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Description                    Bottom Antireflective Coatings Through
Refractive Index Modification                                          By
Anomalous Dispersion    5        BACKGROUND OF THE INVENTION
Bottom antireflective coatings (B.A.R.C.'s) are used in microlithography to
reduce the effects of the periodic variation of photoresist sensitivity
with film thickness            (the so-called swing curve) and to remove or
reduce the effect of reflections off non-            planar substrates. A
well-known phenomenon is the dimensional variation of lines going 10
over steps: reflection of light by the non-vertical sidewalls of the step
causes increased            incoupling of energy into the resist volume
adjacent to the step, leading to a reduction in            linewidth
("reflective notching"). Similar effects may be observed on reflective
materials            with a particularly coarse-grained structure.
It has been shown in the literature (T. Brunner, Proc. SPIE 1466, 297
(1991)) 15      that the amplitude of the swing curve, defined as the
so-called "swing ratio" S, may be            approximated by
S = 4 (R[err]R[err])[err] exp(- ad)                (1)           where
R[err] is the reflectance at the top of the resist layer, e.g. to air or to
a top           antireflective layer, Rb is the one at the bottom, e.g., to
the substrate or to a bottom 20        antireflective layer, and d is the
resist film thickness.                   In the following, we will be
writing the resist refractive index as a complex           number
Nr=nr-ikr, where n, is the real part of Nr, and is equivalent to what is
commonly           called "the refractive index". kr, the imaginary part of
Nr, is often referred to as the           extinction coefficient. It is
related to the absorption coefficient as a function of 25
wavelength, [err],([err]), by k,= [err],[err]/[err](4[err).
The substrate/bottom coat/resist/air film stack can in good approximation
be           treated as a three layer system in which a thin bottom
antireflective coat is sandwiched           between semi-infinite resist
and substrate layers. In this case, the amplitude of reflection
off the BARC is given by 30                                      SUBSTITUTE
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pb-(prb + pbs [err][err])/(1 + prb pbs [err][err]            (2)
where prb=(NrNb)/(Nr+Nb), pbs=(Nb-Nb)/(Nb+N[err]) are reflection
coefficents           [err][err]=exp(-i 4[err]/[err]  Nb t) is the phase
factor, t is the bottom antireflector film thickness, and           the
subscripts r,b, and s denote resist, bottom coat, and substrate,
respectively. For  5        absorbing films, pb is a complex number. The
reflectance off the bottom coat is given by           R = pb pb, where the
star denotes taking the complex conjugate.                   It follows
from the above that, very much like a photoresist, bottom antireflective
coatings are subject to interference effects which cause a periodic
variation in the           intensity of the reflected light with increasing
thickness of the layer. Since a bottom 10        ARC is much more absorbing
than a photoresist, the bottom ARC "swing curve" is,           however,
severely damped. All reflection transmission factors and the phase
coefficient           are complex numbers. The calculation therefore
quickly becomes rather messy and           yields quite cumbersome
expressions; we have chosen to carry it out with the symbolic
algebra package ofthe Mathematica program (copyright Wolfram Technologies,
Inc.), or 15        with a Microsoft ExcelTm spreadsheet written using the
complex number handling           provided by the ExcelTm analysis
toolpack. When interpreting the reflectance values of           Fig. 1, it
should be kept in mind that the swing ratios are proportional to the square
root           of the reflectance, not to the reflectance itself.
Analysis results indicate that for low values of the bottom coat extinction
20        coefficient kb, the reflectance does not reach near-zero values
in the first interference           minima; however, it reaches very low
values for very thick bottom coats. In contrast, for           high kb, the
first mininum already comes close to zero reflectance, but the reflectance
for           thicker films is so high that subsequent minima have higher
reflectance, and the           asymptotic reflectance for very thick films
is much higher. Basically, this means that very 25        absorbing thick
bottom coats start to act as mirror elements of their own; essentially in
the same way that metals are good mirrors precisely because they are so
highly           absorbing.                  By considering the continuity
conditions for the electric and magnetic field           amplitudes in
Maxwell's equations at the boundaries of semi-infinite resist and bottom 30
coat layers, it is possible to derive an equation for the reflectance at
infinite film           thickness:           WO 97/33201
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[err]                   (3)             where the subscript r denotes the
refractive index components of the resist, and b those            of the
bottom coat As can be easily ascertained by inserting typical values of
resist and            bottom coat real and imaginary refractive indices,
for practically encountered values of  5        the optical constants the
major contribution to the reflectance at infinite film thickness
comes from the mismatch in the imaginary   parts, not the real parts. Since
a bottom coat            needs to be absorbing this mismatch in the
imaginary parts is unavoidable and inherent in            the concept of a
bottom coat. In a nutshell, the above treatment therefore indicates that
for every intended film thickness, there is an optimum extinction. Thin
antireflective 10      layers will have to be very absorbing, while thick
layers should be designed with lower            absorptivities.
For the real part of the refractive index, eq. (3) thus indicates that, for
high values           of the BARC film thickness, the reflectivity is
minimal in the case of a perfect match of           resist and bottom coat
refractive indices (nr = nb). This is confirmed by a contour plot of 15
the reflectivity R at the resist/bottom coat interface vs. nb and the
bottom coat thickness 1           (Figure 1). A resist refractive index of
nr = 1.7 was used in the calculation; other optical           parameters
were: kr = 0.04, kb = 0.334, ns = 5.0, ks, =0.25, [err] = 365 nm (exposure
wavelength).  For the commonly used diazonaphthoquinone/novolak g- and
i-line           materials, frequently encountered values of nr are 1.64 to
1.69 at 435 nm, and 1.66 to 20       1.72 at 365 nm.                   It
is seen by inspection of Figure 1 that the minima are lined up along the
nr= 1.7           line for larger B.A.R.C. thicknesses. For smaller film
thicknesses, especially for the           region of the first interference
minimum, it would be advantageous to have lower resist           refractive
indices. It is, however, possible to choose a B.A.R.C. refractive index
which 25        works well at both thin and trick B.A.R.C. films. One such
possible line has been drawn           in Fig. 1 at nb=1.653.
It has been shown above that the optimum B.A.R.C. refractive index for
higher           film thickness is equal to the resist refractive index,
and that for lower thicknesses it is           possible to find workable
compromises which allow one to use a B.A.R.C. with a 30        refractive
index slightly lower than the resist refractive index for both low and high
film           WO 97/33201
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thicknesses. What has not been shown is how to achieve the index match
condition..            This will be shown in this invention.
Summary of the Invention  5                The present invention covers a
process for forming an image on a substrate,            comprising forming
an antireflective film on a substrate, where the antireflective film has
a real part of refractive index optically matched to a real part of
refractive index of a            photoresist film coated on top of the
antireflective film, followed by forming a            photoresist film on
top of the antireflective film, imagewise exposing the photoresist, 10
developing to form an image, and optionally baking prior to or after
developing.              Description of the Invention
Dispersion relations for the real part of the refractive  index, such as
Cauchy's            equation, fail for wavelengths in or close to a region
of strong absorbance. The reason 15       for this is the phenomenon of
anomalous dispersion, in which the real part of the            refractive
index is influenced by the imaginary part. A schematic of anomalous
dispersion is shown in Fig. 2. As can be seen, in the wavelength region
below the            absorbance maximum, the refractive index shows a
decrease, the size of which is            correlated to the strength of the
absorption. 20                The relation between the real and the
imaginary part of the refractive index            kb = [err] [err]/(4[err])
is given via the dielectic constant [err]= [err]-i [err]= [err]
=n[err]-k[err]-2ink bya            special Hilbert transform called a
Kramers-Kronig reladon:
[err]
(4)           where [err] = c/(2[err][err]), and where P denotes that the
principal part of the integral is to be 25        taken.           WO
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However, practical application of the relations (4) may be very cumbersome
since            in principle one has to know the absorption spectrum over
the entire electromagnetic            spectrum, although it is possible to
develop equations based on oscillator models which            allow one to
predict the behavior of n and k. In practice, it is, usually found for  5
reasonably symmetrical absorption bands that at the absorption maximum, the
anomalous            dispersion contribution is approximately zero, that
the local maximum occurs just before            the half height of the
absorption band on the long wavelength side, and the local
minimum just after the half height on the low wavelength side. These
positions have            been indicated as [err], [err] and [err] in Fig.
2. 10               By a judicious choice of the right dye, it is thus
possible to select the absorption           maximum and half width of the
absorption band in such a way that the real part of the
refractive index is strongly raised or depressed at a target wavelength,
e.g., the           lithographically important mercury i- or g-line bands
at 365 and 435 nm, or the KrF and           ArF excimer laser wavelengths
at 248 and 193 nm. It is thus possible to reduce the 15      reflectivity
of the bottom coat by selecting the refractive index at nr=nb or slightly
below,           if one desires a material which is both useful at low and
high B.A.R.C. thickness.                   In principle, nearly any value
of the real part of the refractive index can be           reached by using
anomalous dispersion: it may be raised above 40 or even lowered below
the value of 1 for extremely absorbing substances (e.g., for cadmium
sulfide around 250 20        cm[err] ). In practice, for organic dyes in
the region of interest (450-180 nm), it is difficult           to reach
absorption values above a = 20 [err]m[err], or k values above 0.6 to 0.7.
If the           additional constraint is added that the material must be
film forming  typically only about           a maximum of 60-70% of the
material's mass will consist of an active dye, whether
polymerically bound or in the form of an admixture of a dye to a film
forming material. 25        This means that for practical purposes, typical
a values will be limited to a maximum of            12 to 14 [err]m[err].
For example, a commercial antireflective bottom layer, AZ[err]BARLiTm
coating has an absorption of [err] = 11.5 [err]m[err] at 365 nm,
corresponding to a kb value of            0.334.  A  measurement of the
dispersion curve of AZ[err]BARLiTm   coating by            spectroscopic
ellipsometry showed that the total change of the real part of the
refractive 30      index n([err]) - n([err]) (cf. Fig. 3) was about 0.32,
resulting in a refractive index of 1.653 at          WO 97/33201
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i-line.  In comparison, the extrapolation of the Cauchy correlation to the
i-line           wavelength predicted a value of 1.9.                  It
should be pointed out that, in the process of selecting the dye, one should
take.           into account that in the environment of the solid bottom
antireflective coating the 5        absorption of the dye may be shifted
substantially by solvatochromic, pH dependent or           other shifts. It
is therefore important to carry out the adjustment based on data
generated in the actual film, not in a liquid phase UV spectrum.
The following specific example will provide a detailed illustration of
using the 10        present invention. This example is not intended,
however, to limit or restrict the scope           of the invention in any
way and should not be construed as providing conditions,
parameters or values which must be utilized exclusively in order to
practice the present           invention.
Example 15                               Determination of optimality
conditions for                          antireflective bottom coatings for
a wavelength of 365 nm.                   The optical lithography
simulation program PROLITH Version 4.05 (a product           of Finle
Corporation, Austin, Texas) was used to calculate the reflectivity off a
bottom           coat into a photoresist. For the photoresist, optical
constants of n=1.7161 and k=0.025 20        were assumed; these constants
are typical for i-line photoresist materials. The reflectivity           R
was calculated as a function of three variables, the bottom coat thickness
t in the range           of zero to 350 nm in steps of 5 nm, and of the
real and imaginary parts of the bottom           coat refractive index nb
and kb, between the values of 1.2 and 2.0 for n and 0 and 0.6 for
k, both in steps of 0.05. This calculation resulted in a table of approx.
71x13x17=15,691 25        data points R(t,nb,kb), which were imported into
a Microsoft ExcelTm spreadsheet. The           swing ratio S relative to
that of the resist on silicon was determined by taking the square
root of the reflectivity, divided by the square root of the reflectivity
for zero bottom coat           film thickness. These relative swing ratio
values were then organized into a pivot table, a           spreadsheet
feature which allows for organizing the data by grouping all values of R
for 30      the value of, e.g., nb = 1.65, yielding a two-dimensional table
of R(t,1.65,kb). This table           can be visualized as a family of
curves or as a contour plot. Choosing another value of          WO 97/33201
PCT/US97/03835                                                     -7-
nb in the table's drop-down menu causes the information relating to that
value to be           displayed. Alternatively, the data may be organized
by k-values, resulting in a family of           tables R(t,nb,0 to 0.6).
From these representations, it is possible to obtain, for any set of
bottom coat optical constants, the optimum film thicknesses at which the
swing ratio is  5        minimized. For the case of nb = 1.65 and kb =0.30,
one such curve is shown in Figure 4,           showing that optimum
operating points exist at 88, 193 and around 300 nm (first, second
and third minimum).                  From the information in the pivot
table, it is now possible to generate a           representation of the
swing ratio as a function of the bottom coat optical constants by 10
tabling the value of S in one of the minima as a function of n and k, while
choosing the           thickness t such as to reach the lowest S=Smin for
that minimum. One thus obtains tables           for, e.g., the minimum
swing ratio Smin in the first minimum, or that in the second
minimum, both as a function of nb and kb alone.                  From the
table for the first minimum, one can see that there is a band of preferred
15      optical constants for which the swing ratio can be brought to below
5%. Within this           band, there are two most preferred operating
points in which the swing ratio is below           1%, which are Nb= 1.25 -
0.30i (Smin = 0.48 %) and Nb = 1.8 - 0.55i (Smin = 0.56 %)
(Figure 5).                   The above treatment can be repeated for the
second minimum, which again 20        results in a band of preferred
optical constants, the position of which is, however,           different
from that obtained for the first minimum  (Figure 6). Again there are two
points           for which the swing ratio is below 1%, Nb = 1.50 - 0.25i
(Smin = 0.09 %) and Nb = 1.65 -           0.30i (Smin = 0.14 %).
As can bee seen, a value of nb = 1.65 allows one to use the antireflective
coating 25        effectively in the first and second minima, while
maintaining low reflectivity (cf eq. 2)           with higher bottom coat
thickness. Such higher thickness may be used to planarize high
topography on semiconductor devices, or they may occur in deep trenches on
such           devices even when using lower overall coated film thickness.
As disclosed above, such a           value of the real part of the
refractive index can be obtained by careful selection of the 30
position and width of the bottom coating's absorption bands.         PCT/US
97/03835    New claim 1:   A process for forming an image on a substrate,
comprising: a)   forming an antireflective film on a substrate, where the
antireflective film has       a real part of refractive index optically
matched to a real part of refractive       index of a photoresist film
coated on top of the antireflective film; and where       this match has
been obtained by choosing an absorbing compound in the       antireflective
film in such a way       i)   that the absorption maximum of the
antireflective film is on the lower              wavelength side of the
exposure wavelength, resulting in an anoma-              lous dispersion
contribution to the refractive index of the antireflective
film that raises the refractive index, or       ii)   that the absorption
maximum of the antireflective film is on the higher              wavelength
side of the exposure wavelength, resulting in an              aromalous
dispersion contribution to the refractive index of the
antireflective film that lowers the refractive index, b)   forming a
photoresist film on top of the antireflective film; c)   imagewise exposing
the photoresist; d)    developing to form an image; e)    optionally baking
prior to or after developing.
AMENDED SHEET                                         IPEA/EP      WO
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6.    The process of Claim 1, where the absorbing compound is chosen in
such a way      that absorption maximum of the antireflective film is on
the higher wavelength side of the      exposure wavelength, resulting in an
anomalous dispersion contribution to the refractive      index of the
antireflective film that lowers the refractive index.        7.    The
method of Claim 1, further comprising heating the antireflective film from
about 70[err]C to about 220[err]C, after coating and prior to forming the
photoresist film.        8.    The method of Claim 1, further comprising
heating the photoresist film from      about 70[err]C to about 170[err]C.
9.    The method of Claim 1, further comprising heating said coated
substrate from a      temperature of from about 90[err]C to about 150[err]C
for from about 30 seconds to about 180      seconds on a hot plate or from
about 15 minutes to about 40 minutes in an oven after the      exposure
step but before the developing step.        10.   The method of Claim 1,
further comprising heating said coated substrate at a      temperature of
from about 90[err]C to about 150[err]C for about 30 second to about 180
seconds on a hot plate or for from about 15 minutes to about 40 minutes in
an oven after      the developing step.        11.   The method of Claim
1, wherein said substrate comprises one or more      components selected
from the group consisting of silicon, aluminum, polymeric resins,
silicon dioxide, doped silicon dioxide, silicon nitride, tantalum, copper,
polysilicon,      ceramics, aluminum/copper mixtures, gallium arsenide and
Group III/V compounds.        12.   The method of Claim 1, wherein the
developing is in an aqueous alkaline      solution.     WO 97/33201
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The method of Claim 1, wherein the developing is in an aqueous solution of
tetramethylammonium hydroxide.    


