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(54) METHOD FOR FORMING A GATE MASK LAYER

(57) A method for forming a mask layer (190) above
a semiconductor fin structure (100) is disclosed. The
method comprises forming a first set of spacers and a
second set of spacers (131, 132, 133, 134) arranged at
the side surfaces of the first set of spacers, providing a
first filler material (140) between the second set of spac-
ers, etching a top portion of the first filler material to form
recesses (150) between the second set of spacers, and

providing a second filler material (160) in the recesses,
the second filler material forming a set of dummy mask
lines. Further, the method comprises recessing a top por-
tion (170) of at least the first set of spacers, providing a
mask layer material (180) between the dummy mask
lines, and removing the dummy mask lines and the first
filler material.
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Description

Technical field

[0001] The present inventive concept relates to the
field of semiconductor processing. More specifically, it
relates to a method for forming a mask layer above a
semiconductor fin structure, wherein the mask layer en-
ables the formation of gate structures for transistor de-
vices formed in the fin structure.

Background

[0002] A transistor device, such as a Field Effect Tran-
sistor (FET), typically has a source, a channel and a drain,
where current flows from the source to the drain, and a
gate structure that controls the flow of current through
the channel. The transistor device can have a variety of
different structures. For example, transistors can be of a
planar type with the source, channel and drain formed in
the substrate material itself, or of a type in which the
channel extends outward from the substrate. The chan-
nel can be an upright slab of thin material, commonly
referred to as a fin, with a crossing gate structure ar-
ranged on the fin so as to control the flow of current along
the fin, in the direction of a main surface of the substrate.
[0003] With the ever decreasing device dimensions in
the semiconductor industry, forming the individual com-
ponents and features becomes more difficult. In the field
of photolithography, the technique called Self Aligned
Double Patterning (SADP) has been employed to form
patterns of line widths that due to the scaling go beyond
the optical limitations of conventional photolithography.
SADP employs a technique called pitch splitting, in which
the pattern is divided into two or more parts that can be
processed conventionally and combined into the final,
sub-resolution pitch pattern.
[0004] The SADP approach is known to be used for
providing fin-transistor gate structures having a reduced
critical dimension. However, there is still a need for an
improved process that is capable of meeting the ever
increasing demands put on gate pitch scaling, footprint
reduction and process reliability.

Summary

[0005] An objective of the present inventive concept is
to provide a method for forming a mask layer above a
semiconductor fin structure. Further and/or alternative
objectives may be understood from the following.
[0006] According to an aspect of the present inventive
concept there is provided method for forming a mask
layer above a semiconductor fin structure, the method
comprising:

forming a mandrel above the fin structure,
providing a first spacer material on the mandrel,
thereby forming a first set of spacers including a first

spacer at a first side surface of the mandrel and a
second spacer at a second side surface of the man-
drel,
removing the mandrel,
providing a second spacer material on the first and
the second spacers, thereby forming a second set
of spacers arranged at the side surfaces of the first
set of spacers,
providing a first filler material between the second
set of spacers,
etching a top portion of the first filler material to form
recesses between the second set of spacers,
providing a second filler material in the recesses, the
second filler material forming a set of dummy mask
lines,
recessing a top portion of at least the first set of spac-
ers,
providing a mask layer material between the dummy
mask lines, and
removing the dummy mask lines and the first filler
material.

[0007] In modern device fabrication, advanced gate
patterning may include multiple patterning processes
such as Self Aligned Double Patterning (SADP) or Self
Aligned Quadruple Patterning (SAQP) for defining the
gate critical dimension (CD). The present inventive con-
cept makes use of a different approach, in which a similar
gate CD may be provided without necessarily employing
a multiple patterning process. Instead, the mandrel can
be formed in a direct patterning process and the gate CD
defined by the first set and second set of spacers that
are positioned by means of the mandrel. The fact that
the same gate CD may be provided without using a mul-
tiple patterning process makes further scaling feasible.
[0008] Further, the present inventive concept allows
for the mask layer to be provided after the first and second
set of spacers have been formed. This is advantageous
over multiple patterning techniques that tend to use the
same hard mask both for the multiple patterning process
and the final gate mask layer, since the hard mask in
those cases risks to be damaged or over etched during
in particular the recessing of the spacer. By instead form-
ing the final mask layer after the processing of the first
and second set of spacers, the mask layer may be de-
signed without taking process requirements related to
the forming of the spacers into account. Instead, the mask
layer may be engineered with respect to requirements
associated with subsequent processing of the gate struc-
tures, such as for example replacement dummy gate
processing. In particular, the mask layer may be adapted
to have an improved etch resistance and/or be an im-
proved chemical-mechanical polishing (CMP) stopping
layer.
[0009] The fin structure may be a fin-shaped semicon-
ductor structure extending along and protruding above a
substrate. Even though the present aspect mentions "a
semiconductor fin structure", it is appreciated that the
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inventive concept is applicable also to a plurality of sem-
iconductor fin structures, such as a first fin structure and
a second fin structure. The first fin structure may extend
along a first fin track (i.e. a first geometrical straight line
along the substrate). The second fin structure may ex-
tend along a second fin track (i.e. a second geometrical
straight line along the substrate). The first fin structure
and the second fin structure may extend in parallel to
each other.
[0010] One or several transistor devices can be formed
in the fin structure. Such a transistor device may for ex-
ample be a field-effect transistor, FET, also referred to
as a finFET, having a source region and a drain region
formed in the fin and a horizontal channel in between.
[0011] By "mandrel" is hereby meant a core or feature
that may be used as support for subsequent growth or
deposition of the first spacer material. The mandrel may
be formed in a single patterning step using a same mask,
or in a multiple patterning process using several sub-
masks. The patterning may be performed on a mandrel
material layer that is formed above the fin structure. The
mandrel material layer may be arranged directly on the
fin structure or on an intermediate layer. In embodiments,
the mandrel may be oriented across the fin structure,
such as substantially orthogonal, thereby allowing the
final gate structures to be formed across the fin structure.
[0012] The first set of spacers may be formed by de-
positing the first spacer material over the mandrel, pref-
erably as a conformal layer, and etching the deposited
first spacer material such that the first spacer material
remains at least on part of the side surfaces of the man-
drel, thereby forming the first set of spacers. The etch
may for example be anisotropic, leaving the first spacer
material on the side surfaces of the mandrel.
[0013] The second set of spacers may be formed in a
similar way, i.e., by depositing the second spacer mate-
rial over the first set of spacers (after removal of the man-
drel). The second spacer material may be deposited as
a conformal layer, and etch such that the second spacer
material remains at least on part of the side surfaces of
the first set of spacers.
[0014] The first spacer material and the second spacer
material may be etch-selective relative each other, such
that for example the first spacer material can be etched
away while the second spacer material is preserved.
[0015] By the terminology "mask layer" may be under-
stood a layer that is capable of counteracting etching in
regions covered by the layer. Regions exposed by the
etch mask may accordingly be etched while regions cov-
ered by the etch mask need not be affected appreciably.
Alternatively, or additionally, a mask layer may be under-
stood as a pattern or structure that allows features to be
defined in a subsequent processing step in which a ma-
terial is added by means of for example growth or dep-
osition. Regions exposed by the mask layer may be pro-
vided with the added material, while the covered regions
may be protected from the added material. In the context
of the present application, the mask layer formed in the

method according to the inventive concept may define a
plurality of line-shaped gaps in which for example dummy
gates or metal gates may be provided.
[0016] A material may be etch-selective relative to an-
other material. By etching or removal of a feature "A"
selectively to a feature "B" is hereby meat that a feature
A arranged adjacent to a feature B may be removed while
preserving the feature B. This may be achieved by cov-
ering the feature B to be preserved by an etch mask. This
may also be achieved by exposing the features A and B
to an etch process wherein the feature A is etched at a
greater rate than the feature B. Hence, portions of the
feature A exposed to the etching process may be re-
moved while portions of the feature B exposed to the etch
process may be preserved. The preservation of the fea-
ture B following the etch process may be complete (in
the sense that the feature B is not affected appreciably
during the etch process) or at least partial (in the sense
that the feature B remains at least to the extent that it
may serve its intended function during subsequent proc-
ess steps). A ratio of an etch rate of the material of feature
B may advantageously be 2:1 or higher, but more pref-
erably 10:1 or higher, or even more preferably 40:1 or
higher.
[0017] By the term "above" is hereby meant a relative
position as viewed in a normal direction from the main
surface of the substrate. The terminology "above" does
hence not refer to an absolute orientation of the layers
or features, but to a relative ordering thereof. Accordingly,
"side" or "side surface" may refer to a surface or surface
portion facing in a direction along the main surface of the
substrate. Put differently, the term "side surface" may
have a normal direction that is orthogonal to the normal
direction from the main surface of the substrate.
[0018] According to an embodiment, the mandrel may
be formed by a carbon based material, such as for ex-
ample a spin-on carbon (SoC), photoresist, bottom
antireflective coating (BARC) or advanced patterning film
(APF). These types of materials may be advantageous
over for example silicon-based materials, since they gen-
erally are better suited for high-aspect-ratio patterning
and tend to be possible to etch while maintaining a rela-
tive straight profile of the resulting mandrel. SoC may be
particularly advantageous in that it allows for a planari-
zation, in which the fin topography may be polished and
flattened by means of for example CMP. APF, on the
other hand, may withstand higher temperatures com-
pared to for example SoC, BARC and photoresist.
[0019] According to an embodiment, the first spacer
material may be provided by means of an atomic layer
deposition (ALD) process. The first spacer material may
for example be amorphous silicon (a-Si). ALD may be
advantageous over for example chemical vapour depo-
sition (CVD), since it allows for a relatively conformal dep-
osition of material and a relatively easy layer deposition
control. CVD has shown to generate more voids and ir-
regularities in the deposited material.
[0020] According to an embodiment, the step of pro-
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viding the first spacer material may be followed by an
etch-back process for removing the first spacer material
that has been deposited on the fin structure. This may
be performed in an etch process that removes the first
spacer material provided on top of and between the first
set of spacers, while leaving at least some of the first
spacer material on the side surfaces of the first spacer
and the second spacer.
[0021] According to an embodiment, the second spac-
er material may comprise a material that is etch selective
relative the first spacer material. The second spacer ma-
terial may in an example be a dielectric material such as
for example silicon nitride, or a low-k dielectric such as
SiCO or SiOCN. The second spacer material may be
provided after the mandrel has been stripped or removed,
such that the second set of spacers are formed at the
side surfaces of the first set of spacers. In a subsequent
step, the second spacer material may be etched-back to
remove the second spacer material from the fin structure,
leaving the second spacer material as spacers on the
first set of spacers.
[0022] At this stage of the process, a set of mask lines
or gaps may be provided, wherein the thickness of the
mask lines may be determined by the thickness and sep-
aration of the first set of spacers and by the thickness of
the second spacer material deposited on the sides of the
first set of spacers. The width of the gaps may determine
the width or critical dimension of the final gate line pro-
vided by means of the mask layer that may result from
the present inventive concept.
[0023] According to an embodiment, the first filler ma-
terial, which may be provided between the second set of
spacers, may be a carbon based material similar to the
one discussed above in connection with the material of
the mandrel.
[0024] The first filler material may be etched back so
as to allow recesses to be formed between the second
set of spacers. These recesses may then be filled with
the second filler material, which for example may be sil-
icon dioxide, thereby forming the set of dummy mask
lines. Preferably, a top portion of the first filler material is
removed, the size of the top portion determining the
height of the dummy mask lines and thus the thickness
of the final mask layer.
[0025] According to an embodiment, not only the first
set of spacers but also the top of the second set of spac-
ers may be recessed prior to providing the mask layer
material between the dummy mask lines. As a result, the
mask layer may protect not only the underlying first set
of spacers but also the second set of spacers arranged
on the side surfaces of the first set of spacers. The mask
layer may for example comprise SiO2, Si3N4, SiCO or
SiOCN, a metal or metal oxide such as titanium nitride,
titanium dioxide or hafnium dioxide.
[0026] The present inventive concept may be em-
ployed in replacement dummy gate processing, in which
a dummy structure of for example oxide or nitride may
serve in place of the metal gate during high-temperature

steps. After completion of those steps, which for example
may include source/drain implant activation anneals, the
dummy structure may be etched away, a gate dielectric
grown or deposited, and the final metal gate deposited
in the gate tracks defined between the spacers of the
second set of spacers.

Brief description of the drawings

[0027] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
and non-limiting detailed description, with reference to
the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.
[0028] Figures 1a, b; 2a, 2b; ...7a, b and 8a-d, 9a-d
and 10a-d schematically illustrate a method for forming
a mask layer above a semiconductor fin structure accord-
ing to one or more embodiments of the present inventive
concept.
[0029] As illustrated in the figures, the sizes of the lay-
ers, features and other structures may be exaggerated
or not depicted proportionally for illustrative purposes.
Thus, the figures are provided to illustrate the general
elements of the embodiments.
[0030] In the drawings, like reference numerals will be
used for like elements unless stated otherwise.

Detailed description

[0031] A method for forming a mask layer will now be
described with reference to the appended drawings,
wherein the "a" figures generally show cross sections
taken across the fin structure and the "b" figures generally
show cross sections taken along the fin structure.
[0032] A cross section taken across a plurality of fin
structures 100 is disclosed in figure 1a. Figure 1b is a
cross section taken along one of the fin structures 100.
In the following, features of the inventive concept will be
discussed with reference to both figure 1a and figure 1b.
[0033] Each of the fin structures 100 may be arranged
on a substrate 102, the substrate 102 having a main sur-
face extending along a plane coinciding with a length
direction of the fin structures 100. The fin structures 100
may for example be formed by patterning of the substrate
102 and/or by means of epitaxial growth. The substrate
102 and the fin structures 100 may for example be formed
of silicon. As indicated in figure 1a, an isolating layer 104,
such as a shallow trench isolation, may be provided on
the substrate 102 such that only an upper part of the fin
structures 100 protrudes above a top surface of the iso-
lating layer 104.
[0034] A mandrel 110 may be provided above the fin
structures 100. The mandrel may be formed as a core or
elongated feature extending across the fin structures
100, in a transversal direction coinciding with the orien-
tation of the gate tracks of the final device (not shown in
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the present figures). The mandrel 110 may be formed by
a spin-on deposited carbon based material, such as for
example spin-on carbon (SoC) or Advanced Patterning
Film (APF) from Applied Materials. One or several man-
drels 110 may be provided; the number depending on
the desired mask pattern to be formed. In the example
shown in present figure 1b, three mandrels are indicated.
The mandrels 110 may be formed in a direct patterning
process, in which a single lithographic step may be used,
or in a multiple patterning process such as the previously
described SADP and SAQP examples. Figures 1a and
1b show an example in which a hard mask layer 112 has
been used to define the mandrels 110. The hard mask
layer 112 may for example be formed of amorphous sil-
icon, a-Si.
[0035] In the current, illustrative example, four fin struc-
tures 100 are shown, of which the upper 50 nm may pro-
trude from the isolation 104 on the substrate. The pro-
truding part may also be referred to as the active region
of the fins 100, in which the resulting transistor device
may be formed. Each fin may in some examples have a
width of 5-10 nm and be arranged next to each other, in
a parallel fashion, at a pitch of for example 21-30 nm.
[0036] Turning to the mandrels 110, the current exam-
ple discloses three mandrels 110 arranged in a way that
allows for mask layer to be formed, defining four gate
tracks - two across the fin structures 100, and one on
each side of the fin structures 100 (as seen in the length
direction of the fins 100). This configuration, which merely
is to be regarded as an illustrative example of what may
be enabled by the inventive concept, allows for a target
gate line CD of 16 nm, given a spacer width of 6 nm, a
gap/trench width of 14 nm and a total gate pitch of 42 nm.
[0037] Figure 2a shows a cross section of the structure
of figures 1a and 1b, taken across the fin structures 100
at a position between two neighbouring mandrels 10 after
a first spacer material 120 has been provided. The first
spacer material 120 may be deposited as a conformal
layer covering the entire mandrels 110. In one example,
the first spacer material may be amorphous silicon de-
posited by means of ALD. It will be appreciated that the
first spacer material can be provided directly on the man-
drel material, or indirectly with an intermediate layer in
between.
[0038] The deposition method, in which the first spacer
material 120 is provided, may result in a conformal dep-
osition of the material not only on the mandrels 110 but
also on the fin structures 100. Therefore, the step of pro-
viding the first spacer material 120 may be followed by
an etch-back process to remove the first spacer material
from the fin structures 100. The result is shown in figures
3a and 3b, after the first spacer material 120 has been
etched by for example an anisotropic etch to define a first
set of spacers, including a first spacer 121 on a first side
surface and a second spacer 122 on a second side sur-
face of each one of the three mandrels 110 shown in the
present example.
[0039] The separation between the mandrels 110 in

the current example may together with the thickness of
the first spacer material 120, forming the first set of spac-
ers, be selected such that a gap is defined between the
spacers of adjacent mandrels 110. Preferably, the width
of the gap is selected to correspond to the width of the
mandrels 110, such that the first set of spacers are ar-
ranged in an equidistant configuration.
[0040] Figures 4a and 4b show the first set of spacers
121, 122 after the mandrels 110 have been removed.
The mandrels 110 may for example be removed by plas-
ma stripping. As mentioned above, the thickness and
separation of the mandrels 110 may be selected such
that the first set of spacers 121, 122 are provided with a
constant separation.
[0041] In figures 5a and 5b, a second spacer material
130 have been provided on the first set of spacers 121,
122. The second spacer material 130 may be provided
directly on the first set of spacers 121, 122 or indirectly,
with an intermediate layer in between. In case the second
spacer material 130 is formed as a conformal layer cov-
ering all surfaces of the first set of spacers 121, 122 the
forming of the layer may be followed by an etch-back
process so as to define the second set of spacers. The
etch-back process may for example involve an anisotrop-
ic etch process similar to the one discussed above for
the definition of the first set of spacers 121, 122.
[0042] The result in shown in figures 5a and 5b, in
which the side surfaces of the first and second spacers
121, 122 has been provided with a respective spacer
forming the second set of spacers 131, 132, 133, 134.
The second set of spacers 131, 132, 133, 134 may for
example be formed of a dielectric material, such as silicon
nitride, or a low-k spacer of for example SiCO.
[0043] In a subsequent step, the gaps between the
second set of spacers 131, 132, 133, 134 may be filled
with a first filler material 140. The first filler material 140,
which for example may comprise a spin-on carbon ma-
terial similar to the one discussed in connection with the
mandrels, may be etched-back to form recesses 150 be-
tween the second set of spacers 131, 132, 133, 134. As
shown in figures 6a and 6b, the recesses 150 may be
provided at the very top portion of the second set of spac-
ers 131, 132, 133, 134. Due to the geometrical shape of
the second set of spacers 131, 132, 133, 134, the re-
cesses 150 that extend in between may be considered
as trenches extending along the spacers. As will be
shown later on, the depth of the recesses 150 may de-
termine the thickness of the final mask structure.
[0044] In figures 7a and 7b, a second filler material
160, such as for example silicon dioxide, has been pro-
vided in the recesses 150. The second filler material may
be deposited on top of the structure shown in figures 7a
and 7b and polished by means of for example CMP to
expose the top surfaces of the first and second set of
fins. The second filler material 160 that is provided in the
recesses 150 may form dummy mask lines, which may
be used later on for defining the mask lines of the final
mask layer.
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[0045] Figures 8a-d, 9a-d and 10a-d illustrate steps for
forming the final mask layer above the semiconductor fin
structures 100. Two alternative example flows will be giv-
en; the first flow in the "a" and "b" figures, and the alter-
native flow in the "c" and "d" figures.
[0046] After the second filler material 160 has been
provided to form the dummy mask lines, a top portion
170 of at least the first set of spacers 121, 122 may be
recessed to form trenches extending along the spacers.
In figures 8a and 8b, the material of the first set of spacers
121, 122 is selectively etched with respect to the material
of the second set of spacers 131, 132, 133, 134, such
that the top portions 170 of the second set of spacers
131, 132, 133, 134 are preserved. In case the first spacer
material is amorphous silicon and the second spacer ma-
terial is silicon nitride, the amorphous silicon may be se-
lectively etched with respect to the neighbouring silicon
nitride.
[0047] In figures 8c and 8d, also the second spacer
material is etched such that the recessing includes the
top portions 170 of both the first set of spacers 121, 122
and the second set of spacers 131, 132, 133, 134. Pref-
erably this is done in a single etch process that is capable
of etching both materials, such as for example amor-
phous silicon and silicon nitride. Alternatively, two differ-
ent etch processes may be used.
[0048] Figures 9a to 9d show the structure after a mask
layer material 180 has been provided between the dum-
my mask lines. The mask layer material 180 may for be
silicon nitride, and may be provided in a recess filling
process preferably followed by a CMP that stops on the
material of the dummy mask lines. Figures 9a and 9b
show the mask layer material 180 covering the underlying
first set of spacers 121, 122, whereas figures 9c and 9d
show the alternative flow in which the mask layer material
180 also covers the underlying second set of spacers
131, 132, 133, 134.
[0049] Figures 10a to 10d show the mask layer 190
after the dummy mask lines have been removed together
with the first filler material 140. In figures 10a and 10b,
the mask layer 190 is formed of the mask layer material
180 and the second set of spacers 131, 132, 133, 134,
wherein the mask layer material 180 covering the under-
lying first set of spacers 121, 122. In figures 10c and 10d,
the mask layer 190 is formed of the mask layer material
180 covering both the first set of spacers 121, 122 and
the second set of spacers 131, 132, 133, 134.
[0050] By removing the first filler material in the gaps
defined between the second set of spacers, the mask
layer 190 may be ready for a subsequent replacement
gate process for contacting the fin structures exposed in
the gaps. This may include the formation of a dummy
structure of for example oxide or nitride in place of the
metal gate during high-temperature steps. After comple-
tion of those steps, which for example may include
source/drain implant activation anneals, the dummy
structure may be etched away, a gate dielectric grown
or deposited, and the final metal gate deposited in the

gate tracks defined between the spacers of the second
set of spacers
[0051] In the above the inventive concept has mainly
been described with reference to a limited number of ex-
amples. However, as is readily appreciated by a person
skilled in the art, other examples than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended claims.

Claims

1. A method for forming a mask layer (190) above a
semiconductor fin structure (100), comprising:

forming a mandrel (110) above the fin structure;
providing a first spacer material (120) on the
mandrel, thereby forming a first set of spacers
including a first spacer (121) at a first side sur-
face of the mandrel and a second spacer (122)
at a second side surface of the mandrel;
removing the mandrel;
providing a second spacer material (130) on the
first and the second spacers, thereby forming a
second set of spacers (131, 132, 133, 134) ar-
ranged at the side surfaces of the first set of
spacers;
providing a first filler material (140) between the
second set of spacers;
etching a top portion of the first filler material to
form recesses (150) between the second set of
spacers;
providing a second filler material (160) in the re-
cesses, the second filler material forming a set
of dummy mask lines;
recessing a top portion (170) of at least the first
set of spacers;
providing a mask layer material (180) between
the dummy mask lines; and
removing the dummy mask lines and the first
filler material.

2. A method according to claim 1, wherein the mandrel
is formed by a spin-on carbon material.

3. A method according to any one of the preceding
claims, wherein the first spacer material is provided
by means of an atomic layer deposition, ALD, proc-
ess.

4. A method according to claim 3, wherein the first spac-
er material comprises amorphous silicon.

5. A method according to any one of the preceding
claims, wherein the step of providing the first spacer
material is followed by an etch-back process to re-
move the first spacer material from the fin structure.
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6. A method according to any one of the preceding
claims, wherein the second spacer material compris-
es a dielectric material, such as silicon nitride.

7. A method according to claim 6, wherein the step of
providing the second spacer material is followed by
an etch-back process to remove the second spacer
material from the fin structure.

8. A method according to any one of the preceding
claims, wherein the first filler material comprises a
spin-on carbon material.

9. A method according to any one of the preceding
claims, further comprising recessing a top portion of
the second set of spacers prior to providing the mask
layer material between the dummy mask lines.

10. A method according to any one of the preceding
claims, wherein the second filler material comprises
silicon dioxide.

11. A method according to any one of the preceding
claims, wherein the mask layer comprises silicon di-
oxide or hafnium dioxide.
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