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a FIELD OF INVENTION
[0001] The invention relates to an antireflective composition used
in lithography, and a process of making a |ithographic structure
from the antireflective composition. ]
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b  TBACKGROUND OF THE INVENTION
[0002] In the process of making semiconductor devices photoresists
and antireflective materials are applied to a substrate.
Photoresists are photosensitive films used to transfer an image to a
substrate. A photoresist is formed on a substrate and then exposed
to a radiation source through a photomask (reticle). Exposure to the
radiation provides a photochemical transformation of the
photoresist, thus transferring the pattern of the photomask to the
photoresist. The photoresist is then developed to provide a relief
image that permits selective processing of the substrate.
[0003] Photoresists are typically used in lithographic structures to
create features such as vias, trenches or combination of the two, in
a dielectric material. In such a process, the reflection of
radiation during exposure of the photoresist can limit the
resolution of the image patterned in the photoresist due to
reflections from the material beneath the photoresist. Reflection of
radiation from the substrate/photoresist interface can also produce
variations in the radiation intensity during exposure, resulting in
non-uniform |inewidths. Also, unwanted scattering of radiation
expose regions of the photoresist not intended, which again results
in linewidth variation. The amount of scattering and reflection will
vary from one region of the substrate to another resulting in
further linewidth variation.
[0004] With recent trends towards high-density semiconductor
devices, there is a movement in the industry to use low wavelength



radiation sources into the deep ultraviolet light (300 nm or less)
for imaging a photoresist, e.g., KrF excimer laser light (248 nm),
ArF excimer laser light (193 nm), excimer laser light (157 nm),
electron beams and soft x-rays. However, the use of low wavelength
radiation often results in increased reflections from the upper
resist surface as well as the surface of the underlying substrate.
[0005] Substrate reflections at ultraviolet and deep ultraviolet
wavelengths are notorious for producing standing wave effects and
resist notching which severely limit critical dimension (CD)
control. Notching results from substrate topography and non-uniform
substrate reflectivity which causes local variations in exposure
energy on the resist. Standing waves are thin film interference or
periodic variations of light intensity through the resist thickness
These light variations are introduced because planarization of the
resist presents a different thickness through the underlying
topography. Thin film interference plays a dominant role in CD
control of single material photoresist processes, causing large
changes in the effective exposure dose due to a tiny change in the
optical phase. Thin film interference effects are described in
“Optimization of optical properties of resist processes” (T.
Brunner, SPIE 10 Proceedings Vol. 1466, 1991, 297).

[0006] Bottom anti-reflective coatings (BARCs) have been used with
photoresists to reduce thin film interference with some success
However, these relatively thin absorbing BARCs have fundamental
[imitations. At times, the photoresist does not provide sufficient
resistance to subsequent etching steps to enable effective transfer
of the desired pattern to a material, e.g., a dielectric, beneath
the photoresist. The photoresist is consumed after transferring the
pattern into the underlying BARC and substrates. In addition, the
trend to smaller sub 90 nm node feature sizes requires the use of
relatively thin photoresists (>200 nm) to avoid image collapse. If a
substantial etching depth is required, or if it is desired to use
certain etchants for a given underlying material, the photoresist
thickness is now insufficient to complete the etch process
Consequently, the photoresist does not effectively transfer the
desired pattern into the underlying substrate or antireflective
material.

[0007] The present trend to 248 nm, 193 nm and 157 nm |ithography
and the demand for sub 200 nm features requires that new processing
schemes be developed. To accomplish this, tools with higher
numerical aperture (NA) are emerging. The higher NA allows for
improved resolution but reduces the depth of focus of aerial images
projected onto the photoresist. Because of the reduced depth of
focus, a thinner photoresist is required. However, as the thickness
of the photoresist is decreased, the photoresist becomes less
effective as a mask for subsequent dry etch image transfer to the
under lying substrate. Without significant improvement in the etch
resistance exhibited by current single material photoresists, these
systems cannot provide the necessary etch characteristics for high
resolution |ithography. ]
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c  [SUMMARY OF THE INVENTION
[0008] The invention is directed to a composition comprising a
polymer of formula I,

I
R L

—{-Sioz-]l—[-s!ox-]m—{-hlio,-}n—
[0009] wherein 1=x=2; 1=y=5; 1=20; m>0; n>0; R is a chromophore,
M is a metal selected from Group IIIB to Group VIB, lanthanides
Group IIIA, Group IVA except silicon; and L is an optional |igand.
[0010] The composition is typically used to form an antireflective
material used in lithography. In particular, the antireflective
material is used to pattern an underlying substrate, particularly,



in high resolution |ithography using low wavelength radiation
sources into the deep ultraviolet to soft x-rays. |
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d [[0016] The -MOy—- polymeric unit can be any one of many

different metal-oxide forms. An exemplary list of such metal-oxide
forms for a particular metal is as follows:
[0017] 1. -MO3-; wherein M is Sc, Y, lanthanide, and Group IIIA; B,

Al, Ga or In.
[0018] 2. -M04-; wherein M is Group IVB; Ti, Zr or Hf, and Group

IVA; Sn or Ge.
[0019] 3. -MO5-; wherein M is Group VB; V, Nb or Ta; or P. The

Group VB metals are also known to form stable metal oxo forms, LMO3,
wherein L is an oxo.

[0020] 4. -LMO-; many of the listed metals form stable
acetoacetato-metal complexes

[0021] 5. -LMO-; many of the listed metals form stable
cyclopentadienyl-metal complexes

[0022] 6. -LMO-; wherein L is an alkoxy ligand; M is Sc, Y, or
lanthanide, Group IVB, and Group VB

[0023] 7. -LMO-; wherein L is an alkyl or phenyl ligand; M is Group
[TIA or Group IVA. ]
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e [[0040] The antireflective compositions will likely contain
an acid generator, which is used to catalyze the crosslinking of the
polymer. The acid generator can be a compound that |iberates acid
upon thermal treatment. A listing of known thermal acid generators
include 2,4, 4, 6-tetrabromocyclohexadienone, benzoin tosylate,
2-nitrobenzyl| tosylate and other alkyl esters of organic sulfonic



acids. Compounds that generate a sulfonic acid upon activation are
generally suitable. Other suitable thermally activated, acid
generators are described in U.S. Pat. Nos. 5,886,102 and 5, 939, 236;
the disclosures of these two patents as related to the thermally
activated, acid generating compounds are incorporated herein by
reference.

[0041] If desired, a radiation-sensitive acid generator can be used
as an alternative to a thermally activated acid generator or in
combination with a thermally activated acid generator. Examples of
suitable radiation-sensitive acid generators are described in U.S.
Pat. Nos. 5,886,102 and 5, 939, 236, the disclosures of these two
patents as related to radiation sensitive, acid generating compounds
are incorporated herein by reference. Other radiation-sensitive acid
generators known in the resist art can be used as long as they are
compatible with the other components of the antireflective
composition.

[0042] A acid generator of the formula below provides an
antireflective material with optimal characteristics

tub-t : : ~t-but
A

Q=0

o;

(CF;),CF;

[0043] wherein A is Sor I, and x is 0 to 7.
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£F T EXAMPLE 1
[0071]
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EXAMPLE 1A
[0072] Silane A (0.381 g, 0.45 mol %), Silane B (0.069 g, 0.1 mol %)
and Ti (On-Bu)4 (0.549 g, 0.45 mol %) was added to a reaction vial

with Dowanol PM (Aldrich, 4 g). The solution mixture is stirred at
room temperature for about 5 min, followed by the dropwise addition
of IN HCI (1 g). The resulting clear solution is stirred at room
temperature for 1 hr, then filtered through a 0.2 micron membrane.
The filtered solution is applied to a silicon wafer that is spun at
3000 rpm for 60 sec. The deposited composition is heated at 215°C.
for 2 min.

[0073] The optical constants of the resulting silicon-metal oxide,
antireflective material were measured using an n & k analyzer. Index
of refraction (n)=1.735 and extinction coefficient (k)=0.301 at 193
nm. The material had a thickness of 233 nm.

EXAMPLE 2
[0078] Lithography (193 nm):
[0079] The silicon-metal oxide, antireflective material described in
Example 1A was used for |ithography. A material of acrylic-based
photoresist, a product of JSR microelectronics, was spin-coated over
the silicon-metal oxide, antireflective material to a thickness of
about 250 nm. The radiation-sensitive imaging material was baked at
130# C. for 60 seconds. The radiation—-sensitive imaging material was
then imaged using a 0.75 NA 193 nm ASML Stepper with conventional
and annular illumination using APSM reticle. After patternwise
exposure, the radiation-sensitive imaging material was baked at
130°C. for 60 seconds. The image was then developed using a
commercial developer (0.26M TMAH). The resulting pattern showed 120
nm contact holes and 113.75 nm lines and 104 nm space patterns
[0080] Pattern Transfer by Reactive lon Etching:
[0081] The contact hole and |ines and space pattern formed on the
silicon-metal oxide, antireflective material were transferred into
silicon oxide by a 20 second fluorocarbon-based etch using a LAM RIE
tool. The observed etch selectivity of antireflective hardmask
composition to the resist was approximately 2:1. The etch rate of
blanket films from example 1A in CHF3/CH4 plasma is 613 A/min




(silicon oxide etch rate 2000 A/min), in chlorine 813 A/min and
N2/H2 62 A /min.
[0082] Stripping the Silicon-Metal Oxide, Antireflective Materials
by a Wet Strip):
[0083] The silicon—-metal oxide, antireflective materials described
in Examples 1A and 1B were stripped in HF/ethylene glycol (2 ml 49%
HF in 250 mL ethylene glycol) at 60°C. and AZ400T, which is
commercially available from Clariant, at 80°C. in 5 min dip. |
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