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HIGH ASPECT RATIO PATTERNING OF
HARD MASK MATERIALS BY ORGANIC
SOFT MASKS

BACKGROUND

The present application relates to semiconductor process-
ing; more particularly to a method of etching hard mask
materials with fidelity to high aspect ratio patterns having
small pitch features on the order of 40 nm or less.

For several decades now, the semiconductor industry has
sought continued miniaturization. As critical dimensions and
related pitches have shrunk, greater exactitude in etching has
been required. In small scale etching, a pattern defect known
as wiggling can arise. This type of pattern deformation is due
to the uncontrolled release of hydrogen and/or oxygen from
the organic soft masks used to transfer the pattern onto
materials such as dielectrics. The result is line edge rough-
ness (LER) and/or line width roughness (LWR) defects in
the final patterned product.

There is thus a need to provide a process that will transfer
small pitch pattern features from an organic soft mask to a
hard mask material without pattern wiggling and resultant
LER and/or LWR.

SUMMARY

The present application provides a method of etching a
pattern into a dielectric layer. The method includes provid-
ing an organic planarization layer that has a pattern. The
organic planarization layer is provided atop a dielectric layer
to which the pattern is to be transferred. The method
includes performing a fluorocarbon deposition step followed
by a plasma step, which steps can be repeatedly performed
in a cycle until the pattern is etched into the dielectric layer.
The energy required for the plasma step is maintained below
the etch threshold of the dielectric layer.

In one embodiment, the method includes providing a
pattern, underneath which pattern is a substrate. The sub-
strate can include an organic planarization layer (OPL) atop
a dielectric layer, e.g. silicon dioxide (SiO,), which can be
atop a semiconductor substrate. An inert gas, e.g. argon, is
contacted with the pattern. This contact can be intermittent
or continuous. The pattern is then contacted with a fluorine-
containing gas, e.g. C,Fy, under conditions effective to form
a fluorocarbon film on that portion of the substrate that is to
be etched in accordance with the pattern. In one embodi-
ment, the fluorocarbon film is adsorbed at least in part into
the substrate. The fluorine-containing gas is then purged, e.g.
by evacuation, after which the inert gas is biased to form an
inert gas plasma, e.g. argon ions (Ar+), under conditions
effective to etch that portion of the substrate, either the OPL
or the dielectric layer depending on the point of the etch
cycle, having the fluorocarbon film; the biasing is below the
threshold of the dielectric layer. The steps of the method can
be repeated until the pattern, which can have a pitch feature
of less than 40 nm, is sufficiently etched into the dielectric
layer.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a graphical depiction of an exemplary
deposition and plasma sequence for an embodiment of the
etching method.

DETAILED DESCRIPTION

The present application will now be described in greater
detail by referring to the following discussion and drawing
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that accompanies the present application. It is noted that the
drawing of the present application is provided for illustrative
purposes only. It is also noted that like and corresponding
elements are referred to by like reference numerals.

In the following description, numerous specific details are
set forth, such as particular structures, components, materi-
als, dimensions, processing steps and techniques, in order to
provide an understanding of the various embodiments of the
present application. However, it will be appreciated by one
of ordinary skill in the art that the various embodiments of
the present application may be practiced without these
specific details. In other instances, well-known structures or
processing steps have not been described in detail in order
to avoid obscuring the present application.

It will be understood that when an element as a layer,
region or substrate is referred to as being “on” or “over”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” or “directly
over” another element, there are no intervening elements
present. It will also be understood that when an element is
referred to as being “beneath” or “under” another element,
it can be directly beneath or under the other element, or
intervening elements may be present. In contrast, when an
element is referred to as being “directly beneath” or
“directly under” another element, there are no intervening
elements present.

In one embodiment, an organic planarization layer (OPL)
having a pattern is provided atop a dielectric layer. The OPL
can be a self-planarizing organic material that includes
carbon, hydrogen, oxygen, and optionally nitrogen, fluorine,
and silicon. In one embodiment, the self-planarizing organic
material can be a polymer with sufficiently low viscosity so
that the top surface of the applied polymer forms a planar
horizontal surface. In one embodiment, the OPL can include
a transparent organic polymer. The OPL can be a standard
C,H, polymer. Non-limiting examples of OPL materials
include, but are not limited to, CHM701B, commercially
available from Cheil Chemical Co., Ltd., HM8006 and
HMS8014, commercially available from JSR Corporation,
and ODL-102 or ODL-401, commercially available from
ShinEtsu Chemical, Co., Ltd. The OPL can be applied, for
example, by spin-coating. In one embodiment, the thickness
of the OPL can be from about 30 nm to about 200 nm,
although lesser and greater thicknesses can also be
employed.

In one embodiment, the pattern on the OPL can be defined
by lithography. Lithography includes forming a photoresist
material atop a material to be patterned; in the present
application, the photoresist material is formed atop the OPL.
The photoresist material may include a positive-tone pho-
toresist composition, a negative-tone photoresist composi-
tion or a hybrid-tone photoresist composition. The photore-
sist material may be formed by a deposition process such as,
for example, spin-on coating. After forming the photoresist
material, the deposited photoresist material is subjected to a
pattern of irradiation. Next, the exposed photoresist material
is developed utilizing a conventional resist developer. This
provides a patterned photoresist atop a portion of the OPL.
The pattern provided by the patterned photoresist material
can then be thereafter transferred into the OPL by utilizing
at least one pattern transfer etching process, such as a dry
etching process such as, for example, reactive ion etching
can be used. In another embodiment, a chemical etchant can
be used. In still a further embodiment, a combination of dry
etching and wet etching can be used transfer the pattern into
the OPL. In one embodiment, the patterns are for pitch
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features up to 40 nm. In another embodiment, the pitch
features are between about 20 nm to about 40 nm. In one
embodiment, the pitch features are about 40 nm and have a
height of about 80 nm and a width of about 15 nm.

In one embodiment, the dielectric layer includes a trans-
parent dielectric material such as silicon dioxide, silicon
nitride, or silicon oxynitride. In one embodiment, the dielec-
tric layer can be formed by chemical vapor deposition
(CVD) processes. The thickness of the dielectric layer can
be from about 10 nm to about 50 nm, although lesser and
greater thicknesses can also be employed.

In one embodiment, the dielectric layer is atop a semi-
conductor substrate. In some embodiments of the present
application, the semiconductor substrate can be a bulk
semiconductor substrate. The term “bulk semiconductor
substrate” denotes a substrate that is entirely composed of at
least one semiconductor material. When a bulk semiconduc-
tor substrate is employed as semiconductor substrate, the
bulk semiconductor substrate can be comprised of any
semiconductor material including, but not limited to, Si, Ge,
SiGe, SiC, SiGeC, and III/V compound semiconductors
such as, for example, InAs, GaAs, and InP. Multilayers of
these semiconductor materials can also be used as the
semiconductor material of the bulk semiconductor substrate.
In one embodiment, the bulk semiconductor substrate that
can provide the semiconductor substrate can be comprised
of a single crystalline semiconductor material, such as, for
example, single crystalline silicon. In other embodiments,
the bulk semiconductor substrate that can provide the semi-
conductor substrate may comprise a polycrystalline or amor-
phous semiconductor material.

In another embodiment, the semiconductor substrate may
comprise a semiconductor-on-insulator (SOI) substrate. One
skilled in the art understands that an SOI substrate includes
a handle substrate, an insulator layer located on an upper
surface of the handle substrate, and a topmost semiconduc-
tor layer located on an upper surface of the insulator layer.
The handle substrate provides mechanical support for the
insulator layer and the topmost semiconductor layer.

The handle substrate and the topmost semiconductor layer
of the SOI substrate may comprise the same, or different,
semiconductor material. The semiconductor material of the
handle substrate and the topmost semiconductor layer can
include one of the semiconductor materials mentioned above
for the bulk semiconductor substrate. Multilayers of semi-
conductor materials can also be used as the semiconductor
material of the handle substrate and the topmost semicon-
ductor layer. In one embodiment, the handle substrate and
the topmost semiconductor layer are both comprised of
silicon. In some embodiments, the handle substrate is a
non-semiconductor material including, for example, a
dielectric material and/or a conductive material. In yet other
embodiments, the handle substrate can be omitted and a
substrate including the insulator layer and the topmost
semiconductor layer can be used in the present application.

In some embodiments, the handle substrate and the top-
most semiconductor layer of the SOI substrate may have the
same or different crystal orientation. For example, the crys-
tal orientation of the handle substrate and/or the semicon-
ductor layer may be {100}, {110}, or {111}. Other crystal-
lographic orientations besides those specifically mentioned
can also be used in the present application. The handle
substrate and/or the top semiconductor layer of the SOI
substrate may be a single crystalline semiconductor mate-
rial, a polycrystalline material, or an amorphous material.
Typically, at least the topmost semiconductor layer is a
single crystalline semiconductor material. In some embodi-
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ments, the topmost semiconductor layer that is located atop
the insulator layer can be processed to include semiconduc-
tor regions having different crystal orientations.

The insulator layer of the SOI substrate may be a crys-
talline or non-crystalline oxide or nitride. In one embodi-
ment, the insulator layer is an oxide such as, for example,
silicon dioxide. The insulator layer may be continuous or it
may be discontinuous. When a discontinuous insulator
region is present, the insulator region can exists as an
isolated island that is surrounded by semiconductor material.

The SOI substrate may be formed utilizing standard
processes including for example, SIMOX (separation by ion
implantation of oxygen) or layer transfer. When a layer
transfer process is employed, an optional thinning step may
follow the bonding of two semiconductor wafers together.
The optional thinning step reduces the thickness of the
topmost semiconductor layer to a layer having a thickness
that is more desirable.

In one embodiment, a cyclic fluorocarbon deposition step
and plasma step is performed to etch the pattern into the
dielectric layer. By “cyclic” is meant that the sequence of
deposition and plasma steps can be repeated until the
dielectric is sufficiently etched. In one embodiment, the
fluorocarbon deposition step comprises contacting the pat-
tern with a fluorine-containing gas under conditions effec-
tive to form a fluorocarbon film on (i) the portions of the
OPL to be etched according to the pattern, and/or (ii) the
portions of the dielectric layer to be etched according to the
pattern after the organic planarization layer has been etched.
The formation of the fluorocarbon film includes, without
limitation, the adsorption of at least a portion of the per-
taining fluorocarbon into the OPL and/or the dielectric layer.
In one embodiment, the fluorine-containing gas can include
C,Fg, CF, and combinations thereof. Insofar as the etch
occurs in a closed chamber, the fluorine-containing gas may
be pulsed into the chamber to provide the fluorocarbon film;
in one embodiment, the fluorine-containing gas may be
pulsed into the chamber at a rate of 10% of the total plasma
on time or less; the contact time for the fluorine-containing
gas and the pattern, including the OPL and/or the dielectric
layer depending upon the point of the etch process, is up to
about 5 seconds, including, without limitation, times of
about 0.5 seconds to about 5 seconds. The pulsing may be
intermittent with the plasma step as part of the cycle. In one
embodiment, the temperature of the OPL and dielectric layer
is between about 0° C. to about 250° C.

In one embodiment, the plasma step of the cycle includes
contacting the fluorocarbon film with an inert gas plasma
under conditions to etch the fluorocarbon film, including
adsorbed fluorocarbon, formed on (i) the portions of the
OPL to be etched according to the pattern, and/or (ii) the
portions of the dielectric layer to be etched according to the
pattern after the organic planarization layer has been etched.
In one embodiment, the inert gas plasma includes, without
limitation, argon gas plasma (Ar+ ions), and fluorocarbon
gas plasmas. In one embodiment, the inert gas can be
continuously supplied to the etch chamber. When continu-
ously supplied, the plasma step may be conducted by biasing
the inert gas, e.g. argon, to form the plasma. In another
embodiment, the inert gas can be pulsed into the chamber
intermittent with the fluorocarbon deposition step. In any
embodiment, the energy of the plasma step, e.g. as measured
by the biasing energy, is below the etch threshold of the
dielectric layer. The “etch threshold” herein is the energy
level above which physical sputtering of the dielectric layer
occurs. In one embodiment, the energy of the plasma step is
no greater than 20 eV; in another embodiment, the energy of
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the plasma step is between about 20 eV and about 100 eV.
In one embodiment, the plasma step is performed for up to
about 60 seconds; in another embodiment, the plasma step
is performed for between about 1 seconds and about 60
seconds.

The fluorocarbon deposition step and the plasma step are
discrete steps, separated by sufficient time to allow conclu-
sion of each step to occur. In one embodiment, the fluoro-
carbon deposition step is followed by a purge step to remove
any remaining fluorine-containing gas from the chamber
before occurrence of the plasma step. In one embodiment,
the purge step includes an evacuation of the chamber, by e.g.
vacuum or purge gas or both, after which the plasma step is
conducted. In one embodiment, the purge step is an evacu-
ation performed for up to 60 seconds.

Referring to the FIGURE, depicted thereat is an exem-
plary embodiment of a cyclic fluorocarbon deposition step
and inert gas plasma step for etching. The embodiment
shows a continuous flow of argon gas. The fluorine-con-
taining gas is C,Fg. As shown in the FIGURE, the cycle
includes a fluorocarbon deposition step which in the
embodiment shown includes steps (a) and (b). In step (a),
C,F, is pulsed into the chamber to contact the pattern and the
OPL and/or dielectric, for a time of about 1 second. At the
conclusion of the C,F; pulse (a), the chamber is evacuated,
denoted as step (b), for about 15 seconds to remove any
remaining C,Fg. While evacuation (b) takes places, fluoro-
carbon film formation and adsorption can still occur thus
making it part of deposition step. During the deposition step,
the argon gas is not biased; that is, no removal of the OPL
or dielectric occurs. After evacuation (b), the inert plasma
gas step is formed, step (c), by biasing the argon in order to
etch, according to the pattern, those portions of the OPL
and/or dielectric layer on which the fluorocarbon adsorption
(film formation) has occurred. Step (c) is performed for
about 60 seconds. The argon gas is biased to no greater than
100 eV which is below the threshold etch voltage for the
dielectric layer, e.g. SiO,. At the conclusion of step (c), the
bias energy is stopped, and the next fluorocarbon deposition
step in the cycle, step (a') begins, which can be under the
same or different from the conditions as step (a), e.g. C,Hg
flow rate, pulse time.

While the present application has been particularly shown
and described with respect to preferred embodiments
thereof, it will be understood by those skilled in the art that
the foregoing and other changes in forms and details may be
made without departing from the spirit and scope of the
present application. It is therefore intended that the present
application not be limited to the exact forms and details
described and illustrated, but fall within the scope of the
appended claims.

What is claimed is:

1. A method of etching a pattern into a dielectric layer
comprising:

providing an organic planarization layer atop a dielectric

layer;
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forming a photoresist material layer atop said organic

planarization layer;

patterning a portion of said photoresist to form a prede-

termined pattern in said portion of said photoresist
material layer;

transferring said predetermined pattern from said photo-

resist material layer into said organic planarization
layer;
performing a cyclic fluorocarbon deposition step and
plasma step to etch the pattern in said organic pla-
narization layer into the dielectric layer; and

maintaining the energy for the plasma step no greater than
20 eV which is below the etch threshold voltage of the
dielectric layer.

2. The method of claim 1 wherein the dielectric layer is
atop a semiconductor substrate.

3. The method of claim 1 further comprising performing
a purge step after the fluorocarbon deposition step and
before the plasma step.

4. The method of claim 1 wherein the organic planariza-
tion layer comprises an organic polymer containing carbon,
hydrogen, oxygen, and optionally containing nitrogen, fluo-
rine, and silicon.

5. The method of claim 1 wherein the fluorocarbon
deposition step comprises contacting the pattern with a
fluorine-containing gas under conditions effective to form a
fluorocarbon film on (i) the portions of the organic planariza-
tion layer to be etched according to the pattern, and (ii) the
portions of the dielectric layer to be etched according to the
pattern after the organic planarization layer has been etched.

6. The method of claim 5 wherein the fluorine-containing
gas comprises C,Fg, CF,, or combinations thereof.

7. The method of claim 5 wherein the plasma step
comprises contacting the fluorocarbon film with an inert gas
plasma under conditions to etch the fluorocarbon film
formed on (i) and (ii).

8. The method of claim 7 wherein the inert gas plasma
comprises an argon gas plasma.

9. The method of claim 1 wherein the fluorocarbon
deposition step is performed for up to 5 seconds.

10. The method of claim 1 wherein the plasma step is
performed for up to 120 seconds.

11. The method of claim 1 wherein the dielectric layer
comprises silicon dioxide.

12. The method of claim 2 wherein the semiconductor
substrate comprises silicon.

13. The method of claim 3 wherein the purge step
comprises an evacuation step.

14. The method of claim 13 wherein the purge step is
performed for up to 60 seconds.

15. The method of claim 1 wherein the pattern comprises
pitch features of less than 40 nm.

16. The method of claim 1, wherein the plasma step is
performed for about 60 seconds.
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