, 
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specify the presence of stated features, integers, steps, opera 
tions, elements, and/or components, but do not preclude the 
presence or addition of one or more other features, integers, 
steps, operations, elements, components, and/or groups 
thereof. 

0031 Example embodiments are described herein with 
reference to cross-sectional illustrations that are schematic 
illustrations of idealized embodiments (and intermediate 
structures) of example embodiments. As such, variations 
from the shapes of the illustrations as a result, for example, of 
manufacturing techniques and/or tolerances, are to be 
expected. Thus, example embodiments should not be con 
Strued as limited to the particular shapes of regions illustrated 
herein but are to include deviations in shapes that result, for 
example, from manufacturing. For example, an implanted 
region illustrated as a rectangle may have rounded or curved 
features and/or a gradient of implant concentration at its 
edges rather than a binary change from implanted to non 
implanted region. Likewise, a buried region formed by 
implantation may result in some implantation in the region 
between the buried region and the surface through which the 
implantation takes place. Thus, the regions illustrated in the 
figures are schematic in nature and their shapes are not 
intended to illustrate the actual shape of a region of a device 
and are not intended to limit the scope of example embodi 
mentS. 

0032 Unless otherwise defined, all terms (including tech 
nical and scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which example embodiments belong. It will be further under 
stood that terms, such as those defined in commonly-used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
0033 FIG. 1 is a block diagram of a non-volatile memory 
according to example embodiments. Referring to FIG. 1, the 
non-volatile memory may include a memory cell array 10, a 
page buffer 20, a Y-gating circuit 30, and a control/decoder 
circuit 40. The memory cell array 10 may include a plurality 
of memory blocks and each of the memory blocks may 
include a plurality of non-volatile memory cells. The non 
volatile memory cells may be flash memory cells, for 
example, NAND and/or NOR flash memory cells. The page 
buffer 20 may temporarily store data to be written to or to be 
read from the memory cell array 10. The Y-gating circuit 30 
may transmit data stored in the page buffer 20. The control/ 
decoder circuit 40 may receive a command CMD and an 
Address from the outside, apply a control signal for writing 
data to or reading data from the memory cell array 10, and 
decode the address. The control/decoder circuit 40 can supply 
a control signal for inputting data to or outputting data from 
the page buffer 20, and provide address information to the 
Y-gating circuit 30. 
0034 FIG. 2 is a layout diagram of part of a memory cell 
array 10, for example the memory cell array 10 of FIG. 1, of 
a non-volatile memory according to example embodiments. 
FIGS. 3A-3D are cross-sectional views taken along the lines 
I-I", II-II, III-III' and IV-IV of FIG. 2. Referring to FIGS. 2 
and 3A-3D, the memory cell array 10 may include a plurality 
of active regions Act defined by field regions 110 in a semi 
conductor layer 100. The semiconductor layer 100 may 
include at least one of a Substrate, an epitaxial layer and a 
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silicon-on-insulator (SOI) layer. The active regions Act may 
be arranged linearly, in parallel, and are generally referred to 
as active strings or strings. 
0035. A string selection line SSL and a ground selection 
line GSL may cross over the active regions Act. A plurality of 
word lines WL-WL (where n may be any positive integer), 
partially shown as WL WL, WL and WL may cross 
over the active regions Act and be arranged between the string 
selection line SSL and the ground selection line GSL. The 
string selection line SSL, the ground selection line GSL, and 
the word lines WL-WL may be parallel to one another. A 
plurality of impurity regions 101 may be respectively formed 
in the active regions adjacent to both ends of the word lines 
WL-WL, the string selection line SSL, and the ground 
selection line GSL. 
0036) A string selection transistor SST, a plurality of cell 
transistors CT-CT, and a ground selection transistor GST 
may be connected in series. The string selection transistor 
SST, the ground selection transistor GST, and the cell tran 
sistors CT-CT may togetherform a one unit memory block. 
The impurity region 101 adjacent to the string selection tran 
sistor SST and opposite to the ground selection line GSL may 
be defined as a drain region of the string selection transistors. 
The impurity region 101 adjacent to the ground selection 
transistor GST and opposite to the string selection line SSL 
may be defined as a source region of the ground selection 
transistor. 

0037 Each of the cell transistors CT-CT may include a 
tunneling insulating layer 131, a charge storage layer 133, a 
blocking insulating layer 135, and a cellgate conductive layer 
141 on the semiconductor layer 100. Each of the cell transis 
tors CT-CT may include a cell barrier conductive layer (not 
shown) and/or a word line conductive layer (not shown) on 
the cell gate conductive layer 141. The tunneling insulating 
layer 131 and the charge storage layer 133 may be separated 
for each of cell transistors CT-CT, in the direction of the 
word lines WL-WL. The top surface of the field 110 may be 
Substantially at the same level as that of the charge storage 
layer 133. The tunneling insulating layer 131 may be a silicon 
oxide layer. The charge storage layer 133 may be a charge 
trapping layer and/or a floating gate conductive layer. The 
blocking insulating layer 135 and the cell gate conductive 
layer 141 may be shared by adjacent cell transistors as the 
word lines WL-WL. Spacers 150 may be on the side walls 
of the tunneling insulating layer 131, the charge storage layer 
133, the blocking insulating layer 135, and the cell gate con 
ductive layer 141. The spacers 150 may be multiple layers. 
0038. The string selection transistor SST and the ground 
selection transistor GST may have the same stacked structure 
as the cell transistors CT-CT. The widths of the string 
selection line SSL and the ground selection line GSL may be 
greater than those of the word lines WL-WL. Similarly, the 
widths of the string selection transistor SST and the ground 
selection transistor GST may be greater than those of the cell 
transistors CT-CT. However, example embodiments are not 
limited thereto. 

0039. A first interlevel insulating layer 160 may cover the 
word lines WL-WL, the string selection line SSL and the 
ground selection line GSL. A common Source line CSL may 
be connected to the source region of the ground selection line 
GSL and may pass through the first interlevel insulating layer 
160. The common source line CSL may be parallel with the 
ground selection line GSL. A second interlevel insulating 
layer 170 may be on the first interlevel insulating layer 160. 
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0040. A shared bit-line contact SBC may pass through the 
first and second interlevel insulating layers 160 and 170, and 
be connected to the drain region of the String selection line 
SSL. A plurality of shared bit lines BL-BL (where m may 
be any positive integer) may be located on the second inter 
level insulating layer 170 above and crossing the word lines 
WL-WL, and being connected to shared bit line contacts 
SBC. The shared bit lines BL-BL may be arranged parallel 
to one another on the field regions 110 and the total number of 
the shared bit lines BL-BL may be half that of the word 
lines WL-WL, (e.g., m may equal n/2). 
0041. The shared bit lines BL-BL, and the shared bit line 
contact SBC will now be described in greater detail with 
reference to FIGS. 4A-4H, which are layout diagrams of 
bridge regions and shared bit-line contacts SBC according to 
example embodiments. Only part of a cell region in which 
shared bit lines and shared bit line contacts are disposed is 
schematically illustrated. FIG. 4A illustrates active regions 
101 and field regions 110 on a substrate (not shown) in colum 
nar form. Each of the field regions 110 is shown subdivided 
into two columnar fields, first field 110a and second field 
110b, separated by an active region 101. The second fields 
110b are also shown vertically subdivided into upper and 
lower Sub regions by a bridge region A. 
0042. A shared bit line 190 may be on second field 110b 
but not on first field 110a of each of the field regions 110. 
Thus, the total number of bit lines may be half that of con 
ventional bit lines where one bit line is connected to each 
string of an active region. The pitch between the second fields 
110b which may include the shared bit lines 190 may be 
greater than in the case of the conventional art (e.g., three 
times greater). Accordingly, even if the widths of the shared 
bit lines 190 are increased, interference may not occur 
between the shared bit lines 190. 
0043. The bridge region A may be located within each of 
the second fields 110b and a shared bit line contact 180 may 
be in the bridge region A. The shared bit line contact 180 may 
be easy to form since the second field 110b including the 
bridge region A may be wide. The shared bit line contact 180 
may have various shapes. The shared bit line contacts 180 
may be at different locations relative to each other. For 
example, the bit line contacts 180 may be vertically aligned to 
each other or may be vertically staggered in a ZigZag fashion, 
as illustrated in FIGS. 4A-4D. Bitline contacts 180 may have 
a greater margin when staggered in a ZigZag fashion. The 
location of the shared bit line contact 180 may depend on the 
location of the bridge region A, which will be described below 
with reference to FIGS. SA-5N. 
0044) Methods of fabricating the bridge region A that 
divides the second field 110b into sub regions will now be 
described. According to example embodiments, an oxide 
layer that is the same as an oxide layer offield regions may be 
thinly formed on active regions in the bridge region A without 
exposing the active regions. Alternatively, active regions in 
the bridge region A may be exposed and a tunneling oxide 
layer may be grown on the active regions. The former case 
may be preferable since an additional patterning process may 
be required in order to expose active regions in the bridge 
regions. 
0045. According to example embodiments, dotted boxes 
200 in FIGS. 4A-4H denote upper and lower string selection 
lines spaced vertically apart. In a non-volatile memory device 
according to example embodiments, memory cells in cell 
regions having a symmetric structure with respect to the 
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shared bit line contacts 180 may be below the lower string 
selection line and above the upper string selection line. The 
area in which the bit line contacts 180 are shown may not 
include memory cells and therefore may not include word 
lines. 

0046 FIG. 4B is similar to FIG. 4A except that bridge 
regions A and shared bit line contacts 180 are horizontally 
aligned and form a straight line parallel to string selection 
lines SSLs 200. Referring to FIG. 4C, each of shared bit line 
contacts 180a may be in a bridge region and extend into 
neighboring Sub regions of a second field 110b. According to 
example embodiments, the bit line contact 180a may extend 
into only one of the sub regions. FIG. 4D is similar to FIG. 4C 
except that bridge regions and shared bit line contacts 180a 
are vertically aligned and form a straight horizontal line par 
allel to string selection lines SSLs 200. 
0047 Referring to FIG. 4E, an active region in each of 
bridge regions B may extend into two adjacent fields and two 
adjacent Sub regions. For example, upper and lower Sub 
regions of a second field 110b and right and left first fields 
110a. Therefore, the active region may be convexly curved 
into these fields and sub regions. This shape of the active 
region in the bridge region B may be obtained, for example, 
by intentionally patterning during the formation of the bridge 
region B or by controlling the degree of etching during an 
etching process. Since the bridge region B is large, it is 
possible to secure a large space for the shared bit line contact 
180, thereby simplifying a contact process. Referring to FIG. 
4F, an active region in each of bridge regions C may be 
convexly curved only towards upper and lower Sub regions of 
a second field 110b. FIG. 4G is similar to FIG.4F except that 
bridge regions C and shared bit line contacts 180 are verti 
cally aligned and form a straight horizontal line parallel to 
string selection lines SSLs 200. Referring to FIG. 4H, bridge 
regions D may be similar to the bridge regions B illustrated in 
FIG. 4E but each shared bit line contact 180b is oriented such 
that it is wider horizontally than vertically in a second field 
110b. 

0048. The shape and positioning of shared bit line contacts 
in bridge regions has been particularly described but example 
embodiments are not limited thereto. For example, an active 
region in a bridge region may be convexly curved toward at 
least one of two adjacent fields and/or two adjacent Sub 
regions. Also, each shared bit line contact may extend to the 
Sub regions of a field in a convexly curved bridge region as 
illustrated in FIG.4C or 4D. Ifactive regions inbridge regions 
are convexly curved toward right and left fields, the bridge 
regions may be in a ZigZag fashion rather than in a straight 
line. The benefits of increasing the size of an active region by 
using a wider bridge region may include: (1) easier formation 
of a shared bit line contact because the shared bit line contact 
may be larger; and (2) reduced resistance of the shared bit line 
contact due to the increased contact area to an active region (at 
the bottom of the bridge region) or to a bit line (at the top of 
the bridge region). Shared bit lines and shared bit line con 
tacts according to example embodiments can be applied to 
various types of non-volatile memory device (e.g., NAND 
flash memory devices and/or NOR flash memory devices). 
0049 FIGS. 5A-5N are cross-sectional views illustrating 
methods of fabricating a non-volatile memory device with 
shared bit lines according to example embodiments. FIGS. 
6A-6E are plan views respectively corresponding to FIGS.5I, 
5J, 5K, 5M and 5.N. Referring to FIG. 5A, a first insulating 
layer 210, a second insulating layer 220, a third insulating 
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layer 230 and a poly silicon layer 240 may be sequentially 
formed on a substrate 100. Photo mask patterns 250 may be 
formed on the poly silicon layer 240 by performing a photo 
lithographic process. The first insulating layer 210 may be a 
pad oxide layer, the second insulating layer 220 may be a 
silicon nitride (SiN) layer, and the third insulating layer 230 
may be a medium temperature deposition of oxide (MTO) 
layer. However, example embodiments are not limited 
thereto. The resultant structure shown in FIG. 5A may be 
divided into two parts with respect to dotted lines: a left 
pattern that may become a cell region and a right pattern for 
forming an isolation layer in order to separate the cell region 
from other peripheral circuit regions. The right pattern may be 
larger than the left pattern. 
0050 Referring to FIG.5A, the third insulating layer 230, 
(e.g., a MTO layer), may be etched by performing an etching 
process using the photo mask patterns 250 as a mask. The 
photo mask patterns 250 may be removed (e.g., by perform 
ing an ashing/strip process). Referring to FIG. 5B, the etch 
process may result in a poly silicon layer 24.0a and third 
insulating layer 230a. Referring to FIG. 5C, a fourth insulat 
ing layer 235 may be thinly formed over the poly silicon layer 
24.0a and the third insulating layer 230a by performing, for 
example, atomic layer deposition (ALD). The fourth insulat 
ing layer 235 may beformed of the same material as the third 
insulating layer 230a (e.g., a MTO layer). The fourth insulat 
ing layer 235 may be formed such that the thickness of the 
fourth insulating layer 235 is equal to the distance of recessed 
portions thereof in the cell region. The thickness of the fourth 
insulating layer 235 may be equal to the intervals between 
active strings or fields in the finally obtained memory device. 
0051 Referring to FIG. 5D, a poly silicon layer 245 may 
beformed on the fourth insulating layer 235. A portion of the 
polysilicon layer 245 on the fourth insulating layer 235 may 
be removed (e.g., by performing an etch-back process) to 
form polysilicon layer 245a in FIG.5E. The poly silicon layer 
245 in the right (e.g., larger) pattern may be completely 
removed by performing, for example, an etch-back process. 
The polysilicon layer 245 in the left (e.g., smaller) pattern 
between the recessed portions of the fourth insulating layer 
235 may be partially removed. Referring to FIG. 5E, the 
remains of poly silicon layer 245 are shown as polysilicon 
layer 245a. Poly silicon layers 24.0a and 245a may be used as 
masks in order to perform patterning on the second insulating 
layer 220 (e.g., performing an etch process), thereby remov 
ing the poly silicon layers 240a and 245a, resulting in the 
structure of FIG.5F. Referring to FIG.5F, although the fourth 
insulating layer 235 has been removed from the right pattern 
it may partially remain in the left pattern as fourth insulating 
layer 235a. The third insulating layer 230a may remain in the 
right and left pattern as third insulating layer 230b. The pro 
cess described above with respect to FIGS. 5A-5F may be 
referred to as a double patterning technology (DPT) process. 
0052 Referring to FIG. 5G, a gap-fill process may be 
performed on the structure shown in FIG.5F using an oxide 
layer 215. The oxide layer 215 may be deposited to fill gaps 
between the patterns of the third and fourth insulating layers 
230b and 235a (e.g., the MTO layers) and the second insu 
lating layer 220a on the substrate 100. Planarization may be 
performed on the structure shown in FIG.5G (e.g., chemical 
mechanical polishing (CMP)) so that the second insulating 
layer 220a may be exposed, as shown in FIG. 5H. After 
planarization, a process of forming a bridge region according 
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to example embodiments follows, which will now be 
described also with reference to FIGS. 6A-6E. 

0053 Referring to FIGS. 5I and 6A, photo mask patterns 
260 may be formed on the second insulating layer 220a and 
the oxide layer 215a. The photo mask patterns 260 are formed 
only in the cell region, in which shared bit line contacts are to 
be formed outside a string selection line SSL. Referring to 
FIG. 6A, as described above, the photo mask patterns 260 
may be formed in a straight line parallel to a plurality of word 
lines but may also be formed in a ZigZag fashion along word 
lines as indicated with dotted boxes 260a. Referring to FIGS. 
5J and 6B, the oxide layer 215a and the first insulating layer 
210 shown in FIG. 5I may be partially removed (e.g., by 
etching) using the photo mask pattern 260 and the second 
insulating layer 220a as masks. Referring to FIGS. 5K and 
6C, in order to form field regions and an isolation layer, 
trenches may be formed in the substrate 100 by using the 
pattern shown in FIG. 5J as a mask. The photo mask pattern 
260 shown in FIG.5J may be removed (e.g., by performing an 
ashing/strip process). Referring to FIG.5L, a gap-fill process 
may be performed over the structure shown in FIG. 5K to 
form an oxide layer 115. 
0054 Referring to FIGS. 5M and 6D, planarization (e.g., 
CMP) may be performed on the structure shown in FIG. 5L 
until the second insulating layer 220a is exposed, thereby 
obtaining field regions 110 and isolation layer 115a. 
Although not specifically illustrated in FIG. 6D, each of the 
field regions 110 may have a second field 110b divided into 
two Sub regions via a bridge region, and a single first field 
110a. The second field 110b may have a thinly formed oxide 
layer on the bridge region and the bottom thereofmay contact 
an upper part of the substrate 100. Hereinafter, the upper part 
of the substrate 100 will be referred to as an active region 
consistent with FIGS. 1-4H. Although an active region is 
Substantially obtained after performing ion implantation on 
the upper part of the substrate 100, the upper part of the 
substrate 100 will now be referred to as the active region for 
convenience of explanation. 
0055 Referring to FIGS. 5N and 6E, the active regions 
may be exposed by removing the second insulating layer 
220a and the first insulating layer 210a under the second 
insulating layer 220a of FIG.5M, by using field regions 110 
and isolation layer 115a as masks. Tunneling oxide layer 131 
may be grown on the exposed active regions. For a better 
understanding of example embodiments, FIG. 6E illustrates 
shared bit lines 190 and shared bit line contacts 180 which 
will later be formed. Each of the shared bit lines 190 may be 
placed on second field 110b of field regions 110, in which a 
bridge region exists. Shared bit line contact 180 may be 
formed in the bridge region of second field 110b. In FIG. 5.N. 
lower parts of the second fields 110b are indicated with a 
dotted line in the substrate 100, which may mean that except 
for the bridge regions, second fields 110b may be formed 
similar to first fields 110a in the direction of bit lines. Accord 
ing to example embodiment shared bit line contacts 180 may 
be arranged in a straight line. However, as described above, 
the arrangement of the bridge regions may be controlled by 
changing the array of the photo mask patterns 260 during the 
formation of the photo mask patterns 260, illustrated in FIG. 
6A, and the arrangement of the shared bit line contacts 180 
can be adjusted accordingly. A plurality of fields adjacent to 
the bridge regions can also be formed in various shapes as 
illustrated in FIGS 4A-4H. 
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0056. A subsequent process of fabricating a non-volatile 
memory device may be performed in a conventional manner, 
and therefore, a detailed description thereof is omitted. For 
example, the shared bit line contacts may beformed by form 
ing contact hole Vias that expose the active regions in the 
bridge regions, by etching the insulating layers formed on the 
bridge regions, performing ion implantation in order to 
reduce contact resistance at the bottoms of the contact holes, 
depositing a barrier metal layer along inner Surfaces of the 
contact holes, and filling the resultant contact holes with a 
conductive material. The barrier metal may be a SiN spacer/ 
Ti/TiN or Ti/TiN but is not limited thereto. However, since a 
large space for a contact region is secured during formation of 
shared bit line contacts, a contact process may be improved 
over the conventional art. Also, since the intervals between 
the shared bit lines may be increased, a bit line formation 
process may be improved. For example, if bit lines are formed 
of copper (Cu) that is cheap and has high conductivity, the 
damascene process may be used. Conventionally, there are 
difficulties forming bit lines at narrow intervals by using the 
Cu damascene process. However, according to example 
embodiments, the intervals between bit lines may be three 
times wider than in the prior art by employing shared bit lines, 
and thus, a Cu damascene process may be performed. 
0057 FIGS. 7A and 7B are, respectively, a plan view and 
a cross-sectional view of a non-volatile memory device 
according to example embodiments. Referring to FIGS. 7A 
and 7B, the structures of shared bit lines or shared bit line 
contacts according to example embodiments may be similar 
to those illustrated in FIGS. 5N and 6E except for the bridge 
region structures. Referring to FIGS. 5M and 6D, first insu 
lating layer 210a and oxide layer 215a (labeled in FIG.5L) 
may remain on active regions of the bridge region but accord 
ing to example embodiments shown in FIGS. 7A and 7B, 
tunneling oxide layer 131 may be formed on active regions 
instead of first insulating layer 210a and oxide layer 215a. 
The first insulating layer 210a and the oxide layer 215a on the 
active region of the bridge regions may removed to expose the 
active regions. The bridge regions according to example 
embodiments shown in FIGS. 7A and 7B may be formed by 
removing the first and second insulating layers 210a and 220a 
in FIG. 5M after performing the planarization process, 
removing first insulating layer 210a and oxide layer 215a in 
order to expose the active regions in the bridge regions, and 
then, growing the tunneling oxide layer 131 over the resultant 
Structure. 

0058 As described above, in a non-volatile memory 
device having shared bit lines and a method of fabricating the 
same according to example embodiments, it is possible to 
minimize or reduce interference between bit lines and elimi 
nate the use of a DPT process which is a complicated process 
to manufacture bit lines. Also, shared bit line contacts may be 
formed for the shared bit lines by using bridge regions such 
that a less complex bit line contact process and a Cu dama 
scene process for manufacturing bit lines may be used, 
thereby reducing manufacturing costs. Also, since the inter 
vals between bit lines and a contact area for contacts may be 
large, parasitic capacitance and resistance may be reduced 
and the performance of the device may be improved. 
0059 FIG. 8 is a diagram schematically illustrating a 
memory card 5000 according to example embodiments. 
Referring to FIG. 8, a controller 510 and a memory 520 may 
be arranged to exchange an electrical signal with each other. 
For example, when the controller 510 gives a command to the 
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memory 520, the memory 520 may transmit data. The 
memory 520 may include a non-volatile memory device, such 
as the non-volatile memory device of FIGS. 1-7B, according 
to example embodiments. Non-volatile memory devices 
according to example embodiments can be disposed in 
NAND or NOR architecture arrays according to a desired 
logic gate design, wherein such NAND and NOR arrays are 
generally known in the conventional art. The memory arrays 
disposed in a plurality of rows and columns can form one or 
more memory array banks (not shown). Although not shown, 
the memory 520 may include Such a memory array or such a 
memory array bank, all of which are known in the conven 
tional art. The memory card 5000 can further include conven 
tional members, such as a conventional row decoder (not 
shown), a column decoder (not shown), input/output (I/O) 
buffers (now shown), and/or a control resistor (not shown) in 
order to drive the memory array bank, all of which are known 
in the conventional art. The memory card 5000 may be used 
as a memory device, for example, a memory Stick card, a 
smart media (SM) card, a secure digital (SD) card, a miniSD 
card, or a multi media card (MMC). 
0060 FIG. 9 is a block diagram schematically illustrating 
an electronic system 6000 according to example embodi 
ments. Referring to FIG. 9, the system 6000 may include a 
controller 610, an input/output device 620, a memory 630, 
and an interface 640. The system 6000 may be a mobile 
system or a system that transmits or receives data. The mobile 
system may be, for example, a personal digital assistant 
(PDA), a portable computer, a web tablet, a wireless phone, a 
mobile phone, a digital music player, or a memory card. The 
controller 610 may execute a software program and control 
the electronic system 6000. The controller 610 may be, for 
example, a microprocessor, a digital signal processor, or a 
microcontroller. The input/output device 620 can be used to 
input or output data to or from the electronic system 6000. 
The electronic system 6000 may be connected to an external 
apparatus, for example, a personal computer or a network, by 
using the input/output device 620, in order to send data to or 
receive data from the external apparatus. The input/output 
device 620 may be, for example, a keypad, a keyboard, or a 
display. The memory 630 may store codes and/or data for 
operating the controller 610 and/or may store data processed 
by the controller 610. The memory 630 may include a non 
volatile memory device of FIGS. 1-7B, according to example 
embodiments. The interface 640 may be a data transmission 
path between the system 6000 and an external apparatus. The 
controller 610, the input/output device 620, the memory 630, 
and the interface 640 may communicate with one another via 
a bus 650. For example, the system 6000 can be applied to a 
mobile phone, an MP3 player, a navigation system, a portable 
multimedia player (PMP), a solid state disk (SSD), or a 
household appliance. 
0061 While example embodiments have been particularly 
shown and described, it will be understood by one of ordinary 
skill in the art that variations in form and detail may be made 
therein without departing from the spirit and scope of the 
claims. 

1. A non-volatile memory device having shared bit lines, 
comprising: 

a Substrate; 
a field region on the Substrate including a first field and 

a second field, the second field divided into sub 
regions via a bridge region; 

an active region; and 



US 2009/0302472 A1 

a plurality of strings in the active region, the plurality of 
strings defined by the field region, with at least two of 
the strings connected via the active region in the 
bridge region. 

2. The non-volatile memory device of claim 1, further 
comprising: 

a bit line on the field region; and 
a bit line contact that is a direct contact in the bridge region 

connecting the at least two strings to the bit line. 
3. The non-volatile memory device of claim 2, further 

comprising a plurality of word lines perpendicular to the field 
region and crossing above the active region and the field 
region. 

4. The non-volatile memory device of claim 2, further 
comprising: 

a plurality of field regions in parallel, 
wherein the first fields and the second fields are alternately 

arranged, 
the first fields and the second fields are longer in a first 

direction than a second direction perpendicular to the 
first direction, and 

the plurality of strings are between the first fields and the 
second fields. 

5. The non-volatile memory device of claim 4, wherein the 
bridge regions are aligned one of horizontally and diagonally 
with respect to each other. 

6. The non-volatile memory device of claim 2, wherein the 
bit line contact extends to at least one of two adjacent Sub 
regions. 

7. The non-volatile memory device of claim 5, wherein 
each of the bridge regions is convexly curved toward at least 
one of two adjacent first fields and two Sub regions. 
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8. The non-volatile memory device of claim 7, wherein the 
active region in each of the bridge regions is convexly curved 
toward at least one of two adjacent first fields and two sub 
regions. 

9. The non-volatile memory device of claim 1, wherein a 
tunneling oxide layer is on the active region. 

10. The non-volatile memory device of claim 1, wherein 
the field region includes an oxide layer, and 

the oxide of the field region is on the active region in each 
of the bridge regions. 

11. The non-volatile memory device of claim 2, wherein 
the bit line contact includes a barrier metal and a conductive 
material, and 

the bit lines are copper. 
12. The non-volatile memory device of claim 11, wherein 

the barrier metal is one of silicon nitride (SiN) spacer/tita 
nium (Ti)/titanium nitride (TiN) and Ti/TiN, and 

the conductive material is one oftungsten and polysilicon. 
13. The non-volatile memory device of claim 4, wherein 

every two strings in the active region are connected via one of 
the bridge regions. 

14. A memory card comprising: 
the non-volatile memory device of claim 1; and 
a controller configured to control and exchange data with 

the non-volatile memory device. 
15. An electronic system comprising: 
the non-volatile memory device of claim 1: 
a processor configured to communicate with the non-vola 

tile memory device via a bus; and 
an input/output device configured to communicate via the 

bus. 
16-26. (canceled) 


