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METHOD FOR ENABLING SELF-ALIGNED LITHOGRAPHY ON METAL
CONTACTS AND SELECTIVE DEPOSITION USING FREE-STANDING
VERTICAL CARBON STRUCTURES

BACKGROUND
Field

0001} Embodiments described herein generally relate to the fabrication of
integrated circuits (ICs), and more particularly, to methods for selective

deposition of carbon structures.

Description of the Related Art

(0002} Reducing the size of ICs resulls in improved performance, increased
capacity and/or reduced cost. Each size reduction requires more sophisticated
technigues io form the ICs. Phololithography is commonly used to pattern [Cs on
a substrate. With the crilical dimensions of advanced nodes of semiconductor
devices and structures continuing to shrink, managing multiple mask passes per
device layer and edge placement error (EPE) associated with mulliple passes
have become the biggest chalienges to next generation lithography. Processes
such as self-aligned double pattermning (SADP), self-aligned gquad patterning
(SAQP), and litho-etch-litho-etch (LELE) may be used for extending the
capabilities of phololithographic technigues beyond the minimum piich
capabilities of existing lithographic equipment. Fdollowing the SADP, SAQP, or
LELE process, multi-cut or block masks are placed over the lines and spaces
generated by SADP, SAQP, or LELE process {o perform device patlermning. As
the feature size decreases, pilch and linewidth also decrease, causing the mask
edge placement control to be more complicated and difficult.

[6603] Therefore, an improved method is needed.
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SUMMARY

0004} Embodiments described herein generally relate methods for selective
deposition of carbon structures. In one embodiment, a method includes forming
energized carbon species in a process chamber, diffusing the energized carbon
species through a metal layer disposed over a substrate, wherein the metal layer
is disposed on a first surface of a first material, and forming a carbon structure
between the metal layer and the first surface of the first matenal from the

energized carbon species.

[0005]) in another embodiment, a method includes forming energized carbon
species in a process chamber, diffusing the energized carbon species inlo a first
material at a specific depth, wherein the first malerial is disposed over a
substrate, and forming a carbon structure at the specific depth of the first material
from the energized carbon species, wherein the carbon structure splits the first

material into a first portion and a second portion.

[0006} in another embodiment, a method includes forming energized carbon
species in a process chamber, diffusing the energized carbon species inlo a first
material at a specific depth, wherein the first malerial is disposed over a
substrate, forming a carbon siructure at the specific depth of the first material
from the energized carbon species, wherein the carbon structure splits the first
material into a first portion and a second portion, wherein the carbon structure is
disposed beiween the first portion and the second portion, and removing the
carbon structure.

BRIEF BESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference {o embodiments,

some of which are illustrated in the appended drawings. It is {0 be noted,
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however, that the appended drawings illustrate only typical embodiments of this
disclosure and are therefore not to be considered limiling of its scope, for the

disclosure may admit to other equally effective embodiments.

(0008} Figures 1A — 11 illustrate a process for selective deposition of carbon

structures according to embodiments described herein.

[0009] Figures 2A — 2C illustrate a process for selective removal of carbon

structures according to embodimernts described herein.

[0010} Figures 3A — 3H illusirate a process for selective deposition of carbon

structures according to embodimernts described herein.

0011} To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common io the
figures. lt is contemplated thal elements and features of one embodiment may

be beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0012} Embodiments described herein generally relate methods for selective
deposition of carbon siructures. In one embodiment, a method includes forming
energized carbon species in a process chamber, diffusing the energized carbon
species through a metal layer, wherein the metal layer is disposed on a first
surface of a first material that is coplanar with a second surface of a second
material, and forming a carbon strucliure between the first surface of the first
material and the metal layer from the energized carbon species. Because the
carbon structure is selectively deposited on the first surface and self-aligned {o
the first material, the possibility of overlay or misalignment of subsequent device
layers formed on the first surface of the first material after the removal of the

carbon structure is significantly reduced.
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0013} Figures 1A — 11 illustrate a process for selective deposition of carbon
structures according to embodiments described herein. As shown in Figure 1A,
a first material 104 and a second material 106 are disposed on a subsirate 102.
The subsirate 102 may be any suilable substrate, such as a silicon substrate.
The first material 104 is different from the second material 106. Each of the first
material 104 has a first surface 105, and each of the second material 106 has a
second surface 107. In one embodiment, the first material 104 is a disleclric
material, and the second material 106 is a metal. The first surface 105 is a
dielectric surface, and the second surface 107 is a metal surface. For example,
the first material 104 may be silicon oxide, and the second material 106 may be
copper or tungsten. The first surfaces 105 and the second surfaces 107 are
coplanar. Although two first material 104 and two second material 106 are
shown, there coulid be more or less numbers of first material 104 and second
material 106 alternately disposed on the substrate 102, In some embodiments,
the first material 104 and the second material 106 are disposed on and in contact
with the substrate 102, as shown in Figure 1A, In other embodiments, the first
material 104 and the second material 106 are disposed over the substrate 102,
and one or more layers may be disposed between the substrate 102 and the first
material 104/second material 106. For example, the first material 104 and the
second material 106 may be disposed on and in contact with a dielectric layer

disposed over the substrate 102.

[0014] As shown in Figure 18, a metal layer 108 is formed on each of the
second surfaces 107. The metal layers 108 are different from the second
material 106. The melal layers 108 may be any suitable metal that allows
energized carbon species o diffuse thersthrough and catalyzes the formation of
a carbon struciure. The second material 106, in contrast, does not aliow
energized carbon species to diffuse therethrough and does not catalyze the

formation of a carbon structure. In one embodiment, the metal layer 108 is &
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ferromagnetic metal, such as coball, nickel, or iron. In ancther embodiment, the
metal layer 108 is a ferromagnetic metal alloy, such as any alloy of ferromagnetic

metals.

(00185} A plasma 110 is formed in a process chamber in which the substrate
102 is disposed, as shown in Figure 1C. The plasma 110 includes one or more
energized species. The plasma 110 may be formed by introducing one or more
precursors info the process chamber and energizing the one or more precursors
o form the plasma 110 containing energized species. In one embodiment, the
one or more precursors include a carbon containing precursor such as acelylene
(CoH2).  In one embodiment, the one or more precursors include the carbon
containing precursor and an etchant, such as ammonia (NH;). The process
chamber may have a pressure ranging from about 0.1 mTorr {o about 100 Torr,
and the subsirale 102 may be maintained at a temperature less than 400
degrees Celsius, such as between about 300 degrees Celsius and about 380

degrees Celsius.

[0016} The energized species, such as energized carbon species, diffuse
through the metal layers 108 and form a carbon layer 112 between each of the
second material 106 and the metal layers 108, as shown in Figure 1D, The
formaiion of the carbon layer 112 is catalyzed by the metal layers 108. The
carbon layer 112 may be formed on the second surfaces 107, and any carbon
layer formed on the first surfaces 105 is removed by the etchani. The metal
layers 108 are not etched by the etchant due to the elchant’s seleclivity over the
carbon layer. Thus, the carbon layers 112 are formed on the second surfaces
107 but not on the first surfaces 105, and the carbon layers 112 are not etched
by the etchant since the carbon layers 112 are protected by the metal layers 108.
The carbon layers 112 may be formed, or deposited, at a rate of 1 micrometer

per hour or higher.
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0017} As the carbon layer 112 grows from the energized carbon species
diffused through the metal layers 108, a carbon structure 114 is formed between
each of the second material 106 and the metal layers 108, as shown in Figure
1E. Each carbon structure 114 may have a height “H” ranging from about 100
nanometers to about 2 micrometers and a width "W ranging from about 10
nanometers to about 70 nanometers. The width “W maiches the width of the
second material 106. The carbon structures 114 may be pillar shaped, as shown
in Figure 1. The carbon structures 114 are formed by a plasma enhanced
chemical vapor deposition (PECVD) process, as shown in Figures 1C, 1D, and
1E. The benefits of using PECVD to form the carbon siructures 114 include
higher deposition rate, such as 1 micrometer per hour or higher, and the
energized carbon can diffuse through the metal layers 108 so the carbon
structures 114 are protected by the metal layers 108 from the eichant.

[0018} A dielectric material 116 is seleclively deposited on each of the first
surfaces 105 of the first material 104, as shown in Figure 1F. The dielectric
material 116 may be any suitable dieleciric material, such as a nitride, for
example, silicon nitride. The dislectric material 116 may be deposited by any
suitable deposition process, such as chemical vapor deposition (CVD) process or
PECVD process.

[0o18] Alternatively, a dielectric material 118 is deposited on the first surfaces
105, the side walls of the carbon structures 114, and the metal layers 108, as
shown in Figure 1G. The dislecltric material 118 may be the same as the
dielectric material 116. The dieleclric material 118 may be deposited by any

suitable deposition process, such as atomic layer deposition (ALD) process.

[0020} A chemical-mechanical polishing (CMP) process may be performed on
the structure shown in Figure 1F or in Figure 1G to remove the metal layers 108

and to planarize the dielectric material 116 {(or 118) and the carbon structures
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114, as shown in Figure 1H. The dielectric material 116 (or 118) and the carbon
siructures 114 are coplanar after the CMP process. Next, the carbon siructures
114 are removed by any suilable removal method, such as dry eich or wet etch,
as shown in Figure 1. The eichani used to remove the carbon structures 114
has an etch selectivity over the carbon structures 114 but does not etch the
dielectric material 116 (or 118}, In one embodiment, the eichant used to remove
the carbon structures 114 is oxygen. As a resull, openings 120 are formed and
each opening 120 is between two dielectric material 116 {or 118). Any device
layers formed in each opening 120 on the surface 107 of the second material 106
are seif-aligned to the second material 108. The possibility of overlay or
misalignment of the device layers to the second material 106 is significanily

reducead.

0021} Figures 2A — 2C illustrate a process for selective removal of carbon
structures 114 according to embodiments described herein. Figure 2A shows a
structure that is identical to the structure shown in Figure 1F.  Instead of
performing a CMP process o planarize the dielectric material 116 and the carbon
structures 114 as shown in Figure 1H, the metal layers 108 are first removed by
either an etch process or a CMP process, as shown in Figure 2B. In one
embodiment, a dry etch process is performed to selectively remove the metal
layers 108, and the elchant used has an eich selectivity over the metal layers
108 but does not elch the dielectric material 116 or the carbon structures 114, In

one embodiment, the efchant is oxygen.

0022} As shown in Figure 2C, the carbon structures 114 are removed by any
suitable removal process. In one embodiment, the carbon structures 114 are
removed by a dry eich process. The eichant used {o remove the carbon
structures 114 has an etch selectivity over the carbon structures 114 but does

not eich the dielectric material 116. In one embodiment, the etchant used o
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remove the carbon structures 114 is oxygen. As a result, openings 120 are

formed and each opening 120 is between two dielectric material 116.

[06023] in some embodiments, the metal layers 108 and the carbon structures
114 are removed in a single process, such as a dry etch process. The etchant
used to remove the metal layers 108 and the carbon structures 114 has an eich
selectivity over the metal layers 108 and the carbon structures 114 but does not
etch the dieleciric material 116. In one embodiment, the etchant used o remove
the metal layers 108 and the carbon structures 114 is g fluorine containing gas

and oxygen.

(0024} Figures 3A — 3H illusirate a process for selective deposition of carbon
structures according to embodiments described herein. As shown in Figure 3A,
the first material 104 and a second material 301 are disposed on the substrate
102. The first material 104 and the second material 301 may be coplanar, as
shown in Figure 3A. In one embodiment, the first material 104 is a dielectric
material, and the second material 301 is a metal. The second material 301 may
be the same material as the metal layer 108, which allows energized carbon
species to diffuse thereinto and catalyzes the formation of a carbon siructure.
The second material 301 may be a ferromagnetic metal, such as coball, nickel,
or iron, or a ferromagnetic metal alloy, such as any alloy of ferromagnetic metails.
Although two first material 104 and two second material 301 are shown, there
could be more or less numbers of first material 104 and second material 301
alternalely disposed on the subsirate 102, In some embodiments, the first
material 104 and the second material 301 are disposed on and in contact with
the substrate 102, as shown in Figure 3A.  In cother embodiments, the first
material 104 and the second material 201 are disposed over the substrate 102,
and one or more layers may be disposed between the substrate 102 and the first

material 104/second material 301. For example, the first material 104 and the



WO 2018/212905 PCT/US2018/028586

second material 301 may be disposed on and in contact with a dielectric layer

disposed over the substrate 102.

0025} The plasma 110 is formed in a process chamber in which the substrate
102 is disposed, as shown in Figure 3B. The plasma 110 includes ong or more
energized species. The plasma 110 may be formed by introducing one or more
precursors into the process chamber and energizing the one or more precursors
to form the plasma 110 containing energized species. In one embodiment, the
one or more precursors include a carbon containing precursor such as acetylene
(CoH2).  In one embodiment, the one or more precursors include the carbon
containing precursor and an eichant, such as ammonia (NH;). The process
chamber may have a pressure ranging from about 0.1 mTorr to about 100 Torr,
and the substrate 102 may be maintained at a temperature less than 400
degrees Celsius, such as between about 300 degrees Celsius and about 380

degrees Celsius.

[00286] The energized species, such as energized carbon species, diffuse inlo
the second material 301 al a specific depth, such as about 2 nanometers to
about 10 nanometers. The energized carbon species form a carbon layer 302 at
the specific depth of the second material 301, and the carbon layer 302 splits the
second material 301 into a first portion 304 and a second portion 305 at the
specific depth, as shown in Figure 3C. The formation of the carbon layer 302 is
catalyzed by the second material 301, Any carbon layer formed on the first
material 104 is removed by the etchant. The second material 301 is not etched
by the elchant due 1o the eichant's seleclivity over the carbon layer. Thus, the
carbon layers 302 are formed in the second material 301 but not on the first
material 104, and the carbon layers 302 are not etched by the etchant since the
carbon layers 302 are protecied by the first portions 304 of the second material
301, The carbon layers 302 may be formed, or deposited, al a rate of 1
micrometer per hour or higher.
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0027} As the carbon layer 302 grows from the energized carbon species
diffused inic the second material 301, a carbon structure 308 is formed betwesen
each of the first portions 304 of the second material 301 and the second portions
305 of the second material 301, as shown in Figure 3D. Each carbon structure
306 may have a height “H1’” ranging from about 100 nanometers {o about 2
micrometers and a width “W1” ranging from about 10 nanometers o about 70
nanometers. The width “W1” is equal {0 the width of the second portions 305.
The carbon structures 306 may be pillar shaped, as shown in Figure 3D. The
carbon structures 306 are formed by a PECVD process, as shown in Figures 3B,
3C, and 3D. The benefits of using PECVD to form the carbon structures 306
include higher deposition rate, such as 1 micrometer per hour or higher, and the
energized carbon species can diffuse into the second material 301 so the carbon
structures 308 are profected by the first portions 304 of the second material 301

from the stchant.

[0028] The dielectric material 116 may be seleclively deposited on each of the
first material 104, as shown in Figure 3E. The dieleciric material 116 may be any
suitable dielectric material, such as a nitride, for example, silicon nitride. The
diglectric material 116 may be deposited by any suitable deposition process,

such as chemical vapor deposition (CVD) process or PECVD process.

[0029] Alternatively, the dielectric malerial 118 is deposited on the first
material 104, the side walls of the carbon structures 306, and the first portions
304 of the second material 301, as shown in Figure 3F. The dislectric material
118 may be the same as the dielectric material 116. The dieleclric material 118
may be deposited by any suitable deposition process, such as atomic layer

deposition (ALD) process.

0030} A chemical-mechanical polishing (CMP) process may be performed on

the structure shown in Figure 3k or in Figure 3F to remove the first portions 304

10
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of the second material 301 and to planarize the dielectric material 116 {(or 118)
and the carbon structures 306, as shown in Figure 3G. The dielectric material
116 {or 118) and the carbon structures 306 are coplanar after the CMP process.
Next, the carbon structures 306 are removed by any suilable removal method,
such as dry etch or wet etch, as shown in Figure 3H. The etchant used to
remove the carbon structures 306 has an etch seleclivity over the carbon
structures 306 but does not eich the dielectric material 116 (or 118). In one
embodiment, the etchant used to remove the carbon structures 306 is oxygen.
As a resull, openings 310 are formed and each opening 310 is between two
dielectric material 116 (or 118). Any device layers formed in each opening 310
on the second portion 305 of the second material 301 are self-aligned to the
second portion 305, The possibility of overlay or misalignment of the device
layers to the second portion 305 is significantly reduced.

[0031} in some embodiments, a dry etch process or a wet etch process may
be performed on the structure shown in Figure 3k, and the first portions 304 of
the second material 301 and the carbon structures 306 are removed by the dry or
wet etch process to form the structure shown in Figure 3H. The first portions 304
of the second material 301 and the carbon structures 306 are removed in a
single process, such as a dry etch process. The etchant used {o remove the first
portions 304 of the second material 301 and the carbon structures 306 has an
etch selectivity over the second material 301 and the carbon structures 306 but
does not eich the dielectric material 116, In one embodiment, the etchant used
o remove the first portions 304 of the second maternial 301 and the carbon
structures 3086 is a fluorine containing gas and oxygen.

(6632} i summary, carbon structures are selectively formed on a first material

using a PECVD process. The benefits of using PECVD to form the carbon

structures include higher deposition rate, such as 1 micrometer per hour or

higher, and the energized carbon species can diffuse into the first material so the
1
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carbon structures are protected by the first material from an etchant that is
removing any carbon layer formed on a second material.  Openings are formed
after the removal of the carbon struclures, and any device layers formed in the
openings are seif-aligned to the first material.  The possibility of overlay or

misalignment of the device layers {0 the first material is significantly reduced.

[0033) While the foregoing is directed to embodiments of the disclosure, other
and further embodiments may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.

12
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What is claimed is:

1. A method, comprising:

forming energized carbon species in a process chamber,;

diffusing the energized carbon species through a metal layer disposed
over a substrate, wherein the metal layer is disposed on a first surface of a first
material;

forming a carbon structure between the metal layer and the first surface of
the first maierial from the energized carbon species; and

removing the metal layer and the carbon siructure to expose the first
surface of the first material..

2. The method of claim 1, wherein the first material comprises metal that is
different from the metal layer.

3. The method of claim 2, wherein the melal layer comprises a ferromagnetic

metal or a ferromagnetic metal alloy.

4. The method of claim 3, wherein the first material comprises copper or
tungsten.
5. The method of claim 1, further comprising removing a carbon layer formed

on a second surface of a second material with an etchant when forming the
carbon structure.

8. The method of claim 1, whersin the carbon structure has a width that

equails a width of the first material.

7. A method, comprising:

forming energized carbon species in a process chamber;

13
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diffusing the energized carbon species into a first material at a specific
depth, wherein the first material is disposed over 3 substraie;

forming a carbon structure at the specific depth of the first material from
the energized carbon species, wherein the carbon structure splits the first
material into a first portion and a second portion, wherein the carbon structure is
disposed on the second portion of the first material, and the first portion of the
first material is disposed on the carbon structure; and

removing the first portion of the first material and the carbon struciure to

expose the second portion of the first material.

8. The method of claim 7, wherein ihe first material comprises a

ferromagnetic metal or a ferromagnetic metal alioy.

9. The method of claim 7, wherein the specific depth ranges from about 2

nanometers to about 10 nanometers.

10. The method of claim 7, wherein the carbon structure has a width that

equals a width of the first material.

11, A method, comprising:

forming energized carbon species in a process chamber,;

diffusing the energized carbon species into a first malerial at a specific
depth, wherein the first material is disposed over a substrate,

forming a carbon structure at the specific depth of the first material from
the energized carbon species, wherein the carbon structure splits the first
material intc a first portion and a second portion, wherein the carbon structure is
disposed between the first portion and the second portion; and

removing the carbon structure.

12.  The method of claim 11, further comprising depositing a dielectric maierial

on a second material disposed adjacent o the first material after forming the

14
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carbon structure and before removing the carbon structure, wherein the first

material and the second material are coplanar.

13. The method of claim 12, wherein the dielectric material is deposited over

the carbon struciure.

14. The method of claim 12, further comprising removing the first portion of
the first material after depositing the dielectric material and before removing the

carbon structure.
15, The method of claim 12, further comprising removing the first portion of

the first material, wherein the first portion of the first material and the carbon

structure are removed by a same process.

15
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