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METHOD OF FORMING A RUTHENIUM-CONTAINING LAYER AND LAMINATE

Technical Field
[G001] The present disclosure relates (o a method of forming a ruthenium-containing

laver and to a laminate.

Background

(00021 in photolithography, photosensitive polymer photoresists are used {o process
patterned portions of thin films or bulk semiconductor substrates. After the photoresist
is exposed and daveloped, a highly diractional anisotropic reactive ion etching
(hareinafter referred to as “RIE” in some places) process is performed to finally form
a three-dimensional structure on the substrate. Due to the ever-increasing demands
for miniaturization and increasing complexity of three-dimensional shapes in
nanoelectronics, a photoresist alone may be oo thin for transfer of patterns. For
axample, photoresists for 22 nm and thinner lithography cannot withstand high-energy
ion irradiation and will degrade rapidly during RIE. To ovarcome this problem,
materials such as amorphous carbon (hereinafter referred to as "AC” in some places)
that have higher selectivity and resistance than photoresisis have been introduced,
and mask laminates of amorphous carbon and photoresist are formed. Ideally, the AC
has the exact shape of the intended pattern provided by the photorasist in the plane
of the substrate with vertical walls through the resist. Therefore, a part of the substrate
will be covered with resist and AC, and the other parts will not be covered. The part of
the substrate covered with resist and AC is necessary for pattern transfer as it acts as
a protective layer during efching, ion injection, or other pattern transfer mechanisms.
[0003] The gradual degradation of AC is unavoidable due o the extended length of
directional reactive ion etching required to form high aspect ratio structures. AC
degradation due to the siching process is accelerated by ion bombardment onto the
sidewall surface, which may resull in an nability to ensure the shape and dimensions
of the target etch layer.

[0004] Recently, carbonaceous materials such as polyamides and metal hard masks
such as TiN and TaN have been introduced o reduce or sliminate the gradusl
degradation of AC during reactive ion etching (refer {o non-patent literature 1 and 2).

Howeaver, i is difficult to make these materials compatible with the palterning process
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because they need a selective atiractant such as an inhibitor, passivator and self-
assembled monolayer for selective formation onto amorphous carbon, and for reasons
that a residue layer grows on the mask from the eiching process or the selective
formation on the mask is low, the process is not satisfactory.
Prior Art documents
Non-patent literature
[a005] Non-patent literature 1 Journal of Vacuum Science & Technology A,39,
2, 2021

Non-patent literature 2 J. Vac. Sci. Technol. B 24, 5, 2006 2262
Summary of the Invention
[0008] The purpose of the present disclosure is 1o provide a methad of forming a
ruthsnium-containing laver and a laminate, wherein the ruthenium-containing layer is
selectively formed, as a protective layer capable of suppressing the generation of
etching residues, on a mask surface for patiern formation that is formed on a subsirate,
without the need for forming a seleclivity attractant element.
[0007]  As a result of diligent study, the inventors of the present application
discovered that the above-mentioned purpose can be achievaed by adopting the
following configuration and thus completed the present invention.
[G008] Irn one embodiment, the present disclosure relates (o a method of forming a
ruthenium-containing layer, comprising

a preparation step of preparing a substrate having an oxidizable layer, and

a deposition step of depositing the ruthenium-containing layer onto the oxidizable
fayer by using a ruthsnium {etraoxide through vapour deposition,

wherein the oxidizable layer comprises carbon atoms.
(00081 With this Tormation method, a ruthenium-cortaining layer can be selectively
deposited on the oxidizable layer of 8 substrate with the oxidizable layer {i.e., a layer
having the property of being oxidized). Ruthenium {Ru)} is resistant to oxidation,
nitridation, and many plasma chemical substances (e.g., perflucrocarbon (PFC)
gases, stc.) typically used to elch coated layers such as anti-reflective coating layer.
Al the same time, ruthenium can be easily removed without generating residues by
other plasma chemicals that do not remove coating layer materials. Therefore, during
giching, the ruthenium-containing layer acts as a protective layer for the oxidizable
fayer such as the paitern mask. As a result, mask degradation can be avoided and

residue formation can be reduced without the need for an inhibitor or self-assembied
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monolayer (SAM). Furthermore, the risks of pattern clogging and collapse can be
reduced. Although the reason for that is not clear, it is assumed that one reason is that
the ruthenium tetraoxide (RuQ4) is a strong oxidizing agent that can also be used for
gas-phase resctions and has a kind of affinity with the oxidizable layer.

[A010] Further, the oxidizable layer preferably contains carbon atoms. When the
oxidizable layer contains oxidizable carbon atoms or carbon-carbon bonds (that is, by
being an organic layer or a semi-organic layer), the affinity between the ruthenium
ietraoxide and the oxidizable layer is further improved. As a resull, the selective
formation of the ruthenium tetraoxide layer on the oxidizable layer can be further
enhanced.

[C011]  In one embodiment, the average compaosition of the ruthenium-containing
layer may be RuOx.

Hereg, the value of x is O or more but not more than 2. Also, when the valug of x is O
(including substantially 0), it means that a pure ruthenium layer is formed. Here, the
average composition is determined from the average by X-ray photoeleciron
spectroscopy. Specifically, X-ray photoslectron spectroscopy is repeated to obtain 3
sets of data, and the average compaosition can be calculated from the average of tham.
[0012] In one embodiment, the thickness of the ruthenium-containing layer formed
per cycle of the deposition process is preferably 0.05 nm or more but not more than
0.20 nm. Further, in one embodiment, the ruthenium-containing layer formed by the
deposition step preferably has a thickness of 1 nm or more but ne more than 30 nm.
in this way, the mask protection function, strength and productivity of the ruthenium-
containing layer carn be highly balanced.

[G013] In one embodiment, the forming method comprises, in the deposition step, a
deposition cycle comprising a 1st exposure of exposing the ruthenium telraoxide to
the oxidizable layer, and a 2nd exposurs of exposing at least one co-reaciant selected
from the group consisting of hydrogen gas, ammonia gas, and hydrazine o the
oxidizable layer after the 1st exposure, with said deposition cycle preferably baing
performed once or twice or more. In the deposition process, under the action of the
ruthenium tetraoxide, the carbon-carbon bonds in the oxidizable layer are converted
into oxidizing groups such as epoxies, aldehydes, ketones, etc., and at the same lime,
ruthenium oxide species such as Ru(2 are produced. Then, by reducing the oxidizing
groups and ruthenium tetraoxide species with a co-reactant such as hydrogen gas,

afong with the reduction of the oxidizing groups bonded to the oxidizable layer,
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deposition of a layer containing ruthenium with an average composition of RuOx
(where the valug of x is 0 or more but not more than 2) is possible.
[0014] Inone embodiment, the substrate preferably further comprises an oxide layer.
Since ruthenium tefraoxide doss not exhibit reactivity with oxide layers that do not
have the property of being oxidized, it is possible to further enhance the sealactive
formation of a ruthenium-containing layer onto the oxidizable layer.
[Q015] In one embodiment, the oxide layer may be an Si02 layer, SiN layer, SION
layer, AlQs layer, ZrGz layer, TiO2 layer or HiO: layer. An appropriate oxide layer may
be arranged depending on the intended use of the substrate.
(0161 In one embodiment, the oxidizable layer is preferably an amorphous carbon
layer, a boron-doped amorphous carbon layer, a tungsten-doped amarphous carbon
layer, a photoresist layer, or a porogen-containing porous low-k precursor layer. An
amorphous carbon layer and a photoresist layer typically contain oxidizable sp? carbon
atoms condensed as aromatic clusters or linked o other fragments or heteroaioms.
Also, the porogen-containing porous low-k precursor layer has functional groups such
as sp® and sp® carbon atoms or C—H bonds that have a strong affinity for oxidation.
Thersfore, thase oxidizable layers can exert affinity for oxidation reaction by a
ruthenium ietraoxide. As a result, it is possible to further enhance the seleclive
formation of the ruthenium-containing laver. Here, the amorphous carbon layer means
a layer substantially composed of amorphous carbons {alone). A boron-doped
amorphous carbon layer msans a layer composead of amorphous carbons doped with
boron. A tungsten-doped amorphous carbon layer means a layer composed of
amorphous carbons doped with tungsien.
[O0171 I one embodiment, the oxidizable layer is preferably an amorphous carbon
layer.
[0018] In one embodiment, the oxidizable layer may be patitermed. Even if the
oxidizable layer has the shape of line-and-space or a coniact hole, a ruthenium
tetraoxide layer can be selectively formed as a protective layer to protect the oxidizable
layer.
(00191 In another embodiment, the present disclosure relates {0 a meathod of forming
a ruthenium-containing layer,

comprising a preparation step of placing a substrate having an oxidizable layer

in a deposition chamber, and
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a deposition step, wherein, by a vapour deposition method, vaporized ruthenium
tetracxide is introduced into the depaosition chamber, and a ruthenium-containing layer
is deposited onto the oxidizable layer,

wherein the oxidizable layer comprises carbon atoms,

[A020] In another embodimeant, the present disclosure relates {0 a method of forming
a ruthenium-containing layer,

a preparation step of preparing a subsirate having an oxidizable layer, and

a deposition step, wherein ruthenium leiraoxide is deposited by a vapour
deposition method to form a ruthenium-containing film onto the oxidizable layer,

wherein the oxidizable layer comprises carbon atoms.

[0021] In another embodiment, the present disclosure relates to a method of forming
a ruthenium-containing layer,

a substrate having a surface with an oxidizable layer and an oxide layer, and

a ruthenium-containing layer formed on the surface of the oxidizable layer,

wherein the oxidizable layer comprises carbon atoms.

[0022] Inthe laminate, since the ruthenium-containing layer is selectively formed as
a protective layer on the surface of the oxidizable layer, the oxide layer can be
gfficiently subjected to etching or the like while preventing deterioration of the layer to
be oxidized.

[0023] The oxidizable laver preferably contains carbon atoms. As the oxidizable layer
contains oxidizable carbon atoms or carbon-carbon bonds, the affinity between
ruthanium tetraoxide and the oxidizable layer is further improved, and the selective
formation of the ruthenium-containing layer on the oxidizable layer can be further
erthanced.

[0024] In ancther embodiment, the oxidizable laver is preferably an amorphous
carbon layer, a boron-doped amorphous carbon layer, a tungsten-doped amorphous
carbon layer, a photoresist layer, or a porogen-containing porous low-kK precursor
layer. Of them, preferably the oxidizable layer is an amorphous carbon layer. These
oxidizable layers have oxidizable carbon atoms and can exert affinity for the oxidation
reaction of ruthenium telraoxide to further enhance the selective formation of the
ruthenium-containing laver.

00251  in another embodiment, the ruthenium-containing layer preferably has a

thickness of 1 nm or more but no more than 30 nm. In this way, the mask protaection
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function, strength and productivity of the ruthenium-containing layer can be highly
balanced.

Brief Description of the Drawings
[A026] For a further understanding of the nature and objects for the prasent
invention, referance should be made to the following detailed description, taken in
conjunction with the accompanying drawings, in which like elements arg given the
same or analogous reference numbers and wherein:

Fig. 1A is a schemalic cross-sectional view showing a step in the method of
forming a ruthenium-containing laver according to one embodiment.

Fig. 18 is a schematic cross-sectional view showing a step in the method of
forming a ruthenium-containing layer according to one embodimeant.

Fig. 1C is a schematic cross-sectional view showing a siep in the method of
forming a ruthenium-containing layer according to one embodiment.

Fig. 1D is a schematic cross-sectional view showing a siep in the method of
forming a ruthenium-coniaining layer according to one embodiment.

Fig. 2 is a schematic diagram showing an assumad mechanism of a series of
reactions on the surface of an organic carbonacecus layer from the formation o the
removal of a ruthenium-containing layer.

Fig. 3A is an eleciron micrograph {magnification: x120,000) of a ruthenium-
containing layer containing ruthenium alone that is formed on the surfacse of the
amorphous carbon layer in Exampie 1.

Fig. 38 is an electron micrograph {magnification: x100,000) of the surface of the
S0z layer in Example 1

Fig. 4 is a secondary ion mass spectrometry chart of a ruthenium-containing layer
containing ruthenium alone that is formed on the surface of an amorphous carbon

laver.

Detailed Description of Preferred Embodiments
(00271 Embodiments of the present disclosure will be described below. The present
invention is not limited to these embodiments
100281 Method of Forming a Ruthenium-Containing Layer
A method of forming a ruthenium-containing laver according o the present

embodiment includes a preparation step of preparing a substrate having an oxidizable
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laver, and a deposition step of depositing a ruthenium-containing layer onto the
oxidizable layer by using ruthenium tetracxide through vapour deposition. Below,
referring to Fig. 1Ato Fig. 1D, an example of forming, as an oxidizable layer, a laminate
of a carbonaceous hard mask and a resist film onto a subsirate, and after patterning,
farming, as a protective layer, a ruthenium-containing layer onto the surface of the
laminate is used {o describe the individual staps.

Fig. 1A to Fig. 1D are schematic cross-sectional views showing a step of the
method of forming a ruthenium-containing layer according to one embodiment.
[0029] Preparation Step

In this step, a substrate having an oxidizable layer is prepared. As shown in Fig.
1A, on a semiconductor layer 10 as a substrate, a hard mask laminate (hersinafter
sometimes referred to as an "ONON (oxide-nitride-oxide-nitride-nitride} laminate”) that
is laminated by alternating betwsen a sacrificial layer 20 (e.g., SiN layer) and an
isclating laver 30 {e.g., 8i02 layer) is formed. The number of layers that are laminated
is set as appropriate depending on the intended use of the substraie. The ONON
laminate can be formed by the CVD (Chemical Vapour Deposition) method or the ALD
{Atomic Layer Deposition) method.
[0030] The substrate may be selected from oxides (e.g. HfOz2-based material, TiO2-
based maienal, ZrOz-based material, rare earth oxide-based material, ternary oxide-
based material, etc.) used as insulating materials in MIM, DRAM, or FeRam
technology or may be selected from nitride-based films {(e.g., TaN) used as oxygen
barriers between copper-based substrates or between a low-k film and a copper-
basad substrate. In the manufacture of semiconductors, photovoltaic cells, LCD-TFTs
or flat panel devices, other substrales may be used. Examples of such substrales
include, but are not limited to, metal nitride-containing substrates {e.g., TaN, TiN, SiN,
WHN, TaCN, TIiCN, TaSiN, and TiSIiN), efc.; insulators {e.g., 8i02, SisNa, SION, HIO;,
Tax0s, £rQz, TiGz, AkOs, and barium strontium tilanate);, or other substrates
containing one of combinations of these materials.
[0031] Next, an organic carbonaceous layer 40 such as amorphous carbon is
deposited on the ONON laminate. The organic carbonaceous layer 40 has an interface
with the insulating layer 30 at the botiom. The organic carbonacsous layer can be
deposited, for example, by CVD.
(00321 Arssist composition is coated onto the organic carbonaceous layer 40 {o form

a resist film, and the resist film is patterned to form a resist pattern 50, The resist
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pattern 50 is used, for example, to form line-and-space patterns and contact holes as
a part of three-dimensional memaory structures.
[0033] As shown in Fig. 1B, the resist paitern 50 is used o treat the organic
carbonaceous layer 40 after the 1st etching step, which consists of reactive ion etching
(RIE). The organic carbonaceous layver 40 and the resist pattern 50 are anisotropically
gtched, and the film thickness of the two layers is reduced. The corresponding paris
between holes or patterns in the organic carbonaceous layer 40 are efched until the
insulating layer 30 of the ONON laminate is exposed. In this way, a substrate having
an oxidizabie layer can be manufactured.
[034] The subsirates are not limited to those mentioned in the above. For example,
many meatals, i.e., transition metals, can occur in several different oxidation states.
This means that they have the ability to be oxidized {o form oxides. In addition,
surfaces with C-H bonds, Si-8i bonds, Si-H bonds, Ge-Ge bonds and Ge-H bonds are
also suitable for selective formation. Therefore, the formation of a protective layer by
selective vapour deposition can be applied 0 a wide variety of substrates provided
that ruthenium {elraoxide is exposed {o the oxidized surface.
[Q035] Deposition Step

In this step, a ruthenium-containing film is deposited on the oxidizable laver by
using ruthenium tetracxide through vapour deposition. To form holes or patterns
passing through the organic carbonaceous layer 40 and the ONON laminate o arrive
at the semiconductor laver 10, longer lengths of time are required for eiching.
Conventionally, during this process, the formation of residues from the resist pattermn
50 and the organic carbonacaous layer 40 is promoted, and the residues go into non-
through holes or between patterns, thus increasing the risks of clogging between holes
or patterns. Further, holes or patterns deform during ion bombardment of the surfaces
of the resist patiern 50 and the organic carbonaceous layer 40, and their shape
features or structures collapse.
[003687 Incontrast, in the present embodiment, 1o avoid formation of polymer particles
during the subsequent plasma etching step of the ONON laminate and other anti-
reflection coating layers (not showry), a material more resistant to the etching gas is
used. Specifically, as shown in Fig. 1C, instead of depositing ruthenium on the
insulating fayer 20 located at the bottom of the ONON laminate, ruthenium tetracxide
(RuQa) is selectively deposited on the surfaces of both the resist pattern 50 and the

organic carbonaceous layer 40 by vapour deposition to form ruthenium-containing
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lavers to protect them. At this time, the ruthenium tetracxide reacts with the organic
carbonaceous laver 40 {o oxidize the surface layer thereof. The ruthenium tetraoxide
can be accompanied by a solvent (&.¢., a fluorinaled solvent or tetrahydrofuran).
[00371 Preferably, the ALD method or CVD method may be adopted as the vapour
deposition mathod. To remove contaminants from the substrate, a pretreatment step
including oxygen plasma exposure for 1 to 10 seconds may be parformead. The
deposition chamber may be any sealed corntainer or chamber of a device in which the
vapour deposition method is carried out. Examples of deposition chambers include,
but are not limited to, a parallel plate type reactor, cold wall type reactor, hot wall type
reactor, single plate reactor, multi-wafer reactor, or other types of deposition systems.
[0038] Next, a gas containing vaporized ruthenium tetraoxide is introducead into the
deposition chamber. Pure ruthenium tetracxide (slone) or ruthenium telraoxide
blended with other components may be supplied to the vaporizer in the liquid state. [t
is vaporized by bubbling the carrier gas before being infroduced into the deposition
chamber. I necessary, the container may be heated {0 a temperature at which the
ruthenium {elraoxide has a sufficient vapour pressure and which is below iis
decomposition temperature. The carrier gas can be, but is not limited {o, Ar, He, N,
and a mixture thereof. The container may be maintained, for example, at a
temperature in the range of preferably 50°C to 300°C, more preferably 80°C to 200°C.
[00381 The ruthenium leiraoxide in the deposition chamber may be maintained at a
pressure preferably in the range of 0.1 Pa o 2 Pa, more preferably 0.2 Pa to 1.5 Pa.
00401 The ruthenium tefraoxide can be supplied as a pure substance {e.g., a liguid
or a low melting-point solid) or in a8 state of being blended with a suitable solvent. The
solvernt may be a non-flammable solvent or a flammable solvent. The solvent may be,
for example, methylethy! fluorinated solvent, tetrahydrofuran, and the like. In addition,
a mixture solvent of various solvents may be used.

00411 The lower limit of the thickness of the ruthenium oxide layer formed per cycle
of the deposition step is preferably 0.05 nm, more preferably C.10 nm, and further
more preferably 0.15 nm. The upper limit of the thickness per cycle of the deposition
siep is preferably 0.30 nm, more preferably 0.25 nm, still more preferably 0.20 nm.
[0042] The lower limit of the thickness of the ruthenium-containing laver formed by
the deposition step is preferably 1 nm, more preferably 2 nm, further more preferably

4 nm, and particularly preferably 5 nm. The upper limit of the thickness of the
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ruthenium oxide layer is preferably 30 nm, more preferably 28 nm, yel more preferably
28 nm, and particularly preferably 24 nm.
[0043] In the deposition step, preferably the deposition cycle comprising a ist
axposura of exposing the ruthenium tetraoxide to the oxidizable layer, and afier the
1st exposure, a 2nd exposure of exposing at least one co-reactant selected from the
group consisting of hydrogen gas, ammaonia gas, and hydrazineg to the oxidizable layer
after the 1st exposure is repeated 1 or 2 times or more. Through a co-reactant such
as hydrogen gas, a layer of RuOx (where x is between 0 and 2) can be deposited while
the oxidizing groups bonded to the oxidizable layer are reduced.
0441 Therefore, in the process of the ALD method for depositing a ruthenium-
containing layer, one deposition cycle includes a step of exposing the substrate to a
1streactant, a step of removing any unreactad 1st reactant and reaction by-products
from the reaction space, a step of exposing the substrate to a 2nd reactant, and a
subsequent 2nd removal step. For example, the 1st reactant can include a ruthenium
tetraoxide (RuQ4), and the 2nd reaciant can include hydrogen (Hz) gas. This one
deposition cycle may be repeated until the desired ruthenium-containing layer is
obtained.
[0045] Preferably, the hydrogen gas as a co-reactant is infroduced info the
deposition chamber along with a carrier gas. This carrier gas is preferably the carrier
gas that is used for introducing the ruthenium tefraoxide. Of them, it is preferably argon
{An).
00481 The iower limit of the percentage of the volume of the hydrogen gas in the
total volume of the hydrogern gas and argon gas is preferably 5%, more preferably
10%, and further more preferably 15%. The upper limit of the percentage of the
hvdrogen gas by volume is preferably 80%, more preferably 50%, and further more
preferably 30%.

Further, the percentage of hydrogen gas may be 100%. Furthermore, nitrogsn
gas may be used instead of argon gas.
[A047] The partial pressure of the hydrogen gas in the deposition chamber can be
maintained at a pressure preferably in the range of 100-800 Pa, and more preferably
in the range of 200-600 Pa.
00481 After a ruthenium-containing layer (& ruthenium-containing layer or a pure
ruthenium layer with an average composition of RuOx (where the value of x is 0 or

mora but not more than 2)) is deposited as a protective layer on both of the surfaces
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of the organic carbonaceous layer 40 and the resist pattern 50, the sacrificial template
can then be transferred to the substrate without accumulating residues on the
sidewalls of the patiern from further eiching, as shown in Fig. 10D,
[0048] The ruthenium-containing layer is converted o a ruthenium tetraoxide (Ru(4)
laver without leaving residuss by nitrides, oxides, and othar plasma chemicals such
as oxygen plasma that do not remove the ARC material. This ruthanium oxide layer
can be easily purged from the deposition chamber and easily removed.
[0050] Fig. 2 shows an assumed mechanism of a series of reactions on the surface
of the organic carbonaceous layer from formation up to removal of the ruthenium-
containing laver. However, the present invention is not limited to this assumed
meachanism.
[G051] The surface of the oxidizable layer (for example, the organic carbonaceous
layer 40) formed on the substrate has carbon atoms (state as shown in Fig. 2).
[0052] Through oxidation of the surface of the organic carbonaceous layer 40 by a
ruthenium tetraoxide (RuQ4), the carbon atoms and carbon-carbon bonds are
converted info oxidizing groups such as epoxies, aldshydes, and ketones while
ruthenium oxide species such as RuQq are generated (state b shown in Fig. 2).
[0053] Next, during reduction by hydrogen gas as & co-reactant, a pure ruthenium
layer is deposited while the oxygen-containing functional groups bonded 1o the organic
carbonaceous layer 40 are reduced (siate ¢ shown in Fig. 2).
[0054] Thereafter, the ruthenium-containing laver {ruthenium layer) is treated with
oxygen plasma to form a ruthenium tetracxide (RuQs) layer and purged o remove the
ruthenium-containing layer from the surface of the organic carbonaceous layer 40
(stated shown in Fig. 2).
[0055] With respect {0 the plasma cleaning conditions for removing the ruthenium
layer, the oxygen gas pressure is preferably from 0.1 Pato 1.5 Pa, and more preferably
0.2 Pato 1.0 Pa. The power is preferably from 100 W io 500 W, and more praferably
from 200 Wio 300 W.

The plasma treatment time is preferably from 1 second to 50 seconds, more
preferably from 5 seconds to 20 seconds.
[0056] Other Oxidizable Layers

When the material is less reactive (o oxidation or not that reactive to oxidation
and therefore less reactive to a ruthenium tetracxide (Ru(4), those skilled in the art

will recognize that by modifving or introducing oxide functional groups in the layer o
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be protected, it is possible to achieve selective formation of a ruthenium-containing
layer. For example, some already oxidized or urreacted low-k or ULK layers, when
filled with sacrificial organic porogens {e.g., BCHD or ATRP) before being exposed to
ultraviolet light required for making them porous, may become reactive to a ruthenium
tetraoxide (RuQa4).
[0057] Organic carbonaceous porogen materials have functional groups such as sp?
and sp® carbon-carbon bonds, carbon-hydrogen bonds, stc., which have strong
affinities for oxidation. Thus, a ruthenium tetraoxide (RuQs) as a strong oxidant can
selectively react with an organic carbonaceous porogen material to selectively deposit
a ruthenium-containing layer as a protective layer.
[0058] Laminate

A laminate according to the present embodiment includeas a substrate having an
oxidized surface and an oxide layer, and a ruthenium-containing layer formed on the
surface of the oxidizable layer, wherein the oxidizable layer contains carbon atoms.
Such a structure corresponds to the structure of Fig. 1C shown in the description of
the method of forming a ruthenium-containing laver (in Fig. 1C, although the
ruthsnium-containing layver is a ruthenium layer, the present invention is not limited to
this, and the average composition may be RuOx (the value of x is from 0 to 2)).
Thersefore, reference is made to the corresponding parts of the above description,
which has been provided by referring to Fig. 1A-Fig. 1D and Fig. 2, for preferred modes
of the individua! elements.
[(4059]  Other Embodiments

One embodimeant of the present invention relates o a method and o a precursor
useful for manufacturing slectronic devices. More particularly, i relates to depositing
a ruthenium film on a subsirate. The present invention relates to a method of protecting
a layer in an etching process that involves multiple pallerning and self-alignment
techniques for forming contacts, vias, memory holes and other stacked layers.
[0080] One embodiment of the prasent invention relates to the use of a ruthenium
precursor containing RuQs for selectively depositing ruthenium or a ruthenium-
containing film on an organic or a semi-organic layer but not on an inorganic layer.
[0061] A Ru film is selectively deposited by chemical vapour deposition (CVD) or
atomic layer deposition (ALD)} on an organic or a semi-organic carbonacecus layer
without the need for an inhibitor or a self-assembled monoclayer {(SAM), and then the

film acts as an etch hard mask in subseguent efching steps for paltermning a target
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laver. The ruthenium layer produced by this method is also used to reduce the spacing
between lines of an organic or semi-organic layer, thus providing an effect of
oppositely trimming the transferred pattern siructure.

[0062] One embodimant of the present invention relates to a method for efficiently
forming structures with improved mechanical strength in logics, transistors and
memaory devices as compared o mulliple patterning and self-alignment patlerning
technigues. The ruthenium-containing layer deposited by this method is deposited on
selected areas on a substrate 1o act as a protective hard mask layer for preventing
damage to the hard mask during the eiching process, which is a step in lithography.

Examples

[G083] Although the sxamples are provided below to illustrate the application of the
disclosure in the description, it should be understiood that a particular embodiment or
group of embodiments of the present invention may not include all the advantages of
the processes introduced in the description. Although particular embodiments and
axamples are disclosed below, it should be understood that the present invention may
be extended beyond the specifically disclosed embodiments andfor uses of the
present invention, including obvious modifications made by those skilled in the art.
Accordingly, it should be understood that the scope of the disclosed invention should
rot be limited by the particular embodiments described below.
[0064] Example 1

A substrate with an Si02 layer (thickness of 3 um) and an amorphous carbon
fayer {thickness of 700 nm, contact holes with a diameter of 140 to 180 nm are formed
at intervals of 100 nm) seguentially formed on the surface was prepared (purchassd
from Advantec Co., Ltd). This substrate was placed in a chamber heated {0 a
temperature below the decompaosition temperature of the ruthenium tetraoxide (RuQ4)
(100°C), and a cycle of the ALD method of passing the ruthenium tetracxide vapour
thraugh the chamber was performed. The cycle conditions were that RuQs was pulsed
irto the chamber at 0.8 Pa for 10 s, and the excessive unreacted gas was purged from
the chamber. Next, a hydrogen gas (20% H/Ar {ratio by volume)) at a partial pressure
of 500 Pa was added as a co-reactant for 10 seconds for the reduction of the ruthenium
oxide layer during the surface reaction to form a ruthenium layer {an average

composition of RuOx, where x=0).
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[0065] According to the above method, in one cycle, the thickness of the ruthenium
layer had a growth rate ranging from 0.07 nm to 0.19 nm.
[0066] As aresult, after 30 cycles of the ALD method, a ruthenium layer of 2.30 nm
was selectively deposited on the amorphous carbon layer. On the other hand, no
ruthenium layer was deposited on the Si0Oz layer. Fig. 3A is an electron microscopy
image (magnification: x120,000) of a ruthenium-containing layer containing ruthenium
alone formed on the surface of an amorphous carbon layer. Fig. 3B is an electron
microscopy image (magnification: x100,000) of the surface of the Si0: layer. Hitachi
UHR FE-SEM SUS000 manufactured by Hitachi High-Tech Co., Lid. was used as an
electron microscope.
[0O67] Fig. 4 is a secondary ion mass spectrometry chart of a ruthenium-containing
layer containing ruthenium alone formed on the surface of an amorphous carbon layer,
A PHIADEPT1010 manufactured by ULVAC-Phi, Inc. was used for the secondary ion
mass spectrometry. The measurement conditions are as foliows.

» Primary ion species. Cs*

< Primary acceleration voliage: 2.0 k¥

- Detection area; 132 x 132 (um x um)

The measurement results are shown in Fig. 4. The horizontal axis in Fig. 4
represents the depth (nm) from the surface, and the vertical axis represents the ratic
(%) of each element. it can be seen thai ruthenium alone existed from the surface of
the ruthenium-containing laver {0 a depth of about 4 nm and that a highly pure
ruthanium [ayer was formed.

[0068T The plasma cleaning conditions for the removal of the ruthenium layer were
5 pulses of 02 plasma over 10 seconds at a pressure of 0.5 Pa and a power of 250 W
by using an Oz gas with a purity of 88.899%.

[0069] Example 2

Same as in Example 1, after 80 cyclas of the ALD methad, a ruthenium layer of
& 44 nm was selectively deposited on the amorphous carbon layer. On the other hand,
no ruthenium layer was deposited on the Si02 layer.

(00701 Example 3

Same as in Example 1, after 120 cycles of the ALD method, a ruthenium layer of

22.48 nm was selectively depositad on the amorphous carbon layer. On the other

hand, no ruthenium layer was deposited on the Si0Oz layer.
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Description of Symbols
[0071]
10 Semiconductor layer
20 Sacrificial layer (SiN layer)
30 insulating layer {SiO2 laver)
40 Organic carbonacaous layer (amarphous carbon layer)
50 Resist pattern
60 Ruthenium-containing layer {ruthenium layer)

(0721 1t will be understood that many additional changes in the details, materials,
steps and arrangement of parts, which have been herein describad in arder to explain
the nature of the invantion, may be made by those skilled in the art within the principle
and scope of the invention as expressed in the appended claims. Thus, the present
invention is not intended to be limiled (o the specific embodiments in the examples

given above.
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Claims:

1. A method of depositing a Ruthenium-containing layer orio a substrate having
an oxidizabie surface layer and an oxide surface layer, the method comprising: a
step of depositing the ruthenium-containing laver onto the oxidizable surface layer by
using a ruthenium tatraoxide through a vapour daposition process, while not
depositing the ruthenium-containing layer orto the oxide surface layer

wherein the oxidizable surface layer comprises carbon atoms.

2. The method of forming a ruthenium-containing layer according to Claim 1,
wherein an average atomic compaosition of the ruthenium-containing layer is RuOx
(it which tha value of x is from O 1o 2}

3. The method of forming a ruthenium-containing layer according to Claim 1 or
2, wherein the siep of depositing the ruthenium-containing layer is repeated in cycles
and a thickness of the ruthenium-containing layer formed in each cycle of the
deposition step is 0.05 nm or more but no more than 0.30 nm.

4, The method of forming a ruthenium-containing layer according o any one of
Claims 1 o 3, wherein the final thickness of the ruthenium-containing layer formed in
the deposition step(s) is from 1 nm to 30 nm.

5, The method of forming a ruthenium-containing laver according to any one of
Claims 1 to 4, wherein, the deposition step{s) comprise a 1st exposure of exposing
the ruthenium feiraoxide o the oxidizable layer, and afier the 1st exposure, a 2nd
axposure of exposing at least one co-reactant to the oxidizable layer after the 1st
exposure, wherein the at ieast ong co-reactant is selected from a group consisting of
hydrogan gas, ammaonia gas, and hydrazine.

8. The method of forming a ruthenium-cortaining layer according to Claim &,
wheregin the oxide surface layer is an Si02 layer, SION laver, AlOs laver, ZrO: layer,

TiO2 layer or HiO2 layer.
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7. The method according to any one of Claims 1 to 8, wherein the oxidizable
surface layer is an amorphous carbon layer, a boron-doped amorphous carbon layer,
a tungsten-doped amorphous carbon layer, a photoresist layer or a porogen-
containing porous low-k precursor layer.

8. The method of forming a ruthenium-containing layer according to Claim 7,
wherein the oxidizable laver is an amorphous carbon layer.

Q. The method of forming a ruthenium-containing laver according {o any one of
Claims 1 to 8, wherein the oxidizable layer is patterned.

10, A substrate having a surface with an oxide surface layer, and a ruthenium-
containing surface layer directly on anoxidizable layer, wherein the oxidizable
surface layer contains carbon atoms.

11.  The substrate according to Claim 10, wherein an average atomic composition
of the ruthenium-containing layer is RuOx (in which the value of x isfrom 0 to 2).

12 The substrate according to Claim 10 or 11, wherein the oxidizable surface
layer is an amorphous carbon layer, a photoresist layer, a boron-doped amorphous
carbon layer, a tungsten-doped amorphous carbon layer or a porogen-containing
porous low-K precursor layer.

13, The substrate according to Claim 12, wherein the oxidizable layer is an
amorphous carbon layer.

14.  The substrate according to any one of Claims 10 to 13, whersain the thicknass
of tha ruthenium-containing layer is from 1 nm to 30 nm.
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