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SEMICONDUCTOR DEVICES INCL.UDING
FIRST AND SECOND BIT LINES

CLAIM OF PRIORITY

[0001] The present application is a divisional of and claims
priority from U.S. patent application Scr. No. 11/623,269,
filed Jan. 15, 2007, which claims the benefit of Korean Patent
Application No. 10-2006-0101957, liled on Oct. 19, 2006, the
disclosures of which are hereby incorporated by reference
herein in their entireties.

BACKGROUND

[0002] Exemplary embodiments disclosed herein generally
relate to formation of lines and, more particularly, to forma-
tion of bit lines in a semiconductor device. Hxemplary
embodiments disclosed herein also relate to bit lines in a
semiconductor device such as a non-volatile memory device
and a method for forming the same.

10003] As semiconductor devices become increasingly
integrated, the widths of patterns and the intervals between
adjacent patterns decrease. Conventionally, fine patterns are
formed by performing various photolithography processes.
However, as the degree to which semiconductor devices are
integrated increases, a misalignment margin in such photoli-
thography processes decreases. Accordingly, fine patterns
(e.g., contacts) are often misaligned with respect to nnderly-
ing conductive regions during photolithography processes.
For example, when even a slight degree of a misalignment
occurs during a photolithography process for forming a hit
line, misalignment between bit lines and bit line contacts
occurs, thereby bridging one bit line to an adjacent bit line.
Moreover, due to the reduction of a photolithography process
margin, adjacent bit lines can become electrically connected
to each other.

SUMMARY

[0004] Exemplary embodiments described herein provide a
conductive line structure and a method for forming the same.
Cxemplary embodiments described herein also provide a
non-volatile memory device including a bit line and a method
for forming the same. Exemplary embodiments described
herein also provide a memory card including the non-volatile
memory device. Exemplary embodiments described herein
also provide a stacked memory device including a non-vola-
tile memory device.

[0005] One embodiment exemplarily described herein can
be characterized as a method for forming a conductive line
that includes forming an insulation layer on a substrate, the
substrate including u plurality of [irst regions and a plurality
of second regions. each of the second region being disposed
between adjacent first regions; forming a plurality of first
conductive lines on the insulation layer, the first conductive
lines being electrically connected to respective first regions
through respective [irst contacts through the insulation layer,
forming a plurality of spacers on sidewalls of the first lines;
forming a plurality of contact holes between the adjacent first
contacts by removing the insulation laver between the adja-
cent ones of the plurality of spacers, the contact holes expos-
ing respeclive second regions; and [orming a plurality ol
second contacts filling respective contact holes and forming a
plurality of second conducive lines electrically connected to
respective sccond contacts.
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[0006]  Another embodiment exemplarily described herein
can be characterized as a method of forming a non-volatile
memory device that includes forming a string select line, a
ground select line, and a plurality ol word lines between the
string select line and the ground select line on a substrate
having a plurality of active regions, the string and ground
sclect lines and the plurality of word lines crossing over the
active regions; forming an insulation layer covering the
ground select line, the string select line, and the plurality of
word lines; patterning the insulation layer to form a plurality
of first contact holes; forming a plurality of first contacts
within respective first contact holes and forming a plurality of
first bit lines electrically connected to respective first con-
tacts; forming o plurality olspacers on sidewalls o[ the first bit
lines; forming a second contact hole between adjacent ones of
the plurality of first contact holes by removing the insulation
layer between the adjacent ones of the plurality of spacers;
and forming a second contact within the second contact holes
and a second hit line electrically connected to the second
contact.

[0007] Still another embodiment exemplarily described
herein can be characterized as a stacked memory device that
includes a plurality of substrates having at least two stacked
substrates; and a memory device disposed on at least one of
the substrates. In such an embodiment, the memory device
can be formed according to the method disclosed in the imme-
diately preceding paragraph.

[0008] Still another embodiment exemplarily described
herein can be characterized as a memory card that includes a
microprocessor; and a memory device coupled to the micro-
processor. [n such an embodiment, the memory device can he
formed according to the method disclosed in the immediately
preceding paragraph.

[0009] Yet another embediment exemplarily described
herein can he characterized as a semiconductor device that
includes a plurality of first bit lines and a plurality of first
contacts connected to respective first bit lines, a spacer
formed on a sidewall ot cach ot the first bit lines: and a second
bit line self-alignedly disposed between the adjacent spacers
and a second contuct sell-aligned with and connected Lo the
second bit line.

[0010] A further embodiment exemplarily described herein
can be characterized as a non-volatile memory device that
includes a substrate including a plurality of active regions
defined by a device 1solation region; a string select line, a
ground sclect line, and a plurality of word lines disposed
between the string select line and the ground select line, the
string and ground select lines and the plorality of word lines
crossing over the active regions: an insulation layer covering
the string select line, the ground select line, the plurality of
word liens, and the active regions; first contacts through the
insulation layer and electrically connected to odd active
regions; [irst hil lines elecirically connected o respective lirst
contacts; a spacer formed on a sidewall of the first bit lines;
and a second bit line self-alignedly disposed between the
adjacent spacers and a sccond contact self-aligned with and
connected to the second bit line.

[0011] Yet another embediment exemplarily described
herein can be characterized as a method of forming a semi-
conductor device that includes forming a first insulation layer
on a substrate; lorming & [lirst mask on the [irst insulation
layer, the first mask defining an opening; forming a first
groove within the first insulation layer using the first mask;
forming a sccond insulation layer on the first mask and on a
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side ol the (irst groove Lo deline a second groove, the second
groove having a smaller width than the first groove; forming
a sccond mask filling the second groove; forming a plurality
ol third grooves [or bil lines by removing the second insula-
tion layer, each third groove being between the first and
second masks; forming a third mask having an opcning
exposing the third grooves; [orming a plurality ol contact
holes disposed between the adjacent first and second masks
and self-aligned with respect to the third grooves by pattern-
ing the first insulating layer using the third, second and first
masks as an etching mask; forming a conductive material on
the first and sccond masks to fill the third grooves and respee-
tive contact holes; and forming a plurality of conductive lines
and a plurality of contacts by performing an etching process
on the conductive material, the contacts being self-aligned
with respective conductive lines.

[0012] Still another embodiment exemplarily described
herein can be characterized as a method of forming a line that
includes lorming a first insulation layer on a substrate; lorm-
ing a first mask on the first insulation layer, the first mask
defining a first groove therein; forming a second mask divid-
ing the first groove, the second mask disposed within the first
groove and defining a plurality of third grooves between the
first and second masks; forming a third mask, the third mask
having an opening crossing over at least one of the plurality of
third grooves: forming a plurality of contact holes self-
aligned with third grooves by patterning the first insulation
layer using the third mask, the second mask, and the first mask
as an etching mask; and forming a plurality of conductive
lines and a plarality of contacts self-aligned with respect to
corresponding conductive lines by filling the contact holes
and the third grooves with a conductive material and etching
the conductive material.

[0013] Another embodiment exemplarily described herein
can be charactenized as 1 method [or forming a semiconduc-
tor device that includes forming a first insulation layer on a
substrate; forming a plurality of first contacts through the first
insulation layer; forming a second contact through the first
insulation layer between adjacent ones of the plurality of first
contacls: orming an insulation structure on the first insula-
tion layer, the insulation structure defining a groove, wherein
at least a portion of the first insulation layer defines a lower
surface of the groove; forming a plurality of first conductive
lines on the first insulation layer, the plurality of first conduc-
live lines electrically connected Lo corresponding ones ol the
plurality of first contacts; and forming a second conductive
line within the groove, the second conductive line electrically
connected to the second contact, wherein the insulation struc-
ture is formed on sidewalls of adjacent ones of the plurality of
lirst conductive lines.

[0014] Yet another embodiment exemplarily described
herein can be characterized as a semiconductor device that
includes a first insulation layer on a substrate; a plurality of
first contacts through the first insulation layer; a second con-
luct through the first insulation layer and between adjacent
ones of the plurality of contacts; an insulation structure on the
first insulation layer, the insulation structure defining a
groove, wherein at least a portion of the first insulation layer
defines a lower surface of the groove; a plurality of first
conduclive lines on the [irst insulation laver, the plurality ol
first conductive lines electrically connected to corresponding
ones of the plurality of first contacts; and a second conductive
line within the groove, the second conductive line clectrically
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connecled Lo the second contact, wherein the insulation struc-
ture is formed on sidewalls of adjacent ones of the plurality of
first conductive lines.

[0015]  Lastly, another embodiment exemplarily described
herein can be characterized as a method of forming a semi-
conductor device that includes forming a first insulation layer
on a substrate; forming a plurality of first bit lincs on the first
insulation layer; forming an insulation structure on the first
msulation layer; and [orming & second bit line on the [irst
insulation layer between the plurality of first bit lines,
wherein the second bit line is self-aligned with respect to the
insulation structure.

BRIEF DESCRIPTION OF THE FIGURES

[0016] The accompanying figures are included to provide a
further understanding of the exemplary embodiments, and are
incorporated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to exem-
plarily explain principles of the present invention. In the
figures:

[0017] FIG. 1 is an equivalent circuit diagram of one
embodiment of a non-volatile memory device;

[0018] FIG. 2 s an equivalent circuit diagram of another
embodiment of a non-volatile memory device;

[0019] FIG. 3 is a plan view exemplarily illustrating con-
nections between bit lines and corresponding bit line contacts
in a non-volatile memory device according to one embodi-
ment;

[0020] FIG. 4 is a cross-sectional view of the non-volatile
memory device shown in FIG. 3, taken along line I-I' thereof;,
[0021] FIG. 5 is a cross-sectional view of the non-volatile
memory device shown in FIG. 3, taken along lines TI-II" and
TTI-TIT thereof;

[0022] FIGS. 6-14 are cross-sectional views illustrating an
exemplary embodiment of a method for forming a non-vola-
tile memory device;

[0023] TIG. 15is a cross-sectional view of another embodi-
ment of a non-volatile memory device;

[0024] FIGS. 16-18 are cross-sectional views illustrating
another exemplary embodiment of a method for forming a
non-volatile memory device;

[0025] TIGS. 19-26 are cross-sectional views illustrating
yet another exemplary embodiment of a method for forming
a non-volatile memory device;

[0026] FIG. 27 is a cross-sectional view illustrating still
another exemplary embodiment of a method for forming a
non-volatile memory device;

[0027]  FIGS. 28-35 are cross-sectional views illustrating
yet another exemplary embodiment of a method for forming
a non-volatile memory device;

[0028] FIG. 36 1s a cross-seclional view ol an exemplary
embodiment of a stacked memory device including a non-
volatile memory device;

[0029] FIG. 37 is a block diagram of an exemplary embodi-
ment of a system including a non-volatile memory device;
and

[0030] FIG. 381is a block diagram of an exemplary embodi-
ment of a memeory card incorporating a non-volatile memory
device.

DETAILED DESCRIPTION

[0031] Exemplary embodiments will be described below in
more detail with reference to the accompanying drawings.
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These embodiments may, however, be realized in diflferent
forms and should not be constructed as limited to the cmbodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that (his disclosure will be thorough and complete,
and will fully convey the scope of the present invention to
those skilled in the art.

[0032] Inthe figures, the dimensions of layers and regions
are exaggeraled [or clarity ollustration. [ will also be under-
stood that when a layer (or film) is referred to as being ‘on’
another layer or substrate, it can be directly on the other layer
or substrate, or intervening layers may alse be present. Fur-
ther, it will be understood that when a layer is referred to as
heing ‘under” another layer, it can be directly under, and one
or more intervening layers may also be present. In addition, it
will also be understood that when a layer is referred to as
bheing ‘hetween” two layers, it can be the only layer between
the two layers, or one or more intervening layers may also be
present.

[0033] A ‘semiconductor substrate’ or a ‘substrate’ men-
lioned in the exemplary embodiments may reler Lo a structure
based on an arbitrary semiconductor. The structure based on
the semiconductor may include a silicon-on-insulator (SOI)
having silicon on an insulation layer, silicon-on-sapphire
(SOS) having silicon on sapphire, silicon-germanium, doped
or undoped silicon, an epitaxial laver [ormed by an epilaxial
growth technology, and another semiconductor structure.
Additionally, a ‘semiconductor substrate’ or a ‘substrate’ may
be a semiconductor substrate or a substrate where an arbitrary
semiconductor device, e.g., a memory device, is already
formed.

[0034] The terms “odd bit line” and “even hit line’, as used
herein below, are relative. When one bit line is called an ‘odd
bitline’, a bit line adjacent to the one bit line is called an ‘even
bit line’. Conversely, when one bit line is called an ‘even bit
line’, a bit line adjacent to the one bit line is called an “odd bit
line’. For example, when considering adjacent two bit lines,
when one bit line is an ‘odd bit line’, the other one is an ‘even
bit line’, and vice versa.

[0035] Exemplary embodiments described herein relate to
a method ol forming lines and the line structure resulling
therefrom. The exemplary embodiments also relate to forma-
tion of bit lines in a semiconductor device such as a memory
device. The exemplary embodiments may also relate to bit
lines of a non-volatile memory device and to a method for
forming the same. Hereinaller, various types ol lines will be
exemplary described. Moreover, a bit line of a non-volatile
memory device will be described as an example.

[0036] FIG. 1 is an equivalent circuit diagram of one
cmbodiment of a non-volatile memory device such as a
NAND flash memory device.

[0037] Referring to I'IG. 1, a string select line SSL and a
ground select line GSI. are disposed in a row direction (e.g.,
an x-axis dircetion), and word lines WLO 1o WLm-1 are
disposed between the string select line SSL and the ground
select line GSL. Bil lines BLO to BLn-1 are disposed in a
column direction (e.g., a y-axis direction) to cross over the
word limes WIL0 10 WlL.m-1.

[0038] A plurality of memory cells are coupled to each of
the word lines WLO to WLm-1 such that a plurality of
memory cells MCO0 to MCm-1 arranged in the column direc-
lion are connected m seres o [orm a unil NAND siring. A
string select transistor SST and a ground select transistor GST
are disposed on both sides of each unit NAND string. Gates of
the string sclect transistors SST arranged in a row dircction
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are connecled 1o each other o [orm the string select line SST.
and gates of the ground scleet transistors GST arranged in a
row direction are connected to each other to form a ground
select line GSL. A bit line is connected 1o respective siring
select transistor SST (e.g., via a drain region) of each NAND
string. Source regions ofthe ground select transistors GST are
connected to a common souree line CSL.

[0039] FIG. 2 s an equivalenl circuil diggram ol one
embodiment of a non-volatile memory device such as a NOR
flash memory device.

[0040] Referring to FIG. 2, and unlike the NAND flash
memory device of FIG. 1, a bit line BL and a source line S/L
arc connected to cach memeory cell. That is, the memory cells
arranged in a column direction are separated from each other.
[0041] The types and forms of memory cells that may be
combined in a word line may be numerous. For example,
memory cells can include a tunneling insulation layer, a
memory layer (or a chiarge storage layer), and a control insu-
lation layer (or an inter-gate dielectric layer) which are
sequentially stacked on a semiconductor substrate. The
memory layer may include a material capable of storing elec-
tric charges that are injected from the substrate through the
tunneling insulation layer. For example, a memory layer can
include an insulator material capable of trapping electric
charges with a high trap density. Such an insulator material
can include, for example, nitride, aluminum oxide (AL, Q5),
hafnium oxide (HfO), hafnium aluminum oxide (HfAIO),
hafnium silicon oxide (HfSiO) or combinations thereof.
Additionally, polysilicon nano-particles, metal nano-par-
ticles, fullerenes, or the like, can be used as, or incorporated
within, a memory layer. A floating pate such as polysilicon
also can be used as a memory layer.

[0042] Inthe NAND flash memory device of FIG. 1, drain
regions of the string select transistors SST arranged in a
column direction are connected to the respective lines BLO to
BLn-1. In the NOR flash memory device of TIG. 2, the bit
lines BI.O to Bln-1 are connected to each memory cell.
Accordingly, to form a rcliable highly-integrated flash
memory device, the bit line is connected to the corresponding
string select transistor S81 in the NAND [lash memory
device, and is connected to the respective memory cell MC in
the NOR flash memory device.

[0043] According to the embodiments described herein, the
bit line of the NAND flash memory device is connected to a
drain region of a string select transistor SST through a bit line
contact and the bil line of 2 NOR [lash memory device 18
connected to a source/drain region of the memory cell. In one
embodiment, bit lines may be provided as either a first bit line
or a sccond bit line, whercin sccond bit lines can be disposed
between adjacent first bit lines. Accordingly, odd bit lines
may be relerred to as [irst bil ines and even bil lines may be
referred to as second bit lines. Lach bit line is electrically
connected to a respective bit line contact. In one embodiment,
the first bit linc and the second bit line can have different
structures and, therefore, can be formed according to different
methods. The hit hines will be described with relerence 1o
FIGS. 3 through 5.

[0044] FIG. 3is a plan view showing connections to odd bit
lines BL._O and even bit lines BL_E and respective odd bit
line contacts DC_O and even bt line contacts DC_E in a
NAND flash memory device, according to one embodiment.
[0045] Referring to FIG. 3, the odd bit lines BL_O are
connected to the respective odd bit line contacts DC_Q, and
the even bit lines BL_E are connected to the respective even
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bit line contacts DC_E. In one embodiment, the even bit lines
BL._E and the odd bit lines BL._Q may have the same structure
or may have different structures. The even bit lines BL,_E and
the odd bit lines BL_O may be struclurally dillerent when, lor
example, the even bit lines BL_I and odd bit lines BL_O are
formed according to different methods. For example, the odd
bit lines BL_O can be formed using a photolithography pro-
cess while the even bit lines BL_E can be formed between the
odd hit lines BL,_O 1n a sell-aligned manner. Moreover, the
even bit line contact DC_T can be formed on the respective
even bit lines BL_E in a self-aligned manner.

[0046] Because the even bit line contacts DC_E and corre-
sponding cven bit lines BL,_E can be formed in a sclf-aligned
manner, an overlapping area between the odd bit lines BL,_O
and the respective odd bil line contacts DC_O can, in one
embodiment, be less than or substantially equal to an over-
lapping area between the even bit line BL_E and the respec-
tive odd bit line contact DC_E. In one embodiment. a distance
between the odd bit line contact DC_Orand a string select line
SSL (or a string select gate) may be dilferent [rom or sub-
stantially equal 1o a distance between the even bit line contact
DC_E and the string select line (or a string select gate).
[0047] Referring to FIG. 3, a distance D1 between an odd
bit line contact DC_O and a first string select line SSL_1 (or
a first string select gate) may be greater than a distance D3
between the even bit line contact DC_E and the first string
select line SSL_1 (or the first string select gate). A distance
D2 between the odd bitlinecontact DC_Oand a second string
select line SSL_2 (or a second string select gate) may be
shorter than a distance D4 between the even bit line contact
DC_F and the secand string select line SST._2 (or the second
string select gate). As described above, the structural differ-
ence may be result from that the odd bit line and the even bit
line are formed by ditferent methods.

|0048] FIG. 4 is a cross-sectional view of the non-volatile
memory device shown in I'IG. 3, taken along line I-T".

[0049] Referring to FIG. 4, an active region 30 may be
defined in a substrate 10 by a device isolation region 20.
Adjacent active regions 30 may be electrically insulated from
each other by a device 1solation region 20. A bit line 15 elec-
trically connected to the respective active region 20 through a
bit line contact. For example, bit line contacts 71 and 76 are
lormed through an msulation layer 50 1o electrically contact
the active regions. In one embodiment, an odd bit line and an
even hit line can have the same or different structures (e.g.,
ditterent widths, ditferent heights. or different widths and
heights). For example, the height of the even bit line 86 may
be less than the height ol the odd bit line 81. Moreover, the
width w, of the odd bit line contact 71 and the width w, of the
odd bit line 81 can be substantially the same. Further, the
width w, of the even bit line contact 76 may be less than the
width w, of the even bit line 86 and the width w,, of the odd bit
line contact 81 may be less than the width w, ol the even bit
line 86. The even bit line contact 76 is self-aligned with
respect to a respective even bit line 86. However, when the
odd bit linc 81 is formed by a photolithography process, the
odd bit line 81 may be misaligned with respect to arespective
odd bil line contact 71 within an acceplable range.

[0050] FIG. 5 is a cross-sectional view of the non-volatile
memory device shown in FIG. 3, taken along lines IT-IT' and
Specilically, a lelt-illustrated porlion of FIG. 5 15 g cross-
sectional view of the non-volatile memory device shown in
FIG. 3, taken along line II-IT' and shows a cross-sectional
view of odd bit lines while a left-illustrated portion of FIG. 5
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15 & cross-sectional view ol the non-volatile memory device
shown in FIG. 3, taken along line TII-IIT" and shows a cross-
sectional view of even bit lines.

[0051] Referring generally to FIG. 5, eachbit line 81 and 86
is electrically connected to an active region outside a string
scleet line (or a string select gate). i.c., a drain region 39.
Specifically, the bit lines 81 and 86 are electrically connected
lo the drain region 39 between the (irst siring select line
SSL._1 and the second string select line SSL._2 via bit line
contacts 71 and 76, respectively.

[0052] FIGS. 6-14 are views illustrating an exemplary
embodiment of a method for forming a non-volatile memory
device. Specifically, FIGS. 6, 8-10 and 12-14 arc cross-scc-
tional views taken along line I-I' of FIG. 3; and FIGS. 7 and 11
are plan views corresponding Lo FIGS. 6 and 10, respectively.
[0053] Relerring 1o FIGS. 6 und 7, a device 1solation region
20 is formed on a substrate 10 to define a plurality of active
regions 30. A string select line 41, a ground select line (not
shown)and a plurality of word lines 43 between the string and
ground select lines are also formed according to well known
methods; therefore, a detailed discussion of their formation
will be omitted for conciseness. Briefly however, after form-
ing a tunneling msulation layer 33, a memory layer 35, a
confrol insulation layer 37 and a conductive layer (not
shown), for word lines and select lines, the conductive layeris
patterned to form a string select line 41, word lines 43 and the
ground select line (not shown), all of which cross over the
active regions 30 and the device isolation regions 20. The
conductive layer, the tunneling insulation layer 33, the
memory layer 35 and the control insulation layer 37 can be
patterned concurrently during a patterning process for the
conductive layer. By performing an ion implantation process,
the drain region 39 is formed on the active region outside the
string select line 41, a source region (not shown) is formed on
the active region outside the ground select line, and a source/
drain region (not shown) is formed on the active region
between the word lines 43.

[0054] Aninsulation layer 50 is formed on the substrate 10
to cover the string select line 41, the ground select line (not
shown), and the word Tines 43. In one embodiment, the insu-
lation layer 50 may include a material such as an oxide. In
another embodiment, the insulation layer 50 may include a
multilayer structure of an oxide and a nitride. A first mask 60
having a plurality of first openings 65 defining odd bit line
contacts 1s lormed on the insulation layer 50. The [irst open-
ings 65 of'the first mask 60 are disposed over the drain regions
formed on odd active regions 30_0 outside the string select
lincs 41. That is, drain regions formed on odd active regions
30_0O outside the string select lines 41 are disposed within the
lirst openings 65 ol the lirst mask 60. As exemplarily illus-
trated, the first openings 65 may overlap with odd active
regions 30_O (i.e., odd drain regions).

[0055] Referring to FIG. 8, the first mask 60 may be used as
an ctching mask to ctch the insulation layer 50, the control
insulation layer 37, the memory layer 35 and the tunneling
msulation layer 33, thereby [orming odd contact holes 33 that
expose the drain regions 39 in the odd active regions 30_O.
[0056] Referring to FIG. 9, the first mask 60 is removed,
odd contacts 71 are formed within the odd contact holes 53
and odd hit lines 81 are electrically connectled 10 respeclive
odd contacts 71. The odd contacts 71 and odd bit lines 81 can
be formed according te any of various exemplary methods.
[0057] In cne exemplary method, odd bit lines 81 can be
formed after forming the odd contacts 71. That is, after a
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malerial having a good step coverage (e.g., silicon) s [ormed
on the insulation layer 50 to fill the odd contact holes 53, a
planarization process (e.g., chemical mechanical polishing
(CMP), elch-back or the like) is perlormed to [orm the edd
contacts 71 in the odd contact holes 53. Next, after forming a
conductive material for a bit line on the odd contacts 71 and
the insulation layer 50, a patterning process is performed on
the conductive material to form odd bit lines 81 that are
electnically connected Lo respective ones ol the odd contacts
71. llere, a capping layer 90 including a material such as a
nitride can be formed on the odd bit lines 81. The conductive
material from which the bit lines 81 are formed may include
a material such as a metal, a metal alloy, asilicide, a conduc-
live metal nitride, a conductive metal oxide, silicon, or the like
or combinations thereof.

|0058] In another exemplary method, the odd contacts 71
and corresponding odd bit lines 81 can be formed concur-
rently. That is, a conductive material may be formed on the
insulation layer 50 to fill the odd contact holes 83, and then a
patterning process may be performed to form the odd contacts
71 and the odd bit lines 81. The conductive material may
include a material such as a metal, a metal alloy, a silicide, a
conductive metal nitride, a conductive metal oxide, silicon, or
the like or combinations thereof. In one exemplary embaodi-
ment, if a bit line is to formed as a multilayer structure, a first
conductive material (e.g., silicon) may be formed on the
insulation layer 50 to fill the odd contact holes 53 and a
second conductive material (e.g.. a metal having a low elec-
trical resistance) may be formed on the first conductive mate-
rial. Then, a patterning process can be performed to pattern
the second conductive material or the second and first con-
ductive materials.

[0059] Referring to FIGS. 10 and 11, spacers 93 are formed
on sidewalls of the odd bit lines 81. The spacers 93 may
include a material having a suitable etching selectivity with
respect Lo the insulation layer 30. When Lhe insulation layer
50 is formed in a multilayer, the spacers 93 may include a
material having an etching selectivity with respect to the
uppermost insulation layer of the multilayer insulation layer
50. For example, the spacers 93 may include a nitride (e.g.,
silicon nitride), an oxide (e.g., aluminum oxide) or a nitride
oxide (e.g., silicon oxynitride). Since the spacers 93 are
formed on sidewalls of adjacent the odd bit lines 81, adjacent
spacers 93 form line-type grooves 100. In onc embodiment,
these line-type grooves 100 can be used to define where even
hit lines are Lo be subsequently formed. In another embodi-
ment, adjacent ones of the even and odd bit lines can be
insulated from each other by a spacer 93 provided therebe-
tween.

[0060] Next, and as illustrated in FIG. 11, a second mask
11015 formed (o deline odd bit line contacts. The second mask
110 includes a second opening 115 that exposes regions
where the even bit line contacts are to be subsequently
formed. For example, the sccond opening 115 overlaps at
least one drain region 39 forned on the even active region
30_E. In one embodiment, the second opening 115 ol the
second mask 110 may be disposed between adjacent string
select lines 41, and extend in a direction of the string select
line 41 to overlap at least two even active regions 30_E and the
odd active regions 30_O therebetween. Accordingly, the sec-
ond opening 115 may be har- or hine-shaped such that the
second opening 115 exposes at least two adjacent line-type
grooves 100 and exposes the odd bit lines 81 therebetween.
The second mask 110 and the spacers 93 formed can be
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collectively used as an elch mask (o form even bt line con-
tacts 76 between string sclect lines 41. Accordingly, the even
bit line contacts 76 can be confined between the spacers 93
and be sell~aligned with respect (o line-lype grooves 100
where even bit lines 86 are to be subsequently formed.
[0061] Referring to IIG. 12 by using the second mask 110
and the spacers 93 as an etching mask, the exposed insulation
layer 30, the control insulation layer 37, the memory layer 35
and the tunneling insulation layer 33 are etched to form even
contact holes 56 between adjacent odd conlacts 71. Because
the spacer 93 has an etching selectivity with respect to the
insulation layer 50, it serves as an etching mask. During the
ctching process, a portion of the spacers 93 may be ctched. In
this embodiment, even contact holes 56 may be completely
sell-aligned with respect 1o corresponding line-lype grooves
100 where even bit lines 86 are to be subsequently formed.
Moreover, misalignment between the line-type grooves 100
and even contact holes 56 does not oceur. During the ctching
process, when a portion of'a spacer 93 is etched, the width of
a subsequently lormed even hit line 86 may be greater than the
width of the odd bit line 81. On the other hand, the width of the
line-type groove 100 can be adjusted by varying the width of
the spacers 93. Thus, the width of subsequently formed even
bit lines 86 can be appropriately adjusted, as well as the ratio
between the widths ol the even and odd bit lines 71 and 76, by
controlling the width of the spacers 93.

[0062] The even contacts 76 and even bit lines 86 can be
formed according to any of various exemplary methods. For
example, and with reference to F1G. 13, even bit line contacts
76 may be formed by filling the even contact holes 56 and the
line-type groove 100 between spacers 93 with a conductive
material and subsequently performing an etch-back process.
Before performing the etch-back process, a CMP process can
be performed. A conductive material for bit lines 86 may then
be formed on the even bit line contacts 76 to fill the line-tvpe
groove 100 between the spacers 93.

[0063] Referring to FIG. 14, even bit lines 86 are formed in
a sclf-aligned manner between spacers 93 and are clectrically
connected to respective ones of even bit line contacts 76 by
elching the conductive material [or the bit lines 86. For
example. a CMP process may be performed until the top
surface of the odd bit lines 81 1s exposed, thereby forming the
cven bit lines 86. The conductive material from which the bit
lines 86 are formed may include a material such as a metal, a
metal alloy, a silicide, 2 conduclive metal nitride, a conductive
metal oxide, silicon, or the like or combinations thereof.
[0064] Inanother exemplary method, the even bit lines and
even bit line contacts can be formed concurrently. That is, a
conductive material may be formed to fill the cven contact
holes 56 and the line-type grooves 100 between spacers 93
and a planarization process may then be performed Lo [orm
the even bit lines 86 and respective even bit line contacts 76.
[0065] According to the illustrated embodiment, misalign-
ment between the even bit lines and respective bit line con-
tacts does not occur. Additionally, because even bil lines are
formed between the odd bit lines in a self-aligned manner
aller the odd bit lines are lormed, a distance between the
adjacent bit lines can be decreased beyond the resolution of a
photolithography process (i.e., beyond a design rule). More-
over, an electrical connection belween adjacent bt lines can
be prevented.

[0066] The conductive material may be subjected to vari-
ous efches to form the bit lines 86. For example, when an
ctching amount is adjusted, the even bit lines can be formed in
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various structures. For example, i a planarization process is
performed until the capping layer 90 on the odd bit line is
cxposed after forming the conductive material for a bit line 86
(e.g.. as shown in FIG. 13), then, as exemplanly illustrated in
T1G. 15, the top of the even bit lines 86 may be higher than the
top of the odd bit lines 81. By further performing an ctching
process on Lhe conduclive malerial [or bit lines 86, the top of
the even bit lines 86 may be made lower than the top surface
of capping layer 90, or may be lower than or substantially
equal to the top of the odd bit lines 81. Moreover, the capping
laver 90 can be formed on the even bit line 86.

[0067] Although the odd bitlines are formed by performing
a palierning process in the above embodiment, they can be
formed according to a damascene process. In this case, mis-
alignment between the even bit lines and the even bit line
contacts does nol oceur and misalignment between Lhe odd bit
lines and respective odd bit line contacts does not occur. Such
a damascene process will be described in greater detail with
relerence (0 FIGS. 16-18.

[0068] Referringto FIG. 16, a device isolation region 20, an
active region 30, a string select line SSL, a word line, and
ground select line (GSL. may be formed on the substrate 10 in
the same or similar manner as described above with respect to
FIG. 6 and then an insulation laver 50 may be formed. The
insulation layer 50 may include a single layer of a material
such as oxide or may include multilayer structure of materials
such as oxide and nitride. A mold layer 120 may then be
formed on the insulation layer 50. The mold layer 120 may
include a material having an etching selectivity with respect
to the insulation layer 50. For example, when the insulation
layer 50 includes an oxide layer, the mold layer 120 may
include a material such as a nitride. As shown in FIG. 16, a
patterning process is performed on the mold laver 120 to form
odd line-type openings 125 and odd contact holes 53. Each
odd line-type opening 125 defines an odd bit line while each
odd contact hole 53 is self-aligned with the odd line-type
opening 125 and defines an odd bit line contact. In the illus-
trated embodiment, the width of the odd line-type opening
125 may be wider than or substantially equal to the width of
the odd contact hole 53.

[0069] Referring to FIG. 17, odd bit line contacts 71 and
odd bit lincs 81 arc formed by filling each odd contact hole 53
and each odd line-type opening 125 with conductive material.
For example, aller a conductive matenal 1s formed on the
mold layer 120 to fill the odd contact holes 53 and the odd
line-type openings 125, a planarization process is performed
until the mold layer 120 is cxposed, thereby forming odd bit
lines 81 and odd bit line contacts 71. In one embodiment, the
odd bil lines 81 may partially [ill the odd line-type openings
125 and an insulation layer including a material such as
nitride may be used to fill the remaining portion of the line-
type openings 125, thereby forming a capping layer 130. In
one embodiment. the top surface of the capping layer 130
may be made lower than the top surface of the mold layer 120
by performing an additional etch-back process on the odd bit
line 81. In one embodiment, the capping layer 130 may
include an oxide (c.g., aluminum oxide, silicon oxide, cfc.).
[0070] Referring to FIG. 18, after removing the mold layer
120, spacers 93 are lormed on sidewalls ol the odd bit lines 81
in a similar manner as discussed with respect to I'lG. 10. In a
similar manner as described with respect to FIG. 11, a second
mask having a sccond opening may be formed to define an
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even conlact hole. Since subsequent processes are identical Lo
those of the previous embodiments, description will be omit-
ted for conciscness.

[0071]  As described above with respect (o FIGS. 16-18, a
misalignment between the even bit line and the even bit line
contact and between the odd bit line and the odd bit line
contact does nol oceur.

[0072] Referringto FIGS. 19-26, amethod for forming a bit
line according to another embodiment will be described.
FIGS. 19, 21-23, 25 and 26 are cross-sectional views taken
along a line perpendicular to a bit line direction. F1GS. 20 and
24 are plan views corresponding to FIGS. 19 and 23, respec-
lively.

[0073] Referringto FIGS. 19 and 20, a first insulation layer
250 is [ormed on a substrate 210. The [irst insulating layer 250
may include a material such as an oxide. The substrate 210
includes a plurality of active regions 230 that are defined by a
device isolation region 220. Adjacent active regions 230 are
electrically isolated by the device isolation region 220. That
15, the active region 230 is defined between the adjacent
device isolation regions 220 such that the device isolation
region and the active region are alternately disposed on the
substrate 210. A first mask pattern 261 is formed to cover odd
device isolation regions. The first mask pattern 261 extends in
a column direction (e.g., a y-axis direction) to cover the odd
device isolation regions. Because the first mask pattern 261 is
formed on the first insulation layer 250 to cover the odd
device isolation regions, a plurality of first grooves 265 are
defined within portions of the first insulation layer 250
exposed by the first mask pattern 261. The first mask pattern
261 may be formed such that each of the first grooves 265
overlaps (or exposes) the even device isolation regions 220
and the active regions 230 on the both sides of the exposed
even device isolation regions 220. The first groove 265
extends in the column direction. The first mask pattern 261
includes a material (e.g., a nitride) having an etching selec-
tivity with respect to the first insulation layer 250. For
example, after forming a silicon nitride layer on the first
insulation layer 250, the first mask pattern 261 may be formed
by performing a photolithography process to pattern the sili-
con nitride laver. At this point, a portion of the first insulation
layer 250 between the first mask patterns 261 may be etched.

[0074] Referring to F1G. 21, a sccond insulation layer 290
having an etching selectivity with respect to the first mask
pattern 261 1s lormed. For example, the second insulation
layer 290 may include an oxide (e.g., silicon oxide). In one
embodiment, the second insulation layer 290 may have a
substantially uniform thickncss and be formed on the side and
top surfaces of the first mask pattern 261 and within the
plurality ol first grooves 265 defined within the lirst insulation
layer 250. Accordingly, the second insulation laver 290
defines a plurality of second grooves 295 overlapping (or
cxposing) even device isolation regions 220. The second
grooves 295 extend in the column direction to overlap (or
expose) the even device isolation regions 220.

[0075] Referring to I'IG. 22, a second mask pattern 266 is
formed by filling the second groove 295 with a material (e.g.,
silicon nitride) having an ctching sclectivity with respeet to
the first insulation layer 250 and the second insulation layer
290. For example, aller lorming a silicon nitride layer on the
second insulation layer 290 to fill the second groove 295, the
second mask pattern 266 is formed by removing portions of
the silicon nitride layer outside the second grooves 295 via an
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etch-back process. As a resull of the etch-back process, the
second mask pattern 266 covers the even device isolation
regions 220,

10076] Relerring 10 FIG. 23, an elching process is per-
formed on the second insulation layer 290 to remove portions
ol the second. insulation layer 290 on (he [irst mask paltern
261 and portions of the second insulation layer 290 between
the first mask pattern 261 and the second mask pattern 266,
thereby concurrently forming third grooves 257 and 258. In
the illustrated embodiment, the third grooves 257 can be used
lo defline where a subsequently [ormed odd bit line will be
formed and the third grooves 258 can be used to define where
a subsequently formed even bit line will be formed.

[0077] Inthe illustrated embodiment, the second mask pat-
tern 266 1s fornmed between adjacent sidewalls of the first
mask pattern 261 through a self-aligned method using the
second insulation layer 290. Thus, the third grooves 257 and
258 are defined between the first mask pattern 261 and the
neighboring second mask pattern 266 in a self-aligned
method.

[0078] Reterring now to FIGS. 23 and 24, a third mask 300
is formed to have an opening 305 defining a bit line contact
hole. The opening 305 of the third mask 300 may be bar- or
line-shaped and extend in a row direction (e.g., in an x-axis
direction) to define a plurality of bit line contact holes con-
currently. For example, the opening 305 of the third mask 300
concurrently exposes the third grooves 257 and the third
grooves 258 to define where even bit line contact holes and
odd bit line contact holes will be concurrently formed.

[0079] Referring to FIG. 25, using the third mask 300, the
second mask pattern 266 and the first mask pattern 261 as an
etching mask, the first insulation layer 250 is patterned to
form odd bit line contact holes 253, self-aligned with respect
to the third grooves 257, and even bit line contact holes 254,
self-aligned with respect to the third grooves 258. The third
mask 300 is then removed.

[0080] Referringto F1G. 26, a conductive material for a bit
line contact and a bit line is then provided to fill the contact
holes 253 and 254 and the third grooves 257 and 258. A
planarization process is performed on the conductive material
until the first mask pattern 261 and the second mask pattern
266 are exposed, thereby forming bit lines 81 and 86 and bit
line contacts 71 and 81. In the illustrated embodiment, even
bit lines and odd bit lines are formed concurrently. Moreover,
misalignment between the even bit lines and corresponding,
cven bit line contacts docs not occur and misalignment
between the odd bit lines and corresponding odd bit line
comtacls does not oceur. According (o this embodiment, the
even bit lines and the odd bit lines mav have the substantially
the same structure. For example, the heights and widths of the
even and odd bit lines may be substantially the same and the
top surfaces of the even and odd bit lines may be substantially
coplanar.

[0081] Referring to [IGS. 19-26, a remaining portion 2907
ol the second sulation layer may remain below the second
mask pattern 266. That is, although the first insulation layer
250 is disposed between an even device isolation region and
the first mask pattern 261, the remaining portion 2907 may
remain between the odd device isolation region and the sec-
ond mask pattern 266.

[0082] The bit line contacts 71 and 81 and the bit lines 81
and 86, formed according to the process exemplarily
described above with respect to FIGS. 19-26, can be formed
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in & manner similar o the processes exemplarily described
above with respeet to FIGS. 6-15.

[0083] Relerring o FIG. 27, the second insulation layer
290 can, in another embodiment, be formed on the sidewall of
the first mask pattern 261 (e.g., within grooves of the first
mask pattcrn 261) as a spacer 297 instead of being formed by
filling the first groove 265 as shown in I'IG. 21. In such an
embodiment, (he alorementioned first grooves 265 are not
defined within the first insulation layer 250 and, after forming
the second insulation layer 290, an etch-back process is per-
Tormed to form spacers 297 on sidewalls of the first mask
pattern 261. Due to the formation of spacers 297, the second
mask pattern 266 directly contacts the [irst insulation layer
250. The process for forming the bit line contacts and bit lines
may then proceed as described with respect to FIG. 23.
[0084] Intheembodiment of FIGS. 19 through 26, after the
third mask 300 is formed, portions of the second insulation
layer 290 between the first mask pattern and the second mask
pattern can be removed to define the third grooves 257 and
258. "Thal is, aller lorming the odd and even bit line contuct
holes, the second insulation layer 290 between the adjacent
first mask and second mask is removed to form the third
grooves 257 and 258 for an odd and even bit line.

[0085] FIGS. 19-26 illustrate processes to form a condue-
tive line on a cell region. According to another embodiment
exemplarily illustrated in FIGS. 28-35, a conductive line can
alsa be formed on a peripheral circuit region of the substrate,
concurrently with the formation of the bit lines over the cell
region.

[0086] Referring to FIG. 28, the aforementioned first mask
pattern 261 may he formed over a cell region and over a
peripheral circuit region concurrently with the process
described with respect to FIGS. 19 and 20. In the illustrated
embodiment, the first mask pattern may further include fourth
grooves 267 where conductive lines are to be formed.
[0087] Referring to I'TGS. 29 and 30, the aforementioned
second insulation layer 290 and second mask 266 may be
formed over the cell region and the peripheral circuit region
concurrently with the process described with respect to FIGS.
21 and 22.

[0088] Reflerring Lo FIGS. 31-32, alier [orming the second
mask pattern 266 and before forming the aforementioned
third mask 300, an etch process is performed to remove the
portion of sccond mask pattern 266 and second insulation
layer 290 within the fourth groove 267 over the peripheral
circuil region while retaming the [ourth groove 267 delimed
by the first mask pattern 261 in the peripheral circuit region.
For example, after forming the second mask pattern 266 and
the second insulation layer 290 on the cell and peripheral
circuit regions, a protective mask (not shown) may be formed
Lo cover the cell region. Then, the second mask pallerm 266 1s
removed in a peripheral circuit region where is not covered by
the protective mask.

[0089] Referring again to FIG. 32, when removing the sec-
ond insulation layer 290 onand between the [irst mask pattern
261 and the second mask pattern 266 over the cell region, the
portion of the second insulation layer 290 within the [ourth
groove 267 over the peripheral region is also removed also
(e.g., in the manner as described with respect to the embodi-
ment shown in F1G. 23), (o expose the ourth groove 267.
[0090] In another embodiment, the second mask patlern
and the second insulation layer can be selectively formed only
on the cell region instead of forming second mask pattern and
sccond insulation laycr on the cell and peripheral regions and
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Lhen selectively removing portions of the second mask pattern
and the second insulation layer over the peripheral circuit
region. In such an embodiment, a process for removing the
second msulation layer and the second mask layer over the
peripheral circuit region will be omitted.

[0091] Recterring to FIG. 33, when forming the aforemen-
tioned third mask 300 having the third opening 305 as
described withrespect to FIGS. 23 and 24, the third mask 300
may also be formed on the first mask 261 and the first insu-
lation layer 250 in the cell and peripheral circuit regions and
further include an opening 307 exposing the fourth groove
267 over the peripheral circuit region.

[0092] Referring to FIG. 34, when forming the aforemen-
tioned contact holes as described above with respect to FIG.
25, the [irst insulation layer 250 may be patlerned (o [orm a
contact hole 258. As shown, the contact hole 258 is self-
aligned with respect to the fourth groove 267.

[0093] Referringto FIG. 35, when the aforementioned con-
ductive material is planarized by, for example, etching to form
bit lines and bit line contacts as shown in FIG. 26, a conduc-
tive line 88 and a contact 78 for a conductive line may be
similarly formed in the peripheral circuit region.

[0094] The method for forming bit lines in the above
embodiments can be applied to various fields. For example,
the methods can be applied to form a conductive line that is
electrically connected to corresponding conductive region
below the conductive line through a contact plug. Addition-
ally, the methods can be applied to form a cross-point
memory device having 2 memory layer defined at a cross-
point of top and bottom electrodes (i.e., at a region where the
top and bottom electrodes cross each other). Thus, when the
top electrode and the bottom electrode are connected through
a contact plug inthe cross-point memory device, the methods
exemplarily described in the above embodiments can be
applied.

[0095] A method for forming a semiconductor device and/
or a method for forming a non-volatile memory device
according to the cmbodiments of the present invention can be
applied to a stacked memory device or a three dimensional
memory device. In one embodiment, the stacked memory
device may include stacked substrates. At least one substrate
of the plurality of stacked substrates may include a memory
device or amemory chip, and at least one memory deviee may
include anon-volatile memory device fabricated according to
lhe embodiments exemplarly described ahove.

[0096] FIG. 3615 across-sectional view ol oneembodiment
of a stacked memory device including a hon-volatile memory
device.

[0097] Referring to FIG. 36, the stacked memory device
may, tor cxample, include a first level substrate 410, a second
level substrate 510, and a third level substrate 610. The sec-
ond level substrate 810 and the third level substrate 510
include memory devices 550 and 650. Substrates can be insu-
lated from each other via insulation layers 430 and 530.
However, the memory devices 550 and 650 on each substrate
may be or may not be electrically connected to each other.
[0098] The memory device in the substrates may be con-
figured the same or differently. For example, the memory
device 550 in the second level substrate 510 may be a flash
memory device and the memory device 650 in the third level
substrate 610 may be a volatile memory device, or vice versa.
Additionally, the memory device in a specific level substrate
may include different types of memory devices. For exammple,
the memory device 550 of the second level substrate 510 may
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include a volatile memory device, a lerroelectrics memory, a
resistance memory, a phase-change memory, a magnetic
memory or combinations thereof in addition to a non-volatile
memory device. The memory device may be a memory
capable of storing one bit or more than two bits of a multi bit.
[0099] FIG. 37 isablock diagram of a system 900 including
anon-volatile memory device according to an embodiment of
the present invention. The system 900 can be vsed in a wire-
less communication device such as a PDA, a laptop computer,
a portable computer, a web tablet, a wireless phone, a mobile
phone, a digital music player, or all devices transmitting
and/or receiving information via a wireless environment.
[0100] The system 900 may include a controller 910, an
input/output device 920 such as a keypad, a keyboard and a
display, a memory 930, und g wireless interfuce 940 com-
bined each other through a bus 950. The controller 910 may
include more than one microprocessor, a digital signal pro-
cessot, a microcontroller, or any devices similar to those. The
memory 930 can be used to store commands executed by the
controller 910. The memory 930 includes a lash memory
according to the embodiments of the present invention. The
memery 930 includes another type of a memory, a volatile
memory where arbitrary access is possible, or various types
of memory.

[0101] The system 900 may use a wireless interface 940
transmitting data into a wireless communication network or
receiving data from the network. For example, the wireless
interface 940 includes an antenna and a wireless transceiver.
[0102] The system 200 can be used in a communication
interface protocol of a third generation communication sys-
tem such as CDMA, GSM, NADC, E-TDMA, WCDAM, and
CDMA2000.

[0103] The semiconductor device and/or the non-volatile
memory exemplarily device described herein can be applied
to a memery card. FIG. 38 is a block diagram of a memory
card 1000 applicd with a non-volatile memory device 1100
according to an exemplary embodiment.

[0104] Referring to FIG. 38, the memory card 1000 may
include an encryption circuit for encoding, a logic circuit
1020, a digital signal processor (DSP), and a main processor
1040. Additionally, the memory card system 1000 includes a
flash memory device 1100 and other various kinds of memo-
rics such as SRAM 1050, DRAM 1060, and ROM 1070. The
memory card system 1000 includes RF (high frequency/mi-
crowave) circuil 1080 and an inpul/output cirenit 1090. Fune-
tion blocks 1010 in the memory card 1000 are connected to
each other through a system bus.

[0105] The memory card 1000 operates according to a con-
trol of the external host (not shown). and the non-volatile
memory device 1100 stores data or output the stored data
according to a control of the host.

[0106] According to the embodiments exemplarily
described above, misalignment between the bit line and the
bit linc contact can be prevented.

[0107] According o the embodiments exemplarily
described above, a more highly integrated memory device can
he oblained.

[0108] Accordingly, one embodiment can be exemplarily
characterized as a method for forming a conductive line that
includes forming an insulation layer on a substrate, the sub-
strate including a plurality of [irst regions and 4 pluralily ol
second regions, each of the second regions being disposed
between adjacent first regions. A plurality of first lines are
formed onthe insulation layer, the first lincs being clectrically
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connected Lo respective [irst regions through respective first
contacts penctrating the insulation laver. Spacers are formed
on a side of the first lines. A plurality of contact holes are
[ormed belween the adjacent (irst conlacts by removing the
insulation layer between the adjacent spacers, the contact
holes exposing respective second regions. A plurality of sec-
ond contacts arc formed to fill the corresponding contact
holes and a plurality of second lines are formed to be electri-
cally connected to respective second conlacts.

[0109] Other embodiments can be exemplarily character-
ized as a method of forming a non-volatile memory device
may include forming a string select line, a ground select line,
and a plurality of word lines between the string select line and
the ground select line on a substrate having a plurality of
active regions, the string and ground select lines and the
plurality of word lines crossing over the active regions. An
insulation layer is formed to cover the ground select line, the
string select line, and the plurality of word lines. The insula-
tion laver is patterned to form a plurality of first contact holes.
A plurality of first contacts are formed to fill respective first
contact holes and a plurality of first bit lines are formed to be
electrically connected to respective first contacts. A spacer is
formed on a side of each of the first bit lines. A second contact
hole 15 formed between the adjacent first contact holes by
removing the insulation layer between the adjacent spacers. A
second contact is formed to fill the second contact holes and
a second bit line is formed to be electrically connected to the
second contact.

[0110] Still other embodiments can be exemplarily charac-
terized as a semiconductor device including a plurality of first
bit lines and a plurality of first contacts connected to respec-
tive first bit lines. A spacer is provided on a side of each of the
first bit lincs. A sccond bit line is sclf-alignedly disposed
between the adjacent spacers. A second contact is self-aligned
and connected to the second hit line.

[0111] Sull, other cmbodiments can be exemplarily char-
acterized as a non-volatile memory device including a sub-
strate including a plurality of active regions defined by a
device isolation region. A string select line, a ground select
line, and a plurality of word lines between the string select
line and the ground scleet line are provided o cross over the
active regions. An insulation laver covers the string select
line, the ground select line, the plurality ol word liens, and the
active regions. A first contact penetrates the insulation layer to
electrically connect to odd active regions, and a bit line is
clectrically connected to respective first contacts. A spacer is
provided on a side of each of the first bit lines. A second bit
line is provided sell-alignedly between the adjacent spacers.
A second contact is self-aligned and connected to the second
bit line.

[0112] Yet other embodiment can be exemplarily charac-
terized as a method of forming a semiconductor device that
includes forming a first insulation layer on a substrate. A
plurality of spaced apart first masks arc formed on the first
insulation layer. A plurality of first grooves are defined
hetween adjacent first masks. A second mnsulation layer is
formed on aside of each of the first masks to define a plurality
of second grooves, the second groove having a smaller width
than the first grooves. A plurality of second masks arc formed
to fill respective second grooves. A plurality of second masks
are lormed Lo [ill respeclive second grooves. A plurality ol
third grooves for a bit line are formed by removing the second
insulation layer, each of the third grooves being disposed
between adjacent first and sccond masks. A third mask is
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[ormed, the third mask having an opening exposing the third
groove. A plurality of contact holes are formed between the
adjacent first and second masks and self-aligned with respec-
tive third grooves by pattlemning the [irst insulation layer using
the third mask, the second mask, and the first mask as an
etching mask. A conductive material is formed on the first
masks and the second mask to fill the third groove and respec-
tive contact hole. A plurality of conductive lines and a plural-
ity ol conlacts are formed by performing an elching process
on the conductive material, the contacts being self-aligned
with respective lines.

[0113] A further embodiment can be exemplarily charac-
terized as a method ol Torming a conductive line that includes
forming a first insulation layer on a substrate. A plurality of
spaced first masks are formed on the first insulation layer. A
plurality of second masks are tormed to divide a first groove
defined between the adjacent first masks, each of the second
masks being disposed between the adjacent first masks. A
third mask is formed. the third mask having opening crossing
over at least one of a plurality of third grooves, the third
groove being defined by the adjacent first mask and the sec-
ond mask. A contact hole self-aligned with respective third
groove 15 formed hy patterning the first insulation layer using
the third mask, the second mask, and the first mask as an
etching mask. A plurality of conductive lines and a plurality
of contacts self-aligned with respective conductive lines are
formed by filling the contact holes and the third grooves with
a conductive material and etching the filled conductive mate-
rial.

[0114] Some embodiments can be exemplarily character-
ized as a stacked memory device including a plurality of
substrates. A memory device is disposed on the at least one
substrate. The memory device may include the non-volatile
memory device formed by exemplary embodiments.

[0115] Other cmbodiments can be cxemplarily character-
ized as a memory card including a microprocessor and a
memory device coupled to the microprocessor. The memory
device may include the non-volatile memory device formed
by exemplary embodiments.

[0116] The above-disclosed subject matter is to be consid-
ered as illustrative, and not restrictive, and the appended
claims arc intended to cover all such modifications, enhance-
ments, and other embodiments, which fall within the true
spirit and scope of the present invention. Thus, to the maxi-
mum extent allowed by law, the scope of the present invention
1s to be determined by the hroadest permissible interpretation
of the following claims and their cquivalents, and shall not be
restricted or limited by the foregoing detailed description.

That which s claimed is:

1. A semiconductor device comprising;

a plurality of first bit lincs and a plurality of first contacts

connected to respective ones of the first bit lines;

a plurality of spacers on sidewalls of the first bit lines; and

a second bit line self-alignedly disposed between adjacent

ones of the spacers, and a second contact sell-aligned
with and connected 1o the second bit line.

2. The semiconductor device of claim 1, wherein an over-
lapping area between one of the first bit lines and the one of
the [irst conlacts connecled therelo s larger than an overlap-
ping area between the second bit line and the second contact.

3. The semiconductor device of claim 1, whetein a height
of one of the first bit lines is different from a height of the
sccond bit line.

Petitioner Micron Ex-1008, 0043



US 2011/0032763 Al

4. The semiconductor device ol claim 1, whereina width of
onc of'the first bit lines is different from a width of the second
bit line.

5. The semiconductor device ofclaim 1, further comprising
a slring select line, a ground select line, and a plurality o' word
lines between the string select line and the ground select line,
the first contacts and the second contact being electrically
conneeted to respeetive drain regions outside the string select
line.

6. The semiconductor device of claim 5, wherein a distance
between the siring select line and one of the [irst contacts s
different from a distance between the string select line and the
second contact.

7. A non-volatile memory device comprising:

a substrate including a plurality of active regions defined

hy a device 1solation region;

a sirng select hine, a ground select hine, and 2 plurality of
word lines disposed between the string select line and
the ground select line, the string and ground select lines
and the plurality of word lines crossing over the active
regions;

an insulation layer covering the string select line, the
ground select line, the plurality of word lines, and the
active regions;
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(irst contacts through the insulation layer and electrically
connecled 1o odd-numbered ones o the active regions;

first bit lines clectrically connected to respective first con-
tacts:

a plurality of spacers on sidewalls of the first bit lines; and

a second bit line self-alignedly disposed between adjacent

ones ol the spacers, and a second conlact sell-aligned
with and connected to the second bit line.

8. The non-volatile memory device of claim 7, wherein an
overlapping area hetween one ot the first contacts and the one
of the first bit lines connected thereto is larger than an over-
lapping area between the second contact and the second bit
line,

9. The non-volatile memory device of claim 7, wherein a
distance between the string select line and one of the first
contacts is different from a distance between the string select
line and the second contact.

10. The non-volatile memory device of claim 7, wherein a
height of one of the first bit lines is different from a height of
the second bit line.

11. The non-volatile memory device of claim 7, wherein a
width of one of the first bit lines is different from a width of
the second bit line.
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