MAINTAINING HEIGHT OF ALIGNMENT KEY IN SEMICONDUCTOR DEVICES

CROSS-REFERENCE TO RELATED APPLICATION

[1] This patent application claims priority to and the benefit of, Korean Patent
Application No. 10-2018-0083152, filed on July 17, 2018, in the Korean Intellectual
Property Office (KIPO), the contents of which are herein incorporated by reference in their

entirety.

TECHNICAL FIELD

[2] Embodiments of the disclosure relate to a semiconductor device. More
particularly, embodiments of the disclosure relate to a semiconductor device including a

capping layer, which may cover an upper surface of a conductive pattern.

BACKGROUND

[3] In manufacturing a semiconductor device, when an alignment key is formed
by patterning an insulation layer, a height of the alignment key should be maintained
throughout the entire manufacturing process. However, for example, in a polishing process
performed after patterning the insulation layer, most of the alignment key may be removed
and an original height thereof may not be maintained. Accordingly, the alignment key may

not properly function due to the altered height thereof.

SUMMARY
[4] Embodiments of the disclosure provide a semiconductor device having
improved characteristics.
[5] According to an embodiment, there is provided a semiconductor including a

gate electrode structure disposed on a substrate, a capping structure covering an upper



surface of the gate electrode structure, the capping structure including a capping pattern and a
first etch stop pattern covering a lower surface and a sidewall of the capping pattern, an
alignment key disposed on the substrate, the alignment key including an insulating material,
and a filling structure disposed on the substrate, the filling structure covering a sidewall of
the alignment key, and including a first filling pattern, a second filling pattern covering a
lower surface and a sidewall of the first filling pattern and a second etch stop pattern
covering a lower surface and a sidewall of the second filling pattern.

[6] According to an embodiment, there is provided a semiconductor device
including a conductive structure disposed on a substrate, a capping structure covering an
upper surface of the conductive structure, the capping structure including a capping pattern
containing a silicon oxycarbide (SiOC) and a first etch stop pattern covering a lower surface
and a sidewall of the capping pattern, the first etch stop pattern containing a material, which
may have a first etching selectivity with respect to the capping pattern, an alignment key on
the substrate, the alignment key containing a material having a second etching selectivity
lower than the first etching selectivity with respect to the capping pattern, and a filling
structure disposed on the substrate, the filling structure covering a sidewall of the alignment
key, and including a first filling pattern, a second filling pattern covering a lower surface and
a sidewall of the first filling pattern, the second filling pattern containing the same material
as the capping pattern and a second etch stop pattern covering a lower surface and a sidewall
of the second filling pattern, the second etch stop pattern containing the same material as the
first etch stop pattern.

[7] According to an embodiment, there is provided a semiconductor device
including an active region disposed on a substrate, the active region defined by an isolation

pattern, which may be formed on the substrate, a gate electrode structure on the active region



and the isolation pattern, a capping structure covering an upper surface of the gate electrode
structure, the capping structure including a capping pattern containing a silicon oxycarbide
(Si0C) and an etch stop pattern covering a lower surface and a sidewall of the capping
pattern, the etch stop pattern containing a material, which may include a silicon nitride (SiN),
a silicon oxynitride (SiON) or a silicon carbonitride (SiCN), and a source/drain layer on the
active region adjacent to the gate electrode structure.

[8] In a method of manufacturing a semiconductor device in accordance with
embodiments of the disclosure, an alignment key may not be removed in a CMP process, or
the like. Therefore, the original height of the alignment key may be maintained, and thus the
semiconductor device may secure elements having an original size and shape.

[9] However, the embodiments may not be limited to the above-described effects,

and may be variously extended without departing from the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[10] FIGS. 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20 are
plan views and cross-sectional views illustrating stages of a method of manufacturing a
semiconductor device in accordance with embodiments of the disclosure.
[11] FIGS. 21, 22, 23, 24, and 25 are plan views illustrating stages of a method of

manufacturing a semiconductor device in accordance with embodiments of the disclosure.

DESCRIPTION OF EMBODIMENTS

[12] A semiconductor device in accordance with embodiments of the disclosure
will be described more fully hereinafter with reference to the accompanying drawings.
[13] FIGS. 1 to 20 are plan views and cross-sectional views illustrating stages of a

method of manufacturing a semiconductor device in accordance with embodiments of the



disclosure. Particularly, FIGS. 1, 4, 7, 10 and 13 are plan views, and FIGS. 2 to 3, 5to 6, 8
to 9, 11 to 12 and 14 to 20 are cross-sectional views.

[14] FIGS. 2, 8, 11 and 14 are cross-sectional views taken along lines A-A’ of
corresponding plan views, respectively, FIGS. 3, 5, 9. 12 and 15 to 20 are cross-sectional
views taken along lines B-B’ of corresponding plan views, respectively, and FIG. 6 is a cross-
sectional view taken along a line C-C’ of a corresponding plan view.

[15] Referring to FIGS. 1 to 3, an upper portion of a substrate 100 including first
and second regions I and II may be partially etched to form an active fin 105. Accordingly,
the active fin 105 may protrude in a vertical direction substantially perpendicular to an upper
surface of the substrate 100, and may include a material substantially the same as material of
the substrate 100.

[16] The substrate 100 may include semiconductor materials, e.g., silicon,
germanium, silicon-germanium, etc., or III-V compounds e.g., GaP, GaAs, GaSb, etc. In
some embodiments, the substrate 100 may be a silicon-on-insulator (SOI) substrate or a
germanium-on-insulator (GOI) substrate.

[17] In embodiments of the disclosure, the first region I of the substrate 100 may
be a chip region on which devices are formed, and the second region II of the substrate 100
may be a scribe lane region surrounding the chip region. Alternatively, each of the first and
second regions I and II of the substrate 100 may be a portion of a chip region on which
devices are formed.

[18] In embodiments of the disclosure, the upper portion of the substrate 100 may
be etched using a first etching mask to form the active fin 105. The active fin 105 may
extend in a first direction substantially parallel to the upper surface of the substrate 100, and

a plurality of active fins 105 may be formed in a second direction substantially parallel to the



upper surface of the substrate 100 and intersecting with the first direction. In embodiments
of the disclosure, the first and second directions may be orthogonal to each other.

[19] A first recess 110 may be formed between the active fins 105 in the second
direction. That is, the active fins 105 may be spaced apart from each other in the second
direction by at least the width of the first recess 110.

[20] One or ones of the active fins 105 may be etched using a second etching mask
to be removed. During the etching process, a portion of the substrate 100 under the removed
one or ones of the active fins 105 may be also partially removed. In embodiments of the
disclosure, one or more of the active fins 105 in the first region I of the substrate 100 and all
of the active fins 105 in the second region II of the substrate 100 may be removed.

[21] An isolation layer 120 may be formed on the substrate 100 to fill the first
recess 110 and cover the remaining ones of the active fins 105, and an upper portion of the
isolation layer may be removed to expose an upper portion of each of the active fins 105, so
that and an isolation pattern 120 may be formed to fill a gap between the fins 105 and formed
on top of the first recess 110 on the first region I of the substrate 100 and cover the second
region II of the substrate 100.

[22] The isolation layer may include an oxide, e.g., silicon oxide. In embodiments
of the disclosure, an upper portion of the isolation layer may be removed by a chemical
mechanical polishing (CMP) process and an etch back process.

[23] As the isolation pattern 120 is formed, the active fin 105 may include a lower
active pattern 105b of which a sidewall may be surrounded by the isolation pattern 120, and
an upper active pattern 105a protruding from an upper surface of the isolation pattern 120 in

the vertical direction.



[24] Referring to FIGS. 4 to 6, a dummy gate structure 160 may be formed on the
active fin 105 and the isolation pattern 120.

[25] The dummy gate structure 160 may be formed by sequentially forming a
dummy gate insulation layer, a dummy gate electrode layer and a dummy gate mask layer on
the active fin 105 and the isolation pattern 120, by patterning the dummy gate mask layer to
form a dummy gate mask 150, and by sequentially etching the dummy gate electrode layer
and the dummy gate insulation layer using the dummy gate mask 150.

[26] Accordingly, the dummy gate structure 160 including a dummy gate
insulation pattern 130, a dummy gate electrode 140 and the dummy gate mask 150
sequentially stacked on each other may be formed on the substrate 100.

[27] The dummy gate insulation layer may include an oxide, e.g., silicon oxide.
The dummy gate electrode layer may include, e.g., polysilicon. The dummy gate mask layer
may include a nitride, e.g., silicon nitride.

[28] The dummy gate insulation layer may be formed by, e.g., a chemical vapor
deposition (CVD) process, an atomic layer deposition (ALD) process, etc. Alternatively, the
dummy gate insulation layer may be formed by a thermal oxidation process on the upper
active pattern 105a of the active fin 105, and in this case, the dummy gate insulation layer
may be formed only on an upper surface of the upper active pattern 105a. The dummy gate
electrode layer and the dummy gate mask layer may be also formed by, e.g., a CVD process,
an ALD process, etc.

[29] In embodiments of the disclosure, the dummy gate structure 160 may extend
in the first region I of the substrate 100 in the second direction, and a plurality of dummy

gate structures 160 may be formed in the first direction.



[30] Referring to FIGS. 7 to 9, a spacer layer may be formed on the active fin 105
and the isolation pattern 120 to cover the dummy gate structure 160, and may be
anisotropically etched to form a gate spacer 170 on each of opposite sidewalls of the dummy
gate structure 160 in the first direction. A fin spacer 180 may be also formed on each of
opposite sidewalls of the upper active pattern 105a in the second direction.

[31] The spacer layer may include a nitride, e.g., silicon nitride. In one
embodiment, the spacer layer may have a stacked structure including a nitride layer and an
oxide layer.

[32] An upper portion of the active fin 105 adjacent to the gate spacer 170 may be
etched to form a second recess 190.

[33] FIG. 9 illustrates a portion of the upper active pattern 105a of the active fin
105 is etched to form the second recess 190, so that a lower surface of the second recess 190
is higher than an upper surface of the lower active pattern 105b, but may not be limited
thereto. That is, only the upper active pattern 105a may be etched to form the second recess
190, and the lower active pattern 105b is not etched to form the second recess 190, such that
a depth of the second recess 190 does not penetrate the lower active pattern 1056.
Alternatively both the upper active pattern 105a and also a portion of the lower active pattern
105b may be etched to form the second recess 190. Therefore, the lower surface of the
second recess 190 may be lower than a height of an upper surface of the lower active pattern
105b on which no second recess 190 is formed. In other words, the depth of the second
recess 190 may penetrate through the upper active pattern 105a and into the lower active
pattern 105b such that a depth of the second recess 190 is provided below a top surface of the

lower active pattern 105b.



[34] When the second recess 190 is formed, the fin spacer 180 on each of the
opposite sidewalls of the upper active pattern 105a may be also partially removed so that a
portion of the fin spacer 180 may remain, or the fin spacer 190 may be completely removed.
[35] In embodiments of the disclosure, the etching process for forming the second
recess 190 and the etching process for forming the gate spacer 170 and the fin spacer 180
may be performed in-situ.

[36] Referring to FIGS. 10 to 12, a source/drain layer 200 may be formed to fill the
second recess 190.

[37] In embodiments of the disclosure, the source/drain layer 200 may be formed
by performing a selective epitaxial growth (SEG) process using the upper surface of the
active fin 105 exposed by the second recess 190 as a seed.

[38] In embodiments of the disclosure, the SEG process may be performed using a
silicon source gas, a germanium source gas, an etching gas and a carrier gas, and thus a
single crystalline silicon-germanium layer as the source/drain layer 200 may be formed. The
SEG process may be also performed using a P-type impurity source gas, and thus a single
crystalline silicon-germanium layer doped with P-type impurities as the source/drain layer
200 may be formed.

[39] Alternatively, the SEG process may be performed using a silicon source gas, a
carbon source gas, an etching gas and a carrier gas, and thus a single crystalline silicon-
carbide layer as the source/drain layer 200 may be formed. The SEG process may be also
performed using an N-type impurity source gas, and thus a single crystalline silicon-carbide
layer doped with N-type impurities as the source/drain layer 200 may be formed. In some
embodiments, the SEG process may be performed using a silicon source gas, an etching gas

and a carrier gas, and thus a single crystalline silicon layer as the source/drain layer 200 may



be formed. The SEG process may be also performed using an N-type impurity source gas,
and thus a single crystalline silicon layer doped with N-type impurities as the source/drain
layer 200 may be formed.

[40] The source/drain layer 200 may be grown both in a vertical direction and also
in a horizontal direction to fill the second recess 190, and an upper portion of the
source/drain layer 200 may contact a sidewall of the gate spacer 170. In embodiments of the
disclosure, the source/drain layer 200 may have a shape of which a cross-section taken along
the second direction may be similar to a pentagon.

[41] In embodiments of the disclosure, when neighboring active fins 105 disposed
in the second direction are close to each other, the source/drain layers 200 growing on the
neighboring active fins 105, respectively, may be merged with each other. FIG. 11 shows that
two source/drain layers 200 grown on neighboring two active fins 105, respectively, which
are merged to contact with each other, but may not be limited thereto. Thus, for example,
more than two source/drain layers 200 may be merged with each other.

[42] After forming a first insulating interlayer 210 covering the dummy gate
structure 160, the gate spacer 170, the fin spacer 180 and the source/drain layer 200 to a
sufficient height on the active fin 105 and the isolation pattern 120, the first insulating
interlayer 210 may be planarized until an upper surface of the dummy gate electrode 140
may be exposed. During the planarization process, the dummy gate mask 150 may be also
removed together with the first insulating interlayer 210.

[43] A space between the merged source/drain layers 200 and the isolation pattern
120 may not be completely filled with the first insulating interlayer 210, and thus gap or void

220 may be formed therein. Air may be disposed in the gap 220.



[44] The first insulating interlayer 210 may include a silicon oxide, e.g., tonen
silazene (TOSZ). Alternatively, the first insulating interlayer 210 may include a low
dielectric material having a dielectric constant less than a dielectric constant of silicon oxide,
for example, a dielectric constant of about 3.9. That is, the first insulating interlayer 210 may
include an inorganic polymer, e.g., silicon oxide doped with fluorine or carbon, porous
silicon oxide, spin-on organic polymer, hydrogen silsesquioxane (HSSQ), methyl
silsesquioxane (MSSQ), etc. The first insulating interlayer 210 may have a structure in
which a first layer including silicon oxide and a second layer including a low-k material are
sequentially stacked. The planarization process may be performed by a CMP process and/or
an etch back process.

[45] Referring to FIGS. 13 to 15, the exposed dummy gate electrode 140 and the
dummy gate insulation pattern 130 thereunder may be removed to form a first opening
exposing an inner sidewall of the gate spacer 170 and the upper surface of the active fin 105,
and a gate electrode structure 270 may be formed to fill the first opening.

[46] In embodiments of the disclosure, the dummy gate electrode 140 and the
dummy gate insulation pattern 130 thereunder may be removed by a dry etching process and
a wet etching process, and the wet etching process may be performed using, e.g., hydrogen
fluoride (HF).

[47] After performing a thermal oxidation process on the upper surface of the
active fin 105 exposed by the first opening to form an interface pattern 230, a gate insulation
layer and a work function control layer may be sequentially formed on the interface pattern
230, the isolation pattern 120, the gate spacer 170 and the first insulating interlayer 210, and
a gate electrode layer may be formed on the work function control layer to fill a remaining

portion of the first opening.
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[48] The work function control layer and the gate electrode layer may be formed
by, e.g., a CVD process, an ALD process, a physical vapor deposition (PVD) process, etc. A
heat treatment process, e.g., a rapid thermal annealing (RTA) process, a spike-RTA process, a
flash-RTA process or a laser annealing process, etc., may be further performed on the gate
electrode layer.

[49] Similar to the gate insulation layer or the gate electrode layer, the interface
pattern 230 may be formed by a CVD process or an ALD process instead of a thermal
oxidation process. In this case, the interface pattern 230 may be formed on the upper surface
of the active fin 105 and also an upper surface of the isolation pattern 120 and the inner
sidewall of the gate spacer 170 on the first region I of the substrate 100. Alternatively, the
interface pattern 230 may not be formed.

[50] The gate electrode layer, the work function layer and the gate insulation layer
may be planarized until an upper surface of the first insulating interlayer 210 may be exposed
to form a gate insulation pattern 240 and a work function control pattern 250 sequentially
stacked on an upper surface of the interface pattern 230, the upper surface of the isolation
pattern 120 and the inner sidewall of the gate spacer 170, and a gate electrode 260 filling a
remaining portion of the first opening may be formed on the work function control pattern
250.

[51] The interface pattern 230, the gate insulation pattern 240, the work function
control pattern 250 and the gate electrode 260 sequentially stacked may form the gate
electrode structure 270, and may form a transistor together with the source/drain layer 200.
The transistor may form a PMOS transistor or an NMOS transistor according to the

conductivity type of the source/drain layers 200.
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[52] Referring to FIG. 16, upper portions of the gate electrode structure 270 and the
gate spacer 170 may be removed to form a third recess 280, and the isolation pattern 120 on
the second region II of the substrate 100 may be partially removed to form a second opening
285 exposing the upper surface of the isolation pattern 120. Alternatively, the isolation
pattern 120 on the second region II of the substrate 100 may be removed to form a second
opening 285 exposing the upper surface of the substrate 100, and this case will be described
later with reference to FIG. 23.

[53] Accordingly, an alignment key 215 may be formed on the second region II of
the substrate 100, that is, on a portion of the isolation pattern not removed when forming the
second opening 285.

[54] In embodiments of the disclosure, the third recess 280 and the second opening
285 may be simultaneously formed by the same etching process, e.g., a dry etching process.
Alternatively, the third recess 280 and the second opening 285 may be sequentially formed
by different etching processes.

[55] In embodiments of the disclosure, a first width W1 of the third recess 280
between top surfaces of the fins 105 or the first insulating layer 210 and a fin 105 may be
smaller than a second width W2 of the second opening 285 between a top surface of the
alignment key 215 and a top surface of a fin 215.

[56] Referring to FIG. 17, an etch stop layer 300 may be formed on lower surfaces
and sidewalls of the third recess 280 and the second opening 285 and upper surfaces of the
first insulating interlayer 210 and the alignment key 215, and a first insulation layer 310 and
a second insulation layer 320 may be sequentially stacked on the etch stop layer 300.

[57] In embodiments of the disclosure, the etch stop layer 300 may be conformally

formed on the lower surfaces and the sidewalls of the third recess 280 and the second
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opening 285, the first insulation layer 310 may be formed to fill the third recess 280, but to
partially fill the second openings 285 on the lower surfaces and sidewalls of the third recess
280 and the second opening 285, and the second insulation layer 320 may fill a remaining
portion of the second opening 285.

[58] The first insulation layer 310 may include a material having a high insulating
property and a low etching rate, e.g., silicon oxycarbide (SiOC). Silicon oxycarbide (SiOC)
is highly hydrophobic, and thus may not be polished well in a subsequent polishing process.
The first insulation layer 310 including silicon oxycarbide (SiOC) is not formed to have a
great thickness, and thus the first insulation layer 310 may not fill an entire portion of the
second opening 285, but partially fill the second opening 285 having a relatively great width.
[59] The etch stop layer 300 may include a material having a high etching
selectivity with respect to the first insulation layer 310, e.g., a nitride such as silicon nitride
(SiN), silicon oxynitride (SiON), silicon carbonitride (SiCN), etc. The second insulation
layer 320 may include a material having good gap fill characteristics, e.g., an oxide such as
tetra ethyl ortho silicate (TEOS).

[60] Referring to FIG. 18, the second insulation layer 320 and the first insulation
layer 310 may be planarized. Accordingly, a capping pattern 315 may be formed in the third
recess 280, and a first filling pattern 325 and a second filling pattern 317 covering a lower
surface and a sidewall of the first filling pattern 325 may be formed in the second opening
285.

[61] In embodiments of the disclosure, the planarization process may include a
CMP process, and the CMP process may be performed until an uppermost surface of the etch
stop layer 300 may be exposed. The CMP process may be performed by using portions of

the etch stop layer 300 on the upper surfaces of the first insulating interlayer 210 and the
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alignment key 215 as a polishing end point, and thus the alignment key 215 may not be
removed by the CMP process and an original height of the alignment key 215 may be
maintained.

[62] In the CMP process, the second opening 285 surrounding the alignment key
215 may be filled with the etch stop layer 300 and the first and second insulation layers 310
and 320, and thus a relatively high pressure may not be applied to the second opening 285
when compared to the first region I of the substrate 100. Accordingly, the planarization
process may be uniformly performed.

[63] A slurry used in the CMP process may include an abrasive, e.g., SiOx, AlxOy,
CexOy, etc., and the slurry may have a PH value, e.g., in a range of about 2 to about 10.

[64] Referring to FIG. 19, the exposed portions of the etch stop layer 300 may be
removed to form a first etch stop pattern 305 in the third recess 280 and a second etch stop
pattern 307 in the second opening 285.

[65] The exposed portions of the etch stop layer 300 may be removed by, e.g., a
wet etching process or a CMP process. The etch stop layer 300 may include, e.g., a nitride,
and may have a high etching selectivity with respect to the alignment key 215 including, e.g.,
an oxide. Accordingly, the alignment key 215 may not be removed in the removal process of
the exposed portions of the etch stop layer 300, and the original height of the alignment key
215 may be maintained.

[66] The first etch stop pattern 305 may be conformally formed on the lower
surface and the sidewall of the third recess 280 exposing upper surfaces of the gate electrode
structure 270 and the gate spacer 170 on the first region I of the substrate 100, and the
capping pattern 315 may be formed on the first etch stop pattern 305 to fill a remaining

portion of the third recess 280. The first etch stop pattern 305 and the capping pattern 315
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together may form a capping structure 335. The gate electrode structure 270, the gate spacer
170 and the capping structure 335 together may form a gate structure.

[67] The second etch stop pattern 307 may be conformally formed on the lower
surface and the sidewall of the second opening 285 surrounding the alignment key 215 on the
second region II of the substrate 100 and exposing the upper surface of the substrate 100, the
second filling pattern 317 may be formed on the second etch stop pattern 307, and the first
filling pattern 325 filling a remaining portion of the second opening 285 may be formed on
the second filling pattern 317. The second etch stop pattern 307, the first and second filling
patterns 325 and 317 may form a filling structure 340. Here, the terms “first” and “second”
are merely to distinguish one element from another. For example, the second etch stop
pattern 307 may be referred to as a first etch stop pattern, and the first etch stop pattern 305
may be referred to as a second etch stop pattern. Similarly, the first filling pattern 325 may
be referred to as a first filling pattern and the second filling pattern 317 may be referred to as
a first filling pattern.

[68] Unlike the processes illustrated in FIGS. 18 and 19, the second insulation
layer 320 may be planarized until an upper surface of the first insulation layer 310 may be
exposed, and upper portions of the first insulation layer 310 and the etch stop layer 300 may
be removed.

[69] Referring to FIG. 20, after forming a second insulation interlayer 350 on the
capping structure 335, the first insulating interlayer 210, the alignment key 215 and the
filling structure 340, a first contact plug 380 may be formed through the second insulating
interlayer 350 and the first insulating interlayer 210 to contact an upper surface of the

source/drain layer 200.
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[70] After forming a third insulating interlayer 390 on the first contact plug 380
and the second insulating interlayer 350, a second contact plug 420 may be formed through
the third insulating interlayer 390, the second insulating interlayer 350 and the capping
structure 335 to contact an upper surface of the gate electrode structure 270.

[71] Specifically, a third opening may be formed through the second insulating
interlayer 350 and the first insulating interlayer 210 to expose the upper surface of the
source/drain layer 200, a first metal layer may be formed on the exposed source/drain layer
200, a sidewall of the third opening and an upper surface of the second insulating interlayer
350, and a heat treatment process may be performed to form a metal silicide pattern 205 on
the exposed source/drain layer 200. The first metal layer may include, e.g., nickel, cobalt,
titanium, etc., and thus the metal silicide pattern 205 may include, e.g., nickel silicide, cobalt
silicide, titanium silicide, etc.

[72] After removing unreacted portions of the first metal layer, a first barrier layer
may be formed on an upper surface of the metal silicide pattern 205, the sidewall of the third
opening and the upper surface of the second insulating interlayer 350, a second metal layer
may be formed on the first barrier layer to fill a remaining portion of the third opening, and
the second metal layer and the first barrier layer may be planarized until the upper surface of
the second insulating interlayer 350 may be exposed. Accordingly, a first barrier pattern 360
may be formed on the upper surface of the metal silicide pattern 205 and the sidewall of the
third opening, a second metal pattern 370 filling the remaining portion of the third opening
may be formed. The first barrier pattern 360 and the second metal pattern 370 together may
form the first contact plug 380.

[73] After forming a fourth opening through the third insulating interlayer 390, the

second insulating interlayer 350 and the capping structure 335 to expose the upper surface of
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the gate electrode structure 270, a second barrier layer may be formed on the upper surface of
the gate electrode structure 270, a sidewall of the fourth opening and an upper surface of the
third insulating interlayer 390, a third metal layer may be formed on the second barrier layer
to fill a remaining portion of the fourth opening, and the third metal layer and the second
barrier layer may be planarized until the upper surface of the third insulating interlayer 390
may be exposed. Accordingly, a second barrier pattern 400 may be formed on the upper
surface of the gate electrode structure 270 and the sidewall of the fourth opening, and a third
metal pattern 410 filling the remaining portion of the fourth opening may be formed on the
second barrier pattern 400. The second barrier pattern 400 and the third metal pattern 410
together may form the second contact plug 420.

[74] The first and second barrier patterns 360 and 400 may include a metal nitride,
e.g., tantalum nitride, titanium nitride, etc., and the second and third metal patterns 370 and
410 may include a metal, e.g., tungsten, copper, aluminum, etc.

[75] By the processes described above, the fabrication of the semiconductor device
may be completed.

[76] As described above, a width of the second opening 285 for forming the
alignment key 215 may be greater than that of the third recess 280 for forming the capping
pattern 315, which may cover the gate electrode structure 270, and thus the capping pattern
315 formed by planarizing the first insulation layer 310 may entirely fill the third recess 280,
and, the second filling pattern 317 also formed by planarizing the first insulation layer 310
may not entirely fill the second opening 285. However, in embodiments of the disclosure,
the second insulation layer 320 filling the remaining portion of the second opening 285 may

be further formed on the first insulation layer 310 so that the alignment key 215 may not be
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rapidly polished due to the concentration of pressure on the alignment key 215 in the CMP
process.

[77] Also, the etch stop layer 300 having a high first etching selectivity with
respect to the first insulation layer 310 may be formed on the third recess 280 and the second
opening 285 so that the alignment key 215 having a second etching selectivity lower than the
first etching selectivity with respect to the first insulation layer 310 may not be polished to be
removed in the CMP process.

[78] The embodiments herein may be applied to not only the gate electrode
structure 270, but also any other types of conductive structures having the capping structure
355 thereon.

[79] The semiconductor device may include the gate electrode structure 270
formed on the first region I of the substrate 100 including the first and second regions I and II,
the capping structure 335 covering the upper surface of the gate electrode structure 270, the
alignment key 215 formed on the second region II of the substrate 100 and including an
insulating material, and the filling structure 340 formed on the second region II of the
substrate 100 and covering a sidewall of the alignment key 215. The capping structure 335
may include the capping pattern 315 and the first etch stop pattern 305 covering a lower
surface and a sidewall of the capping pattern 315, and the filling structure 340 may include
the first filling pattern 325, the second filling pattern 317 covering the lower surface and the
sidewall of the first filling pattern 325, and the second etch stop pattern 307 covering a lower
surface and a sidewall of the second filling pattern 317.

[80] In embodiments of the disclosure, the capping pattern 315 and the second
filling pattern 317 may include the same material, e.g., silicon oxycarbide (SiOC), and the

first and second etch stop patterns 305 and 307 may include a material having the first
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etching selectivity with respect to the capping pattern 315, e.g., silicon nitride (SiN), silicon
oxynitride (SiON) or silicon carbonitride (SiCN).

[81] In embodiments of the disclosure, the alignment key 215 may include a
material having the second etching selectivity lower than the first etching selectivity with
respect to the first insulation layer 310, e.g., an oxide, and the first filling pattern 325 may
also include, e.g., an oxide.

[82] In embodiments of the disclosure, the width of the filling structure 340 may
be greater than that of the capping structure 335, and a lower surface of the filling structure
340 may be lower than a lower surface of the alignment key 215.

[83] FIGS. 21 to 25 are plan views illustrating stages of a method of manufacturing
a semiconductor device in accordance with embodiments of the disclosure. This method of
manufacturing the semiconductor device includes processes substantially the same as or
similar to the processes included in the method illustrated in FIGS. 1 to 20, and thus
redundant descriptions thereon are omitted herein.

[84] This semiconductor device may be a DRAM device, and a method of forming
a gate structure of the DRAM device will be described below.

[85] Referring to FIG. 21, an upper portion of the substrate 500 including first and
second regions I and II may be etched to form a trench, and an isolation pattern 510 may be
formed to fill the trench.

[86] Accordingly, an active region 505 of which a sidewall may be surrounded by
the isolation pattern 510 may be formed on the substrate 500.

[87] In embodiments of the disclosure, the first region I of the substrate 500 may
be a chip region on which devices are formed, and the second region II of the substrate 500

may be a scribe lane region surrounding the chip region. Alternatively, each of the first and
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second regions I and II of the substrate 500 may be a portion of a chip region on which
devices are formed.

[88] Referring to FIG. 22, a gate electrode structure 540 may be formed through
upper portions of the active region 505 and the isolation pattern 510.

[89] The gate electrode structure 540 may be formed by forming a fourth recess
extending through the upper portions of the active region 505 and the isolation pattern 510,
by forming a gate insulation layer on an inner sidewall of the fourth recess, an upper surface
of the active region 505 and an upper surface of the isolation pattern 510, by forming a gate
electrode layer on the gate insulation layer to fill the fourth recess, and by planarizing the
gate electrode layer and the gate insulation layer until upper surfaces of the active region 505
and the isolation pattern 510 may be exposed.

[90] Accordingly, the gate electrode structure 540 including a gate insulation
pattern 520 and a gate electrode 530 sequentially stacked may be formed in the fourth recess.
[91] In embodiments of the disclosure, the gate electrode structure 540 may extend
in the first direction, and a plurality of gate electrode structures 540 may be formed in the
second direction intersecting with the first direction.

[92] Referring to FIG. 23, an upper portion of the gate electrode structure 540 may
be removed to form a fifth recess 550, and the isolation pattern 510 on the second region II of
the substrate 500 may be partially removed to form a fifth opening 555 exposing an upper
surface of the substrate 500.

[93] Accordingly, an alignment key 515 may be formed on the second region II of
the substrate 500.

[94] In embodiments of the disclosure, the fifth recess 550 and the fifth opening

555 may be simultaneously formed by the same etching process, e.g., a dry etching process.
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Alternatively, the fifth recess 550 and the fifth opening 555 may be sequentially formed by
different etching processes.

[95] In embodiments of the disclosure, a third width W3 of a mouth of the fifth
recess 550 may be smaller than a fourth width W4 of a mouth of the fifth opening 555.

[96] Referring to FIG. 24, processes substantially the same as or similar to the
processes illustrated in FIG. 17 may be performed.

[97] That is, an etch stop layer 560 may be formed on lower surfaces and sidewalls
of the fifth recess 550 and the fifth opening 555, and upper surfaces of the active region 505
and the alignment key 515, and a first insulation layer 570 and a second insulation layer 580
may be sequentially stacked on the etch stop layer 560.

[98] In embodiments of the disclosure, the etch stop layer 560 may be conformally
formed on the lower surfaces and the sidewalls of the fifth recess 550 and the fifth opening
555, the first insulation layer 570 may be formed to fill the fifth recess 550, but to partially
fill the fifth opening 555 on the lower surface and the sidewall of the fifth opening 555, and
the second insulation layer 580 may fill a remaining portion of the fifth opening 555.

[99] The first insulation layer 570 may include a material having a high insulating
property and a low etching rate, e.g., silicon oxycarbide (SiOC), the etch stop layer 560 may
include a material having a high etching selectivity with respect to the first insulation layer
570, e.g., a nitride such as silicon nitride (SiN), silicon oxynitride (SiON), silicon
carbonitride (SiCN), etc., and the second insulation layer 580 may include a material having
good gap fill characteristics, e.g., an oxide such as tetra ethyl ortho silicate (TEOS).

[100] Referring to FIG. 25, processes substantially the same as or similar to the

processes illustrated in FIGS. 17 to 19 may be performed.
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[101] That is, the second insulation layer 580 and the first insulation layer 570 may
be planarized. Accordingly, a capping pattern 575 may be formed in the fifth recess 550, and
a first filling pattern 585 and a second filling pattern 577 covering a lower surface and a
sidewall of the first filling pattern 585 may be formed in the fifth opening 555.

[102] In embodiments of the disclosure, the planarization process may include a
CMP process, and the CMP process may be performed until an uppermost surface of the etch
stop layer 560 may be exposed. The CMP process may be performed by using portions of
the etch stop layer 560 on the upper surfaces of the active region 505 and the alignment key
515 as a polishing end point, and thus the alignment key 515 may not be removed by the
CMP process and an original height of the alignment key 515 may be maintained.

[103] In the CMP process, the fifth opening 555 surrounding the alignment key 515
may be filled with the etch stop layer 560 and the first and second insulation layers 570 and
580, and thus a relatively high pressure may not be applied to the fifth opening 555 when
compared to the first region I of the substrate 500, and thus the planarization process may be
uniformly performed.

[104] The exposed portions of the etch stop layer 560 may be removed to form a
first etch stop pattern 565 in the fifth recess 550, and a second etch stop pattern 567 may be
formed in the fifth opening 555.

[105] The exposed portions of the etch stop layer 560 may be removed by, e.g., a
wet etching process or a CMP process. The etch stop layer 560 may include, e.g., a nitride,
and may have a high etching selectivity with respect to the alignment key 515 including, e.g.,
an oxide. Accordingly, the alignment key 515 may not be removed in the removal process of
the exposed portions of the etch stop layer 560, and the original height of the alignment key

515 may be maintained.
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[106] The first etch stop pattern 565 may be conformally formed on the lower
surface and the sidewall of the fifth recess 550 exposing an upper surface of the gate
electrode structure 540 on the first region I of the substrate 500, and the capping pattern 575
filling a remaining portion of the fifth recess 550 may be formed on the first etch stop pattern
565. The first etch stop pattern 565 and the capping pattern 575 together may form a capping
structure 595. The gate electrode structure 540 and the capping structure 595 together may
form a gate structure 600.

[107] The second etch stop pattern 567 may be conformally formed on the lower
surface and the sidewall of the fifth opening 555 surrounding the alignment key 515 on the
second region II of the substrate 500 and exposing the upper surface of the substrate 500, the
second filling pattern 577 may be formed on the second etch stop pattern 567, and the first
filling pattern 585 filling a remaining portion of the fifth opening 555 may be formed on the
second filling pattern 577. The second etch stop pattern 567, the first and second filling
patterns 585 and 577 may form a filling structure 610.

[108] A bit line, a contact plug, a capacitor, and the like may be formed on the
above structures to complete the fabrication of the semiconductor device using the alignment
key 515, which maintains the original height thereof.

[109] The semiconductor device may include the active region 505 defined on the
first region I of the substrate 500 by the isolation pattern 510 formed on the substrate 500
including the first and second regions I and II, the gate electrode structure 540 extending
through the upper portions of the active region 505 and the isolation pattern 510, the capping
structure 595 covering the upper surface of the gate electrode structure 540, the alignment

key 515 formed on the second region II of the substrate 500 and including an insulating
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material, and the filling structure 610 formed on the second region II of the substrate 100 and
covering a sidewall of the alignment key 515.

[110] In embodiments of the disclosure, the capping structure 595 may include the
capping pattern 575 and the first etch stop pattern 565 covering a lower surface and a
sidewall of the capping pattern 575, and the filling structure 610 may include the first filling
pattern 585, the second filling pattern 577 covering the lower surface and the sidewall of the
first filling pattern 585, and the second etch stop pattern 567 covering a lower surface and a
sidewall of the second filling pattern 577.

[111] The above semiconductor device may be applied to various types of memory
devices and systems including capping layers, which may cover upper surfaces of conductive
patterns. For example, the semiconductor may be applied to logic devices such as central
processing units (CPUs), main processing units (MPUs), or application processors (APs), or
the like, including capping layers, which may cover upper surfaces of conductive patterns.
Additionally, the semiconductor device may be applied to volatile memory devices such as
DRAM devices or SRAM devices, or the like, or non-volatile memory devices such as flash
memory devices, PRAM devices, MRAM devices, RRAM devices, or the like, including
capping layers, which may cover upper surfaces of conductive patterns.

[112] As described above, although the disclosure has been described with reference
to embodiments of the disclosure, those skilled in the art will readily appreciate that many
modifications are possible in the embodiments of the disclosure without materially departing

from the novel teachings and advantages of the present disclosure.
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What is Claimed is:

1. A semiconductor device, comprising:
a gate electrode structure disposed on a substrate;
a capping structure covering an upper surface of the gate electrode structure, the
capping structure comprising:
a capping pattern; and
a first etch stop pattern covering a lower surface and a sidewall of the
capping pattern;
an alignment key disposed on the substrate, the alignment key including an
insulating material; and
a filling structure disposed on the substrate, the filling structure covering a sidewall
of the alignment key, and the filling structure comprising:
a first filling pattern;
a second filling pattern covering a lower surface and a sidewall of the first
filling pattern; and
a second etch stop pattern covering a lower surface and a sidewall of the
second filling pattern, the second etch stop pattern containing a material having a

higher etching selectivity than that of the insulating material of the alignment key.

2. The semiconductor device of claim 1, wherein the capping pattern and the

second filling pattern include a same material, and the first etch stop pattern and the second

etch stop pattern include a same material.
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3. The semiconductor device of claim 2, wherein the capping pattern and the
second filling pattern include silicon oxycarbide (SiOC), and the first etch stop pattern and
the second etch stop pattern include silicon nitride (SiN), silicon oxynitride (SiON) or

silicon carbonitride (SiCN).

4. The semiconductor device of any one of claims 1 to 3, wherein the alignment

key and the first filling pattern include an oxide.

5. The semiconductor device of any one of claims 1 to 4, wherein a width of the

filling structure is greater than a width of the capping structure.

6. The semiconductor device of any one of claims 1 to 5, wherein a lower

surface of the filling structure is lower than a lower surface of the alignment key.

7. The semiconductor device of any one of claims 1 to 6, further comprising:
a gate spacer covering a sidewall of the gate electrode structure,
wherein the capping structure covers the upper surface of the gate electrode structure

and an upper surface of the gate spacer.

8. The semiconductor device of any one of claims 1 to 7, further comprising:

a first contact plug extending through the capping structure to contact the upper

surface of the gate electrode structure.
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9. The semiconductor device of any one of claims 1 to 8, wherein the gate
electrode structure is formed on an active fin protruding from an upper surface of the
substrate, and

wherein the semiconductor device further comprises:

a source/drain layer on the active fin, the active fin adjacent to the gate
electrode structure; and

a second contact plug contacting an upper surface of the source/drain layer.

10.  The semiconductor device of claim 9, wherein the gate electrode structure
comprises an interface pattern, a gate insulation pattern, a work function control pattern and

a gate electrode sequentially stacked on an upper surface of the active fin.

11. A semiconductor device, comprising:
a conductive structure disposed on a substrate;
a capping structure covering an upper surface of the conductive structure, the
capping structure comprising:
a capping pattern containing silicon oxycarbide (SiOC); and
a first etch stop pattern covering a lower surface and a sidewall of the
capping pattern, the first etch stop pattern containing a material, which has a first
etching selectivity with respect to the capping pattern;
an alignment key on the substrate, the alignment key containing a material having a
second etching selectivity lower than the first etching selectivity with respect to the capping
pattern; and
a filling structure disposed on the substrate, the filling structure covering a sidewall

of the alignment key, and the filling structure comprising:
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a first filling pattern;

a second filling pattern covering a lower surface and a sidewall of the first filling
pattern, the second filling pattern and the capping pattern containing a same material; and

a second etch stop pattern covering a lower surface and a sidewall of the second
filling pattern, the first etch stop pattern and the second etch stop pattern containing a same

material.

12.  The semiconductor device of claim 11, wherein the first etch stop pattern and
the second etch stop pattern include silicon nitride (SiN), silicon oxynitride (SION) or

silicon carbonitride (SiCN).

13.  The semiconductor device of claim 11 or claim 12, wherein the alignment

key and the first filling pattern include an oxide.

14.  The semiconductor device of any one of claims 11 to 13, wherein a width of

the filling structure is greater than a width of the capping structure.

15.  The semiconductor device of any one of claims 11 to 14, wherein a lower

surface of the filling structure is lower than a lower surface of the alignment key.

16. A semiconductor device, comprising:
an active region disposed on a substrate, the active region defined by an isolation
pattern on the substrate;

a gate electrode structure disposed on the active region and the isolation pattern;
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a capping structure covering an upper surface of the gate electrode structure, the
capping structure comprising:
a capping pattern containing silicon oxycarbide (SiOC); and
an etch stop pattern covering a lower surface and a sidewall of the capping
pattern, the etch stop pattern containing a material, the material comprising silicon
nitride (SiN), silicon oxynitride (SION) or silicon carbonitride (SiCN); and

a source/drain layer on the active region adjacent to the gate electrode structure.

17.  The semiconductor device of claim 16, further comprising:
a gate spacer covering a sidewall of the gate electrode structure,
wherein the capping structure covers the upper surface of the gate electrode structure

and an upper surface of the gate spacer.

18.  The semiconductor device of claim 16 or claim 17, further comprising:
a first contact plug extending through the capping structure to contact the upper
surface of the gate electrode structure; and

a second contact plug contacting an upper surface of the source/drain layer.

19.  The semiconductor device of any one of claims 16 to 18, wherein the active
region includes:
an active fin protruding from an upper surface of the substrate, the active fin having

an upper surface higher than an upper surface of the isolation pattern.
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20.  The semiconductor device of claim 19, wherein the gate electrode structure
includes an interface pattern, a gate insulation pattern, a work function control pattern and a

gate electrode sequentially stacked on the upper surface of the active fin.
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