INTEGRATED CIRCUIT DEVICE AND METHOD OF MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application is based on and claims priority to Korean Patent
Application No. 10-2022-0155799, filed on 18 November 2022, and Korean Patent
Application No. 10-2022-0120168, filed on 22 September 2022, in the Korean Intellectual
Property Office, the disclosures of which are incorporated by reference herein in their

entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to an integrated circuit device and a method of
manufacturing the same, and more particularly, to an integrated circuit device with buried

contacts and a method of manufacturing the same.

BACKGROUND
[0003] In accordance with the rapid development of the electronics industry and user
needs, electronic devices are becoming more compact and lightweight. Thus, integrated
circuit devices having a high degree of integration used in electronic devices are advantageous,
and design rules for configurations of integrated circuit devices are being reduced. For
instance, the line width of the bitlines included in integrated circuit devices is being reduced,

and the difficulty of a process of forming contacts between the bitlines is gradually increasing.

SUMMARY

[0004] One or more example embodiments provide an integrated circuit device which

may effectively reduce the difficulty of a process of forming contacts between bitlines.



[0005] Embodiments are not limited to the aspects mentioned above, and additional
aspects of one or more embodiments not mentioned above will be apparent to those skilled
in the art from the following description of example embodiments.

[0006] According to an aspect of the disclosure, an integrated circuit device includes:
a substrate including a plurality of active regions; a plurality of device isolation layers
provided in the substrate and defining the plurality of active regions; a plurality of bitlines
spaced apart from each other in a first horizontal direction on the substrate and extending in
a second horizontal direction crossing the first horizontal direction; a plurality of insulating
fences spaced apart from each other in the second horizontal direction and provided between
adjacent bitlines of the plurality of bitlines; a plurality of buried contacts connected to the
plurality of active regions and provided between adjacent bitlines of the plurality of bitlines
and between the plurality of insulating fences; and a plurality of vertical insulating layers
vertically positioned between the plurality of insulating fences and the plurality of buried
contacts.

[0007] According to an aspect of the disclosure, an integrated circuit device including:
a substrate including a plurality of active regions; a plurality of device isolation layers
provided in the substrate and defining the plurality of active regions; a plurality of bitlines
spaced apart from each other in a first horizontal direction on the substrate and extending in
a second horizontal direction crossing the first horizontal direction, wherein spacers are
provided on both sidewalls of each of the plurality of bitlines; a plurality of insulating fences
spaced apart from each other in the second horizontal direction and provided between
adjacent bitlines of the plurality of bitlines, wherein the plurality of insulating fences contact
the spacers; a plurality of buried contacts connected to the plurality of active regions and
provided between adjacent bitlines of the plurality of bitlines and between the plurality of
insulating fences; a plurality of vertical insulating layers vertically positioned between the
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plurality of insulating fences and the plurality of buried contacts; and a plurality of residual
insulating layers provided on sidewalls of at least one of the plurality of insulating fences
below the spacers, wherein the plurality of vertical insulating layers and the plurality of
residual insulating layers include substantially a same material.

[0008] According to an aspect of the disclosure, an integrated circuit device including:
a substrate including a plurality of active regions; a plurality of device isolation layers
provided in the substrate and defining the plurality of active regions; a plurality of bitlines
spaced apart from each other in a first horizontal direction on the substrate and extending in
a second horizontal direction crossing the first horizontal direction, wherein spacers are
provided on both sidewalls of each of the plurality of bitlines; a plurality of wordlines
extending in the first horizontal direction; a plurality of wordline capping layers covering
upper surfaces of the plurality of wordlines; a plurality of insulating fences spaced apart from
each other in the second horizontal direction and provided between adjacent bitlines of the
plurality of bitlines, wherein the plurality of insulating fences contact the spacers; a plurality
of buried contacts connected to the plurality of active regions and provided between adjacent
bitlines of the plurality of bitlines and between the plurality of insulating fences; a plurality
of vertical insulating layers vertically positioned between the plurality of insulating fences
and the plurality of buried contacts; a plurality of residual insulating layers provided on
sidewalls of at least one of the plurality of insulating fences below the spacers; a plurality of
landing pads provided on the plurality of buried contacts; and a plurality of capacitor

structures electrically connected to the plurality of landing pads.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above and other aspects and features will be more apparent from the
following detailed description of example embodiments taken in conjunction with the

accompanying drawings, in which:



[0010] FIG. 1 is a layout diagram of an integrated circuit device according to one or
more example embodiments;

[0011] FIG. 2 is a cross-sectional view taken along the line from A to A’ of FIG. 1
according to one or more example embodiments;

[0012] FIG. 3 is a cross-sectional view taken along the line from B to B’ of FIG. 1
according to one or more example embodiments;

[0013] FIG. 4 is a cross-sectional view taken along the line from C to C’ of FIG. 1
according to one or more example embodiments;

[0014] FIG. 5 is an enlarged view of region CX1 of FIG. 3 according to one or more
example embodiments;

[0015] FIG. 6 is an enlarged view of region CX2 of FIG. 4 according to one or more
example embodiments;

[0016] FIG. 7 is a flowchart illustrating a method of manufacturing an integrated
circuit device according to one or more example embodiments;

[0017] FIGS. 8A, 8B, 8C, 9A, 9B, 9C, 10A, 10B, 10C, 11A, 11B, 11C, 12A, 12B,
12C, 13A, 13B, 13C, 14A, 14B, 14C, 15A, 15B and 15C are cross-sectional views illustrating
a method of manufacturing an integrated circuit device according to one or more example
embodiments; and

[0018] FIG. 16 is a configuration diagram of a system including an integrated circuit

device according to one or more example embodiments.

DETAILED DESCRIPTION

[0019] Hereinafter, example embodiments will be described in detail with reference
to the accompanying drawings. The same reference numerals are used for the same

components in the drawings, and duplicate descriptions thereof are omitted.



[0020] FIG. 1 is a layout diagram of an integrated circuit device according to one or
more example embodiments. FIG. 2 is a cross-sectional view taken along the line from A to
A’ of FIG. 1 according to one or more example embodiments. FIG. 3 is a cross-sectional view
taken along the line from B to B’ of FIG. 1 according to one or more example embodiments.
FIG. 4 is a cross-sectional view taken along the line from C to C’ of FIG. 1 according to one
or more example embodiments. FIG. 5 is an enlarged view of region CX1 of FIG. 3 according
to one or more example embodiments. FIG. 6 is an enlarged view of region CX2 of FIG. 4
according to one or more example embodiments.

[0021] Referring to FIGS. 1, 2, 3, 4, 5 and 6, an integrated circuit device 10 may
include a substrate 110 including a memory cell array region MCA and a peripheral circuit
region.

[0022] Device isolation trenches 112T may be provided in the substrate 110, and
device isolation layers 112 may be provided in the device isolation trenches 112T. A plurality
of active regions AC may be defined on the substrate 110 by the device isolation layers 112.
[0023] The plurality of active regions AC may be provided to have long axes, which
extend in a first oblique direction D1 inclined with respect to a first horizontal direction X
and a second horizontal direction Y, respectively. A plurality of wordlines WL may extend
parallel to each other along the first horizontal direction X across the plurality of active
regions AC. A plurality of bitlines BL may extend parallel to each other along the second
horizontal direction Y on the plurality of wordlines WL. The plurality of bitlines BL may be
connected to the plurality of active regions AC through bitline contacts DC.

[0024] A plurality of buried contacts BC may be provided between two adjacent
bitlines BL from among the plurality of bitlines BL. A plurality of landing pads LP may be
provided on the plurality of buried contacts BC. The plurality of buried contacts BC and the
plurality of landing pads LP may connect lower electrodes 182 of capacitor structures CAP
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provided on the plurality of bitlines BL to the plurality of active regions AC. Each of the
plurality of landing pads LP may partially overlap the buried contact BC and the bitline BL.
[0025] The substrate 110 may include, but is not limited to, silicon, e.g.,
monocrystalline silicon, polycrystalline silicon, or amorphous silicon. In one or more
example embodiments, the substrate 110 may include at least one selected from Ge, SiGe,
SiC, GaAs, InAs, and InP. In one or more example embodiments, the substrate 110 may
include a conductive region, e.g., a well doped with impurities or a structure doped with
impurities.

[0026] The device isolation layers 112 may include, but are not limited to, silicon
oxide, silicon nitride, or a combination thereof. A first buffer insulating layer 114 and a
second buffer insulating layer 116 may be sequentially provided on a top surface of the
substrate 110. Each of the first buffer insulating layer 114 and the second buffer insulating
layer 116 may include, but are not limited to, silicon oxide, silicon oxynitride, or silicon
nitride.

[0027] A plurality of wordline trenches 120T extending in the first horizontal
direction X may be provided on the substrate 110, and a buried gate structure 120 may be
provided in each of the plurality of wordline trenches 120T. The buried gate structure 120
may include a gate dielectric layer 122, a gate electrode 124, and a wordline capping layer
126 provided in each of the plurality of wordline trenches 120T. The gate electrodes 124
may correspond to the plurality of wordlines WL.

[0028] The plurality of gate dielectric layers 122 may include, but are not limited to,
a silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, an oxide/nitride/oxide
(ONO) layer, or a high-k dielectric film having a higher dielectric constant than the silicon
oxide layer. The plurality of gate electrodes 124 may include, but are not limited to, Ti, TiN,
Ta, TaN, W, WN, TiSiN, WSIN, or a combination thereof. The wordline capping layers 126
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may include, but are not limited to, a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, or a combination thereof. Undoped polysilicon or doped polysilicon may
be added between the plurality of gate electrodes 124 and the plurality of wordline capping
layers 126.

[0029] A plurality of bitline contact holes DCH may pass through the first buffer
insulating layer 114 and the second buffer insulating layer 116 and extend into the substrate
110, and the bitline contacts DC may be provided in the plurality of bitline contact holes DCH.
The bitline contacts DC may be connected to the plurality of active regions AC. The bitline
contacts DC may include, but are not limited to, TiN, TiSiN, W, tungsten silicide, doped
polysilicon, or a combination thereof. Bitline contact spacers DCS may cover a lower side
of the bitline contact DC in the bitline contact hole DCH. The bitline contact spacers DCS
may include, but are not limited to, silicon nitride.

[0030] The plurality of bitlines BL may extend along the second horizontal direction
Y on the substrate 110 and the bitline contacts DC. The plurality of bitlines BL may be
connected to the plurality of active regions AC through the bitline contacts DC, respectively.
Each of the plurality of bitlines BL may include a lower conductive layer 132, a middle
conductive layer 134, and a bitline conductive layer 136.

[0031] In one or more example embodiments, the lower conductive layer 132 may
include, but is not limited to, polysilicon, and the middle conductive layer 134 may include,
but is not limited to, at least one of TiN, TiSiN, cobalt silicide, nickel silicide, and tungsten
silicide. The bitline conductive layer 136 may include, but is not limited to, at least one of
ruthenium (Ru), tungsten (W), cobalt (Co), titanium (T1), and titanium nitride (TiN).

[0032] A plurality of bitline capping layers 138 may be provided on the plurality of
bitlines BL, respectively. Each of the bitline capping layers 138 may include a first capping
layer 138A, a second capping layer 138B, and a third capping layer 138C sequentially
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provided on a top surface of the plurality of bitlines BL. The first capping layer 138A, the
second capping layer 138B, and the third capping layer 138C may include, but are not limited
to, at least one of silicon nitride, silicon oxide, and silicon oxynitride.

[0033] Spacers 140 may be provided on both sidewalls of each bitline BL. The
spacers 140 may include a first spacer layer 142, a second spacer layer 144, and a third spacer
layer 146. In one or more example embodiments, the first spacer layer 142 and the third
spacer layer 146 may include, but are not limited to, silicon nitride, and the second spacer
layer 144 may include, but is not limited to, silicon oxide. A bottom surface of the second
spacer layer 144 may contact a top surface of the bitline contact spacer DCS.

[0034] Each of a plurality of buried contacts BC may be positioned between the two
adjacent bitlines BL. For example, a bottom portion BC_B of the plurality of buried contacts
BC may be provided in each of buried contact holes BCH extending into the substrate 110
between the two adjacent bitlines BL, and may contact the plurality of active regions AC. In
one or more example embodiments, the plurality of buried contacts BC may include, but are
not limited to, doped polysilicon.

[0035] A plurality of insulating fences 150 may be positioned between the two
adjacent bitlines BL along the second horizontal direction Y. The plurality of insulating
fences 150 may be provided at positions vertically overlapping the plurality of wordline
trenches 120T. The plurality of insulating fences 150 may include, but are not limited to,
silicon nitride. In plan view, the plurality of buried contacts BC and the plurality of insulating
fences 150 may be alternately provided between the two bitlines BL extending in the second
horizontal direction Y. The plurality of insulating fences 150 may be provided at positions
corresponding to a plurality of recesses 126R each defined on a top surface of the plurality of

wordline capping layers 126 within the wordline trenches 120T. For example, bottom



portions of the plurality of insulating fences 150 may be provided in the plurality of recesses
126R.

[0036] The bottom portion BC_B of the plurality of buried contacts BC observed in
a cross-sectional view along the first horizontal direction X may extend into the substrate 110
(or into the plurality of active regions AC and/or into the device isolation layers 112), and
may have a rounded shape. The bottom portion BC_B of the plurality of buried contacts BC,
observed in a cross-sectional view along the second horizontal direction Y, may extend into
the substrate 110 (or into the plurality of active regions AC and/or into the device isolation
layers 112), and may have a flat shape. Accordingly, the plurality of buried contacts BC may
have a rounded bottom portion along the first horizontal direction X and a flat rectangular
shape along the second horizontal direction Y.

[0037] Each of vertical insulating layers 152 may be positioned between the plurality
of buried contacts BC and the plurality of insulating fences 150 alternately provided along
the second horizontal direction Y. The vertical insulating layers 152 may extend from the
same vertical level as a top surface of the plurality of buried contacts BC to the same vertical
level as a bottom surface of the plurality of buried contacts BC. In one or more example
embodiments, the vertical insulating layers 152 may be provided on lower sidewalls of the
plurality of insulating fences 150 and may not be provided on upper sidewalls of the plurality
of insulating fences 150. The vertical insulating layers 152 may be provided between the
plurality of insulating fences 150 and the plurality of buried contacts BC. In one or more
example embodiments, the vertical insulating layers 152 may also be provided between the
insulating fence 150 and the bitline BL (e.g., between the insulating fence 150 and the third
spacer layer 146).

[0038] The plurality of buried contacts BC may include a pair of first sidewalls spaced
apart from each other in the first horizontal direction X and a pair of second sidewalls spaced
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apart from each other in a second horizontal direction Y, and the vertical insulating layers
152 may be provided on the pair of second sidewalls. In one or more example embodiments,
the vertical insulating layers 152 may include, but are not limited to, silicon oxide or silicon
nitride, e.g., silicon oxide provided on the sidewalls of the plurality of buried contacts BC by
a selective oxidation process or silicon nitride provided by a selective nitridation process.
[0039] Each of residual insulating layers 154 may be provided on a sidewall of at least
one insulating fence 150 among the plurality of insulating fences 150 in the plurality of
recesses 126R. The residual insulating layers 154 may be provided on the sidewalls of the
plurality of insulating fences 150 and below the spacers 140. In one or more example
embodiments, the residual insulating layers 154 may include, but are not limited to, silicon
oxide or silicon nitride, and may be provided, for example, by performing a selective
oxidation process or a selective nitridation process on a portion of etch residues RD as shown
according to one or more example embodiments in FIG. 11B where a portion of a preliminary
contact layer PBC remains unremoved. The selective oxidation process may be a process
using plasma radicals or a thermal oxidation process, but is not limited thereto. In addition,
the selective nitridation process may be a process using plasma radicals or a thermal
nitridation process, but is not limited thereto.

[0040] Accordingly, the residual insulating layers 154 may be provided of
substantially the same material as the vertical insulating layers 152, and may be connected to
the vertical insulating layers 152. That is, in the integrated circuit device 10 of one or more
example embodiments, the plurality of insulating fences 150 may form an integral structure
with the vertical insulating layers 152 and the residual insulating layers 154.

[0041] In plan view, each of the residual insulating layers 154 may be positioned
between the two adjacent buried contacts BC in the second horizontal direction Y from among
the plurality of buried contacts BC. For example, the residual insulating layers 154 may be
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connected to the first buried contact BC of the two buried contacts BC adjacent to a first end
of the residual insulating layers 154 and the second buried contact BC of the two buried
contacts BC adjacent to a second end of the residual insulating layers 154.

[0042] The plurality of landing pads LP may be provided on the plurality of buried
contacts BC. Each of the plurality of landing pads LP may include a conductive barrier layer
and a landing pad conductive layer. The conductive barrier layer may include, but is not
limited to, Ti, TiN, or a combination thereof. The landing pad conductive layer may include,
but is not limited to, metal, metal nitride, conductive polysilicon, or a combination thereof.
For example, the landing pad conductive layer may include, but is not limited to, tungsten
(W). The plurality of landing pads LP may have a plurality of island-shaped pattern shapes
in plan view. Each of the plurality of landing pads LP may contact the top surface of the
buried contact BC and the top surface of the vertical insulating layer 152. Each of the plurality
of landing pads LP may also contact the upper sidewall of the insulating fence 150.

[0043] The plurality of landing pads LP may contact sidewalls of the plurality of
insulating fences 150, and the vertical insulating layers 152 may not be positioned between
the plurality of landing pads LP and the plurality of insulating fences 150.

[0044] The plurality of landing pads LP may be electrically insulated from each other
by the insulating patterns 160 surrounding the plurality of landing pads LP. The insulating
patterns 160 may include, but are not limited to, at least one of silicon nitride, silicon oxide,
and silicon oxynitride. In one or more example embodiments, upper insulating patterns 170
may be provided on the insulating patterns 160.

[0045] The capacitor structures CAP may be provided on the plurality of landing pads
LP. The capacitor structures CAP may include a lower electrode 182, a capacitor dielectric

layer 184, and an upper electrode 186.
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[0046] In general, a plurality of insulating fences are first provided in a space between
the plurality of bitlines BL, and a plurality of buried contact holes BCH are provided by using
the plurality of bitlines BL and the insulating fences as an etching mask. However, as the
width of the buried contact holes BCH is small and the aspect ratio thereof is increased,
defects occur in an etching process.

[0047] In order to address this disadvantage, according to one or more example
embodiments, a portion of the substrate 110 exposed to the space between the plurality of
bitlines BL may be removed to provide the line-type or trench-type buried contact holes BCH,
provide the preliminary contact layer PBC which fills the space between the plurality of bit
lines BL, and provide the plurality of buried contacts BC by patterning the same. In addition,
the vertical insulating layers 152 may be provided by performing a selective oxidation process
or a selective nitridation process on the exposed side surfaces of the plurality of buried
contacts BC, and the plurality of insulating fences 150 filling the space between the plurality
of buried contacts BC may be provided. Therefore, polysilicon residues remaining in the
process of removing the preliminary contact layer may be oxidized in the selective oxidation
process or nitrided in the selective nitridation process, thereby reducing or preventing defects
of bridges between the buried contacts BC.

[0048] Ultimately, the integrated circuit device 10 according to one or more example
embodiments may have excellent electrical characteristics and high productivity.

[0049] FIG. 7 is a flowchart illustrating a method of manufacturing an integrated
circuit device according to one or more example embodiments.

[0050] Referring to one or more example embodiments shown in FIG. 7, a method
S10 of manufacturing an integrated circuit device may include a process sequence of first to

eighth operations S110, S120, S130, S140, S150, S160, S170 and S180.
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[0051] When one or more example embodiments can be implemented differently, a
specific process sequence may be performed differently from the described sequence of one
or more example embodiments shown in FIG. 7. For example, according to one or more
example embodiments, two processes described in succession may be performed
substantially simultaneously, or may be performed in an order different from the order
described.

[0052] The method S10 of manufacturing a semiconductor memory device according
to one or more example embodiments may include: a first operation S110 of forming the
plurality of bitlines on the substrate; a second operation S120 of forming the preliminary
contact layer which fills between the plurality of bitlines; a third operation S130 of forming
the plurality of buried contacts by removing a portion of the preliminary contact layer; a
fourth operation S140 of performing a selective oxidation process or a selective nitridation
process on the exposed sidewalls of the plurality of buried contacts; a fifth operation S150 of
forming the plurality of insulating fences between the plurality of bitlines and between the
plurality of buried contacts; a sixth operation S160 of performing an etching process on the
upper sides of the plurality of buried contacts; a seventh operation S170 of forming the
plurality of landing pads on the upper surfaces of the plurality of buried contacts; and an
eighth operation of forming the capacitor structures connected to the plurality of landing pads.
[0053] The technical characteristics of each of the first to eighth operations S110,
S$120, S130, S140, S150, S160, S170 and S180 will be described in detail below with
reference to one or more example embodiments shown in FIGS. 8A, 8B, 8C, 9A, 9B, 9C,
10A, 10B, 10C, 11A, 11B, 11C, 12A, 12B, 12C, 13A, 13B, 13C, 14A, 14B, 14C, 15A, 15B
and 15C.

[0054] FIGS. 8A, 8B, 8C, 9A, 9B, 9C, 10A, 10B, 10C, 11A, 11B, 11C, 12A, 12B,
12C, 13A, 13B, 13C, 14A, 14B, 14C, 15A, 15B and 15C are cross-sectional views illustrating
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a method of manufacturing an integrated circuit device 10 according to one or more example
embodiments.

[0055] Specifically, FIGS. 8A, 9A, 10A, 11A, 12A, 13A, 14A, and 15A are cross-
sectional views corresponding to the line from A to A’ in FIG. 1 according to one or more
example embodiments, FIGS. 8B, 9B, 10B, 11B, 12B, 13B, 14B, and 15B are cross-sectional
views corresponding to the line from B to B’ in FIG. 1 according to one or more example
embodiments, and FIGS. 8C, 9C, 10C, 11C, 12C, 13C, 14C, and 15C are cross-sectional
views corresponding to the line from C to C’ in FIG. 1 according to one or more example
embodiments.

[0056] Referring to one or more example embodiments shown in FIGS. 8A, 8B and
8C, the plurality of device isolation trenches 112T may be provided in the substrate 110.
[0057] In addition, the device isolation layers 112 filling the plurality of device
isolation trenches 112T may be provided. The plurality of first active regions AC are defined
on the substrate 110 by forming the device isolation layers 112. The plurality of first active
regions AC may extend along the first oblique direction D1 inclined at a predefined angle
with respect to the first horizontal direction X and the second horizontal direction Y.

[0058] In one or more example embodiments, the device isolation layers 112 may be
provided using silicon oxide, silicon nitride, silicon oxynitride, or a combination thereof. In
one or more example embodiments, the device isolation layers 112 may be provided in a
double layer structure of a silicon oxide layer and a silicon nitride layer, but are not limited
thereto.

[0059] A mask pattern may be provided on the substrate 110, and wordline trenches
120T may be provided by removing a portion of the substrate 110 using the mask pattern as

an etching mask. For example, the mask pattern for forming the wordline trenches 120T may
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be provided using a double patterning technique (DPT) or a quadruple patterning technique
(QPT), but one or more example embodiments are not limited thereto.

[0060] In addition, the gate dielectric layers 122, the gate electrodes 124, and the
wordline capping layers 126 may be sequentially provided in the wordline trenches 120T.
[0061] For example, the gate dielectric layers 122 may be conformally provided on
inner walls of the wordline trenches 120T. The gate electrodes 124 may be provided by filling
the wordline trenches 120T with conductive layers and then exposing upper portions of the
wordline trenches 120T again by etching back upper portions of the conductive layers.
[0062] Referring to one or more example embodiments shown in FIGS. 9A, 9B and
9C, the first buffer insulating layer 114 and the second buffer insulating layer 116 may be
provided on the active region AC and the device isolation layer 112.

[0063] In addition, the lower conductive layer 132 may be provided on the first and
second buffer insulating layers 114 and 116, and the plurality of bitline contact holes DCH
may be provided by removing portions of the lower conductive layer 132, the first and second
buffer insulating layers 114 and 116, and the substrate 110. In addition, the bitline contacts
DC may be provided inside the plurality of bitline contact holes DCH.

[0064] The middle conductive layer 134 and the bitline conductive layer 136 may be
provided on the bitline contact DC and the lower conductive layer 132, and the bitline capping
layer 138 may be provided on the bitline conductive layer 136. The plurality of bitlines BL
may be provided by patterning the bitline conductive layer 136, the middle conductive layer
134, and the lower conductive layer 132 using the bitline capping layer 138 as an etching
mask.

[0065] In one or more example embodiments, the middle conductive layer 134 may

include, but is not limited to, at least one of TiN, TiSiN, cobalt silicide, nickel silicide, and
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tungsten silicide. The bitline conductive layer 136 may include, but is not limited to, at least
one of ruthenium (Ru), tungsten (W), cobalt (Co), titanium (Ti), and titanium nitride (TiN).
[0066] In addition, the first spacer layer 142, the second spacer layer 144, and the
third spacer layer 146 may be sequentially provided on the sidewalls of the bitline BL and the
bitline capping layer 138. In one or more example embodiments, the first spacer layer 142
and the third spacer layer 146 may include, but are not limited to, silicon nitride, and the
second spacer layer 144 may include silicon oxide.

[0067] In one or more example embodiments, an anisotropic etching process or a
trimming process may be performed on the first spacer layer 142 after forming the first spacer
layer 142 on the sidewalls of the bitline BL and the bitline capping layer 138 so that the top
surface of the first spacer layer 142 and the top surface of the bitline capping layer 138 may
have a rounded shape. In addition, the second spacer layer 144 may be provided on the
sidewall of the first spacer layer 142, and an anisotropic etching process or a trimming process
may be performed on the second spacer layer 144. The third spacer layer 146 may be
provided on the sidewall of the second spacer layer 144, and an anisotropic etching process
or a trimming process may be performed on the third spacer layer 146. As a result of the
anisotropic etching process or the trimming process, the upper widths of the second spacer
layer 144 and the third spacer layer 146 may be smaller than the lower widths of the second
spacer layer 144 and the third spacer layer 146, and the upper surfaces of the second spacer
layer 144 and the third spacer layer 146 may have a rounded shape.

[0068] In one or more example embodiments, in the process of forming the spacers
140, the bitline contact spacers DCS may be provided by filling the bitline contact holes DCH
with insulating material. The bitline contact spacers DCS may include, but are not limited to,

silicon oxide filling the inside of the bitline contact holes DCH. The bitline contact spacers
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DCS may further include a portion of the first spacer layer 142 extending into the bitline
contact holes DCH.

[0069] Referring to one or more example embodiments shown in FIGS. 10A, 10B
and 10C, the upper side of the substrate 110 exposed to the space between the plurality of
bitlines BL may be further removed to provide the buried contact holes BCH.

[0070] In one or more example embodiments, the formation process of the buried
contact holes BCH may include a wet etching process, a dry etching process, or a combination
thereof. In the process of forming the buried contact holes BCH, a portion of the wordline
capping layer 126 exposed to the space between the plurality of bitlines BL may also be
removed, and thus each of the buried contact holes BCH may be provided on the upper
surfaces of the wordline capping layer 126. In one or more example embodiments, the buried
contact holes BCH may extend laterally with respect to a sidewall of the third spacer layer
146, and, for example, to at least a portion of the lower region of the third spacer layer 146.
[0071] In addition, the preliminary contact layer PBC filling the inside of the buried
contact holes BCH may be provided. The preliminary contact layer PBC may be provided to
extend along the second horizontal direction Y. For example, a bottom surface of the
preliminary contact layer PBC may be positioned at a flat level along the second horizontal
direction Y. In one or more example embodiments, a bottom portion of the preliminary
contact layer PBC may fill the inside of the buried contact holes BCH provided on the
wordline capping layers 126.

[0072] Referring to FIGS. 11A, 11B and 11C, the plurality of buried contacts BC may
be provided by removing a portion of the preliminary contact layer PBC.

[0073] The plurality of buried contacts BC may be spaced apart from each other in
the first horizontal direction X and the second horizontal direction Y, and may be connected
to the upper surfaces of the active regions AC.
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[0074] In one or more example embodiments, a portion of the preliminary contact
layer PBC removed to provide the plurality of buried contacts BC may be provided at
positions corresponding to the plurality of recesses 126R. Accordingly, after the plurality of
buried contacts BC are provided, the upper surface of the wordline capping layer 126 may be
exposed again to the bottom of the space between the plurality of buried contacts BC by the
plurality of recesses 126R.

[0075] In the etching process for forming the plurality of buried contacts BC, a
portion of the preliminary contact layer PBC may remain in the plurality of recesses 126R
without being removed, which may be referred to as the etch residues RD. In one or more
example embodiments, the etch residues RD may be positioned below the third spacer layer
146 and in the plurality of recesses 126R, and may be connected to two adjacent buried
contacts BC in the second horizontal direction Y. For example, one end of the etch residues
RD may be connected to the one buried contact BC from among the two adjacent buried
contacts BC, and the other end of the etch residues RD may be connected to the other buried
contact BC from among the two adjacent buried contacts BC.

[0076] Referring to FIGS. 12A, 12B and 12C, a selective oxidation process or a
selective nitridation process may be performed on the exposed sidewalls of the plurality of
buried contacts BC.

[0077] The vertical insulating layers 152 may be provided on the exposed sidewalls
of the plurality of buried contacts BC by the selective oxidation process or the selective
nitridation process, and the etch residues RD in FIG. 11 may be converted into the residual
insulating layers 154 by the selective oxidation process or the selective nitridation process.
[0078] In one or more example embodiments, the vertical insulating layers 152 may
be provided by converting silicon atoms in a portion of the sidewalls of the plurality of buried
contacts BC to silicon oxide through an oxidation process or to silicon nitride through a
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nitridation process. The vertical insulating layers 152 may be provided on the exposed
surfaces of the entire second sidewalls of the plurality of buried contacts BC that are spaced
apart from each other in the second horizontal direction Y. Because the first sidewalls of the
plurality of buried contacts BC provided apart from each other in the first horizontal direction
X may not be exposed to an oxidizing or nitridation atmosphere by contacting the third spacer
layer 146, the vertical insulating layers 152 may not be provided on the first sidewalls.
[0079] In one or more example embodiments, silicon atoms in the etch residues RD
in FIG. 11B may be converted into silicon oxide through an oxidation process or converted
into silicon nitride through a nitridation process to provide the residual insulating layers 154.
Accordingly, the residual insulating layers 154 may be provided below the third spacer layer
146 and in the plurality of recesses 126R, and may be connected to the two adjacent buried
contacts BC in the second horizontal direction Y. For example, one end of the residual
insulating layers 154 may be connected to the one buried contact BC from among the two
adjacent buried contacts BC, and the other end of the residual insulating layers 154 may be
connected to the other buried contact BC among the two adjacent buried contacts BC.
[0080] As the etch residues RD in FIG. 11B are converted into the residual insulating
layers 154 according to one or more example embodiments, unwanted short circuits or
bridges between the two adjacent buried contacts BC may be effectively reduced or even
prevented.

[0081] Referring to one or more example embodiments shown in FIGS. 13A, 13B
and 13C, the plurality of insulating fences 150 are provided in the space (e.g., the insulating
fence spaces 150S) between the plurality of bitlines BL and between the plurality of buried
contacts BC.

[0082] In one or more example embodiments, the plurality of insulating fences 150
may include, but are not limited to, silicon nitride. The plurality of insulating fences 150 may
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have top surfaces positioned at the same level as top surfaces of the plurality of buried
contacts BC.

[0083] Referring to FIGS. 14A, 14B and 14C, an etching process may be performed
on the upper side of the plurality of buried contacts BC to lower the height of the plurality of
buried contacts BC.

[0084] The plurality of buried contacts BC may have top surfaces positioned at a
lower level than top surfaces of the plurality of insulating fences 150. In addition, a part of
the sidewall of the third spacer layer 146 may be exposed through an etching process.
[0085] In one or more example embodiments, a portion of the vertical insulating
layers 152 provided on sidewalls of the plurality of insulating fences 150 may be removed in
the etching process. Accordingly, the vertical insulating layers 152 may have a top surface
positioned at the same level as the top surface of the plurality of buried contacts BC.

[0086] Referring to FIGS. 15A, 15B and 15C, the plurality of landing pads LP may
be provided by forming a conductive layer on top surfaces of the plurality of buried contacts
BC and by removing a portion of the conductive layer.

[0087] Bottom portions of the plurality of landing pads LP may be positioned between
the plurality of insulating fences 150 and between the plurality of bitlines BL. In addition,
the insulating patterns 160 may be provided to cover the plurality of landing pads LP.
[0088] Referring back to one or more example embodiments shown in FIG. 2, the
lower electrodes 182 connected to the landing pads LP may be provided, and the capacitor
dielectric layer 184 and the upper electrode 186 may be sequentially provided on sidewalls
of the lower electrodes 182. The integrated circuit device 10 according to one or more
example embodiments may be produced by performing such methods.

[0089] According to the method of manufacturing the integrated circuit device of one
or more example embodiments, a portion of the substrate 110 exposed to the space between
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the plurality of bitlines BL may be removed to provide the line-type or trench-type buried
contact holes BCH, provide the preliminary contact layer PBC filling the space between the
plurality of bitlines BL, and provide the plurality of buried contacts BC by patterning the
same. In addition, the vertical insulating layers 152 may be provided by performing a
selective oxidation or selective nitridation process on the exposed side surfaces of the
plurality of buried contacts BC, and the insulating fences 150 filling the space between the
plurality of buried contacts BC may be provided. Therefore, polysilicon residues remaining
in the process of removing the preliminary contact layer PBC may be oxidized by the selective
oxidation process or nitrided by the selective nitridation process, thereby reducing or
preventing defects of bridges between buried contacts BC.

[0090] FIG. 16 is a configuration diagram of a system including an integrated circuit
device according to one or more example embodiments.

[0091] Referring to FIG. 16, a system 1000 may include a controller 1010, an
input/output device 1020, a memory 1030, an interface 1040, and a bus 1050.

[0092] The system 1000 may be a mobile system or a system that transmits and/or
receives information. In one or more example embodiments, the mobile system may be a
portable computer, a web tablet, a mobile phone, a digital music player, or a memory card,
but one or more example embodiments are not limited thereto.

[0093] The controller 1010 may be configured to control an execution program in the
system 1000, and may include, but is not limited to, a microprocessor, a digital signal
processor, a microcontroller, or a device similar thereto.

[0094] The input/output device 1020 may be used to input or output data to or from
the system 1000. The system 1000 may be connected to an external device, e.g., a personal

computer or a network, and may exchange data with the external device using the input/output
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device 1020. The input/output device 1020 may be, for example, a touch screen, a touch pad,
a keyboard, or a display device, but one or more example embodiments are not limited thereto.
[0095] The memory 1030 may store data for operation of the controller 1010, or may
store data processed by the controller 1010. The memory 1030 may include the integrated
circuit device 10 according to one or more example embodiments described above.

[0096] The interface 1040 may be a data transmission path between the system 1000
and the external device. The controller 1010, the input/output device 1020, the memory 1030,
and the interface 1040 may communicate with each other via the bus 1050.

[0097] While one or more example embodiments have been particularly shown and
described above, it will be apparent that various changes in form and details may be made

therein without departing from the spirit and scope of the following claims.
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WHAT IS CLAIMED IS:

1. An integrated circuit device comprising:

a substrate comprising a plurality of active regions;

a plurality of device isolation layers provided in the substrate and defining the
plurality of active regions;

a plurality of bitlines spaced apart from each other in a first horizontal direction on
the substrate and extending in a second horizontal direction crossing the first horizontal
direction;

a plurality of insulating fences spaced apart from each other in the second horizontal
direction and provided between adjacent bitlines of the plurality of bitlines;

a plurality of buried contacts connected to the plurality of active regions and provided
between the adjacent bitlines of the plurality of bitlines and between the plurality of insulating
fences; and

a plurality of vertical insulating layers vertically positioned between the plurality of

insulating fences and the plurality of buried contacts.

2. The integrated circuit device of claim 1, further comprising:

a wordline extending in the first horizontal direction within the substrate;

a wordline capping layer covering an upper surface of the wordline;

a plurality of recesses provided in the wordline capping layer and in which lower
portions of the plurality of insulating fences are provided; and

a plurality of residual insulating layers provided on sidewalls of a lower portion of the

plurality of insulating fences in at least one of the plurality of recesses,
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wherein the plurality of residual insulating layers and the plurality of vertical

insulating layers comprise substantially a same material.

3. The integrated circuit device of claim 2, wherein the plurality of insulating
fences comprise silicon nitride, and
wherein each of the plurality of vertical insulating layers and each of the plurality of

residual insulating layers comprise silicon oxide or silicon nitride.

4. The integrated circuit device of claim 3, wherein the plurality of buried
contacts comprise polysilicon, and

wherein each of the plurality of vertical insulating layers and each of the plurality of
residual insulating layers are provided by an oxidation process or a nitridation process for

polysilicon.

5. The integrated circuit device of claim 4, wherein the vertical insulating layers
are provided on sidewalls of the plurality of buried contacts by the oxidation process or the
nitridation process, and

wherein the plurality of residual insulating layers are provided on the sidewalls of the
lower portion of the plurality of insulating fences by the oxidation process or the nitridation

process.

6. The integrated circuit device of any one of claims 2 to 5, further comprising

spacers provided on both sidewalls of each of the plurality of bitlines,

wherein the plurality of residual insulating layers are provided under the spacers.
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7. The integrated circuit device of any one of claims 2 to 6, wherein each of the
plurality of buried contacts comprises:

first sidewalls spaced apart from each other in the first horizontal direction; and

second sidewalls spaced apart from each other in the second horizontal direction, and

wherein the plurality of vertical insulating layers are provided on the second sidewalls.

8. The integrated circuit device of claim 7, wherein the plurality of vertical

insulating layers are not provided on the first sidewalls.

9. The integrated circuit device of any one of claims 2 to 8, wherein an uppermost
surface of each of the plurality of insulating fences is provided at a level higher than an
uppermost surface of each of the plurality of buried contacts, and

wherein an uppermost surface of each of the plurality of vertical insulating layers is

provided at a same level as the uppermost surface of each of the plurality of buried contacts.

10.  The integrated circuit device of claim 9, wherein a lowermost surface of each
of the plurality of residual insulating layers is provided at a level higher than a lowermost

surface of each of the plurality of insulating fences.

11.  Anintegrated circuit device comprising:
a substrate comprising a plurality of active regions;
a plurality of device isolation layers provided in the substrate and defining the

plurality of active regions;
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a plurality of bitlines spaced apart from each other in a first horizontal direction on
the substrate and extending in a second horizontal direction crossing the first horizontal
direction, wherein spacers are provided on both sidewalls of each of the plurality of bitlines;

a plurality of insulating fences spaced apart from each other in the second horizontal
direction and provided between adjacent bitlines of the plurality of bitlines, wherein the
plurality of insulating fences contact the spacers;

a plurality of buried contacts connected to the plurality of active regions and provided
between the adjacent bitlines of the plurality of bitlines and between the plurality of insulating
fences;

a plurality of vertical insulating layers vertically positioned between the plurality of
insulating fences and the plurality of buried contacts; and

a plurality of residual insulating layers provided on sidewalls of at least one of the
plurality of insulating fences below the spacers,

wherein the plurality of vertical insulating layers and the plurality of residual

insulating layers comprise substantially a same material.

12.  The integrated circuit device of claim 11, wherein the plurality of vertical
insulating layers and the plurality of residual insulating layers form an integral structure with

the plurality of insulating fences.

13.  The integrated circuit device of claim 12, wherein the integral structure

comprises at least one of silicon oxide or silicon nitride.

14.  The integrated circuit device of any one of claims 11 to 13, wherein in plan
view:
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each of the plurality of residual insulating layers is provided between two adjacent
buried contacts of the plurality of buried contacts,

one end of each of the plurality of residual insulating layers is connected to one of the
two adjacent buried contacts of the plurality of buried contacts, and

another end of each of the plurality of residual insulating layers is connected to

another one of the two adjacent buried contacts of the plurality of buried contacts.

15.  The integrated circuit device of claim 14, wherein the plurality of residual
insulating layers are provided by an oxidation process or a nitridation process on etch residues

of the plurality of buried contacts.

16.  Anintegrated circuit device comprising:

a substrate comprising a plurality of active regions;

a plurality of device isolation layers provided in the substrate and defining the
plurality of active regions;

a plurality of bitlines spaced apart from each other in a first horizontal direction on
the substrate and extending in a second horizontal direction crossing the first horizontal
direction, wherein spacers are provided on both sidewalls of each of the plurality of bitlines;

a plurality of wordlines extending in the first horizontal direction;

a plurality of wordline capping layers covering upper surfaces of the wordlines;

a plurality of insulating fences spaced apart from each other in the second horizontal
direction and provided between adjacent bitlines of the plurality of bitlines, wherein the

plurality of insulating fences contact the spacers;
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a plurality of buried contacts connected to the plurality of active regions and provided
between the adjacent bitlines of the plurality of bitlines and between the plurality of insulating
fences;

a plurality of vertical insulating layers vertically positioned between the plurality of
insulating fences and the plurality of buried contacts;

a plurality of residual insulating layers provided on sidewalls of at least one of the
plurality of insulating fences below the spacers;

a plurality of landing pads provided on the plurality of buried contacts; and

a plurality of capacitor structures electrically connected to the plurality of landing

pads.

17.  The integrated circuit device of claim 16, wherein each of the plurality of
buried contacts comprises:

first sidewalls spaced apart from each other in the first horizontal direction; and

second sidewalls spaced apart from each other in the second horizontal direction,

wherein the plurality of vertical insulating layers are not provided on the first
sidewalls, and

wherein the plurality of vertical insulating layers are provided on the second sidewalls.

18.  The integrated circuit device of claim 16 or claim 17, wherein an uppermost
surface of each of the plurality of insulating fences is provided at a level higher than an
uppermost surface of each of the plurality of buried contacts, and

wherein an uppermost surface of each of the plurality of vertical insulating layers is

provided at a same level as the uppermost surface of each of the plurality of buried contacts.
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19.  The integrated circuit device of claim 18, wherein an uppermost surface of
each of the plurality of residual insulating layers is provided at a level lower than a lowermost
surface of each of the plurality of bitlines, and

wherein a lowermost surface of each of the plurality of residual insulating layers is

provided at a level higher than a lowermost surface of each of the plurality of insulating fences.

20.  The integrated circuit device of claim 16 to 19, wherein each of the plurality
of vertical insulating layers and each of the plurality of residual insulating layers comprise
silicon oxide or silicon nitride, and

wherein the plurality of residual insulating layers are provided by an oxidation process

or a nitridation process on etch residues of the plurality of buried contacts.
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