
;pqe3e}{}x<4p(6^THP   BOTTOM ANTI-REFLECTIVE COATING USING RAPID THERMAL
ANNEAL WITH OXIDIZING GAS TECHNICAL FIELD 5 This invention relates
generally to semiconductor fabrication technology, and, more particularly,
to techniques for manufacturing semiconductor devices with reduced critical
dimensions. BACKGROUND ART There is a constant drive within the
semiconductor industry to increase the operating speed of integrated
circuit devices, e.g., microprocessors, memory devices, and the like. This
drive is fueled by consumer demands for 10 computers and electronic devices
that operate at increasingly greater speeds. This demand for increased
speed has resulted in a continual reduction in the size of semiconductor
devices, e.g:, transistors. That is, many components of a typical field
effect transistor (FET), e.g., channel length, junction depths, gate
dielectric thickness, and the like, are reduced. All other things being
equal, the smaller the channel length of the FET) the faster the transistor
will operate. Thus) there is a constant drive to reduce the size, or scale,
of the components of a typical transistor to 15 increase the overall speed
of the transistor, as well as integrated circuit devices incorporating such
transistors. Additionally, reducing the size) or scale, of the components
of a typical transistor also increases the density, and number, of the
transistors that can lx produced on a given amount of wafer real estate,
lowering the overall cost per transistor as well as the cost of integrated
circuit devices incorporating such transistors. However, reducing the size,
or scale, of the components of a typical transistor also requires being
able to 20 form and pattern components such as the gate conductor and gate
dielectric on such reduced scales, consistently, robustly and reproducibly,
preferably in a self aligned manner. The ability to form and pattern
components such as the gate conductor and gate dielectric on such reduced
scales) consistently) robustly and reproducibly, is limited by, among other
things, physical limits imposed by photolithography. Diffraction effects
impose limits on the critical dimensions of components such as gate
conductors and gate dielectrics that correspond roughly to the wavelengths
25 of the light used to perform the photolithography. Consequently, one
conventional approach to achieving reduced critical dimensions involves
retooling wafer fabs to use shorter wavelengths, as in deep ultraviolet
(DUV) photolithography and/or in high-energy electron beam lithography.
However, residual nitrides at the surface of an inorganic bottom
anti-reflective coating (BARC) typically used in deep ultraviolet (DUV)
photolithography may cause "footing" or neutralization of the Photo Acid 30
Generator (PAG) in deep ultraviolet (DUV) photoresists at the interface
between the inorganic bottom anti-reflective coaxing (BARC) and an
overlying deep ultraviolet (DUV) photoresist layer. Footing may lead to
deep ultraviolet (DUB photolithography reworks, increasing manufacturing
costs and decreasing throughput. One conventional approach to passivating
residual nitrides at the surface of inorganic bottom anti-reflective
coatings (BARCs) typically used in deep ultraviolet (DUV) photolithography
involves flowing 35 oxygen (02) during the last stages of the deposition of
the inorganic bottom anti-reflective coatings (BARCs). However) this
approach is often not effective at passivating the residual nitrides at the
surface of the inorganic bottom anti-reflective coatings (BARCs). Another
conventional approach to passivating residual nitrides at the surface of
inorganic bottom anti-reflective coatings (BARCs) typically used in deep
ultraviolet (DUV) Photolithography involves running the 40 wafers through
an oxygen plasma strip process after the deposition of the inorganic bottom
anti-reflective coatings        Amended Page (BARCs). However, this
approach is often not stable, and, therefore is also often not effective at
passivating the residual nitrides at the surface of the inorganic bottom
anti-reflective coatings (BARCs). 5 US-A-5,783,365 discloses forming a gate
insulation film on the surface of a silicon substrate, then a doped
polycrystal silicon film, then a metal silicide film, then a silicon oxide
film, and then a non-stoichiometric plasma silicon nitride film which
functions as a reflection preventive film. An oxygen plasma is then used to
form a thermal oxide film over the silicon nitride film. 



10 The present invention is directed to overcoming, or at least reducing
the effects of, one or more of the problems set forth above. DISCLOSURE OF
INVENTION 1 S According to the present invention, a method is provided, the
method including forming a gate dielectric layer above a substrate layer
and forming a gate conductor layer above the gate dielectric layer. The
method also comprises forming an inorganic bottom anti-reflective coating
layer above the gate conductor layer and treating the inorganic bottom
anti-reflective coating layer with an oxidizing treatment 20 during a rapid
thermal anneal process. US-A-5 908 659 describes a method of reducing the
reflectivity of a silicide layer by performing an oxidising treatment
during a rapid thermal anneal process. The silicide layer is not an
anti-reflective coating but obtains its anti-reflective property by the
oxidising treatment. Furthermore, a gate dielectric layer is not 25
mentioned. BRIEF DESCRIPTION OF THE DRAWINGS The invention may be
understood by reference to the following description taken in conjunction
with the accompanying drawings, in which the leftmost significant 30
digits) in the reference numerals denotes) the first figure in which the
respective reference numerals appear, and in which: 2    Amended Page
Figures 1-11 illustrate schematically in cross-section various embodiments
of a method for semiconductor device fabrication according to the present
invention. While the invention is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and are 5 herein described in detail. It should be
understood, however, that the description herein of specific embodiments is
not intended to limit the invention to the particular forms disclosed, but
on the contrary, the intention is to cover all modifications, equivalents,
and alternatives falling within the scope of the invention as defined by
the appended claims. 



10 MODE (S) FOR CARRYING OUT THE INVENTION Illustrative embodiments of the
invention are described below. In the interest of clarity, not all features
of an actual implementation are described in this specification. It will of
course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to
achieve the developers' specific goals, 15 such as compliance with
system-related and business-related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming, but would
nevertheless be a routine undertaking for those of ordinary skill in the
art having the benefit of this disclosure. Illustrative embodiments of a
method for semiconductor device fabrication according 20 to the present
invention are shown in Figures 1-11. Although the various regions and
structures of a semiconductor device are depicted in the drawings as having
very precise, sharp configurations and profiles, those skilled in the art
recognize that, in reality, these regions and structures are not as precise
as indicated in the drawings. Nevertheless, the attached drawings are
included to provide illustrative examples of the present invention. 25 In
general, the present invention is directed towards the manufacture of a
semiconductor device. As will be readily apparent to those skilled in the
art upon a complete reading of the present application, the present 2A
method is applicable to a variety of technologies, for example) NMOS, PMOS,
CMOS, and the like, and is readily applicable to a variety of devices,
including, but not limited to, logic devices, memory devices, and the like.
Figures 1-11 illustrate a method of forming an MOS transistor 1100 (Figure
11) according to the present invention. As shown in Figure 1) a dielectric
layer 110 may be formed above an upper surface 1 S0 of a 5 semiconducting
substrate 105, such as doped-silicon. The dielectric layer 110 may be
formed by a variety of known techniques for forming such layers) e.g.,
chemical vapor deposition (CVD), low-pressure CVD (LPCVD), plasma-enhanced
CVD (PECVD), sputtering and physical vapor deposition (PVD), thermal
growing, and the like. The dielectric layer 110 may have a thickness above
the upper surface 1S0 ranging up to approximately SO A, for example, and
may be formed from a variety of dielectric materials and may, for example,
be an oxide (e.g., Ge 10 oxide), an oxynitride (e.g., GaP oxynitride),
silicon dioxide (SiO2, a nitrogen-bearing oxide (ng., nitrogen bearing
SiO2, a nitrogen-doped oxide (e.g.) N2-implanted SiO2), silicon oxynitride
(SixOyNz) and the like. The dielectric layer I 10 may also be formed of any
suitable "high dielectric constant" or "high K" material) where K is
greater than or equal to about 8, such as titanium oxide (TixOy, eg., TiO2)
tantahim oxide (TaxOy, e.g., Ta2O3), barium strontium titanate (BST,
BaTiO3/SrTi03), and the like. The dielectric layer 110 may 1 S have an
equivalent oxide thickness tox-eq ranging up to approximately SO A, for
example. An equivalent oxide thickness tox-eq may be defined to be the
thickness t of a dielectric material (with a dielectric constant K) that
would have a capacitance per unit area C that is approximately the same as
the capacitance per unit area Cox that a thickness t~.~q of silicon dioxide
(SiO2) would have. Since SiO2 has a dielectric constant K~ of approximately
4, and since C = KR and Cox = Kox/tox-eq, then t = K/C = K/Cox = Kox=
Ktox-eq/4, approximately. For example, 20 the dielectric layer 110 may be
formed of a tantalum oxide (TaxOy, e.g,) Ta2O5) with a dielectric constant
KT,o of approximately 24. Then, using t = Kro/C = KT,o/C~ and t =
KT,ot~~/Kar = 24t~.~/4, approximately, an equivalent oxide thickness tox-eq
ranging up to approximately 50 A would correspond to a Ta2O5 thickness tT2o
ranging up to approximately 300 A. As shown in Figure 1) a conductive layer
115 may be formed above the dielectric layer 110. The 2S conductive layer
115 may be formed by a variety of known techniques, e.g:, high-density
ionized metal plasma (M') deposition, high-density inductively coupled
plasma (ICP) deposition, sputtering, PVD) CVD, LPCVD, PECVD, and the like,
and may have a thickness ranging from approximately S00-S000 A. The
conductive layer 115 may be formed of a variety of metals such as aluminum
(Al), titanium (Ti), zirconium (Zr), tungsten ('~, tantalum (Ta), nickel
{Ni), molybdenum (Mo), cobalt (Co), and the like. 30 In various alternative
illustrative embodiments, the conductive layer 11S may be a doped-poly
conductive layer 115. The doped poly conductive layer 11S may be foamed by
a variety of known techniques for forming such layers, e.g:, CVD, LPCVD,
PECVD, PVD, and the like, and may have a thickness ranging from
approximately 500-S000 A, In one illustrative embodiment, the doped-poly
conductive layer 1 I S has a thickness of approximately 2000 A and is
formed by an LPCVD process for higher throughput. 3S The doped-poly
conductive layer 11S may be doped with arsenic (As) for an NMOS transistor,
for example, or boron (B) for a PMOS transistor, to render the poly more
conductive. The poly may be formed undoped, by an LPCVD process for higher
throughput, to have a thickness ranging from approximately 1000-2000 A, for
example. The doping of the poly may conveniently be accomplished by
diffusing or implanting the dopant atoms and/or molecules through the upper
surface of the poly. The doped-poly conductive 40 layer 11S may then be
subjected to a heat-treating process that may be a rapid thermal anneal
(RTA) process 



-3     performed at a temperature ranging from approximately 800-1100C for
a time ranging from approximately 5-60 seconds. As shown in Figure l, an
inorganic bottom antireflective coating (BARC) layer 120, such as SiON or
SiOxNy may be used in deep ultraviolet (DUV) photolithography, and may be
formed above the conductive 5 layer 115. As shown in Figure 1, an upper
surface 160 of the inorganic bottom antireflective coating (BARC) layer 120
may be treated with an oxidizing treatment (indicated by the arrows 130)
while being subjected to a rapid thermal anneal (RTA) process performed at
a temperature ranging from approximately 800-1100C for a time ranging from
approximately 5-60 seconds. In various illustrative embodiments) the
oxidizing treatment may include flowing an oxidizing gas, such 10 as oxygen
(O2) during the rapid thermal anneal (RTA) process. It is believed that the
oxidizing treatment neutralizes and/or passivates and/or passifies
residual, free nitrogen (N2) and residual nitrides, by forming
nitrogen-containing compounds. These nitrogen-containing compounds, formed
by the oxidizing treatment, are believed to be more stable than the
residual, free nitrogen (N2) and residual nitrides remaining on the upper
surface 160 of the inorganic bottom antireflective coating (BARC) layer 120
after formation of the inorganic 15 bottom antireflective coating (BARC)
layer 120. These nitrogen-containing compounds, formed by the oxidizing
treatment) are also believed not to cause "footing" or neutralization of
the Photo Acid Generator (PAG) in deep ultraviolet (DUV) photoresists at
the interface between the inorganic bottom anti-reflective coating (BARC)
layer 120 and an overlying deep ultraviolet (DUV) photoresist layer, such
as deep ultraviolet (Dill photoresist layer 230 (described more fully below
with reference to Figure 2). 20 As shown in Figure 1, shallow trench
isolation (STI) regions 140 formed of suitable dielectric materials may be
provided to isolate the MOS transistor 1100 (Figure 11) electrically from
neighboring semiconductor devices such as other MOS transistors (not
shown). The shallow trench isolation (STI) regions 140 may, for example,
include an oxide (e.g., Ge oxide), an oxynitride (e.g., GaP oxynitride))
silicon dioxide (SiO2), a nitrogen-bearing oxide (gig., nitrogen-bearing
SiO2, a nitrogen-dopod oxide (e.g., N2-implanted SiO2), silicon 25
oxynitride (SixOyNz), and the like. The shallow trench isolation (STI)
regions 140 may also be formed of any suitable "high dielectric constant"
or "high K" material, where K is greater than or equal to about 8, such as
titanium oxide (TixOy, e.g, TiO2) tantalum oxide (TaxOy, e.g., Ta2O5),
barium strontium titanate (BST, BaTiO3/SrTiO3)) and the like.
Alternatively) the shallow trench isolation (STI) regions 140 may also be
formed of any suitable "low dielectric constant" or "low K" dielectric
material) where K is less than or equal to about 4. 30 As shown in Figure
2, a patterned deep ultraviolet (DUV) photoresist mask 230 may be formed
above the upper surface 160 of the inorganic bottom antireflective coating
(BARC) layer 120. The patterned deep ultraviolet (DUV) photoresist mask 230
may be patterned using deep ultraviolet (DUB photolithogaphy. Examples
include Shipley's Apex(err), UVS(err)) and the like. As shown in Figure 2,
the patterned deep ultraviolet (DUV) photoresist mask 230 may have a
smallest, diffraction-limited dimension d that may be in a range of about
1800-2000 A. 35 As shown in Figure 3, the patterned deep ultraviolet (DUV)
photoresist mask 230 (indicated in phantom) may optionally be trimmed using
a controlled deep ultraviolet (DUV) photoresist trim to form a trimmed deep
ultraviolet (DUV) photoresist mask 330. The patterned deep ultraviolet
(DUV) photoresist mask 230 may optionally be trimmed using a dry etch
plasma process, for example. The trimmed deep ultraviolet (DUV) photoresist
mask 330 will typically have the critical dimension d, that may be in a
range of about 700-1500 A that 40 will determine the size of a gate
conductor 415 and a gate dielectric 410, as shown in Figure 4. -4     As
shown in Figures 4-5, the trimmed deep ultraviolet (DUV) photoresist mask
330 having the critical dimension d, is then used as a mask to form a
masked gate shack 400, having edges 450. The masked gate stack 400 may
include the trimmed deep ultraviolet (DUV) photoresist mask 330, a remnant
420 of the inorganic bottom antireflective coating (BARC) layer 120, the
gate conductor 415, and the gate dielectric 410. The masked 5 gate stack
400 may be formed by removing portions of the dielectric layer 110, the
conductive layer 115 and the inorganic bottom antireflective coating (BARC)
layer 120 (shown in phantom) not protected by the trimmed deep ultraviolet
(DUB photoresist mask 330, using an anisotropic etching process, for
example. The masked gate stack 400 will have the critical dimension d,
defined by the trimmed deep ultraviolet (DUV) photoresist mask 330. As
shown in Figures 4-5, the masked gate stack 400 may be formed using a
variety of known etching 10 techniques, such as an anisotropic etching
process. A selective anisotropic etching technique may be used, such as a
reactive ion etching (RIE) process using hydrogen bromide (HBr) and argon
(Ar) as the etchant gases, for example. Alternatively, an 121E process with
CHF3 and Ar as the etchant gases may be used, for exempla. Plasma etching
may also be used, in various illustrative embodiments. As shown in Figure
6, the trimmed deep ultraviolet (DUV) photoresist mask 330 having the
critical 15 dimension d, (Figures 3-5), and the remnant 420 of the
inorganic bottom antireflective coating (BARC) layer 120, may be removed.
The trimmed deep ultraviolet (DUV) photoresist mask 330 may be removed by
being stripped away, by asking, for example. Alternatively, the trimmed
deep ultraviolet (DUV) photoresist mask 330, and the remnant 420 of the
inorganic bottom antireflective coating (BARC) layer 120, may be stripped
using hot 



phosphoric acid (H3PO4)) for example. The stripping away of the trimmed
deep ultraviolet (DUV) photoresist 20 mask 330, and the remnant 420 of the
inorganic bottom antireflective coating (BARC) layer 120, forms an unmasked
gate stack 600, having the edges 450. The unmasked gate stack 600 may
include the gate conductor 415 and the gate dielectric 410. As shown in
Figure 7) a masking layer 700, formed of photoresist, for example, may be
formed above the upper surface 150 of the semiconducting substrate 105) and
above and adjacent the unmasked gate stack 600. The 25 masking layer 700
may have a thickness (err) above the upper surface 150 ranging from
approximately 500-5000 A, for example. In various illustrative embodiments,
the thickness (err) above the upper surface 150 is about 5000 A. In various
alternative illustrative embodiments, the thickness s above the upper
surface 150 ranges item approximately 500-1000 A. As shown in Figure 8, the
masking layer 700 may be patterned to form the mask 875 above at least a 30
portion of the shallow trench isolation (STI) 140. The masking layer 700
may be patterned to form the mask 875 using a variety of known
photolithography and/or etching techniques. The mask 875 may have an edge
820 spaced apart from the edge 450 of the unmasked gate stack 600 by a
distance w ranging from approximately 1000-1500 A, for example. The mask
875 may be formed over the STI region 140, as in conventional CMOS
fabrication methods) to 35 protect the PMOS (NMOS) transistor regions while
the NMOS (PMOS) transistor regions are being implanted to form N-doped
(P'-doped) regions 830, for example. As shown in Figure 8, a dopant 800
(indicated by the arrows) may be implanted to introduce dopant atoms and/or
molecules into the semiconducting substrate 105 to form the N-doped
(P'-doped) regions 830. After activation, the N-doped (P'-doped) regions
830 become the N-doped (P'-doped) source/drain extension (SDE) regions 930
(as described more fully below with reference to Figure 9). 40 In various
illustrative embodiments, the N-doped (P'-dopal) regions 830 may be formed
by being implanted with a source/drain extension (SDE) dose of As (for
N-doping appropriate for an NMOS -5     transistor 1100, Figure 11) or BF2
(for P'-doping appropriate for a PMOS transistor 1100, Figure I1). The
source/drain extension (SDE) dose may range from about 1.0x 10" . I .Ox
1015 ions/cm2 at an implant energy ranging from about 3-50 keV. The N-doped
(P'-doped) regions 830 may be subjected to a rapid thermal anneal (RTA)
process performed at a temperature ranging from approximately 800-1100C for
a time ranging from 5 approximately 5-60 seconds. The rapid thermal anneal
(RTA) process may activate the implant and form a more sharply defined and
less graded activated implant junction with the substrate 105 than would a
rapid thermal anneal (RTA) process following an implant with a source/drain
extension (SDE) dose of more mobile P (for N'-doping appropriate for an
NMOS transistor 1 I00) or B (for P'-doping appropriate for a PMOS
transistor 1100). As shown in Figure 9, dielectric spacers 925 may be
formed adjacent the unmasked gate stack 600, either 10 before or after the
N-doped (P'-doped) regions 830 are activated to become the N-doped
(P'-doped) source/drain extension (SDE) regions 930. As shown in Figure 9)
the dielectric spacers 925 may be formed by a variety of techniques above
the N-doped (P =doped) source/drain extension (SDE) regions 930 and
adjacent the unmasked gate stack 600. For example, the dielectric spacers
925 may be formed by depositing a conformal layer (not shown) of the
appropriate material above and adjacent the unmasked gate stack 600, and
then performing an anisotropic 15 reactive ion etching (RIE) process on the
conformally blanket-deposited layer. The dielectric spacers 925 may each
have a base thickness ranging from approximately 300-1500 A, for example,
measured from the edges 450 of the unmasked gate stack 600. The dielectric
spacers 925, like the gate dielectric 410, may be formed from a variety of
dielectric materials and may, for example, be an oxide (e.g.) Ge oxido), a
nitride (e.g., GaAs nitride), an oxynitride (e.g., GaP 20 oxynitride),
silicon dioxide (SiO2) nitrogen-bearing SiO2) silicon nitride (Si3N4),
silicon oxynitride (SixOyNz, and the like. The dielectric spacers 925 may
also be formed of any suitable "low dielectric constant" or "low K"
material, where K is less than or equal to about 4. Examples include
Applied Material's Black Diamond, Novellas' Coral(err), Allied Signal's
Nanoglass, JSR's LKD5104, and the like. Additionally, the dielectric
spacers 925 may be comprised of a fluorine-doped oxide, a fluorine-doped
nitride) a fluorine-doped oxynitride, a 25 fluorine-doped low K material,
and the like. In one illustrative embodiment, the dielectric spacers 925
era comprised of SiO2, having a base thickness of approximately 300 A. As
shown in Figures 10-11, a dopant 1000 (indicated by arrows) may be
implanted to introduce dopant atoms and/or molecules into the
semiconducting substrate 105 to form N+-doped (P''-doped) regions 1020.
After ; - l ,> activation, the N~'-doped (P+-doped) regions 1020 become
N+-doped (P+-loped) source/drain regions 1120 30 (Figure 11). In one
illustrative embodiment) a dose of the dopant 1000 atoms and/or molecules
may range from approximately 1.0 x 10's - 5.0 x 10'i ions/cm2 of the
appropriate dopant 1000 atoms and/or molecules, e.g., P for an illustrative
NMOS transistor or B for an illustrative PMOS transistor. An implant energy
of the dopant 1000 atoms and/or molecules may range from approximately
30-100 keV. In another illustrative embodiment, a dose of the dopant 1000
atoms is approximately 1.0 x 10u ions/cm2 of P for an NMOS transistor or B
for a PMOS 35 transistor at an implant energy of approximately 30 keV. The
dopant l000 may be an N+ implant such as P) As) antimony (Sb), bismuth
(Bi), and the h'ke, and may form heavily doped N+ source/drain regions
1120. An N+ implant would be appropriate for the fabrication of an NMOS
transistor 1100) for example. Alternatively, the dopant 1000 may be a P+
implant such as B, boron fluoride (BF, BFI) aluminum (Al), gallium (Ga),
Indium (In), Thallium (Tn, and the like) and may form heavily doped 40 P+
source/drain regions 1120. A P+ implant would be appropriate for the
fabrication of a PMOS transistor 1100, far example) -6  



As shown in Figures 10-11, the N+-doped (P'"-doped) regions 1020 may be
subjected to a rapid thermal anneal (RTA) process performed at a
temperature ranging from approximately 800-1100C for a time ranging from .
approximately 5-60 seconds to form the Id"-doped (P+-doped) source/drain
regions 1120. The rapid thermal anneal (RTA) process may activate the
implant of the more mobile P (for N''-doping appropriate for an NMOS 5
transistor 1100) or H (for P+-doping appropriate for a PMOS transistor
1100) and form a less sharply defined and more graded activated implant
junction with the structure 105 than would a rapid thermal anneal (R.TA)
process following an implant with a source/drain dose of less mobile As
(for N+-doping appropriate for an NMOS transistor 1100) or BF2 (for
P+-doping appropriate for a PMOS transistor 1100). Alternatively, a rapid
thermal anneal (RTA) process to diffuse and activate the N+-doped
(P+-doped) 10 regions 1020 to form the N+-doped (P+-doped) source/drain
regions 1120 may be performed in conjunction with a self aligned
silicidation (saIicidation) process (not shown), either prior to, during or
following the salicidation. Such a salicidation-conjoined rapid thermal
anneal (RTA) process may be performed at a temperature ranging from
approximately 800-I000C for a time ranging from approximately 10-60
seconds. Any of the above-disclosed embodiments of a method of
manufacturing semiconductor devices with 15 reduced critical dimensions
enables the formation and patterning of components such as gate conductors
and gate dielectrics on much reduced scales, consistently, robustly and
reproducibly, and in a self aligned manner. Any of the above-disclosed
embodiments of a method of manufacturing semiconductor devices with reduced
critical dimensions enables the achievement of reduced critical dimensions
using deep ultraviolet (DUV) photolithography without problems associated
with "footing" or neutralization of the Photo Acid Generator (PAG) in deep
ultraviolet 20 (DUV) photoresists at the interface between the inorganic
bottom anti-reflective coating (BARC) and an overlying deep ultraviolet
(DUV photoresist layer. By avoiding problems associated with footing, any
of the above-disclosed embodiments of a method of manufacturing
semiconductor devices may decrease the number of deep ultraviolet (DUV)
photolithography reworks, decreasing manufacturing costs and increasing
throughput) more effectively and more stably than with conventional
techniques. 25 The particular embodiments disclosed above are illustrative
only, as the invention may be modified and practiced in different but
equivalent manners apparent to those skilled in the art having the benefit
of the teachings herein. Furthermore, no limitations are intended to the
details of construction or design herein shown, other than as described in
the claims below. It is therefore evident that the particular embodiments
disclosed above may be altered or modified and all such variations are
considered within the scope and spirit of the invention. Accordingly, 30
the protection sought herein is as set forth in the claims below.
Amended Page CLAIMS: 1. A method comprising: forming a gate dielectric
layer ( 110, 410) above a substrate layer ( 105); 5 forming a gate
conductor layer ( 115, 415) above the gate dielectric layer ( 110,410);
forming an inorganic bottom anti-reflective coating layer (120) above the
gate conductor layer (1 I5, 415); and treating the inorganic bottom
anti-reflective coating layer ( 120) with an oxidizing treatment (130); 10
characterised in that the oxidising treatment is performed during a rapid
thermal anneal process. 2. The method of claim 1, wherein forming the gate
dielectric layer ( 110, 410) comprises forming the gate dielectric layer
(l10, 410) of at least one of an oxide, an 15 oxynitride, silicon dioxide,
a nitrogen-bearing oxide, a nitrogen-doped oxide, silicon oxynitride, a
high dielectric constant (high K), where K is at least about 8, titanium
oxide, tantalum oxide, barium strontium titanate, forming the gate
dielectric layer ( 110, 410) using at least one of chemical vapor
deposition (CVD), low-pressure CVD (LPCVD), plasmaenhanced CVD (PECVD),
sputtering, physical vapor deposition (PVD), and thermal growing, 20 and
forming the gate dielectric layer ( I 10, 410) to have an equivalent oxide
thickness tox-eq ranging up to approximately 50(err), wherein forming the
gate conductor layer ( 115, 41 S) comprises forming the gate conductor
layer ( 115, 415) out of one of doped-poly, aluminum (Al), titanium (Ti),
zirconium (Zr), tungsten (W), tantalum (Ta), nickel (Ni), molybdenum (Mo),
and cobalt (Co), forming the gate conductor layer (1l5, 415) using at least
one of 25 chemical vapor deposition (CVD), low-pressure CVD (LPCVD),
plasma-enhanced CVD (PECVD), sputtering, physical vapor deposition (PVD),
high-density ionized metal plasma (IMP) deposition, and high-density
inductively coupled plasma (ICP) deposition, and forming the gate conductor
layer (115, 4l5) to have a thickness ranging from approximately
5005000(err). 30 3. 'The method of claim 1 or claim 2, wherein treating the
inorganic bottom antireflective coating layer (120) with the oxidizing
treatment (130) during the rapid thermal anneal process comprises treating
the inorganic bottom anti-reflective coating layer (120) by flowing an
oxidizing gas during the rapid thermal anneal process. 



8    Amended Page 4. The method of claim 3, wherein flowing the oxidizing
gas during the rapid thermal anneal process comprises flowing oxygen gas
during the rapid thermal anneal process. 5 5. The method of any one of
claims 1-4, wherein treating the inorganic bottom antireflective coating
layer (120) with the oxidizing treatment (130) during the rapid thermal
anneal process comprises performing the rapid thermal anneal process at a
temperature ranging from about 800-1100C for a time ranging from about 5-60
seconds. 10 6. The method of any one of claims 1-5, further comprising:
forming a deep ultraviolet photoresist layer (230) above the treated
inorganic bottom anti-reflective coating layer (120). 9 .AFE.A.A;
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