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METHODS OF FABRICATING
SEMICONDUCTOR DEVICE HAVING
SHALLOW TRENCH ISOLATION (STI)

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority under
35 U.S.C. §119 to Korean Patent Application No. 10-2013-
0014456 filed on Feb. 8, 2013, the disclosure of which is
hereby incorporated by reference in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Example embodiments of the inventive concepts
relate to methods of fabricating a semiconductor device hav-
ing a shallow trench isolation (STT).

[0004] 2. Description of Related Art

[0005] As the integration of a semiconductor device
increases, it becomes difficult to form a void-free field insu-
lating material in a shallow trench isolation (STI) region.

SUMMARY

[0006] Example embodiments of the inventive concepts
provide a method of fabricating a semiconductor device
including a shallow trench isolation (STI) having a void-free
field insulating material.

[0007] Other embodiments of the inventive concepts pro-
vide a method of fabricating a semiconductor device includ-
ing an STI that applies stress on a substrate.

[0008] Still other embodiments of the inventive concepts
provide various modules, cards, electronic systems, and
mobile apparatuses including semiconductor devices formed
by a method of fabricating a semiconductor device including
an STI which has a void-free field insulating material and/or
applies stress on a substrate.

[0009] The technical objectives of the inventive concepts
are not limited to the above disclosure; other objectives may
become apparent to those of ordinary skill in the art based on
the following descriptions.

[0010] In accordance with an example embodiment of the
inventive concepts, a method of fabricating a semiconductor
device includes forming a field trench in a silicon substrate,
forming a first oxide layer in the field trench, forming a first
thinned oxide layer by partially removing a surface of the first
oxide layer, and forming a first nitride layer on the first
thinned oxide layer.

[0011] The forming the first oxide layer may include depos-
iting silicon oxide using an atomic layer deposition (ALD)
method.

[0012] The method may further include performing an oxi-
dation process for supplying an oxygen ion or an oxygen
radical in the silicon substrate through the first oxide layer,
after the forming the first oxide layer.

[0013] The partially removing the surface of the first oxide
layer includes processing the surface of the first oxide layer
using a wet etching solution including HF.

[0014] The forming the first nitride layer may include
depositing silicon nitride using an atomic layer deposition
(ALD) method.

[0015] The method may further include forming a first
thinned nitride layer by partially removing a surface of the
first nitride layer.
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[0016] The partially removing the surface ofthe first nitride
layer includes processing the surface of the first nitride layer
using a wet etching solution including H;PO,,.

[0017] The method may further include forming a second
nitride layer fully filling the field trench on the first thinned
nitride layer.

[0018] The forming the second nitride layer may include
depositing silicon nitride using an atomic layer deposition
(ALD) method.

[0019] The method may further include forming a second
oxide layer on the first thinned oxide layer, before the forming
the first nitride layer.

[0020] The forming the field trench may include forming a
trench mask including silicon oxide or silicon nitride on the
silicon substrate, and etching the silicon substrate to form the
field trench using the trench mask as an etch mask. The first
oxide layer may be formed on an inner wall and a bottom of
the field trench, and on a sidewall and an upper surface of the
trench mask.

[0021] The method may further include removing an upper
portion of the first nitride layer to expose the first thinned
oxide layer, and selectively removing the first thinned oxide
layer to expose a surface of the silicon substrate. An upper end
of'the first thinned oxide layer may be lower than the surface
of the silicon substrate.

[0022] Inaccordance with another example embodiment of
the inventive concepts, a method of fabricating a semicon-
ductor device includes providing a substrate having a cell
region, an NMOS region, and a PMOS region, forming a cell
field trench, an NMOS field trench, and a PMOS field trench
in regions of the substrate corresponding to the cell region, the
NMOS region, and the PMOS region, respectively, forming a
first oxide layer in the cell field trench, the NMOS field
trench, and the PMOS field trench, forming a mask pattern
exposing the cell field trench and the NMOS field trench, the
mask pattern covering the PMOS field trench, forming a first
thinned oxide layer by partially removing a surface of the first
oxide layer exposed in the cell field trench and the NMOS
field trench, removing the mask pattern, and forming a first
nitride layer on the first thinned oxide layer disposed in the
cell field trench and the NMOS field trench, the first nitride
layer being on the first oxide layer disposed in the PMOS field
trench.

[0023] The forming the first nitride layer may include fully
filling the cell field trench, and conformally forming the first
nitride layer on the first thinned oxide layer disposed in the
NMOS field trench, and on the first oxide layer disposed in
the PMOS field trench.

[0024] The method may further include forming a silicon
oxide layer fully filling the NMOS field trench and the PMOS
field trench.

[0025] According to yet another example embodiment, a
method of fabricating a semiconductor device includes form-
ing an insulative pattern structure filling a field trench in a
silicon substrate. The forming an insulative pattern structure
includes reducing a first insulating layer at least partially
filling the field trench to form a first insulating pattern, and
forming at least one nitride layer over the first insulating
pattern and in the field trench.

[0026] The reducing a first insulating layer may include
etching a surface of the first insulating layer such that the first
insulating pattern is conformally formed on a surface of the
field trench.
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[0027] The method may further include removing a portion
of'the insulating pattern so as to expose an upper surface of the
substrate. The removing the portion of the insulating pattern
may include etching an uppermost end of the insulating pat-
tern in the field trench to be lower than at least one selected
from an upper surface the at least one nitride layer and the
upper surface of the substrate.

[0028] The method may further include reducing a second
insulating layer at least partially filling the field trench to form
a second insulating pattern conformally on a surface of the
field trench, before the forming at least one nitride layer. The
removing a portion of the insulating pattern may include
etching an uppermost end of the second insulating layer in the
field trench to be lower than at least one selected from the
upper surface the at least one nitride layer and the upper
surface of the substrate.

[0029] The forming at least one nitride layer over the insu-
lating pattern may include forming a first nitride layer on the
insulating pattern, reducing the first nitride layer to form a
first nitride pattern conformally formed on a surface of the
insulating pattern, the insulating pattern and the first nitride
pattern partially filling the field trench, and forming a second
nitride layer filling a remaining portion of the field trench.
[0030] Details of other example embodiments are included
in the detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The foregoing and other features of the inventive
concepts will be apparent from the more particular descrip-
tion of example embodiments of the inventive concepts, as
illustrated in the accompanying drawings in which like ref-
erence characters refer to the same parts throughout the dif-
ferent views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles
of the inventive concepts. In the drawings:

[0032] FIGS. 1A to 10H are schematic cross-sectional
views for describing methods of fabricating semiconductor
devices in accordance with various example embodiments of
the inventive concepts; and

[0033] FIGS. 11A to 11E are schematic views showing a
memory module, a memory card, electronic systems, and a
mobile apparatus including at least one of semiconductor
devices fabricated in accordance with various example
embodiments of the inventive concepts.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

[0034] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which some example embodiments are shown.
However, specific structural and functional details disclosed
herein are merely representative for purposes of describing
example embodiments. Thus, the invention may be embodied
in many alternate forms and should not be construed as lim-
ited to only example embodiments set forth herein. Therefore,
it should be understood that there is no intent to limit example
embodiments to the particular forms disclosed, but on the
contrary, example embodiments are to cover all modifica-
tions, equivalents, and alternatives falling within the scope.
[0035] In the drawings, the thicknesses of layers and
regions may be exaggerated for clarity, and like numbers refer
to like elements throughout the description of the figures.
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[0036] Although the terms first, second, etc. may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are only used to
distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of example embodiments. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0037] Itwill beunderstood that, if an element is referred to
as being “connected” or “coupled” to another element, it can
be directly connected, or coupled, to the other element or
intervening elements may be present. In contrast, if an ele-
ment is referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.).

[0038] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises,” “comprising,” “includes” and/or “including,” if used
herein, specity the presence of stated features, integers, steps,
operations, elements and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components and/or groups
thereof.

[0039] Spatially relative terms (e.g., “beneath,” “below,”
“lower,” “above,” “upper” and the like) may be used herein
for ease of description to describe one element or a relation-
ship between a feature and another element or feature as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, for example, the
term “below” can encompass both an orientation that is
above, as well as, below. The device may be otherwise ori-
ented (rotated 90 degrees or viewed or referenced at other
orientations) and the spatially relative descriptors used herein
should be interpreted accordingly.

[0040] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures). As such, variations from the shapes of the illus-
trations as a result, for example, of manufacturing techniques
and/or tolerances, may be expected. Thus, example embodi-
ments should not be construed as limited to the particular
shapes of regions illustrated herein but may include devia-
tions in shapes that result, for example, from manufacturing.
For example, an implanted region illustrated as a rectangle
may have rounded or curved features and/or a gradient (e.g.,
of implant concentration) at its edges rather than an abrupt
change from an implanted region to a non-implanted region.
Likewise, a buried region formed by implantation may result
in some implantation in the region between the buried region
and the surface through which the implantation may take
place. Thus, the regions illustrated in the figures are sche-
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matic in nature and their shapes do not necessarily illustrate
the actual shape of a region of a device and do not limit the
scope.

[0041] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0042] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0043] In order to more specifically describe example
embodiments, various features will be described in detail
with reference to the attached drawings. However, example
embodiments described are not limited thereto.

[0044] FIGS. 1A to 1F are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with an example embodiment of the
inventive concepts.

[0045] Referring to FIG. 1A, the method of fabricating a
semiconductor device of the example embodiment may
include forming a trench mask 20 on a substrate 10, and
forming a field trench 30 in the substrate 10. The trench mask
20 may include a photoresist pattern, a single- or multi-
layered silicon oxide pattern, a silicon nitride pattern, or
another inorganic material pattern. The forming the field
trench 30 may include dry- or wet-etching an exposed sub-
strate 10 using the trench mask 20 as an etch mask. The trench
mask 20 may be removed after forming the field trench 30.
Inner walls of the field trench 30 may be tapered.

[0046] Referring to FIG. 1B, the method may include form-
ing a first insulating layer 40 on the inner walls and bottom of
the field trench 30, and a surface of the substrate 10. For
example, the first insulating layer 40 may include silicon
oxide or silicon nitride. The first insulating layer 40 may be
formed using an atomic layer deposition (ALD) process. The
first insulating layer 40 may be conformally formed along a
profile of the field trench 30. Otherwise, the first insulating
layer 40 may have a horizontal thickness that relatively
decreases toward a bottom of the field trench 30, and rela-
tively increases toward a top of the field trench 30. For
example, the first insulating layer 40 may have an overhang in
an entrance of the top of the field trench 30.

[0047] Successively, the method may include performing a
thermal stabilization process. The performing the thermal
stabilization process may include performing a thermal oxi-
dation process. For example, the thermal stabilization process
may include penetrating an oxygen ion (O—) or an oxygen
radical (O¥) into the inner walls and bottom of the field trench
30 by injecting a gas including O, into a vacuum chamber.
Through the thermal stabilization process, interfacial proper-
ties and bonding characteristics between the substrate 10 and
first insulating layer 40 in the field trench 30 may be improved
and stabilized. In some example embodiments, the thermal
stabilization process may be omitted.

[0048] Referring to FIG. 1C, the method may include form-
ing a thinned insulating layer 41 by partially removing a
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surface of the first insulating layer 40 using an etch process.
The etch process may include partially removing the first
thinned insulating layer 41 by performing the wet etch pro-
cess using diluted HF, buffered oxide etchant (BOE), or
H,PO,. Otherwise, the etch process may include partially
removing the first insulating layer 40 by performing the dry
etch process using an etch gas including carbon (C) or fluo-
ride (F). In this process, the first insulating layer 40 formed in
the entrance of the field trench 30 may be more removed, and
the first insulating layer 40 formed in the bottom of the field
trench 30 may be less removed. The processes described with
reference to FIGS. 1B and 1C may be repeated two or more
times. By this process, the over-hanged first insulating layer
40 may be deformed (or, alternatively, etched) to be the first
thinned insulating layer 41 having a conformal profile along
the profile of the field trench 30. The first insulating layer 40
before being removed is virtually marked by a dotted line in
FIG. 1C. When the thermal stabilization process is omitted
after performing the processes described with reference to
FIG. 1B, the thermal stabilization process may be performed
after the etch process. The thermal stabilization process may
be omitted.

[0049] Referringto FIG. 1D, the method may include form-
ing a second insulating layer 50 filling the field trench 30. The
second insulating layer 50 may include silicon oxide or sili-
con nitride. The second insulating layer 50 may be formed by
performing a deposition process or a gap-fill process. For
example, the second insulating layer 50 may be formed by
forming silicon oxide or silicon nitride using an ALD process,
or by filling the field trench 30 with a silicon oxide material
having good fluidity, such as undoped silicate glass (USG) or
tonen silazene (TOSZ).

[0050] Referring to FIG. 1E, the method may further
include performing a densification process. For example,
when the second insulating layer 50 is silicon oxide, such as
TOSZ, a densification process, such as a thermal annealing
process, may be further performed. By the densification pro-
cess, the interfacial properties and bonding characteristics of
the substrate 10 and first thinned insulating layer 41 may be
improved, and the second insulating layer 50 may be firmly
solidified. In this process, the second insulating layer 50 may
have a lowered surface height and be recessed on the field
trench 30. When the second insulating layer 50 includes sili-
con nitride, the densification process may be omitted. When
the first thinned insulating layer 41 and the second insulating
layer 50 include the same material, an interface therebetween
is virtually marked by a dotted line because the interface may
disappear.

[0051] Referring to FIG. 1F, the method may include
exposing the surface of the substrate 10. For example, a top of
the second insulating layer 50 may be partially removed using
a CMP process or an etchback process. The first thinned
insulating layer 41 and the second insulating layer 50 may
form a field insulating material 80. Successively, processes of
forming a gate insulating layer, a tunneling insulating layer,
an epitaxial growth layer, or an interlayer insulating layer on
the exposed substrate 10 may be selectively performed.

[0052] The method of fabricating a semiconductor device
of the example embodiment may provide a shallow trench
isolation (STI) having a void-free field insulating material 80
in the field trench 30, because the first thinned insulating layer
41 is conformally formed on the inner wall of the field trench
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30 by repeatedly performing the processes of depositing and
partially removing the first insulating layer 40 in the field
trench 30.

[0053] FIGS. 2A to 2F are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with another example embodiment of
the inventive concepts.

[0054] Referring to FIG. 2A, the method of fabricating a
semiconductor device of the example embodiment may
include, by performing the processes described with refer-
ence to FIGS. 1A to 1C, forming a trench mask 20 on a
substrate 10, forming a field trench 30, forming an oxide layer
42 on inner walls and bottom of the field trench 30 and a
surface of the substrate 10, and forming a thinned oxide layer
43 by partially removing a surface of the oxide layer 42 using
awetor dry oxide-etch process. The oxide layer 42 is virtually
marked by a dotted line because the oxide layer 42 is partially
removed. The inner walls of the field trench 30 may be
tapered. A top surface of the field trench 30 may be arranged
in a line or mesh shape in a top view or layout.

[0055] The oxide layer 42 may include silicon oxide. The
oxide layer 42 may be formed to have a thickness of approxi-
mately 10 nm, on average. The oxide layer 42 may be formed
by a chemical vapor deposition (CVD) process such as an
ALD process.

[0056] For example, the forming the oxide layer 42 may
include a first cycle process having loading the substrate 10 in
a vacuum chamber with a temperature of about 400° to 800°
C. and a pressure of about 10 Torr, and forming a silicon layer
on the inner walls and bottom of the field trench 30 by inject-
ing Si,Cl, gas into the vacuum chamber, a second cycle pro-
cess having injecting N, gas into the vacuum chamber and
discharging the Si,Cl, gas from the vacuum chamber, a third
cycle process having oxidizing the silicon layer by injecting
H, gas and O, gas at the same time into the vacuum chamber,
and a fourth cycle process having injecting N, gas into the
vacuum chamber and discharging the H, gas and O, gas from
the vacuum chamber. The first to fourth cycle processes may
be repeated two or more times.

[0057] The method may include performing a thermal sta-
bilization process after forming the oxide layer 42. The ther-
mal stabilization process may include performing an oxida-
tion process. For example, the thermal stabilization process
may include penetrating oxygen ion (O—) or oxygen radical
(O*) into the inner walls and bottom of the field trench 30 by
injecting H,O gas, O, gas, O, gas, HCI gas, or combination
thereofinto the vacuum chamber. By the thermal stabilization
process, interfacial properties and bonding characteristics of
the substrate 10 and first oxide layer 42 in the field trench 30
may be improved and stabilized.

[0058] The wet oxide-etch process may include partially
removing the surface of the oxide layer 42 using diluted HF or
BOE. The dry oxide-etch process may include partially
removing the oxide layer 42 using an etch gas including C and
F. In this process, the oxide layer 42 formed close to an
entrance of the field trench 30 may be more removed, and the
oxide layer 42 formed close to the bottom of the field trench
30 may beless removed. The thinned oxide layer 43 may have
a thickness of approximately 5 nm on average. An inner-
plasma process may be used in the dry oxide-etch process.
For example, a process of generating plasma from the inside
of the vacuum chamber by an electric field, may be used
without using a remote plasma process in which plasma is
generated from the outside of the vacuum chamber and sup-
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plied to the vacuum chamber. The remote plasma process may
be excluded from the process because of its strong isotropic
properties.

[0059] The above described thermal stabilization process
may be performed after forming the thinned oxide layer 43.
For example, the thermal stabilization process may be per-
formed not directly after forming the oxide layer 42 is, but
after forming the thinned oxide layer 43.

[0060] Referring to FIG. 2B, the method may include form-
ing a first nitride layer 62 on the thinned oxide layer 43. The
first nitride layer 62 may include silicon nitride. The first
nitride layer 62 may be formed by an ALD process. The first
nitride layer 62 may also have a conformal profile and/or
over-hanging profile like the oxide layer 42. The first nitride
layer 62 may have a thickness of approximately 20 nm on
average. The forming the first nitride layer 62 may include
loading the substrate 10 having the thinned oxide layer 43
thereon into a vacuum chamber, and injecting Si,H, gas as a
silicon source, and N, or NH; gas as a nitrogen source, into
the vacuum chamber.

[0061] Referring to FIG. 2C, the method may include form-
ing a first thinned nitride layer 63 by partially removing a
surface of the first nitride layer 62 using a wet or dry nitride-
etch process. The wet nitride-etch process may include par-
tially removing the first nitride layer 62 using diluted H;PO,.
The dry nitride-etch process may include partially removing
the first nitride layer 62 using an etch gas including C or F. In
this process, the first nitride layer 62 formed close to the
entrance of the field trench 30 may be more removed, and the
first nitride layer 62 formed close to the bottom of the field
trench 30 may be less removed. The dry nitride-etch process
may also use the inner-plasma process. The first thinned
nitride layer 63 may be remained at a thickness of approxi-
mately 10 nm on average. In this process, the over-hanging
first nitride layer 62 may be deformed to be the first thinned
nitride layer 63 having a conformal profile along the profile of
the field trench 30. Because the first nitride layer 62 is par-
tially removed, the first nitride layer 62 is marked with a
dotted line.

[0062] Referringto FIG. 2D, the method may include form-
ing a second nitride layer 72 filling the field trench 30 on the
first thinned nitride layer 63. The second nitride layer 72 may
include silicon nitride. The second nitride layer 72 may be
formed using an ALD process. The second nitride layer 72
may also have a conformal profile and/or over-hanging profile
like the oxide layer 42 or the first nitride layer 62. An interface
between the first thinned nitride layer 63 and the second
nitride layer 72 is virtually marked by a dotted line. For easier
understanding of the inventive concepts, the example
embodiments are described assuming that the second nitride
layer 72 fully fills the field trench 30. In addition, the pro-
cesses described with reference to FIGS. 2C and 2D may be
repeated two or more times.

[0063] Referring to FIG. 2E, the method may include pla-
narizing a field insulating material 80. The thinned oxide
layer 43 may be exposed on the surface of the substrate 10.
The planarization of the field insulating material 80 may
include removing the second nitride layer 72 and the first
thinned nitride layer 63 by performing a CMP or etchback
process.

[0064] Referring to FIG. 2F, the method may include
removing the thinned oxide layer 43 exposed on the substrate
10 to expose the surface of the substrate 10. The uppermost
end of the thinned oxide layer 43 may be recessed, in the field
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trench 30, to be lower than an upper surface of the second
nitride layer 72 and/or the surface of the substrate 10. The
thinned oxide layer 43, the first thinned nitride layer 63, and
the second nitride layer 72 may form the field insulating
material 80. Successively, processes of forming a gate insu-
lating layer, a tunneling insulating layer, or an interlayer
insulating layer may be performed.

[0065] The method of fabricating a semiconductor device
of the exemplary embodiment may provide an STI having a
void-free field insulating material 80 in the field trench 30,
because the thinned oxide layer 43 is conformally formed on
the inner wall of the field trench 30 by repeatedly performing
the process of depositing and partially removing the oxide
layer 42 in the field trench 30, and because the first thinned
nitride layer 63 is conformally formed on the inner wall of the
field trench 30 by repeatedly performing the process of
depositing and partially removing the first nitride layer 62 in
the field trench 30.

[0066] FIGS.3A to3D are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with a further example embodiment of
the inventive concepts.

[0067] Referring to FIG. 3A, the method of fabricating a
semiconductor device of the exemplary embodiment of the
inventive concepts may include, by performing the processes
described with reference to FIGS. 1A to 1C, forming a trench
mask 20 on a substrate 10, forming a field trench 30, forming
a first oxide layer 44 on inner walls and bottom of the field
trench 30 and a surface of the substrate 10, and forming a first
thinned oxide layer 45 by partially removing a surface of the
first oxide layer 44 using a wet or dry oxide-etch process. The
first oxide layer 44 before being removed is virtually marked
by a dotted line. As described above, a thermal stabilization
process may be selectively performed before or after forming
the first thinned oxide layer 45.

[0068] Referring to FIG. 3B, the method may include form-
ing a second oxide layer 54 on the first thinned oxide layer 45.
The second oxide layer 54 may also be formed using an ALD
process. The second oxide layer 54 may be conformably
formed along a profile of the inner walls of the field trench 30.
Otherwise, the second oxide layer 54 may have a horizontal
thickness that relatively decreases toward a bottom of the field
trench 30, and relatively increases toward a top of the field
trench 30. The second oxide layer 54 may include silicon
oxide. The interface between the first thinned oxide layer 45
and the second oxide layer 54 is virtually marked by a dotted
line. As described above, the thermal stabilization process
may be performed after forming the second oxide layer 54.
That is, the thermal stabilization process may be selectively
performed before or after forming the second oxide layer 54.
[0069] Referring to FIG. 3C, the method may include form-
ing a nitride layer 62 on the second oxide layer 54. The nitride
layer 62 may include silicon nitride. The nitride layer 62 may
be formed using an ALD process.

[0070] Referring to FIG. 3D, the method may include
exposing the first thinned oxide layer 45 on the surface of the
substrate 10 by planarizing a field insulating material 80, and
exposing the surface of the substrate 10 by removing the first
thinned oxide layer 45. The uppermost end of the first thinned
oxide layer 45 may be recessed to be lower than an upper
surface of the nitride layer 62 and/or the surface of the sub-
strate 10 in the field trench 30. The first thinned oxide layer
45, the second oxide layer 54, and the nitride layer 62 may
configure the field insulating material 80. Successively, pro-
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cesses of forming a gate insulating layer, a tunneling insulat-
ing layer, or an interlayer insulating layer may be performed.

[0071] The method of fabricating a semiconductor device
of the exemplary embodiment may provide an STI having a
void-free field insulating material 80 in the field trench 30,
because the first thinned oxide layer 45 is conformally formed
on the inner wall of the field trench 30 by repeatedly perform-
ing the process of depositing and partially removing the first
oxide layer 44 in the field trench 30.

[0072] FIGS.4A to 4D are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with a still another example embodi-
ment of the inventive concepts.

[0073] Referring to FIG. 4A, the method of the exemplary
embodiment may include, by performing the processes
described with reference to FIGS. 1A to 1C and FIGS. 3A to
3C, forming a trench mask 20 on a substrate 10, forming a
field trench 30, forming a first oxide layer 44 on inner walls
and bottom of the field trench 30 and a surface of the substrate
10, forming a first thinned oxide layer 45 by partially remov-
ing a surface of the first oxide layer 44 using a wet or dry
oxide-etch process, forming a second oxide layer 54 on the
first thinned oxide layer 45, and forming a first nitride layer 64
on the second oxide layer 54. The interface between the first
thinned oxide layer 45 and the second oxide layer 54 is
virtually marked by a dotted line.

[0074] Referring to FIG. 4B, the method may include par-
tially removing the first nitride layer 64 to form a first thinned
nitride layer 65. The first nitride layer 64 before being
removed is virtually marked by a dotted line.

[0075] Referring to FIG. 4C, the method may include form-
ing a second nitride layer 74 on the first thinned nitride layer
65. The second nitride layer 74 may fully fill the field trench
30. The interface between the first thinned nitride layer 65 and
the second nitride layer 74 is virtually marked by a dotted line.

[0076] Referring to FIG. 4D, the method may include
exposing the second oxide layer 54 and the first thinned oxide
layer 45 on the surface of the substrate 10 by planarizing the
field insulating material 80, and exposing the surface of the
substrate 10 by removing the second oxide layer 54 and the
first thinned oxide layer 45. The uppermost ends of the second
oxide layer 54 and the first thinned oxide layer 45 may be
recessed to be lower than upper surfaces of the second nitride
layer 74 and/or the first thinned nitride layer 65, and/or the
surface of the substrate 10 in the field trench 30. The first
thinned oxide layer 45, the second oxide layer 54, the first
thinned nitride layer 65, and the second nitride layer 74 may
form the field insulating material 80. Successively, processes
of forming a gate insulating layer, a tunneling insulating
layer, or an interlayer insulating layer may be performed.

[0077] The method of fabricating a semiconductor device
of the exemplary embodiment may provide an STI having a
void-free field insulating material 80 in the field trench 30,
because the first thinned oxide layer 45 is conformally formed
on the inner wall of the field trench 30 by repeatedly perform-
ing the process of depositing and partially removing the first
oxide layer 44 in the field trench 30, and because the first
thinned nitride layer 65 is conformably formed on the inner
wall of the field trench 30 by repeatedly performing the pro-
cess of depositing and partially removing the first nitride layer
64 in the field trench 30.
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[0078] FIGS.5A to 5D are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with a still further example embodiment
of the inventive concepts.

[0079] Referring to FIG. 5A, the method of fabricating a
semiconductor device of the exemplary embodiment may
include, by performing the processes described with refer-
ence to FIGS. 1A to 1C, forming a trench mask 20 on a
substrate 10, forming a field trench 30, forming a first oxide
layer 44 on inner walls and bottom of the field trench 30 and
a surface of the substrate 10, and forming a first thinned oxide
layer 45 by partially removing a surface of the first oxide layer
44 using a wet or dry oxide-etch process. The first oxide layer
44 before being removed is virtually marked by a dotted line.

[0080] Referring to FIG. 5B, the method may include form-
ing a second oxide layer 54 on the first thinned oxide layer 45,
and forming a second thinned oxide layer 55 by partially
removing the second oxide layer 54. An interface between the
first thinned oxide layer 45 and the second thinned oxide layer
55, and the second oxide layer 54 before being removed are
virtually marked by dotted lines.

[0081] Referring to FIG. 5C, the method may include form-
ing a nitride layer 62 on the second thinned oxide layer 55.

[0082] Referring to FIG. 5D, the method may include pla-
narizing a field insulating material 80 to expose the first
and/or second thinned oxide layers 45 and 55, and removing
the exposed first and/or second thinned oxide layers 45 and 55
to expose the surface of the substrate 10. The uppermost ends
of the first thinned oxide layer 45 and/or the second thinned
oxide layer 55 may be recessed, in the field trench 30, to be
lower than an upper surface of the nitride layer 62 and/or the
surface of the substrate 10. The first thinned oxide layer 45,
the second thinned oxide layer 55, and the nitride layer 62
may configure the field insulating material 80. Successively,
processes of forming a gate insulating layer, a tunneling insu-
lating layer, or an interlayer insulating layer may be per-
formed.

[0083] The method of fabricating a semiconductor device
of the exemplary embodiment may provide an STI having a
void-free field insulating material 80 in the field trench 30,
because the first thinned oxide layer 45 and the second
thinned oxide layer 55 are conformally formed on the inner
wall of the field trench 30 by repeatedly performing the pro-
cess of depositing and partially removing the first oxide layer
44 and the second oxide layer 54 in the field trench 30.

[0084] FIGS. 6A to 6D are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with a yet further example embodiment
of the inventive concepts.

[0085] Referring to FIG. 6A, the method of fabricating a
semiconductor device of the exemplary embodiment of the
inventive concepts may include, by performing the processes
described with reference to FIGS. 1A to 1Cand FIGS. 5A and
5B, forming a trench mask 20 on a substrate 10, forming a
field trench 30, forming a first oxide layer 44 on inner walls
and bottom of the field trench 30 and a surface of the substrate
10, forming a first thinned oxide layer 45 by partially remov-
ing a surface of the first oxide layer 44 using a wet or dry
oxide-etch process, forming a second oxide layer 54 on the
first thinned oxide layer 45, forming a second thinned oxide
layer 55 by partially removing a surface of the second oxide
layer 54, and forming a first nitride layer 64 on the second
thinned oxide layer 55. The interface between the thinned
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oxide layer 45 and the second thinned oxide layer 55 is
virtually marked by a dotted line.

[0086] Referring to FIG. 6B, the method may include form-
ing a first thinned nitride layer 65 by partially removing the
first nitride layer 64. The first nitride layer 64 before being
removed is virtually marked by a dotted line.

[0087] Referring to FIG. 6C, the method may include form-
ing a second nitride layer 74 on the first thinned nitride layer
65. The second nitride layer 74 may fully fill the field trench
30. An interface between the first thinned nitride layer 65 and
the second nitride layer 74 is virtually marked by a dotted line.

[0088] Referring to FIG. 6D, the method may include
exposing the first thinned oxide layer 45 and/or the second
thinned oxide layer 55 on the surface of the substrate 10 by
planarizing a field insulating material 80, and exposing the
surface of the substrate 10 by removing the exposed first
thinned oxide layer 45 and/or second thinned oxide layer 55.
The uppermost ends of the first thinned oxide layer 45 and/or
the second thinned oxide layer 55 may be recessed, in the field
trench 30, to be lower than an upper surface of the second
nitride layer 74 and/or the surface of the substrate 10. The first
thinned oxide layer 45, the second thinned oxide layer 55, the
first thinned nitride layer 65, and the second nitride layer 74
may configure the field insulating material 80. Successively,
processes of forming a gate insulating layer, a tunneling insu-
lating layer, or an interlayer insulating layer may be per-
formed.

[0089] The method of fabricating a semiconductor device
of the exemplary embodiment may provide an STI having a
void-free field insulating material 80 in the field trench 30,
because the first thinned oxide layer 45 and the second
thinned oxide layer 55 are conformally formed on the inner
wall of the field trench 30 by repeatedly performing the pro-
cess of depositing and partially removing the first oxide layer
44 and the second oxide layer 54 in the field trench 30, and
because the first thinned nitride layer 65 is conformably
formed on the inner wall of the field trench 30 by repeatedly
performing the process of depositing and partially removing
the first nitride layer 64 in the field trench 30.

[0090] FIGS.7A to7H are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with an example embodiment of the
inventive concepts.

[0091] Referring to FIG. 7A, the method of fabricating a
semiconductor device of the exemplary embodiment may
include preparing a substrate 10 having a cell region CA, an
NMOS region NA, and a PMOS region PA, forming a trench
mask 20 on the substrate 10 by performing the processes
described with reference to FIG. 1A, forming a cell field
trench 30C, an NMOS field trench 30N, and a PMOS field
trench 30P in the substrate 10, removing the trench mask 20,
and forming a first oxide layer 44 on the insides of the field
trenches 30C, 30N, and 30P and on the surface of the sub-
strate 10 by performing the processes described with refer-
ence to FIG. 1B. As described above, the first oxide layer 44
may be formed using an ALD method. Successively, a ther-
mal stabilization process may be performed. The thermal
stabilization process may include an oxidation process.
Through the thermal stabilization process, interfacial proper-
ties and bonding characteristics of the substrate 10 and first
oxide layer 44 may be improved and stabilized.
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[0092] Referring to FIG. 7B, the method may include form-
ing a mask pattern 25 opening the cell region CA and the
NMOS region NA. The mask pattern 25 may include photo-
resist.

[0093] Referring to FIG. 7C, the method may include form-
ing a first thinned oxide layer 45 by partially removing the
first oxide layer 44 exposed on the cell region CA and the
NMOS region NA. Because the PMOS region PA may be
protected by the mask pattern 25, the first oxide layer 44 may
fully remain. In the cell region CA and NMOS region NA, the
first oxide layer 44 before being removed is virtually marked
by a dotted line. Successively, the mask pattern 25 may be
removed.

[0094] Referringto FIG. 7D, the method may include form-
ing a first nitride layer 64 on the first thinned oxide layer 45 in
the cell region CA and NMOS region NA, and on the first
oxide layer 44 in the PMOS region PA. As described above,
the first nitride layer 64 may be formed using an ALD process.

[0095] Referring to FIG. 7E, the method may include form-
ing a first thinned nitride layer 65 by partially removing the
first nitride layer 64. The first nitride layer 64 before being
removed is virtually marked by a dotted line.

[0096] Referring to FIG. 7F, the method may include form-
ing a second nitride layer 74 on the first thinned nitride layer
65. The second nitride layer 74 may fully fill the cell field
trench 30C in the cell region CA. The field trenches 30C, 30N,
and 30P may not be fully filled in the NMOS region NA and
the PMOS region PA. In the cell region CA, the first thinned
oxide layer 45, the first thinned nitride layer 65, and the
second nitride layer 74 may configure a cell field insulating
material 80C. The interface between the first thinned nitride
layer 65 and the second nitride layer 74 is virtually marked by
a dotted line.

[0097] Referringto FIG. 7G, the method may include form-
ing a filling insulating material 90 which fills the NMOS field
trench 30N and the PMOS field trench 30P, on second nitride
layer 74. The filling insulating material 90 may include sili-
con oxide having good fluidity, such as TOSZ or silicate.

[0098] Referring to FIG. 7H, the method may include
removing upper portions of the filling insulating material 90,
the second nitride layer 74, and the first thinned nitride layer
65 by performing a planarization process to expose the first
thinned oxide layer 45 in the cell region CA and NMOS
region NA, and the first oxide layer 44 in the PMOS region
PA. The method may further include partially removing upper
portions of the exposed first oxide layer 44 and first thinned
oxide layer 45 in such a way that upper ends of the first oxide
layer 44 and the first thinned oxide layer 45 are recessed to be
lower than an upper surface of the second nitride layer 74 and
the surface of the substrate 10. In the NMOS region NA, the
first thinned oxide layer 45, the first thinned nitride layer 65,
the second nitride layer 74, and the filling insulating material
90 may configure an NMOS field insulating material 80N. In
the PMOS region PA, the first oxide layer 44, the first thinned
nitride layer 65, the second nitride layer 74, and the filling
insulating material 90 may configure a PMOS field insulating
material 80P. Successively, processes of forming a gate insu-
lating layer, a tunneling insulating layer, or an interlayer
insulating layer may be performed.

[0099] Because the method of fabricating a semiconductor
device of the example embodiment may provide a relatively
thin oxide layer 45 in the NMOS region, tensile stress may be
applied to the substrate 10 by the nitride layers 65 and 74.
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Accordingly, the semiconductor device fabricated according
to the embodiment may include an NMOS in which carrier
mobility is improved.

[0100] FIGS. 8A to 8G are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with another example embodiment of
the inventive concepts.

[0101] Referring to FIG. 8A, the method of fabricating a
semiconductor device of the exemplary embodiment may
include preparing a substrate 10 having a cell region CA, an
NMOS region NA, and a PMOS region PA, with reference to
FIGS.1A,1B, and 7A to 7C. The method may further include
forming a cell field trench 30C, an NMOS field trench 30N,
and a PMOS field trench 30P in the substrate 10 by perform-
ing the processes described with reference to FIG. 1A, form-
ing a first oxide layer 44 in the field trenches 30C, 30N, and
30P and on a surface of the substrate 10 by performing the
processes described with reference to FIG. 1B, forming a
mask pattern 25 which opens the cell region CA and the
NMOS region NA and covers the PMOS region PA, forming
a first thinned oxide layer 45 by partially removing the first
oxide layer 44 exposed on the cell region CA and NMOS
region NA, removing the mask pattern 25, and forming a
second oxide layer 54. An interface between the first thinned
oxide layer 45 and the second oxide layer 54 is virtually
marked by a dotted line.

[0102] Referring to FIG. 8B, the method may include form-
ing a second thinned oxide layer 55 by partially removing the
second oxide layer 54. The second oxide layer 54 before
being removed is virtually marked by a dotted line.

[0103] Referring to FIG. 8C, the method may include form-
ing a first nitride layer 64 on the second thinned oxide layer
55.

[0104] Referringto FIG. 8D, the method may include form-
ing a first thinned nitride layer 65 by partially removing the
first nitride layer 64. The first nitride layer 64 before being
removed is virtually marked by a dotted line.

[0105] Referring to FIG. 8E, the method may include form-
ing a second nitride layer 74 on the first thinned nitride layer
65. The second nitride layer 74 may fully fill the cell field
trench 30C. The NMOS field trench 30N and the PMOS field
trench 30P may not be fully filled. In the cell region CA, the
first thinned oxide layer 45, the second thinned oxide layer 55,
the first thinned nitride layer 65, and the second nitride layer
74 may form a field insulating material 80. An interface
between the first thinned nitride layer 65 and the second
nitride layer 74 is virtually marked by a dotted line.

[0106] Referring to FIG. 8F, the method may include form-
ing a filling insulating material 90 which fills the NMOS field
trench 30N and the PMOS field trench 30P, on the second
nitride layer 74.

[0107] Referring to FIG. 8G, the method may include par-
tially removing or selectively exposing upper portions of the
filling insulating material 90, the second nitride layer 74, the
first thinned nitride layer 65, the second thinned oxide layer
55, the first thinned oxide layer 45, and/or the first oxide layer
44 by performing a planarization process, and exposing the
surface of the substrate 10 by partially removing the upper
portions of the second thinned oxide layer 55, the first thinned
oxide layer 45, and/or the first oxide layer 44. Upper ends of
the second thinned oxide layer 55, the first thinned oxide layer
45, and/or the first oxide layer 44 may be located lower than
upper surfaces of the second nitride layer 74 and the first
thinned nitride layer 65, and/or the surface of the substrate 10.
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The first thinned oxide layer 45, the second thinned oxide
layer 55, the first thinned nitride layer 65, and the second
nitride layer 74 may form a cell field insulating material 80C.
The first thinned oxide layer 45, the second thinned oxide
layer 55, the first thinned nitride layer 65, the second nitride
layer 74, and the filling insulating material 90 may form an
NMOS field insulating material 80N, and the first oxide layer
44, the second thinned oxide layer 55, the first thinned nitride
layer 65, the second nitride layer 74, and the filling insulating
material 90 may form a PMOS field insulating material 80P.
Successively, processes of forming a gate insulating layer, a
tunneling insulating layer, or an interlayer insulating layer
may be performed.

[0108] Because the method of fabricating a semiconductor
device of the exemplary embodiment may provide relatively
thin oxide layers 45 and 55 in the NMOS region, tensile stress
may be applied to the substrate 10 by the nitride layers 65 and
74. Accordingly, the semiconductor device fabricated accord-
ing to the embodiment may include an NMOS in which
carrier mobility is improved.

[0109] FIGS.9A to9D are schematic cross-sectional views
for describing a method of fabricating a semiconductor
device in accordance with yet another example embodiment
of the inventive concepts.

[0110] Referring to FIG. 9A, the method of fabricating a
semiconductor device of the exemplary embodiment may
include preparing a substrate 10 having a cell region CA, an
NMOS region NA, and a PMOS region PA, by performing
processes described with reference to FIGS. 7A to 7C. The
method may further include forming a cell field trench 30C,
an NMOS field trench 30N, and a PMOS field trench 30P in
the substrate 10 by performing the processes described with
reference to FIG. 1A, forming a first insulating layer 40 in the
field trenches 30C, 30N, and 30P and on a surface of the
substrate 10 by performing the processes described with ref-
erence to FIG. 1B, forming a mask pattern 25 opening the cell
region CA and the NMOS region NA, forming a thinned
insulating layer 41 by partially removing the first insulating
layer 40 exposed on the cell region CA and NMOS region
NA, removing the mask pattern 25, and forming a second
insulating layer 50. The interface between the first thinned
insulating layer 41 and the second insulating layer 50 is
marked by a dotted line.

[0111] Referring to FIG. 9B, the method may include form-
ing a third insulating layer 60 on the second insulating layer
50. The third insulating layer 60 may fully fill the cell field
trench 30C. The third insulating layer 60 may be conformally
formed on the second insulating layer 50 in the NMOS region
NA and the PMOS region PA.

[0112] Referring to FIG. 9C, the method may include form-
ing a filling insulating material 90 filling the NMOS field
trench 30N and the PMOS field trench 30P, on the third
insulating layer 60.

[0113] Referring to FIG. 9D, the method may include par-
tially removing upper portions of the filling insulating mate-
rial 90, the third insulating layer 60, the second insulating
layer 50, the first insulating layer 40, and the first thinned
insulating layer 41 to expose the surface of the substrate 10 by
performing a planarization process. Upper ends of the second
insulating layer 50 and the first thinned insulating layer 41
may be located lower than an upper surface of the third
insulating layer 60 and/or the surface of the substrate 10. In
the cell region CA, the first thinned insulating layer 41, the
second insulating layer 50, and the third insulating layer 60
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may form a cell field insulating material 80C. In the NMOS
region NA, the first thinned insulating layer 41, the second
insulating layer 50, the third insulating layer 60, and the
filling insulating material 90 may form an NMOS field insu-
lating material 80N. In the PMOS region PA, the first insu-
lating layer 40, the second insulating layer 50, the third insu-
lating layer 60, and the filling insulating material 90 may form
a PMOS field insulating material 80P. Successively, pro-
cesses of forming a gate insulating layer, a tunneling insulat-
ing layer, or an interlayer insulating layer may be performed.
[0114] FIGS. 10A to 10H are schematic cross-sectional
views for describing a method of fabricating a semiconductor
device in accordance with a yet further example embodiment
of the inventive concepts.

[0115] Referring to FIG. 10A, the method of fabricating a
semiconductor device of the exemplary embodiment may
include forming a trench mask 20 on the substrate 10, forming
a field trench 30, and forming a first insulating layer 40. The
trench mask 20 may include a mono- or multi-layered inor-
ganic material. For example, the trench mask 20 may include
an inorganic material such as silicon oxide, spin-on-hard-
mask (SOH), silicon nitride, or silicon oxynitride. The trench
mask 20 may expose a part of the substrate 10. The field
trench 30 may be formed by selectively etching the part of the
substrate 10 using the trench mask 20 as an etch mask.
Although inner walls of the field trench 30 are tapered, the
embodiments are described assuming that the inner walls are
vertical, for a better understanding of the inventive concepts.
[0116] The first insulating layer 40 may be conformally
formed on inner walls and bottom of the field trench 30, and
sidewalls and upper surface of the trench mask 20. The first
insulating layer 40 may be formed in such a way that the
thickness decreases toward the bottom of the field trench 30
and increases toward the upper surface of the trench mask 20.
The first insulating layer 40 may be formed using an ALD
method. The first insulating layer 40 may include silicon
oxide, silicon nitride, or silicon oxynitride. A thermal stabi-
lization process is performed after forming the first insulating
layer 40. By the thermal stabilization process, the interface
between the field trench 30 and the first insulating layer 40
may be oxidized and thereby interfacial properties and bond-
ing characteristics of the substrate 10 and first insulating layer
40 may be improved. The thermal stabilization process may
be omitted.

[0117] Referring to FIG. 10B, the method may include
forming a first thinned insulating layer 41 by partially remov-
ing a surface of the first insulating layer 40. The thermal
stabilization process may be performed after forming the first
thinned insulating layer 41. The first insulating layer 40
before being removed is virtually marked by a dotted line.
The closer to the bottom of the field trench 30, the less the first
insulating layer 40 may be removed. The closer to the top of
the trench mask 20, the more the first insulating layer 40 may
be removed. The partial removal of the surface of the first
insulating layer 40 may include a wet-etch process using an
etchant such as HF, BOE, or H;PO,,, and/or a dry-etch process
using a gas including C and F.

[0118] Referring to FIG. 10C, the method may include
forming a second insulating layer 50 on the first thinned
insulating layer 41. The second insulating layer 50 may be
formed using an AL D method. The second insulating layer 50
may include silicon oxide, silicon nitride, or silicon oxyni-
tride. For example, the first insulating layer 40 and the second
insulating layer 50 may include a different material from each
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other. The second insulating layer 50 may also be formed to
be thinner toward the bottom of the field trench 30 and thicker
toward the top of the trench mask 20.

[0119] Referring to FIG. 10D, the method may include
forming a second thinned insulating layer 51 by partially
removing a surface of the second insulating layer 50. The
closer to the bottom of the field trench 30, the less the second
insulating layer 50 may removed. The closer to the top of the
trench mask 20, the more the second insulating layer 50 may
removed. The partial removal of the surface of the second
insulating layer 50 may include a wet-etch process using an
etchant such as HF, BOE, or H;PO,, and/or a dry-etch process
using a gas including C and F. The second insulating layer 50
before being removed is virtually marked by a dotted line.

[0120] Referring to FIG. 10E, the method may include
forming a third insulating layer 60 on the second thinned
insulating layer 51. The third insulating layer 60 may fully fill
the field trench 30. The third insulating layer 60 may include
silicon oxide, silicon nitride, or silicon oxynitride. The third
insulating layer 60 may be formed using an ALD process, a
CVD process, or a gap-fill process. The interface between the
second thinned insulating layer 51 and the second insulating
layer 50 is marked by a dotted line.

[0121] Referring to FIG. 10F, the method may include
removing upper portions of the third insulating layer 60, the
second thinned insulating layer 51, and the first thinned insu-
lating layer 41 by performing a planarization process to
expose the upper surface of the trench mask 20. The pla-
narization process may include a CMP process and/or an
etchback process.

[0122] Referring to FIG. 10G, the method may include
removing the trench mask 20. The trench mask 20 may be
removed by a wet-etch process using a diluted HF, or a dry-
etch process using a gas including C and F. In this process, an
upper end of the first thinned insulating layer 41 may become
lower than the surface of the substrate 10.

[0123] Referring to FIG. 10H, the method may include
forming an interlayer insulating layer 95 overall. The inter-
layer insulating layer 95 may be thickly formed using a CVD
process or a coating process. The interlayer insulating layer
95 may include silicon oxide. Successively, a planarization
process, a selective etch process, or a deposition process, etc.
may be performed.

[0124] The method of fabricating a semiconductor device
in accordance with the embodiment of the inventive concepts
may provide a void-free STTin the field trench 30, because the
first thinned insulating layer 41 and the second thinned insu-
lating layer 51 are conformally formed on the inner wall of the
field trench 30 by repeatedly performing each the process of
depositing and partially removing the first insulating layer 40
and the second insulating layer 50 in the field trench 30.
[0125] FIG. 11A is a conceptual diagram showing a
memory module including at least one of semiconductor
devices fabricated in accordance with various embodiments
of the inventive concepts.

[0126] Referring to FIG. 11A, amemory module 2100 may
include a memory module substrate 2110, a plurality of
memory devices 2120 arranged on the memory module sub-
strate 2110, and a plurality of terminals 2130. The memory
module substrate 2110 may include a printed circuit board
(PCB) or a wafer. The memory devices 2120 may include at
least one of semiconductor devices fabricated in accordance
with various embodiments of the inventive concepts. The
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plurality of terminals 2130 may include a conductive metal.
Each terminal may be electrically connected to each memory
device 2120.

[0127] FIG. 11B is a conceptual diagram showing a
memory card including at least one of semiconductor devices
fabricated in accordance with various embodiments of the
inventive concepts.

[0128] Referring to FIG. 11B, a memory card 2200 in
accordance with an example embodiment of the inventive
concepts may include at least one of semiconductor devices
fabricated in accordance with various example embodiments
of the inventive concepts, mounted on a memory card sub-
strate 2210. The memory card 2200 may further include a
microprocessor 2220 mounted on the memory card substrate
2210. Input/output terminals 2240 may be arranged on at least
one edge of the memory card substrate 2210.

[0129] FIG. 11C is a conceptual diagram showing an elec-
tronic system including at least one of semiconductor devices
fabricated in accordance with various example embodiments
of the inventive concepts.

[0130] Referring to FIG. 11C, the semiconductor devices
10 and 20 in accordance with various example embodiments
of the inventive concepts may be applied in the electronic
system 2300. The electronic system 2300 may include a body
2310. The body 2310 may include a microprocessor unit
2320, a power supply 2330, a function unit 2340, and/or a
display controller unit 2350. The body 2310 may be a system
board or a motherboard including a printed circuit board
(PCB), etc. The microprocessor unit 2320, the power supply
2330, the function unit 2340, and the display controller unit
2350 may be mounted or installed on the body 2310. A
display unit 2360 may be arranged on an upper surface or an
outside of the body 2310. For example, the display unit 2360
may be arranged on a surface of the body 2310 and display an
image processed by the display controller unit 2350. The
power supply 2330 may receive a constant voltage from an
external power source, etc., divide the voltage into various
levels, and supply those voltages to the microprocessor unit
2320, the function unit 2340, and the display controller unit
2350, etc. The microprocessor unit 2320 may receive a volt-
age from the power supply 2330 to control the function unit
2340 and the display unit 2360. The function unit 2340 may
perform various functions of the electronic system 2300. For
example, when the electronic system 2300 is a mobile elec-
tronic apparatus such as a mobile phone, the function unit
2340 may have several components which can perform func-
tions of a mobile phone such as dialing, video output to the
display unit 2360 through communication with an external
apparatus 2370, and sound output to a speaker, and if a camera
is installed, the function unit 2340 may function as an image
processor. In the example embodiment to which the inventive
concepts is applied, when the electronic system 2300 is con-
nected to a memory card, etc. in order to expand capacity, the
function unit 2340 may be a memory card controller. The
function unit 2340 may exchange signals with the external
apparatus 2370 through a wired or wireless communication
unit2380. In addition, when the electronic system 2300 needs
auniversal serial bus (USB), etc. in order to expand function-
ality, the function unit 2340 may function as an interface
controller. At least one of the semiconductor devices fabri-
cated in accordance with various example embodiments of
the inventive concepts may be included in at least one of the
microprocessor unit 2320 and the function unit 2340.
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[0131] FIG.11Dis ablock diagram schematically showing
another electronic system including at least one of the semi-
conductor devices fabricated in accordance with various
example embodiments of the inventive concepts.
[0132] Referring to FIG. 11D, an electronic system 2400
may include at least one of semiconductor devices fabricated
in accordance with various embodiments of the inventive
concepts. The electronic system 2400 may be used to fabri-
cate a mobile apparatus or a computer. For example, the
electronic system 2400 may include a memory system 2412,
a microprocessor 2414 performing data communication
using a bus 2420, a random access memory (RAM) 2416, and
auser interface 2418. The microprocessor 2414 may program
and control the electronic system 2400. The RAM 2416 may
be used as an operation memory of the microprocessor 2414.
For example, the microprocessor 2414 or the RAM 2416 may
include at least one of semiconductor devices fabricated in
accordance with various embodiments of the inventive con-
cepts. The microprocessor 2414, the RAM 2416, and/or other
components can be assembled in a single package. The user
interface 2418 may be used to input/output data to/from the
electronic system 2400. The memory system 2412 may store
codes for operating the microprocessor 2414, data processed
by the microprocessor 2414, or external input data. The
memory system 2412 may include a controller and a memory
device.
[0133] FIG. 11E is a view schematically showing a mobile
wireless phone including at least one of semiconductor
devices fabricated in accordance with various example
embodiments of the inventive concepts. The mobile wireless
phone 2500 may be understood as a tablet PC. In addition, at
least one of semiconductor devices fabricated in accordance
with various embodiments of the inventive concepts may be
used in a portable computer such as a notebook, an MPEG-1
Audio Layer 3 (MP3) player, an MP4 player, a navigation
apparatus, a solid state disk (SSD), a desktop computer, an
automobile, or a home appliance, as well as a tablet PC.
[0134] The methods of fabricating a semiconductor device
in accordance with various embodiments of the inventive
concepts may provide a method of forming a void-free field
insulating material. Accordingly, the semiconductor device
fabricated by various manufacturing methods ofthe inventive
concepts may have improved and stabilized insulating and
electrical characteristics, thermal durability, and a high-yield-
ing manufacturing process.
[0135] The foregoing is illustrative of embodiments and is
not to be construed as limiting thereof. Although a few
embodiments have been described, those skilled in the art will
readily appreciate that many modifications are possible with-
out materially departing from the novel teachings. Accord-
ingly, all such modifications are intended to be included
within the scope of the inventive concepts as defined in the
claims.

What is claimed is:

1. A method of fabricating a semiconductor device, com-
prising:

forming a field trench in a silicon substrate;

forming a first oxide layer in the field trench;

forming a first thinned oxide layer by partially removing a

surface of the first oxide layer; and

forming a first nitride layer on the first thinned oxide layer.

2. The method of claim 1, wherein the forming the first
oxide layer includes depositing silicon oxide using an atomic
layer deposition (ALD) method.
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3. The method of claim 1, further comprising:

performing an oxidation process for supplying an oxygen

ion or an oxygen radical in the silicon substrate through
the first oxide layer, after the forming the first oxide
layer.

4. The method of claim 1, wherein the partially removing
the surface of the first oxide layer includes processing the
surface of the first oxide layer using a wet etching solution
including HF.

5. The method of claim 1, wherein the forming the first
nitride layer includes depositing silicon nitride using an
atomic layer deposition (ALD) method.

6. The method of claim 1, further comprising:

forming a first thinned nitride layer by partially removing a

surface of the first nitride layer.

7. The method of claim 6, wherein the partially removing
the surface of the first nitride layer includes processing the
surface of the first nitride layer using a wet etching solution
including H;PO,.

8. The method of claim 6, further comprising:

forming a second nitride layer fully filling the field trench

on the first thinned nitride layer.

9. The method of claim 8, wherein the forming the second
nitride layer includes depositing silicon nitride using an
atomic layer deposition (ALD) method.

10. The method of claim 1, further comprising:

forming a second oxide layer on the first thinned oxide

layer, before the forming the first nitride layer.

11. The method of claim 1, wherein the forming the field
trench comprises:

forming a trench mask including silicon oxide or silicon

nitride on the silicon substrate; and

etching the silicon substrate to form the field trench using

the trench mask as an etch mask, and

wherein the first oxide layer is formed on an inner wall and

a bottom of the field trench, and on a sidewall and an
upper surface of the trench mask.

12. The method of claim 1, further comprising:

removing an upper portion of the first nitride layer to

expose the first thinned oxide layer; and

selectively removing the first thinned oxide layer to expose

a surface of the silicon substrate,

wherein an upper end of the first thinned oxide layer is

lower than the surface of the silicon substrate.

13. A method of fabricating a semiconductor device, com-
prising:

providing a substrate having a cell region, an NMOS

region, and a PMOS region;

forming a cell field trench, an NMOS field trench, and a

PMOS field trench in regions of the substrate corre-
sponding to the cell region, the NMOS region, and the
PMOS region, respectively;

forming a first oxide layer in the cell field trench, the

NMOS field trench, and the PMOS field trench;
forming a mask pattern exposing the cell field trench and
the NMOS field trench, the mask pattern covering the
PMOS field trench;
forming a first thinned oxide layer by partially removing a
surface of the first oxide layer exposed in the cell field
trench and the NMOS field trench;

removing the mask pattern; and

forming a first nitride layer on the first thinned oxide layer

disposed in the cell field trench and the NMOS field
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trench, the first nitride layer being on the first oxide layer
disposed in the PMOS field trench.

14. The method of claim 13, wherein the forming the first
nitride layer includes fully filling the cell field trench, and
conformally forming the first nitride layer on the first thinned
oxide layer disposed in the NMOS field trench, and on the
first oxide layer disposed in the PMOS field trench.

15. The method of claim 13, further comprising:

forming a silicon oxide layer fully filling the NMOS field

trench and the PMOS field trench.

16. A method of fabricating a semiconductor device, com-
prising:

forming an insulative pattern structure filling a field trench

in a silicon substrate, the forming an insulative pattern

structure including,

reducing a first insulating layer at least partially filling
the field trench to form a first insulating pattern, and

forming at least one nitride layer over the first insulating
pattern and in the field trench.

17. The method of claim 16, wherein the reducing a first
insulating layer includes etching a surface of the first insulat-
ing layer such that the first insulating pattern is conformally
formed on a surface of the field trench.

18. The method of claim 16, further comprising:

removing a portion of the insulating pattern so as to expose

an upper surface of the substrate,
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the removing a portion of the insulating pattern including
etching an uppermost end of the insulating pattern in the
field trench to be lower than at least one selected from an
upper surface the at least one nitride layer and the upper
surface of the substrate.

19. The method of claim 18, further comprising:

reducing a second insulating layer at least partially filling
the field trench to form a second insulating pattern con-
formally on a surface of the field trench, before the
forming at least one nitride layer,

the removing a portion of the insulating pattern including
etching an uppermost end of the second insulating layer
in the field trench to be lower than at least one selected
from the upper surface the at least one nitride layer and
the upper surface of the substrate.

20. The method of claim 18, wherein the forming at least

one nitride layer over the insulating pattern includes,

forming a first nitride layer on the insulating pattern,

reducing the first nitride layer to form a first nitride pattern
conformally formed on a surface of the insulating pat-
tern, the insulating pattern and the first nitride pattern
partially filling the field trench, and

forming a second nitride layer filling a remaining portion
of the field trench.
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