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FIG. 4C
GAS WITH HIGH CARBON CONTENT
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FIG. 7C
GAS WITH HIGH CARBON CONTENT
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METHOD FOR FABRICATING FIN
TRANSISTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention is a divisional of U.S. patent
application Ser. No. 11/617,579, filed on Dec. 28, 2006,
which claims priority of Korean patent application number
10-2006-0096468, filed on Sep. 29, 2006, which are incorpo-
rated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a method for fabri-
cating a semiconductor device, and more particularly, to a
method for fabricating a fin transistor.

[0003] As semiconductor devices become highly inte-
grated, conventional two-dimensional transistor structures
have some limitations. In particular, for high-speed devices,
two-dimensional transistor structures often do not satisfy the
required current drive.

[0004] Fin field effect transistors (FETs) and saddle-type
fin FETs are two examples that attempt to overcome the
aforementioned limitation. These fin FETS and saddle-type
fin FETs usually uses three surfaces as channels, and thus,
they provide good current drive, and improve back bias
dependency.

[0005] FIGS. 1A to 1D are cross-sectional views illustrat-
ing a method for fabricating a fin transistor. FIG. 2 illustrates
a top view of the fin transistor fabricated by the method
described in FIGS. 1A to 1D. In FIGS. 1A to 1D and FIG. 2,
cut plane X-X' is directed along a major axis of an active
region 15A, while cut plane Y-Y' is directed along a region
where gate electrodes 19 are to be formed.

[0006] Referringto FIG. 1A, apadoxidelayer 12 and a pad
nitride layer 13 are formed on a substrate 11, and etched using
an isolation mask (not shown). The substrate 11 is etched to a
certain depth using the pad nitride layer 13 as an etch barrier
to form trenches 14. Referring to FIG. 1B, an oxide layer is
deposited until the trenches 14 are filled. The wafer is then
subjected to a chemical mechanical polishing (CMP) to form
field oxide layers 15. The field oxide layers 15 are used for
isolation and define an active region 15A. Referring to FIG.
1C, a line type fin mask 16 is formed over certain regions of
the resultant structure illustrated in FIG. 1C. The field oxide
layers 15 are recessed to a certain depth using the fin mask 16
as an etch barrier to form fins 17B. Reference numeral 17A
denotes recesses obtained after the field oxide layers 15 are
recessed. Referring to FIG. 1D, the fin mask 16 is removed,
and a gate oxide layer 18 and a gate electrode layer (not
shown) are formed and patterned to form gate electrodes 19.
[0007] When the fins 17B are formed, the top portions of
the fins 17B are often damaged. Particularly, when the field
oxide layers 15 are etched, the top portions of the fins 17B are
often etched away. As illustrated in FIG. 1C, the loss may
occur in the top and lateral directions T and L.

[0008] FIG.3A illustrates an image of a fin with a damaged
top portion. Due to the loss of the top portion of the fin, a
tapered top is generated. As mentioned, the loss of the top
portion of the fin is generally incurred when the field oxide
layer is etched using an oxide etching gas. Particularly, the
loss of the top portion of the fin is usually incurred when the
pad nitride layer 13 does not sufficiently function as an etch
barrier because of the oxide etching gas.
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[0009] A fin is in a region where the channel is to be formed
and generally determines the shape of the transistor. If a fin
has a small critical dimension (CD), the loss of the top portion
of the fin often leads to a decrease in the CD of the fin. Thus,
if the fin is likely to be sharply tapered, it may make it difficult
to achieve the desired CD reproducibility of a channel.
[0010] As similar to the aforementioned loss of the top
portion of the fin, when a saddle-type fin pattern for a saddle-
type fin FET is formed, the top portion of the fin pattern is
likely to be damaged. Also, as the recessed depth of the field
oxide layer to form a fin or a saddle-type fin pattern increases,
the loss of the top portion of the fin or the saddle-type fin
pattern tends to increase. FIG. 3B illustrates an image of a
damaged saddle-type fin. Due to the severe damage (loss), the
saddle-type fin pattern often exhibits a tapered top portion.

SUMMARY OF THE INVENTION

[0011] Anembodiment of the present invention is directed
towards a method for fabricating a fin transistor suitable for
reducing damage to a top portion of a fin during recessing of
the isolation layer.

[0012] Another embodiment of the present invention is
directed towards a method for fabricating a saddle-type fin
transistor suitable for reducing damage to a top portion of the
saddle-type fin.

[0013] Inaccordance with one aspect of the present inven-
tion, there is provided a method for fabricating a fin transistor.
The method includes patterning first pad layer provided over
a substrate using an isolation mask. The substrate is etched
using the isolation mask and the first pad layer to form
trenches. The trenches are filled with an insulating material to
form isolation structures. The isolation structures are etched
within the trenches using a gas having a high selectivity ratio
of the insulating material to the first pad layer to form fin
structures. A gate insulating layer is formed over the fin
structures. A conductive layer is formed over the gate insu-
lating layer.

[0014] In accordance with another aspect of the present
invention, there is provided a method for fabricating a saddle-
type fin transistor. The method includes forming a pad layer
over a substrate; etching a substrate to form first and second
trenches, the first and second trenches defining a portion of
the substrate therebetween; filling the first and second
trenches with an isolation material to form first and second
isolation structures, respectively, wherein the pad layer is
provided over the portion of the substrate; etching the first and
second isolation structures using a gas having a high selec-
tivity ratio of the isolation material to the pad layer, so that the
portion of the substrate protrudes above an upper surface of
the etched first and second isolation structures; removing the
pad layer to expose an upper surface of the portion of the
substrate; and etching the portion of the substrate to reduce
the height of the portion to form a saddle-type fin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGS. 1A to 1D illustrate a method for fabricating a
fin transistor.
[0016] FIG. 2 illustrates a top view of the fin transistor

fabricated by the method illustrated in FIGS. 1A to 1D.

[0017] FIG. 3A illustrates an image of a fin with a damaged
top portion.
[0018] FIG. 3B illustrates an image of a saddle-type fin

with a damaged top portion.
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[0019] FIGS. 4A to 4E are cross-sectional views illustrat-
ing a method for fabricating a fin transistor in accordance with
an embodiment of the present invention.

[0020] FIG. 5 illustrates a top view of the fin transistor
fabricated by the method illustrated in FIGS. 4A to 4E.
[0021] FIG. 6 illustrates an image of a fin with a damaged
top portion in accordance with the embodiment of the present
invention.

[0022] FIGS. 7A to 7E are cross-sectional views illustrat-
ing a method for fabricating a saddle-type fin transistor in
accordance with another embodiment of the present inven-
tion.

[0023] FIG. 8 illustrates a top view of the saddle-type fin
transistor fabricated by the method illustrated in FIGS. 7A to
7E.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0024] FIGS. 4A to 4E are cross-sectional views illustrat-
ing a method for fabricating a fin transistor in accordance with
an embodiment of the present invention. FIG. 5 illustrates a
top view of the fin transistor fabricated by the method illus-
trated in FIGS. 4A to 4E. In FIGS. 4A to 4E and FIG. 5, cut
plane A-A' is directed along a major axis of an active region
25A, while cut plane B-B' is directed along a region where
gate electrodes 29 are to be formed.

[0025] Referring to FIG. 4A, a first pad layer 22 and a
second pad layer 23 are formed over a substrate 21. The first
pad layer 22 includes an oxide-based material, and will be
referred to as the pad oxide layer hereinafter. The second pad
layer 23 includes a nitride-based material, and will be referred
to as the pad nitride layer hereinafter. The pad oxide layer 22
is used to relieve stress generated due to the pad nitride layer
23. The pad nitride layer 23 functions as a barrier against
subsequent chemical mechanical polishing (CMP) and fin
etching. The pad nitride layer 23 is formed to a thickness of
approximately 100 A or more (e.g., in a range of approxi-
mately 100 A to 2,500 A).

[0026] The pad nitride layer 23 and the pad oxide layer 22
are etched using an isolation mask 41 to expose isolation
regions. Exposed portions of the substrate 21 are etched to a
certain depth using the isolation mask 41 and the pad nitride
layer 23 as an etch barrier to form trenches 24. The trenches
24 are regions into which a field oxide layer is to be filled, and
has a depth of approximately 2,000 A or more.

[0027] Referring to FIG. 4B, the isolation mask 41 is
removed. An insulation layer, more specifically, an oxide-
based layer fills the trenches 24. The oxide-based layer may
be an oxide layer deposited by a high density plasma (HDP)
method. Alternatively, the oxide-based layer may be formed
by first coating an oxide layer by a spin-on-glass (SOG)
method and depositing a HDP oxide layer thereon. The insu-
lation layer is then chemically and mechanically polished.
During the chemical mechanical polishing (CMP), the pad
nitride layer 23 functions as a polishing stop layer. After the
CMP, the field oxide layers 25 are formed to fill the trenches
24. The field oxide layers 25 are used for isolation and define
an active region 25A.

[0028] Referring to FIG. 4C, a photoresist layer is coated
over the resultant structure illustrated in FIG. 4B, and pat-
terned through photolithography to form a mask 26. The
mask 26 is formed in a line type. The mask 26 provides
line-type openings in regions where gate lines are to be
formed. The mask 26 simultaneously exposes portions of the
active region 25A and the field oxide layers 25.
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[0029] The field oxide layers 25 are recessed (or etched) to
a certain depth using the mask 26. The recessed depth should
be approximately 500 A or more (e.g., in a range of approxi-
mately 500 A to 1,500 A). The field oxide layers 25 remain in
the trenches 24 to cover the bottom surfaces of the trenches
24. In the present implementation, the mask 26 defines an
opening with a width that is narrower than that of the trenches
24 in the direction along the major axis of the active region
25A. As aresult, portions of the field oxide layer 25 remain on
the sidewall of the trenches 24 (see cut plane A-A).

[0030] After the etching step, portions of the active region
25A protrude (or are exposed), and the protruding portions of
the active region 25A are called fins 27B. Reference numeral
27A denotes open areas obtained after the field oxide layers
25 arerecessed. As can be seen from FIG. 4C, the height of the
fins 278 is substantially the same as the recessed depth of the
field oxide layers 25, i.e., approximately 500 A or more.
[0031] When the field oxide layers 25 are recessed by etch-
ing, an etch gas having high selectivity to the pad nitride layer
23 (i.e., self-aligned contact chemistry) is used. The term
“self-aligned contact chemistry” means a condition that gives
high etch selectivity of nitride with respect to oxide, so that
the pad nitride layer 23 is etched minimally when the field
oxide layers 25 are etched.

[0032] For instance, a carbon containing etch gas is used to
etch the field oxide layers 25. In particular, the etch gas may
be one of an etch gas having a high carbon content, an etch gas
having a high carbon and hydrogen content, and a combina-
tion thereof.

[0033] In detail, the etch gas containing carbon may be a
C.F, gas, wherex=2 and y=1, ora C I, F, gas, where x=1,
yZ2,and Z=1. For instance, the etch gas may be C,F,, C,Fg,
C,Fg, CsFg, or CH,F. For reference, those oxide etch gases
that usually cause the loss of a top portion of a fin are CF, and
CHF, gases, and theses gases has a selectivity ratio of nitride
to oxide of about 1 to 1. However, the etch gas used in the
present embodiment has a selectivity ratio between the pad
nitride layer 23 and the field oxide layers 25 of approximately
8 to 1 or higher. Using such an etch gas, the pad nitride layer
23 remains to a certain thickness when the field oxide layers
25 are recessed. The remaining pad nitride layer 23 is labeled
as 23A and will be referred to as “pad nitride pattern” here-
inafter. Due to the pad nitride pattern 23A, the loss of the top
portions of the fins 27B can be minimized.

[0034] Referring to FIG. 4D, the mask 26 is removed, and
the pad nitride pattern 23A is removed using a wet chemical,
so that etch damage to the fins 27B and the field oxide layers
25 can be prevented. For instance, the pad nitride pattern 23 A
is removed using phosphoric acid (H;PO,). The pad nitride
layer 23 in the A-A' direction is also removed.

[0035] The pad nitride pattern 23 A may also be removed
simultaneously when the field oxide layers 25 are etched to
form the fins 27B as described in FIG. 4C. For this simulta-
neous removal of the pad nitride layer 23, the pad nitride layer
23 is formed to a certain thickness to enable the fins 27B to be
formed without damaging the top portions of the fins 27B.
The pad nitride layer 23, however, is thin enough to be
removed when the field oxide layers 25 are etched. The pad
nitride layer 23 can also be removed when the pad oxide layer
22 is etched by adjusting the selectivity ratio between the pad
nitride layer 23 and the field oxide layers 25 to less than 8 to
1. However, the selectivity ratio of the pad nitride layer 23 to
the field oxide layers 25 should be greater than 2 to 1 to
prevent damage to the fins 27B.
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[0036] With the removal of the pad nitride layer 23 and pad
oxide layer 22, vertical portions 25B of the field oxide layers
25 protrude above an upper surface of the substrate 21. In the
present embodiment, the pad oxide layer 22 is provided below
the pad nitride layer 23. However, other embodiments a single
pad layer rather than multiple pad layers as in the present
embodiment. The single pad layer may be nitride-based or
another type of material.

[0037] Referring to FIG. 4E, a gate insulation layer 28 (e.g.
oxide-based layer) is formed over the resultant structure illus-
trated in FIG. 4D, and a gate material is formed over the gate
insulation layer 28 and patterned to form gate electrodes 29.
[0038] FIG. 6 illustrates an image of fins whose top por-
tions are not damaged in accordance with the embodiment of
the present invention. As illustrated, the loss of the top por-
tions of the fins is minimized, and the shape of the top portion
of each of the fins is rounded instead of being angular (or
tapered sharply).

[0039] In accordance with the embodiment of the present
invention, when the field oxide layers 25 are etched, an etch
gas that has a high selectivity ratio of the pad nitride layer 23
to the field oxide layer 25 is used. As a result, the loss of the
top portions of the fins 27B is minimized, and sufficient areas
of the fins 27B can be secured.

[0040] FIGS. 7A to 7E are sectional views to illustrate a
method for fabricating a saddle-type fin transistor in accor-
dance with another embodiment of the present invention.
FIG. 8 illustrates a top view of the saddle-type fin transistor
described in FIGS. 7A to 7E. In FIGS. 7A to 7E and FIG. 8,
cut plane C-C' is directed along a major axis of an active
region 35A, while cut plane D-D' is directed along a region
where gate electrodes (not shown) are to be formed.

[0041] Referring to FIG. 7A, a first pad layer 32 and a
second pad layer 33 are formed over a substrate 31. The first
pad layer 32 includes an oxide-based material, and will be
referred to as the pad oxide layer hereinafter. The second pad
layer 33 includes a nitride-based material, and will be referred
to as the pad nitride layer hereinafter. The pad oxide layer 32
is used to relieve stress generated by the pad nitride layer 33.
The pad nitride layer 23 functions as a barrier against subse-
quent CMP and pin etching. The pad nitride layer 33 is
formed to a thickness of approximately 100 A or more (e.g.,
in a range of approximately 100 A to 2,500 A).

[0042] The pad nitride layer 33 and the pad oxide layer 32
are etched using an isolation mask 42. Exposed portions of
the substrate 31 are etched to a certain depth using the isola-
tion mask 42 and the pad nitride layer 33 as an etch barrier to
form trenches 34. The trenches 34 are regions that will be
filled with a field oxide layer, and has a depth of approxi-
mately 2,000 A or more.

[0043] Referring to FIG. 7B, the isolation mask 42 is
removed. An insulation layer, more specifically, an oxide-
based layer fills the trenches 34. The oxide-based layer may
be an oxide layer deposited by a HDP method. Alternatively,
the oxide-based layer may be formed by first coating an oxide
layer by a SOG method and then depositing a HDP oxide
layer thereon. The insulation layer is chemically and
mechanically polished. During the CMP, the pad nitride layer
33 functions as a polishing stop layer. After the CMP, the field
oxide layers 35 are formed to fill the trenches 34. The field
oxide layers 35 are used for isolation and define an active
region 35A.

[0044] Referring to FIG. 7C, a photoresist layer is coated
over the resultant structure illustrated in FIG. 7B, and pat-
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terned through photolithography to form a mask 36. The
mask 36 is formed in a line type. The mask 36 provides
line-type openings in regions where gate lines are to be
formed. The mask 36 exposes simultaneously portions of the
active region 35A and the field oxide layers 35. The mask 36
defines an opening with a narrower width than that of the
trenches 34 in the direction along the major axis of the active
region 35A.

[0045] The field oxide layers 35 are recessed (or etched) to
a certain depth using the mask 36. The recessed depth should
be approximately 100 A or more (e.g., in a range of approxi-
mately 100 A to 1,500 A). As a result of the recessing, fins
37B, which are protruding active regions, are formed. The
height of each of the fins 37B is 500 A or more. Reference
numeral 37A denotes recesses after the field oxide layers 35
are recessed. Reference numeral 33A denotes a remaining
portion of the pad nitride layer 33 after the recessing, and will
be referred to as “pad nitride pattern” hereinafter.

[0046] In the present embodiment, when the field oxide
layers 35 are recessed by etching, an etch gas having high
selectivity to the pad nitride layer 33 (i.e., self-aligned contact
chemistry)is used. The term “self-aligned contact chemistry”
means a condition that gives high etch selectivity of nitride
with respect to oxide, so that the pad nitride layer 33 is etched
minimally when the filed oxide layers 35 are etched.

[0047] For instance, a carbon containing etch gas is used to
etch the field oxide layers 35. In particular, the etch gas may
be one of an etch gas having a high carbon content, an etch gas
having high carbon and hydrogen content, and a combination
thereof.

[0048] In detail, the etch gas containing carbon may be a
C,F, gas, where x=2 and y=1, or a C,H,F, gas, where xZ1,
yZ2,and Z=1. For instance, the etch gas may be C,F, C,F,,
C,Fg, CsFg, or CH,F. For reference, those oxide etch gases
that usually cause the loss of a top portion of a fin pattern are
CF, and CHF; gases, and theses gases have a selectivity ratio
of nitride to oxide of about 1 to 1. However, the etch gas used
in the present embodiment has a selectivity ratio between pad
nitride layer 33 and field oxide layers 35 of approximately 8
to 1 or higher. The loss of the top portions of the fins 37B can
be minimized using such an etch gas.

[0049] Referring to FIG. 7D, the fins 37B are recessed
using the mask 36 to form saddle-type fins 37C. The recessed
depth of the fins 37B is set to be less than that of the field oxide
layers 35 so as to obtain the saddle-type fins 37C. For
instance, the recessed depth R for forming the saddle-type
fins 37C is 800 A or more, and the maximum recessed depth
is less than the recessed depth of the field oxide layers 35.
[0050] For the formation of the saddle-type fins 37C, a pad
nitride pattern 33 A and the pad oxide layer 32 are etched, and
then the fins 37B are etched. When the fins 37B are etched
(i.e., recessed), since the fins 37B include a silicon-based
material, an etch gas that has a high selectivity ratio between
the fins 37B and the field oxide layers 35 is used. For instance,
the etch gas includes HBr gas or Cl, gas. Since loss of the fins
37B is minimized during the etching (i.e., recessing) for
forming the saddle-type fins 37C, top portions of the saddle-
type fins 37C are not likely to be tapered, and severe damage
to side portions of the saddle-type fins 37C can be avoided.
[0051] Referring to FIG. 7E, the mask 36 is removed, and
the pad nitride layer 33 and the pad oxide layer 32 remaining
in the C-C' direction are removed. The pad nitride layer 33 is
removed using a wet chemical so that etch damage to the
saddle-type fins 37C and the field oxide layers 35 are not
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incurred. The wet chemical may include H;PO,. Although
notillustrated, a gate insulation layer (e.g., oxide-based layer)
and a layer of a gate material are formed over the resultant
structure illustrated in FIG. 7E, and patterned to form gate
electrodes.

[0052] According to various embodiments of the present
invention, an etch gas having a high selectivity ratio between
the pad nitride layer and the field oxide layers is used when
the field oxide layers are etched. Thus, the loss of the fins can
be reduced. As a result, the shape of the fin can be reproduc-
ible. This reproducibility makes it further possible to obtain
process reproducibility in fin transistor or saddle-type fin
transistor fabrication processes.

[0053] While the present invention has been described with
respect to certain embodiments, it will be apparent to those
skilled in the art that various changes and modifications may
be made without departing from the spirit and scope of the
invention as defined in the following claims.

What is claimed is:
1. A method for fabricating a saddle-type fin transistor, the
method comprising:

forming a pad layer over a substrate;

etching a substrate to form first and second trenches, the
first and second trenches defining a portion of the sub-
strate therebetween;

filling the first and second trenches with an isolation mate-
rial to form first and second isolation structures, respec-
tively, wherein the pad layer is provided over the portion
of the substrate;

etching the first and second isolation structures using a gas
having a high selectivity ratio of the isolation material to
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the pad layer, so that the portion of the substrate pro-
trudes above an upper surface of the etched first and
second isolation structures;

removing the pad layer to expose an upper surface of the

portion of the substrate; and

etching the portion of the substrate to reduce the height of

the portion to form a saddle-type fin.

2. The method of claim 1, wherein the pad layer comprises
a nitride-based material.

3. The method of claim 2, wherein etching the first and
second isolation structures comprises using a gas including
one selected from a group consisting of a gas containing a
high content of carbon, a gas containing high contents of
carbon and hydrogen, and a combination thereof.

4. The method of claim 3, wherein the gas containing the
high content of carbon includes a C,F,, gas, where x=2 and
y=1.

5. The method of claim 4, wherein the C,F,, gas includes
one selected from a group consisting of C,F, C Fg, C,Fy, and
C/F,.

6. The method of claim 3, wherein the gas containing high
contents of carbon and hydrogen includes a CHF, gas,
where x=1, y=2, and z=1.

7. The method of claim 6, wherein the C_.H, F, gas includes
CH,F.

8. The method of claim 7, wherein the first and second
isolation structures are etched at least to a depth of 100 A,
wherein the exposed portion of the substrate is etched by 800
A or more.

9. The method of claim 1, wherein the first and second
isolation structures include oxide.
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