
WO 03/073491 PCT/US02/40807  METHOD OF FORMING LAYERS OF OXIDE OF DIFFERENT
THICKNESSES ON A SURFACE OF A  SUBSTRATE TECHNICAL FIELD The present
invention relates to the field of fabrication of integrated circuits, and,
more particularly, to a  5 method of forming oxide layers on the surface of
a substrate during the fabrication of semiconductor devices.  BACKGROUND
ART During the fabrication process of integrated circuits, several oxide
layers of different thickness are  formed on the surface of a substrate
(for instance a silicon substrate) at various manufacturing stages for a
variety  of different purposes. For instance, relatively thick oxide layers
are required for most electrical insulation 10 purposes. However, in metal
oxide silicon (MOS) devices, the gate oxide, which insulates the gate from
the  source, drain and the channel, is required to be as thin as possible
to allow the electrical potential applied to the  gate to effectively
influence charge carriers in the substrate, thus forming the channel. The
ever increasing miniaturization, during the last years, of the devices
manufacturable on a substrate,  has required the realization of MOS devices
(including CMOS devices, PMOS devices, NMOS devices, and the  15 like)
featuring gate oxide layers in the range of only a few nanometers. This is
essentially due to the fact that, as the dimensions of the MOS devices
decrease, the channel length approaches the dimensions of the width of the
depletion regions of the source and drain junctions. As a result, a certain
portion of the channel region is partially  depleted without any influence
of the gate voltage. To compensate for this effect, a gate oxide of reduced
thickness is required. 20 This being the situation, many efforts have been
made in the past for realizing very thin gate oxide layers  featuring a low
defect rate, i.e., a minimal number of dopants and minimal crystalline
defects in the gate oxide  layer. However, along with the exigence of
realizing gate oxides of ever decreasing thickness, there has been  an
increased demand to integrate circuits or devices on a single chip that are
operated at different supply voltages.  25 In fact, in order to obtain a
very high level of integration, devices performing different functions must
be integrated on the same chip. Accordingly, since for a given supply
voltage at which a MOS device is operated,  the drain current is inversely
proportional to the thickness of the gate oxide, MOS devices featuring
different gate  oxide thicknesses may be formed to meet the very different
requirements for a complex circuit. Moreover, the  most modem integrated
devices performing very complex operations require the realization of CMOS
devices 30 featuring a so-called dual gate oxide, namely CMOS devices
wherein the gate oxides on the P-channel and the N- channel have a
different thickness. Typically, the thickness differences on such dual gate
oxide devices must be generally maintained within  the range of a few
tenths of a nanometer. As a result, the formation of dual gate oxides has
become a major  challenge in the manufacturing of integrated devices.
Accordingly, it would be highly desirable to provide a  35 method of
reliably forming dual gate oxides featuring extremely low thickness
differences. In the following, description will be given with reference to
Figures la-ld and 2a-2e of two commonly  used prior art methods of forming
dual gate oxides. In Figures la-id, reference 1 relates to a substrate, for
instance a silicon wafer, on which two oxide layers of different thickness
must be formed on portions 2 and 3 of  the upper surface, respectively.
According to the prior art method depicted in Figures la-ld, the portion of
the 40 surface of the substrate targeted for the thick layer of oxide (in
the present case portion 3) is first masked with a  



layer of resist 6, and ions are implanted at high dose and energy on the
portion of the surface of the substrate  -1 WO 03/073491 PCT/US02/40807
targeted for the thin layer of oxide (in the present case portion 3), so as
to create severe damage in that portion  (see Figure lb). Subsequently, in
a next step as depicted in Figure 1 c, the resist layer 6 is removed.
Finally, the substrate  1 is subjected to a conventional gate oxidation
processing. Due to the damage produced by the ions implanted in  5 the
portion 3, the diffusion of oxygen in the portion 3 is enhanced and, as a
result, as depicted in Figure ld, a  thick layer of oxide will grow on
portion 3 of the surface of the substrate 1. The prior art method described
above has the advantage that a single masking step is sufficient.  However,
this method requires a high temperature oxidation process and is,
therefore, not compliant with  alternative approaches for ultra-thin
gate-dielectric processing. In fact, it has to be noted that high
temperature 10 oxidation processes modify the density profile of ions
implanted in the substrate and therefore influence the  electrical behavior
of the final device. Finally, the prior art method described above in
Figures la-ld has the  drawback that the thick oxide layer is prone to
premature failures which result in a decreased reliability of the  final
device. A further prior art method of forming a dual gate oxide will be
described in the following with reference  15 to Figures 2a-2e. As in the
case of the prior art method disclosed previously, in Figures 2a-2e there
is depicted a  substrate 1 with portions 2 and 3 on its upper surface. In a
first step, a thick layer of oxide 5 is formed on both  portions 2 and 3,
as depicted in Figure 2b; to this end, a common process, for instance a
thermal oxidization  process, may be carried out. Subsequently, as depicted
in Figure 2c, the portion 2 of the surface of the substrate targeted for
the  20 thicker oxide layer is masked, for instance using a masking resist
6. In a further step, as depicted in Figure 2d,  the oxide layer 5 is
removed from the portion 3 of the surface of the substrate 1 targeted for
the thin oxide layer.  To this end, the substrate 1 is subjected to either
a wet-etching or a dry-etching process. The resist layer 6 is then  removed
and a second gate oxide is grown by conventional thermal processing on both
surface portions 2 and 3.  As a result, a final oxide layer 3' on portion 3
is obtained, together with a final oxide layer 5' on portion 2. The 25
thickness of the final layer 5' does not significantly differ from the
thickness of the initial layer 5, and the final  layers 3 and 5 feature the
predefined, desired thickness difference. The prior art method as described
above has the disadvantage that the two oxide layers 5' and 3' have
thicknesses differing more than 30 angstroms. This large thickness
difference makes it difficult for the final  device to exhibit the desired
electrical performance characteristics. 30 In view of the above-explained
problems, it would be desirable to have an improved method of forming  dual
gate oxides eliminating or at least partially limiting one or more of the
drawbacks of the prior art.  DISCLOSURE OF INVENTION Generally, the present
invention is directed to various methods of forming oxide layers of
different  thicknesses, wherein the number of masking steps may be reduced
and/or high temperature processes are  35 substantially eliminated. For
this purpose, according to a first embodiment, the present invention
relates to a method of forming at least one first layer of nitrided oxide
of a first, predefined thickness on at least one first  portion of the
surface of a substrate and at least one second layer of nitrided oxide of a
second, predefined,  different thickness on at least one second portion of
the surface of the substrate. The method comprises forming  



at least one initial layer of nitrided oxide of an initial thickness
exceeding both the first and second predefined 40 thicknesses on at least
one first and one second portion of the surface of the substrate. Moreover,
the method  includes thinning the initial layer of nitrided oxide on at
least one first portion of the surface of the substrate to the  -2 WO
03/073491 PCT/US02/40807  respective, first predefined thickness.
Additionally, the method comprises thinning the initial layer of nitrided
oxide on at least one second portion of the surface of the substrate to the
respective, second, predefined, different  thickness. According to another
embodiment, the invention relates to a method of forming at least one first
layer of  5 nitrided oxide of a first, predefined thickness on at least one
first portion of the surface of a substrate and at least  one second layer
of nitrided oxide of a second, predefined, different thickness on at least
one second portion of  the surface of the substrate. In particular, the
method comprises thermally growing at least one initial layer of  oxide of
an initial thickness exceeding both the first and second, predefined
thicknesses on at least one first and  one second portion of the surface of
the substrate. Moreover, the initial layer of oxide is annealed in a
nitrogen 10 containing atmosphere so as to form an initial layer of
nitrided oxide on at least one first and one second portion  of the surface
of the substrate. Moreover, the method includes thinning the initial layer
of nitrided oxide on at  least one first portion of the surface of the
substrate to the respective, first predefined thickness, and thinning the
initial layer of nitrided oxide on at least one second portion of the
surface of the substrate to the respective,  second, predefined, different
thickness. 15 According to a further embodiment, the invention relates to a
method of forming at least one first layer  of nitrided oxide of a first,
predefined thickness on at least one first portion of the surface of a
substrate and at  least one second layer of nitrided oxide of a second,
predefined, different thickness on at least one second portion  of the
surface of the substrate. The method comprises thermally growing at least
one layer of oxide in a nitrogen- containing atmosphere so as to form at
least one initial layer of nitrided oxide of an initial thickness exceeding
20 both the first and second predefined thickness on at least one first and
one second portion of the surface of the  substrate. Moreover, the method
includes thinning the initial layer of nitrided oxide on at least one first
portion of  the surface of the substrate to the respective, first
predefined thickness, and thinning the initial layer of nitrided  oxide on
at least one second portion of the surface of the substrate to the
respective, second, predefined, different  thickness. 25 According to still
another illustrative embodiment, the invention relates to a method of
forming at least  one first layer of oxide of a first, predefined thickness
on at least one first portion of the surface of a substrate and  at least
one second layer of oxide of a second, predefined, different thickness on
at least one second portion of the  surface of the substrate, wherein the
method comprises forming at least one initial layer of nitrided oxide of an
initial thickness exceeding both the first and second predefined thickness
on at least one first and one second 30 portion of the surface of the
substrate and thinning the initial layer of nitrided oxide on at least one
first portion of  the surface of the substrate to a first, intermediate
thickness lower than the respective, first predefined thickness.
Furthermore, the method includes thinning the initial layer of nitrided
oxide on at least one second portion of the  surface of the substrate to a
second, intermediate thickness different from the first intermediate
thickness and  lower than the respective, second predefined thickness.
Moreover a layer of oxide is added to at least two layers  35 of nitrided
oxide so as to obtain at least two layers of oxide of predefined, different
thicknesses. According to a further embodiment, the invention relates to a
method of forming at least one first layer  



of oxide of a first, predefined thickness on at least one first portion of
the surface of a substrate and at least one  second layer of oxide of a
second, predefined, different thickness on at least one second portion of
the surface of  the substrate, wherein the method comprises thermally
growing at least one initial layer of oxide of an initial 40 thickness
exceeding both the first and second, predefined thicknesses on at least one
first and one second portion  of the surface of the substrate and annealing
the initial layer of oxide in a nitrogen-containing atmosphere so as to  -3
WO 03/073491 PCT/US02/40807  form an initial layer of nitrided oxide on at
least one first and one second portion of the surface of the substrate.
Additionally, the method includes thinning the initial layer of nitrided
oxide on at least one first portion of the  surface of the substrate to a
first, intermediate thickness lower than the respective, first predefined
thickness and  thinning the initial layer of nitrided oxide on at least one
second portion of the surface of the substrate to a 5 second, intermediate
thickness different from the first intermediate thickness and lower than
the respective,  second predefined thickness. According to a further
illustrative embodiment, there is provided a method of forming at least one
first  layer of oxide of a first, predefined thickness on at least one
first portion of the surface of a substrate and at least  one second layer
of oxide of a second, predefined, different thickness on at least one
second portion of the surface 10 of the substrate, wherein the method
comprises thermally growing at least one layer of oxide in a nitrogen-
containing atmosphere so as to form at least one initial layer of nitrided
oxide of an initial thickness exceeding  both the first and second
predefined thicknesses on at least one first and one second portion of the
surface of the  substrate and thinning the initial layer of nitrided oxide
on at least one first portion of the surface of the substrate  to a first,
intermediate thickness lower than the respective, first predefined
thickness. Moreover, the method 15 includes thinning the initial layer of
nitrided oxide on at least one second portion of the surface of the
substrate to  a second, intermediate thickness different from the first
intermediate thickness and lower than the respective,  second predefined
thickness and thermally growing a layer of oxide on at least two layers of
nitrided oxide so as  to obtain at least two layers of oxide of predefined,
different thicknesses. In another embodiment of the present invention there
is provided a method of forming at least one first  20 layer of oxide of a
first, predefined thickness on at least one first portion of the surface of
a substrate and at least  one second layer of oxide of a second,
predefined, different thickness on at least one second portion of the
surface  of the substrate, wherein the method comprises thermal growing at
least one initial layer of oxide of an initial  thickness exceeding both
the first and second, predefined thickness on at least one first and one
second portion of  the surface of the substrate and annealing the initial
layer of oxide in a nitrogen-containing atmosphere so as to 25 form an
initial layer of nitrided oxide on at least one first and one second
portion of the surface of the substrate.  Moreover, the method includes
thinning the initial layer of nitrided oxide on at least one first portion
of the  surface of the substrate to a first, intermediate thickness lower
than the respective, first predefined thickness and  thinning the initial
layer of nitrided oxide on at least one second portion of the surface of
the substrate to a  second, intermediate thickness different from the first
intermediate thickness and lower than the respective, 30 second predefined
thickness. Finally, a layer of oxide is deposited on at least two layers of
nitrided oxide by a  chemical vapor deposition so as to obtain at least two
layers of oxide of predefined, different thicknesses.  According to still
another embodiment, the present invention relates to a method of forming at
least one first layer of oxide of a first, predefined thickness on at least
one first portion of the surface of a substrate and at  least one second
layer of oxide of a second, predefined, different thickness on at least one
second portion of the  



35 surface of the substrate, wherein the method comprises thermally growing
at least one layer of oxide in a nitrogen-containing atmosphere so as to
form at least one initial layer of nitrided oxide of an initial thickness
exceeding both the first and second predefined thickness on at least one
first and one second portion of the  surface of the substrate and thinning
the initial layer of nitrided oxide on at least one first portion of the
surface of  the substrate to a first, intermediate thickness lower than the
respective, first predefined thickness. Furthermore, 40 the method includes
thinning the initial layer of nitrided oxide on at least one second portion
of the surface of the  substrate to a second, intermediate thickness
different from the first intermediate thickness and lower than the  -4 WO
03/073491 PCT/US02/40807  respective, second predefined thickness.
Additionally, a layer of oxide is deposited on at least two layers of
nitrided oxide with a chemical vapor deposition process so as to obtain at
least two layers of oxide of predefined,  different thicknesses. According
to a further embodiment, the present invention relates to a method of
forming at least one first  5 layer of oxide of a first, predefined
thickness on at least one first portion of the surface of a substrate and
at least  one second layer of oxide of a second, predefined, different
thickness on at least one second portion of the surface  of the substrate,
wherein the method comprises thermally growing at least one initial layer
of oxide of an initial  thickness exceeding both the first and second,
predefined thicknesses on at least one first and one second portion  of the
surface of the substrate and annealing the initial layer of oxide in a
nitrogen-containing atmosphere so as to 10 form an initial layer of
nitrided oxide on at least one first and one second portion of the surface
of the substrate.  Moreover, the layer of nitrided oxide is removed from at
least one first portion of the surface of the substrate  targeted for the
thin layer of oxide and the initial layer of nitrided oxide is thinned on
at least one second portion  of the surface of the substrate targeted for
the thick layer of oxide to a thickness lower than the respective,
predefined thickness. Additionally, the method includes thermal growing a
layer of oxide on at least one first and '15 one second portion of the
surface of the substrate so as to obtain at least two layers of oxide of
predefined,  different thicknesses. In still another embodiment of the
present invention, there is provided a method of forming at least one
first layer of oxide of a first, predefined thickness on at least one first
portion of the surface of a substrate and at  least one second layer of
oxide of a second, predefined, different thickness on at least one second
portion of the 20 surface of the substrate, wherein the method comprises
thermal growing at least one layer of oxide in a nitrogen- containing
atmosphere so as to form at least one initial layer of nitrided oxide of an
initial thickness exceeding  both the first and second predefined
thicknesses on at least one first and one second portion of the surface of
the  substrate. Furthermore, the layer of nitrided oxide is removed from at
least one first portion of the surface of the  substrate targeted for the
thin layer of oxide and the initial layer of nitrided oxide is thinned on
at least one second 25 portion of the surface of the substrate targeted for
the thick layer of oxide to a thickness lower than the respective,
predefined thickness. Additionally, a layer of oxide is thermally grown on
at least one first and one second  portion of the surface of the substrate
so as to obtain at least two layers of oxide of predefined, different
thicknesses. According to another aspect, the present invention relates to
a method of forming at least one first layer  30 of oxide of a first,
predefined thickness on at least one first portion of the surface of a
substrate and at least one  second layer of oxide of a second, predefined,
different thickness on at least one second portion of the surface of  the
substrate, wherein the method comprises thermal growing at least one
initial layer of oxide of an initial  



thickness exceeding both the first and second, predefined thickness on at
least one first and one second portion of  the surface of the substrate and
annealing the initial layer of oxide in a nitrogen-containing atmosphere so
as to 35 form an initial layer of nitrided oxide on at least one first and
one second portion of the surface of the substrate.  Moreover, the layer of
nitrided oxide is removed from at least one first portion of the surface of
the substrate  targeted for the thin layer of oxide and the initial layer
of nitrided oxide is thinned on at least one second portion  of the surface
of the substrate targeted for the thick layer of oxide to a thickness lower
than the respective, prede- fined thickness. Additionally, a layer of oxide
is deposited on at least one first and second portion of the surface  40 of
the substrate so as to obtain at least two layers of oxide of predefined,
different thicknesses. -5 WO 03/073491 PCT/US02/40807 In a still further
embodiment, the present invention relates to a method of forming at least
one first layer  of oxide of a first, predefined thickness on at least one
first portion of the surface of a substrate and at least one  second layer
of oxide of a second, predefined, different thickness on at least one
second portion of the surface of  the substrate, wherein the method
comprises thermally growing at least one layer of oxide in a nitrogen 5
containing atmosphere so as to form at least one initial layer of nitrided
oxide of an initial thickness exceeding  both the first and second
predefined thickness on at least one first and one second portion of the
surface of the  substrate. Furthermore, the layer of nitrided oxide is
removed from at least one first portion of the surface of the  substrate
targeted for the thin layer of oxide and the initial layer of nitrided
oxide is thinned on at least one second  portion of the surface of the
substrate targeted for the thick layer of oxide to a thickness lower than
the respective, 10 predefined thickness. Additionally, a layer of oxide is
deposited on at least one first and second portion of the  surface of the
substrate so as to obtain at least two layers of oxide of predefined,
different thicknesses. 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 like reference
numerals identify like elements, and in which: 15 Figures 1 a-1 d represent
a typical process sequence of a first prior art method of forming dual gate
oxides; Figures 2a-2e represent another process sequence of a second prior
art method of forming dual gates  oxides; Figures 3a-3g represent a process
sequence of a method of forming oxide layers on the surface of a  20
substrate according to one embodiment of the present invention; Figures
4a-4g represent another process sequence of a method of forming oxide
layers on the surface of  a substrate according to another embodiment of
the present invention; Figures 5a-5f represent a process sequence of a
method of forming oxide layers on the surface of a  substrate according to
a further embodiment of the present invention; and 25 Figure 6
schematically illustrates a final CMOS device wherein the gate oxide layers
are realized  according to one of the illustrative embodiments. 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 herein described in detail. It should be  understood,
however, that the description herein of specific embodiments is not
intended to limit the invention to 30 the particular forms disclosed, but
on the contrary, the intention is to cover all modifications, equivalents,
and  alternatives falling within the spirit and scope of the invention as
defined by the appended claims. 



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  35 development of any such actual
embodiment, numerous implementation-specific decisions must be made to
achieve the developers' specific goals, 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. 40 The present invention will
now be described with reference to the attached figures. Although the
various  regions and structures of a semiconductor device are depicted in
the drawings as having very precise, sharp  -6 WO 03/073491 PCT/US02/40807
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. Additionally, the relative sizes of the various features and
doped regions  depicted in the drawings may be exaggerated or reduced as
compared to the size of those features or regions on  fabricated devices.
Nevertheless, the attached drawings are included to describe and explain
illustrative examples 5 of the present invention. The words and phrases
used herein should be understood and interpreted to have a  meaning
consistent with the understanding of those words and phrases by those
skilled in the relevant art. No  special definition of a term or phrase,
i.e., a definition that is different from the ordinary and customary
meaning  as understood by those skilled in the art, is intended to be
implied by consistent usage of the term or phrase  herein. To the extent
that a term or phrase is intended to have a special meaning, i.e., a
meaning other than that 10 understood by skilled artisans, such a special
definition will be expressly set forth in the specification in a
definitional manner that directly and unequivocally provides the special
definition for the term or phrase. The methods of forming oxide layers on a
substrate disclosed herein have revealed to be of particular  advantage
when used for forming dual gate oxides of CMOS transistors. For this
reason, examples will be given  in the following in which corresponding
embodiments of the method of the present invention are exploited for 15
forming the dual gate oxide of a CMOS transistor. However, it has to be
noted that the present invention is not  limited to the formation of dual
gate oxides of CMOS transistors, but can be used in any other situation in
which  the formation of oxide layers of different thicknesses on a
substrate is required. It also has to be understood that,  according to the
present invention, not only a.single dual oxide layer for a single CMOS
transistor can be formed,  but several dual gate oxides for corresponding
CMOS transistors can be formed. 20 In Figures 3a-3g, 4a-4g and 5a-5f,
reference 1 relates to an arbitrary section of a substrate, for instance a
silicon wafer, on which a CMOS transistor will be formed. The upper surface
of this arbitrary section is divided  into portions 2 and 3 by isolation
structures 4 which have been previously formed according to processes well
known to those skilled in the art. In the specific case depicted in Figures
3-5, it is assumed that'shallow trench  isolation (STI) structures have
been formed. However, other isolation structures, for instance LOCOS (local
25 oxidation of silicon) structures could have been formed instead of STI
structures. Regardless of the method used,  the isolation structures 4
essentially comprise an insulating material such as silicon oxide.
Moreover, in the figures, references 6 and 8 relate to corresponding layers
of masking resist while  reference 5 relates to an initial layer formed on
both portions 2 and 3. In Figures 3d-3f, 4d-4g and 5f, references  7 and 9
relate to the final layers formed on the portions 3 and 2 of the substrate,
respectively. In Figures 4d-4f  



30 and 5e, references 7' and 9' relate to intermediate layers formed on the
portions 3 and 2, respectively. In the following, illustrative embodiments
of process flows for forming the devices depicted in the  figures are
described. In Figures 3a-3g, according to one embodiment of the present
invention, the initial layer 5  of, for example, nitrided oxide, is formed
on both surface portions 2 and 3 (Figure 3b). The initial layer 5 can be
formed by first thermally growing an initial layer of oxide and annealing
the initial layer of oxide in a nitrogen 35 containing atmosphere - for
instance comprising ammonia (NH3) or nitrous oxide (N20) or nitric oxide
(NO) or a  mixture thereof Alternatively, the initial layer 5 may directly
be thermally grown in a nitrous atmosphere - for  instance comprising
nitrous oxide (N2O) or nitric oxide (NO) or a mixture thereof The initial
layer 5 of nitrided oxide is formed to a thickness exceeding the final,
predefined thickness of  both oxide layers that will be formed on the
portions 2 and 3, respectively. For instance, the nitrided oxide layer  40
5 can be formed to a thickness that exceeds the desired, predefined
thickness of the final layers by about 10-50%.  -7 WO 03/073491
PCT/US02/40807  After the initial layer 5 has been formed, the portion of
the surface of the substrate targeted for the final, thick layer (in the
present case portion 2, but portion 3 could have been selected as well) is
masked, for instance  by depositing a masking layer 6 of, for example,
photoresist. Masking the portion 2 can be carried out according  to methods
well known in the art, including suitable photolithographic steps. 5 With
the portion 2 of the substrate being covered by the masking layer 6, the
uncovered initial layer 5 on  the portion 3 is thinned to a thickness
corresponding to the final thickness of the layer 7. Thinning the layer 5
on  portion 3 can be carried out by, for example, wet-etching the layer 5.
To this end, in one embodiment, the  substrate may be immersed in an
ammonium peroxide mixture for a predefined period of time, with the
ammonium peroxide mixture having a predefined etching rate. In this
respect, it has to be noted that, by wet 10 etching the nitrided oxide
layer, the thickness of the final layer may essentially correspond to the
predefined  thickness. In fact, since the etching rate of the etching
mixture can be established in advance, and since the  nitrided oxide is
wet-etched at an essentially constant rate, the final thickness of the
layer 7 can be reliably and  reproducibly predefined by selecting the
etching time of the etching step. Referring to Figure 3d, the initial layer
5 on portion 3 of the surface has been thinned to the desired,  15
predefined thickness and a final layer 7 of nitrided oxide on portion 3 is
obtained. Thereafter, the masking layer 6  on portion 2 is removed and
portion 3 is masked with masking layer S. The masking layer 8 may be
comprised  of, for example, photoresist, as in the case of the masking
layer 6 on the portion 2 (see Figure 3c). The initial,  uncovered nitrided
oxide layer 5 on portion 2 of the surface is then thinned to a second
predefined thickness,  differing from the thickness of layer 7 formed on
portion 3. Again, thinning the layer 5 on portion 2 may 20 comprise
wet-etching the layer 5 as previously described with respect to the layer 5
on portion 3. By selecting an  etching mixture of a predefined etching rate
and by immersing the substrate in this mixture during a predefined  period
of time, the second final layer 9 on portion 2 may be obtained with the
thickness of the final layer 9  differing from the thickness of the final
layer 7. The embodiments described so far allow obtaining oxide layers of
different thickness on corresponding  25 portions of a substrate in a more
efficient way compared to the prior art processing. In fact, for instance,
by  simply selecting differing periods of time for the etching steps,
layers of different thicknesses can be obtained.  Moreover, since etching
nitrided oxide has revealed to be a very reliable procedure, nitrided oxide
layers differing  in thickness only a few tenths of a nanometer (nm) can be
obtained. Finally, it should also be noted that different  



thicknesses can also be obtained by using etching mixtures having a
different etching rate for the two etching  30 steps. In the following,
description will be given with reference to Figures 4a-4g of a further
illustrative  embodiment, wherein Figures 4b-4f relate to process steps, in
which the same reference numbers are used as in  the process steps
described with reference to Figures 3b-3g. Accordingly, a detailed
description of these steps is  omitted. 35 In a first step, the initial
layer 5 of nitrided oxide is formed on both portions 2 and 3 of the surface
of the  substrate (see Figure 4b). The layer 5 may be formed by thermally
growing a first layer of oxide and annealing  the layer of oxide in a
nitrogen-containing atmosphere or by directly thermally growing a layer of
oxide in a  nitrogen-containing atmosphere as in the case of the
embodiments previously described. In a following step, as depicted in
Figure 4c, the masking layer 6 of, for example, photoresist, is  40
deposited on the portion 2, and the uncovered initial layer 5 on the
portion 3 is thinned, for instance by wet- -8 WO 03/073491 PCT/US02/40807
etching. This results in the formation of the intermediate layer 7' of
nitrided oxide of a first predefined  intermediate thickness lower than the
predefined final thickness (see Figure 4d) on portion 3. As depicted in
Figure 4e, the masking layer 6 on portion 2 is then removed and a masking
layer 8 of, for  example, photoresist, is deposited on the portion 3. The
uncovered initial layer 5 on portion 2 is then thinned (for  5 instance by
wet-etching) so as to obtain the second intermediate layer 9' of nitride
oxide of an intermediate thickness lower than the final predefined
thickness and differing from the thickness of the intermediate layer 7'
(see Figure 4f). In a final step, as depicted in Figure 4g, a layer of
oxide is added to both the intermediate nitrided oxide  layers 7' and 9' so
as to obtain the two final layers 7 and 9 on portions 2 and 3 of the
surface, with the thickness of  10 the layers 7 and 9 corresponding to the
final predefined thicknesses and' differing from each other. For the
purposes of adding a layer of oxide to the intermediate layers of nitrided
oxide on portions 2 and  3, several procedures may be selected. In one
embodiment, for instance, a layer of oxide can be thermally grown  on the
intermediate layers 7' and 9'. Alternatively, a layer of oxide can be
deposited on the intermediate layers 7'  and 9', for instance during a
chemical vapor deposition process. 15 As in the case of the embodiments
described with reference to Figures 3a-3g, only two masking steps are
required. Moreover, oxide layers differing in thickness only a few tenths
of a nanometer (nm) may be obtained.  The embodiments described above with
reference to Figures 4a-4g may preferably be used in applications where
oxide layers are desired instead of nitrided oxide layers. With reference
to Figures 5a-5f, a process flow according to further illustrative
embodiments will now  20 be described. In a first step, as depicted in
Figure 5b, the initial layer 5 of nitrided oxide is formed on both
portions 2 and 3 of the surface of the substrate.. Subsequently, as
depicted in Figure 5c, the portion of the surface  targeted for the thick
layer of oxide (in the present case portion 2) is masked with a masking
layer 6 that may be  formed by depositing a masking resist material. In a
next step, as depicted in Figure 5d, the uncovered, initial  layer 5 of
nitrided oxide on portion 3 is removed by wet-etching or dry-etching. Since
the initial layer 5 of 25 nitrided oxide on portion 3 in this embodiment is
simply removed, and there is no need of obtaining an  intermediate layer of
a predefined thickness, no particular measurements in this respect are
required. Using this  process flow, all that needs to be determined is that
etching is performed for a period of time long enough to  



allow the substantially complete removal of the initial layer 5 on the
portion 3. After the masking layer 6 is  removed, the initial layer 5 on
portion 2 is thinned so as to obtain the intermediate layer 9' of an
intermediate 30 thickness accommodating the desired final thickness
difference between the final layer on portion 2 and the final  layer on
portion 3. Since, in some applications, a thickness difference of a few
tenths of a nanometer (nm) is  required, possibly within a strict
tolerance, the intermediate thickness of the layer 9' must be defined
accurately.  For this purpose, in one embodiment, a wet-etching process may
be used, wherein the substrate is immersed in an  etching mixture having a
predefined etching rate during a predefined period of time. 35 Once the
initial layer 5 on portion 2 has been thinned to the predefined
intermediate thickness, a layer of  oxide is formed on both portions 2 and
3. In various embodiments, conventional thermal growing procedures or
chemical vapor disposition techniques or a combination thereof can be
selected for forming the oxide layer. The  intermediate nitrided oxide
layer 9 on portion 2 will then be re-oxidized or added to the deposited
oxide layer.  Accordingly, the two oxide layers 9 are obtained, featuring a
predefined thickness difference. 40 The embodiments described with
reference to Figures 5a-5f have the advantage that a single masking  step
is sufficient. Moreover, since no high temperature oxidation processes are
required for forming the layers of  -9 WO 03/073491 PCT/US02/40807-.
oxide, the process sequence does not substantially contribute to the
thermal budget, and high reliability is  achieved for both layers of oxide.
Moreover, since the embodiments do not restrict the formation of the oxide
layers to thermal oxidation, the process is thus compliant with emerging
chemical vapor deposition techniques for  gate dielectric deposition. 5 In
Figure 6 there is depicted an example of a CMOS transistor wherein the gate
oxides have been formed  with a method according to the illustrative
embodiments. As anticipated above, this gate oxide will feature
thicknesses that may differ by approximately 0.2 to 1.0 nm. Other portions
of the CMOS transistor depicted in  Figure 6 may be completed by state of
the art processing, wherein reference 10 relates to polysilicon layers,
reference 11 relates to a self-aligned metal silicide and reference 12
relates to oxide spacers. 10 In conclusion, a method of forming layers of
oxide of different thickness on the surface of a substrate is  disclosed,
which shows the following advantages with respect to prior art methods: (1)
a limited number of  masking steps is required; (2) very thin oxide layers,
within the range of some tenths of a nanometer (nm) can be  formed; (3) the
thickness differences can be kept within the range of some tenths of a
nanometer (Dm); (4) no  high temperature thermal oxidations are required;
and (5) the process flow is compliant with the many  15 sophisticated
chemical vapor deposition techniques for gate dielectric deposition. 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.. For example, the process steps set forth above may be
performed in a different order.  Furthermore, no limitations are intended
to the details of construction or design herein shown, other than, as 20
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, the protection sought herein is as set forth in the claims
below. -10 WO 03/073491 PCT/US02/40807  CLAIMS 



1. A method of forming at least one first layer 7 of nitrided oxide of a
first, predefined thickness  on at least one first portion of the surface
of a substrate 1 and at least one second layer 9 of nitrided oxide of a
second, predefined, different thickness on at least one second portion of
the surface of the substrate 1,  5 comprising: forming at least one initial
layer 5 of nitrided oxide of an initial thickness exceeding both the first
and  second predefined thickness on at least one first and one second
portion of the surface of the  substrate 1; thinning the initial layer 5 of
nitrided oxide on the at least one first portion of the surface of the
substrate  10 to the respective, first predefined thickness; and thinning
the initial layer 5 of nitrided oxide on the at least one second portion of
the surface of the  substrate to the respective, second, predefined,
different thickness. 2. A method as claimed in claim 1, wherein thinning
the initial layer 5 of nitrided oxide on the at  15 least one first and one
second portion of the surface of the substrate comprises: masking the at
least one first portion of the surface of the substrate 1 and wet etching
the uncovered,  initial layer 5 of nitrided oxide on the at least one
second portion of the surface of the substrate;  and masking the at least
one second portion of the surface of the substrate 1 and wet etching the
uncovered,  20 initial layer 5 of nitrided oxide on the at least one first
portion of the surface of the substrate. 3. A method as claimed in claim 2,
wherein the initial layer 5 of nitrided oxide is wet etched using  an
ammonium peroxide mixture having a predefined etching rate. 25 4. A method
as claimed in claim 3, wherein the initial layer 5 on the at least one
first portion is  wet etched during a first, predefined time and the
initial layer on the at least one second portion is wet etched  during a
second, predefined, different time. 5. A method as claimed in claim 4,
wherein the initial thickness of the initial layer 5 of nitrided  30 oxide
exceeds the first and second predefined thickness by about 10-50%. 6. A
method of forming at least one first layer of oxide of a first, predefined
thickness on at least  one first portion of the surface of a substrate 1
and at least one second layer of oxide of a second, predefined,  different
thickness on at least one second portion of the surface of the substrate,
comprising: 35 forming at least one initial layer 5 of nitrided oxide of an
initial thickness exceeding both the first and  second predefined thickness
on at least one first and one second portion of the surface of the
substrate; thinning the initial layer 5 of nitrided oxide on the at least
one first portion of the surface of the substrate  1 to a first,
intermediate thickness lower than the respective, first predefined
thickness; -11 WO 03/073491 PCT/US02/40807  thinning the initial layer 5 of
nitrided oxide on the at least one second portion of the surface of the
substrate 1 to a second, intermediate thickness different from the first
intermediate thickness  and lower than the respective, second predefined
thickness; and adding a layer of oxide to the at least two layers of
nitrided oxide so as to obtain at least two layers of  5 oxide of
predefined, different thickness. 7. A method as claimed in claim 6, wherein
the initial thickness of the initial layer of nitrided  



oxide exceeds the first and second predefined thickness by about 10-50%. 10
S. A method of forming at least one first layer of oxide of a first,
predefined thickness on at least  one first portion of the surface of a
substrate 1 and at least one second layer of oxide of a second, predefined,
different thickness on at least one second portion of the surface of the
substrate 1, comprising: thermal growing at least one layer of oxide in a
nitrogen-containing atmosphere so as to form at least  one initial layer 5
of nitrided oxide of an initial thickness exceeding both the first and
second  15 predefined thickness on at least one first and one second
portion of the surface of the substrate  1; removing the layer 5 of
nitrided oxide from the at least one first portion of the surface of the
substrate  targeted for the thin layer of oxide; thinning the initial layer
5 of nitrided oxide on the at least one second portion of the surface of
the  20 substrate 1 targeted for the thick layer of oxide to a thickness
lower than the respective,  predefined thickness; and thermal growing a
layer of -oxide on the at least one first and one second portion of the
surface of the  substrate 1 so as to obtain at least two layers of oxide of
predefined, different thickness. 25 9. A method as claimed in claim 8,
wherein removing the layer 5 of nitrided oxide from the at  least one first
portion of the surface of the substrate 1 targeted for the thin layer of
oxide comprises masking the at  least one second portion of the surface of
the substrate 1 targeted for the thick layer of oxide and dry-etching or
wet-etching the layer of oxide on the at least one first portion of the
surface of the substrate 1 targeted for the thin  layer of oxide. 30 10. A
method as claimed in claim 8, wherein thinning the initial layer 5 of
nitrided oxide on the at  least one second portion of the surface of the
substrate I targeted for the thick layer of oxide comprises masking  the at
least one first portion of the surface of the substrate I targeted for the
thin layer of oxide and wet etching  the uncovered, initial layer of
nitrided oxide on the at least one second portion of the surface of the
substrate 1  35 targeted for the thick layer of oxide. 11. A method as
claimed in claim 8, wherein the initial thickness of the initial layer 5 of
nitrided  oxide exceeds the first and second predefined thickness by about
10-50%. 40 -12 


