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(57) ABSTRACT

A semiconductor device includes a semiconductor substrate
having a trench defining an active region. A wall oxide is
formed on side walls of the active region extending in the
longitudinal direction, and an element isolation layer is
formed in the trenches. A method of manufacturing a semi-
conductor device includes forming line-shape first trenches
on a semiconductor substrate so as to define an active region;
forming a wall oxide on surfaces of the first trenches; forming
a second trench which separates the active region into a plu-
rality of active regions; and filling the trenches with an ele-
ment isolation layer.
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SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Korean
patent application number 10-2009-94327, filed on 5 Oct.
2009, which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Anembodiment ofthe present invention relates gen-
erally to a semiconductor device and a method of fabricating
the same, and more particularly, to a semiconductor device
having a wall oxide on a semiconductor substrate and a
method of fabricating the same.

[0003] A typical semiconductor memory device includes a
cell region having a plurality of memory cells. When increas-
ing the capacity of a semiconductor memory device, i.e.,
incrementing memory size, additional patterns are required.
However, the demand for miniaturization requires that the
size of the cell region be reduced or at least limited. Accord-
ingly, the cell region must be highly integrated to secure the
desired memory size, thus requiring more patterns to be
formed within the limited available space of the cell region.
Thus, the critical dimension (e.g., line width) of such a pattern
is miniaturized so as to reduce the space it occupies. In order
to form a pattern having a minute critical dimension, the
lithography process for forming such patterns must be aug-
mented.

[0004] Inatypical lithography process, a photoresist is first
coated on the upper side of a substrate. An exposure process
is performed on the photoresist using an exposure mask to
define a micro-pattern by making use of a light source having
a wavelength length of 365 nm, 248 nm, 193 nm, 153 nm or
the like. Thereafter, a photoresist pattern, which defines a
micro-pattern, is formed by using a development process. The
resolution of such a lithographic process is determined
according to the wavelength (1) of the light source and the
numerical aperture (NA). Generally, resolution is a measure
of the ability to separate closely spaced features, and the
resolution limit (R) in a lithography process is given by the
following equation: R=k1xA/NA.

[0005] Inthe above equation, K1 is a process constant (also
known as the process factor). In order to improve the resolu-
tion limit (R), the wavelength should be shorter, the NA
should be higher, and the K1 constant should be smaller. The
K1 constant has a physical limit, and it is nearly impossible to
effectively reduce the value by normal methods. Therefore, it
is difficult to improve resolution by reducing the process
constant K1. In order to use a shorter wavelength, it would be
necessary to develop a photoresist material having a high
reactivity to a short wavelength along with an exposure appa-
ratus for applying the short wavelength; thereby making it
difficult to form a micro-pattern having a reduced critical
dimension by using a shorter wavelength.

[0006] Double patterning technology (DPT) is a lithogra-
phy technique in which minute patterns can be formed using
tools already available. In DPT, a pattern is separated into two
masks in order to achieve high resolution. Another technol-
ogy is the spacer patterning technology (SPT), which is simi-
lar to the double patterning process, but does not require
double exposure or double patterning.
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BRIEF SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention include a
semiconductor device and a method of fabricating the same,
in which the size of an active region thereof can be secured,
the resistance of a storage node contact can be reduced, and a
critical dimension thereof can be reduced.

[0008] Inanembodimentofthe present invention, a method
of manufacturing a semiconductor device includes: forming a
first trench of line-shape on a semiconductor substrate; form-
ing a wall oxide on a surface of'the first trench; filling the first
trench in which the wall oxide is formed with an oxide layer
s0 as to form an active region of line-shape; forming a second
trench which separates the active region of line-shape with a
uniform gap; and filling the second trench with an oxide layer.
[0009] The method of manufacturing a semiconductor
device according to an embodiment of the present invention
may further include forming a liner nitride layer and a liner
oxide layer on the surface of the trench in which the wall
oxide is formed, after forming a wall oxide on a surface of the
firsttrench. The filling of an oxide layer in the first trench may
include: depositing the oxide layer on the semiconductor
substrate including the first trench; and performing CMP with
the semiconductor substrate as an etch stop layer and remov-
ing an oxide layer of an upper portion of the first trench.
[0010] The oxide layer may include one or more among a
Spin On Dielectric (SOD) oxide layer, a High Density Plasma
(HDP) oxide layer or a High Aspect Ratio Process (HARP)
oxide layer. Filling the oxide layer in the second trench may
include: depositing an oxide layer on the semiconductor sub-
strate including the second trench; and performing CMP with
the semiconductor substrate as an etch stop layer and remov-
ing an oxide layer of an upper portion of the second trench.
[0011] The forming ofthe first trench may include: forming
a hard mask layer on the semiconductor substrate; forming a
spacer on an upper portion of the hard mask layer; and etching
the hard mask and the semiconductor substrate with the
spacer as a mask.

[0012] The forming of the hard mask layer may includes
forming a first amorphous carbon layer, a first silicon oxyni-
tride layer, a polysilicon layer, a second amorphous carbon
layer, and a second silicon oxynitride layer on the semicon-
ductor substrate. Forming the spacer may include: forming a
partition on an upper portion of the hard mask layer; perform-
ing an etch back process after depositing an oxide layer on the
whole surface including the partition and forming a spacer on
the side of the partition; and removing the partition.

[0013] After forming the spacer, a method of manufactur-
ing a semiconductor device according to an embodiment of
the present invention may further include forming a pattern
on a peripheral region in the semiconductor substrate.
[0014] Forming of the first trench may include: forming a
first amorphous carbon layer, a first silicon oxynitride layer, a
polysilicon layer, a second amorphous carbon layer, and a
second silicon oxynitride layer on the semiconductor sub-
strate; forming a photoresist pattern on an upper portion of the
second oxynitride layer; etching the second silicon oxynitride
layer and the second amorphous carbon layer with the pho-
toresist pattern as a mask, and forming a partition by remov-
ing the photoresist pattern and the second silicon oxynitride
layer; performing an etch back process after depositing an
oxide layer on an upper portion of the partition and the poly-
silicon layer and forming a spacer on the side of the partition;
removing the partition; and etching the first silicon oxynitride
layer, the first amorphous carbon layer, and the semiconduc-
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tor substrate with the spacer as a mask, and removing the
spacer, the first silicon oxynitride layer, and the first amor-
phous carbon layer.

[0015] After forming the second trench, a method of manu-
facturing a semiconductor device according to an embodi-
ment of the present invention may further include forming a
gate intersecting with the active region. After forming the
second trench, a method of manufacturing a semiconductor
device according to an embodiment of the present invention
may further include forming a storage node contact on a
storage node contact region of the active region.

[0016] According to another embodiment of the present
invention, a method of manufacturing a semiconductor
device includes: forming an element isolation layer which
fills an oxide layer into a trench having a given depth to define
an active region in a semiconductor substrate; and forming a
wall oxide only on a side wall of minor axis direction of the
active region, among the active region surface contacting with
the element isolation layer.

[0017] According to an embodiment of the present inven-
tion, a semiconductor device includes an element isolation
layer which includes an oxide layer buried in a trench having
a given depth, and defines an active region in a semiconductor
substrate; and a wall oxide which is formed only on a side wall
of minor axis direction of the active region, among the active
region surface contacting with the element isolation layer.
[0018] The trench may include a first trench formed of
line-shape on a semiconductor substrate; and a second trench
which separates the active region of line-shape with a uniform
gap.

[0019] The oxide layer buried in the first trench may
include one or more among a Spin On Dielectric (SOD) oxide
layer, a High Density Plasma (HDP) oxide layer or a High
Aspect Ratio Process (HARP) oxide layer. The oxide layer
buried in the second trench may include one or more among
a Spin On Dielectric (SOD) oxide layer, a High Density
Plasma (HDP) oxide layer or a High Aspect Ratio Process
(HARP) oxide layer.

[0020] A semiconductor device according to an embodi-
ment of the present invention may further include a liner
nitride layer and a liner oxide layer formed on the surface of
the trench in which the wall oxide is formed. A semiconductor
device according to an embodiment of the present invention
may further include a gate intersecting with the active region.
A semiconductor device according to an embodiment of the
present invention may further include a storage node contact
formed on a storage node contact region of the active region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIGS. 1a and 15 are plane views showing the manu-
facturing method of a semiconductor device according to an
exemplary embodiment of the present invention.

[0022] FIGS. 2a and 2b are cross-sectional views taken
along line A-A', B-B' of FIGS. 1a and 15, respectively.
[0023] FIGS. 3a to 3d are plane views showing the manu-
facturing method of a semiconductor device according to an
exemplary embodiment of the present invention.

[0024] FIG. 4 is a plane view comparing embodiments of
the present invention.

[0025] FIGS. 5ato 5fare cross-sectional views showing the
manufacturing method of a semiconductor device according
to an exemplary embodiment of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0026] Hereinafter, embodiments of the present invention
are described in detail with reference to attached drawings.
[0027] FIGS. 1a and 15 are plane views showing a manu-
facturing method of a semiconductor device according to an
embodiment of the present invention.

[0028] Referring to FIG. 1a, the semiconductor device
includes an active region 20 in which, for example, a gate, a
source and a drain are formed to operate as a cell; and a trench
30 for element isolation in which an element isolation layer
36 (refer to FIG. 15) is filled with so as to isolate the active
regions 20 from each other. The element isolation layer 36 is
an insulation layer, e.g., an oxide layer. An example of a
method of filling the trench 30 with an element isolation layer
36 is Shallow Trench Isolation (STI). Additionally, before
filling the trench 30 with the element isolation layer 36, Wall
Oxidation, which is a process of oxidizing the silicon surface
of the active region 20, is performed so as to remove plasma
damaged regions in the active region 20 and stabilize the
transistor operation through, for example, anion implantation
process.

[0029] Referring to FIG. 15, a result of the wall oxidation
process is a wall oxide 22 of'silicon oxide SiOx formed on the
outer surfaces of the active regions 20. As described above,
the trench 30 is then filled with the element isolation layer 36,
thereby defining active regions 20. In an embodiment of the
present invention, the process of filling the trench 30 with the
element isolation layer 36 includes: deposited an oxide layer
on the semiconductor substrate including the trench 30, and
performing Chemical Mechanical Polishing (CMP) on the
oxide layer using the semiconductor substrate as an etch stop
layer such that the element isolation layer 36 remains only
inside the trench 30. The element isolation layer 36 can
include, for example, one or more of a Spin On Dielectric
(SOD) oxide layer, a High Density Plasma (HDP) oxide layer,
and a High Aspect Ratio Process (HARP) oxide layer.
[0030] Referring to FIG. 15, a plurality of gates 40 which
intersect each active region 20 may be formed after formation
of the active regions 20 and element isolation layer 36. Fur-
ther, source and drain regions are formed for the respective
transistors through an ion implantation process performed on
portions of the active region 20 adjacent to a gate 40.

[0031] FIGS. 2a and 24 are cross-sectional views taken
along lines A-A', B-B' of FIGS. 1a and 154, respectively.
Referring to FIG. 24, the wall oxide 22 is formed on the side
wall of the active region 20. A liner nitride layer 24 can be
further laminated on the surface of the wall oxide 22. Addi-
tionally, a liner oxide layer (not shown) can be laminated
again on the surface of the lamination (i.e., the liner nitride
layer 24). Here, an active region mask 28, which acts as the
mask for etching the trench 30 for element isolation, is posi-
tioned on the upper portion of the active region 20.

[0032] Inthe embodiment, the wall oxide 22 formed in the
side wall is relatively thick and reduces the size of the active
region in the major axis direction (longitudinal direction of
FIG. 15) so that the practical size of the active region 20 is
reduced. Therefore, a problem exists in that it becomes diffi-
cult to form a storage node contact and to secure a contact
resistance. In a preferred embodiment of the present inven-
tion, such a problem can be solved and, hereinafter, a detailed
description is provided.

[0033] FIGS. 3a to 3d are plane views showing a manufac-
turing method of a semiconductor device according to an
exemplary embodiment of the present invention.
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[0034] Firstly, as shown in FIG. 3a, first trenches 32 having
a line shape (i.e., line and space type first trenches 32) are
formed on the semiconductor substrate. As a result, active
regions 20 also having a line shape (i.e. line and space type
active regions 20) are defined by the first trenches 32. The
surface of the active regions 20, which, in an embodiment, are
Si material, are oxidized to form the wall oxide 22. In an
embodiment, the process of oxidizing the active regions 20 is
performed by a method of supplying only oxygen O2 while
heating the semiconductor substrate in a furnace. Accord-
ingly, a silicon oxide layer SiOx is formed as a result of the
oxidation of the silicon surface of the active region 20. This is
advantageous as it prevents hot carrier effects in a transistor of
the peripheral region. After the wall oxide 22 is formed, a
liner nitride layer 24 (see FIG. 3b) can be laminated on the
surface of the wall oxide 22, and a liner oxide layer (not
shown) can be further laminated on the surface of the liner
nitride layer.

[0035] Referring to FIG. 35, the individual line type active
regions 20 are separated, whereby separated active regions 26
are formed from each individual active region 20. In an
embodiment, the separated active regions 26 are formed by
etching a line type active region 20 at uniform intervals using
a mask (not shown) having a contact hole pattern. By using
the mask with a contact hole pattern second trenches 34 are
formed which separate the active regions 20 into the sepa-
rated active regions 26.

[0036] Referring to FIG. 3¢, the first line and space type
trenches 32 and the second contact hole type trenches 34 are
filled with an element isolation layer 36 (e.g., an oxide layer).
As a result, the active regions 26 are also isolated from each
other and delimited by the element isolation layer 36. Refer-
ring to FIG. 34, a plurality of gates 40 are formed over the
semiconductor substrate on which the active regions 36 and
the element isolation layer 36 are formed. In an embodiment,
an ion implantation process is performed on portions of the
active region 20 adjacent to the gates 40 so that source and
drain regions are formed, thereby resulting in transistor struc-
tures.

[0037] Inanembodiment, the process offilling the trenches
32 and 34 with the element isolation layer 36 includes: depos-
iting an insulation layer (e.g., an oxide layer) on the semicon-
ductor substrate including the trenches 32 and 34, and per-
forming a Chemical Mechanical Polishing (CMP) on the
insulation layer using the semiconductor substrate as an etch
stop layer such that the element isolation layer 36 remains
only inside of the trenches 32 and 34. The element isolation
layer 36 can include, for example, one or more of a Spin On
Dielectric (SOD) oxide layer, a High Density Plasma (HDP)
oxide layer, and a High Aspect Ratio Process (HARP) oxide
layer.

[0038] Accordingly, in an exemplary embodiment of the
present invention, line and space type active regions 20 (refer
to FIG. 3a) are formed and a wall oxide 22 is formed on
surfaces of the active regions 20. Thereafter, the active
regions 20 (refer to FIG. 3b) are separated to form separated
active regions 26. As a result, the wall oxide 22 is formed only
in the side walls of the minor axis direction (horizontal direc-
tion of FIG. 3b) of the active regions 26, whereas the wall
oxide 22 is not formed in side walls of the major axis direction
(vertical direction of FIG. 3b; longitudinal direction of active
region) of the active region 26. That is, the wall oxide is
formed only in the side walls that extend in the longitudinal
direction of the active region. Therefore, an effect is obtained
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in which the longitudinal length of the active region 20 is not
reduced (i.e., the end of an upper portion and a lower portion
are not oxidized as shown in FIGS. 35 to 34d).

[0039] FIG. 4 is a plane view comparing embodiments of
the present invention.

[0040] Comparing (a) and (b) of FIG. 4, the wall oxide 22 is
formed in the side wall of the major axis direction (longitu-
dinal direction) of the active region 20 in (a), and therefore the
practical size of the active region 20 is reduced. However, in
the embodiment shown in (b) of FIG. 4, the wall oxide 22 is
not formed in the side wall of the major axis direction (lon-
gitudinal direction) of the active region 20, and therefore
there is no loss in the size of the active region 20 in the
longitudinal direction.

[0041] FIGS. 5ato 5fare cross-sectional views showing the
steps of forming trenches 30, 32 according to an exemplary
embodiment of the present invention.

[0042] In the exemplary embodiment of the present inven-
tion, single patterning technology can be used for the process
of forming trenches 30 and 32 for element isolation. How-
ever, it is more preferable to use the spacer patterning tech-
nology, which can form a pattern having a smaller critical
dimension (e.g., line width) by using a spacer. Firstly, refer-
ring to FIG. 5a, a first amorphous carbon layer 51, a first
oxynitride layer 52, a polysilicon layer 53, a second amor-
phous carbon layer 55, and a second oxynitride layer 57 are
sequentially deposited on the semiconductor substrate 10.
The amorphous carbon layers 51 and 55 and oxynitride layers
52 and 57 function as a hard mask.

[0043] Then, the photosensitive pattern (not shown) is
formed onthe upper surface of the second oxynitride layer 57,
and the second oxynitride layer 57, the second amorphous
carbon layer 55, and the polysilicon layer 53 are etched using
the photosensitive pattern (not shown) as a mask, so that, as
shown in FIG. 554, partitions 56 of amorphous carbon are
formed.

[0044] Thereafter, referring to FIG. 5¢, an oxide layer 60
for spacers is deposited over the partitions 56 and the poly-
silicon layer 53. As shown in FIG. 5d, portions of the oxide
layer 60 for spacers is etched and removed such that spacers
62 of an oxide remain only in side walls of the partitions 56.
The partitions 56 of amorphous carbon are also removed by
etching so that only the spacers 62 remain on the upper
surface of the polysilicon layer 53. At this time, the critical
dimension between the spacers 62 is approximately half of
the critical dimension of the initial partitions 56.

[0045] As shown in FIG. Se, the polysilicon layer 53 is
etched using the spacers 62 as a mask and is patterned. In an
embodiment, the pattern of the peripheral region is simulta-
neously formed using a separate mask (not shown) also in the
peripheral region.

[0046] Thereafter, referring to FIG. 5f, the first oxynitride
layer 52, the first amorphous carbon layer 51, and the semi-
conductor substrate 10 are etched using the etched poly sili-
con layer pattern as a mask, so that the trenches 30 for element
isolation are formed in the cell region of the semiconductor
substrate 10, and the peripheral circuit pattern is formed in the
peripheral region.

[0047] Accordingly, a trench 30 for element isolation hav-
ing small critical dimension is formed on the semiconductor
substrate 10 in the cell region, and the active regions 26 are
formed as described above. Therefore, the embodiment of the
present invention provides an effect in which the size of the
active region can be easily secured in the semiconductor
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substrate, the resistance of the storage node contact can be
reduced, and the critical dimension of the semiconductor
device can be efficiently reduced.

[0048] The above embodiments of the present invention is
illustrative and not limitative. Various alternatives and
equivalents are possible. The invention is not limited by the
embodiment described herein. Nor is the invention limited to
any specific type of semiconductor device. Other additions,
subtractions, or modifications are obvious in view of the
present disclosure and are intended to fall within the scope of
the appended claims.

What is claimed is:

1. A method of manufacturing a semiconductor device, the
method comprising:

forming first trenches having a line-shape on a semicon-

ductor substrate so as to define an active region having a
line-shape;

forming a wall oxide on surfaces of the first trenches;

forming a second trench which separates the active region

into a plurality of separated active regions; and

filling the first trenches having surfaces on which the wall

oxide is formed and the second trench with an element
isolation layer.
2. The method of claim 1, further comprising forming a
liner nitride layer and a liner oxide layer on the surfaces of the
first trenches on which the wall oxide is formed, after forming
the wall oxide.
3. The method of claim 1, wherein filling the first trenches
on which the wall oxide is formed and the second trench with
an element isolation layer comprises:
forming an insulation layer on the semiconductor substrate
so as to fill the first trenches and the second trench; and

performing a chemical mechanical polishing (CMPing) on
the insulation layer using the semiconductor substrate as
an etch stop layer so as to form the element isolation
layer.

4. The method of claim 3, wherein the insulation layer
includes one or more of a Spin On Dielectric (SOD) oxide
layer, a High Density Plasma (HDP) oxide layer and a High
Aspect Ratio Process (HARP) oxide layer.

5. The method of claim 1, wherein the element isolation
layer includes an oxide layer.

6. The method of claim 1, wherein forming first trenches
comprises:

forming a hard mask layer on the semiconductor substrate;

forming spacers on an upper surface of the hard mask layer;

and

etching the hard mask and the semiconductor substrate

using the spacers as a mask.

7. The method of claim 6, wherein forming a hard mask
layer comprises forming a first amorphous carbon layer, a first
oxynitride layer, a polysilicon layer, a second amorphous
carbon layer, and a second oxynitride layer on the semicon-
ductor substrate.

8. The method of claim 6, wherein forming a spacer com-
prises:

forming partitions on an upper surface of the hard mask

layer;

depositing an oxide layer over the partitions and the hard

mask layer;

removing portions of the oxide layer so as to form the

spacers on the sides of the partition; and

removing the partitions.
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9. The method of claim 6, wherein the first trenches are
formed in a cell region of the semiconductor substrate, and
the method further comprises: forming a pattern on the semi-
conductor substrate in a peripheral region after forming the
spacers.

10. The method of claim 1, wherein forming first trenches
comprises:

forming a first amorphous carbon layer, a first oxynitride
layer, a polysilicon layer, a second amorphous carbon
layer, and a second oxynitride layer sequentially on the
semiconductor substrate;

forming a photoresist pattern on an upper surface of the
second oxynitride layer;

etching the second oxynitride layer and the second amor-
phous carbon layer using the photoresist pattern as a
mask so as to form partitions;

depositing an oxide layer over the partitions and the poly-
silicon layer;

performing an etch back process on the oxide layer so as to
form spacers on sides of the partitions;

removing the partitions; and

etching the first silicon oxynitride layer, the first amor-
phous carbon layer, and the semiconductor substrate
using the spacers as a mask so as to form the first
trenches.

11. The method of claim 1, further comprising: forming a
gate intersecting the active region after forming the second
trench.

12. The method of claim 1, further comprising: forming a
storage node contact on a storage node contact region of the
active region after forming the second trench.

13. A method of manufacturing a semiconductor device,
the method comprising:

forming one or more trenches in a substrate so as to define
an active region having side walls;

forming a wall oxide on only the side walls of the active
region that extend in the longitudinal direction of the
active region;

forming an element isolation layer in the trenches so as to
isolate the active region.

14. A semiconductor device, comprising:

a semiconductor substrate having a trench defining an
active region having sidewalls;

a wall oxide formed on only the side walls of the active
region that extend in the longitudinal direction of the
active region;

an element isolation layer formed in the trenches so as to
isolate the active region.

15. The semiconductor device of claim 14, wherein the
trench defines a plurality of the active regions, and the trench
comprises:

first trenches formed on a semiconductor substrate so as to
form a line shape active region; and

a second trench which separates the line shape active
region into the plurality of the active regions having the
sidewalls.

16. The semiconductor device of claim 14, wherein the
element isolation layer includes one or more of a Spin On
Dielectric (SOD) oxide layer, a High Density Plasma (HDP)
oxide layer or a High Aspect Ratio Process (HARP) oxide
layer.

17. The semiconductor device of claim 15, wherein the
element isolation layer comprises an oxide layer buried in the
first trenches or the second trench or both the first and second
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trenches, and the oxide layer includes one or more of a Spin
On Dielectric (SOD) oxide layer, a High Density Plasma
(HDP) oxide layer or a High Aspect Ratio Process (HARP)
oxide layer.

18. The semiconductor device of claim 14, further com-
prising a liner nitride layer and a liner oxide layer formed on
the surface of the trench in which the wall oxide is formed.
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19. The semiconductor device of claim 14, further com-
prising a gate intersecting the active region.

20. The semiconductor device of claim 14, further com-
prising a storage node contact formed on a storage node
contact region of the active region.

sk sk sk sk sk



