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Anti-reflective coatings are widely used in pho-
tolithography processes by the semiconductor
industry. Commercialization of these coatings by
Brewer Science, Inc., had its beginnings in 1981 in
Rolla, Missouri, USA. The first commercial coatings
were designed to absorb and control reflection at
435nm(g-line in the mercury spectrum) for imaging
of 1-micron lines.

Anti-reflective coatings, more specifically, bottom
anti-reflective coatings (BARCs), are used to
minimize substrate reflection that occurs during
imaging in the photolithography process. BARCs
mitigate reflection by using absorbance and thin
fim interference effects. As light passes through
the photoresist and into the BARC, the mismatch
in refractive indices causes some back reflection
into the photoresist at the resist-BARC interface.
However, the reflection is more severe at the
substrate-BARC interface. Substrates such as
silicon, TiN, copper, aluminum, SiO2, and others
commonly used in integrated circuit (IC) manufa-
cturing are highly reflective at the wavelength
used in lithography. The BARC layer is able to
reduce back reflection by absorbing most of the
light and using appropriate thickness (roughly one
-quarter of wavelength) to induce destructive
interference of light. This phenomenon is illustrated
in Scheme |.

Reduced reflection, in most cases to<{5%, allows

HZe Z1-A14F-

N0.44 October 2008

Anti-reflective coatings:
From ground breaking concept to mature industry

Douglas J. Guerrero
Brewer Science, Inc.

printing of high-fidelity patterns. In the early
days, BARCs were mostly used while patterning
on metal, but as critical dimensions (CDs) continued
to shrink, these coatings became widely used in
many levels during the manufacturing process.

Currently all patterning carried out in IC manufac-
turing uses some type of reflection control films.

Since the introduction of anti-reflective coatings,
many other properties have been added to or
evolved from these fims. The first two properties
of interest were reflection control and adhesion
because photoresists do not adhere very well to
some metal substrates. As the semiconductor
industry matured, new and more demanding geo-
metrical designs were introduced, and BARC layers
were also used as filing materials. Figure 1 shows
an example of a gap-filing material coated over
vias. After the vias are filed, a BARC is coated
for reflection control, which is then coated by a
photoresist. In some cases, the planarizing material
is also a BARC, thus it can be coated directly with
photoresist. Planarization reduces CD variations
due to resist thickness changes over topography.
Such coatings are also utilized in the dual dama-
scene process.

Using hardmask layers as part of a reflection
control scheme became important as photoresist
thickness decreased. Thinner resist layers did not
provide sufficient resist to act as a masking layer
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during the substrate etching process. Hardmask
anti-reflective layers typically contain silicon to
increase etch resistance. An example of a harask
anti-reflective coating scheme is illustrated in Scheme .

With the advent of high-numerical aperture(high-
NA) lithography, that is, NA > 1.2, anti-reflective
coatings are being designed to address the x-and
y-polarization that occurs at high angles of reflec-
tion. In this case, using two BARCs, each with
optimized refractive index and absorption values,
is being optimized for this process.

An older BARC technology that is being redesig-
ned for aggressive design rules is developer-soluble
BARC technology. In the early days, most BARCs
were developer soluble, meaning that they could
be removed during photoresist removal. This ability
simplified the process because an additional BARC
etch step was not required. As technology moved
from the 365-nm (i-line) to the 248-nm (KrF)
wavelength, there was a push for plasma etch-
removable BARCs, and developer-soluble BARCs
became less attractive. The major reason for this
change was that the plasma etching process was
able to maintain better CD control than developer
-soluble BARCs. However, newer technology has
been developed at Brewer Science which allows
for printing lines smaller than 100 nm using a
developer-soluble BARC that is photosensitive.
An example is shown in Figure 2. This type of
BARC is similar to a photoresist in that it can only
be developed in the exposed areas. This property
anisotropic development, is what allowed the new

generation of developable BARCs to overcome
the limitations of the earlier isotropically developing
materials.

The latest evolution of anti-reflective coatings
is their use as underlayers for EUV lithography.
In conventional lithography (> 157nm), the resist
layer and BARC coating have two distinct and
functional optical parameters (refractive index and
absorbance). However, under EUV energy, resist
and underlayer behave as a single layer. There
are not reflection effects, and both materials
absorb the same amount. Underlayers in EUV
lithography are being used for adhesion, to prevent
resist poisoning from the substrate, and to gene-
rate secondary electrons to enhance the resist
acid generation efficiency and therefore improve
line width roughness and sensitivity.

In summary, from their earliest conception, BARCs
have been very versatie materials and they have
been transforming to keep pace with the evolution
of each new IC generation. From its simplest form,
as an anti-reflective layer, to more advanced
functions, such as planarization layer, Brewer
Science continues to develop hardmask BARCs
and developer-soluble and photoactive underlayers
for the next generation of lithography.
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Micro for data/image generation, and for providing
best performance by ensuring photoresist and
developer soluble BARC compatibility.

Air (Semi-infinite media)

Scheme |. BARCs reduce Is by being inherently absorbing and by introducing a phase-shifted
Component of light (I8) that destructively interferes with Is.
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Figure 1.

Thin imaging layer

Si-BARC

Spin on carbon

Step 1

Scheme .

Step 2

Gap-filing material before (top) and after (bottom) coating of vias of various pitches

Step 3 Step 4 Step 5

llustration of imaging process using a thin resist and hardmask BARC.

Figure 2. Printing of 90-nm dense and isolated trenches and an isolated line using

a developer-soluble BARC.
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