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INTEGRATION OF MULTIPLE GATE DIELECTRICS BY SURFACE
PROTECTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to the fabrication of semiconductor

devices, and relates more particularly to methods for protecting surfaces during multiple gate

dielectrics integration.

BACKGROUND OF THE INVENTION
[0002] In certain integrated circuits (ICs), such as those based on System-On-a-Chip

(SOC) technology, various semiconductor devices having various functionalities are formed
on a single chip in order to satisfy the requirements and needs of the end use products. When
these semiconductor devices operate at different voltages, the fabrication of the integrated
circuit typically requires the formation of dielectric layers having varying thicknesses and
compositions. For example, high voltage power transistors, such as those used to program
EEPROM devices, typically require thicker gate oxides than the lower voltage transistors
associated with memory storage in DRAM circuitry.

[0003] Various approaches have been developed in the art for forming gate oxide layers
having different thicknesses as required to accommodate the particular voltage requirements
of different devices present on the same integrated circuit. Such multi gate oxide structures,
which may include triple gate oxide (TGO) structures and quadruple gate oxide (QGO)
structures, may be achieved, for example, by using a separate process to provide each of the
gate oxide thicknesses required by the various devices in the integrated circuit.

[0004] Alternately, gate oxide layers having different thicknesses may be formed by
dividing a chip into multiple regions, and then providing each region with a specific gate
oxide thickness. For instance, it is possible to form a chip such that it is divided into three
separate regions with associated gate oxide layers having thicknesses suitable for high
voltage, low voltage and medium voltage devices. Accordingly, it is required that the multi
gate oxide layer formation technology that is used to fabricate such devices is capable of
producing gate oxide layers of varying thicknesses as required to accommodate the needs of a
particular device. ‘

[0005] Despite the development of the aforementioned processes for forming gate oxide
layers having different thicknesses in the same integrated circuit, these processes suffer from

some notable infirmities. In particular, the performance characteristics of devices
1
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manufactured by these processes are frequently less than optimal. Often, these characteristics
are particularly poor in the core devices.

[0006] There is thus a need in the art for a multi gate oxide process, and for products
manufactured by this process, that overcome this infirmity. In particular, there is a need in
the art for a method for manufacturing multi gate oxide devices in which the performance
characteristics of the core devices are comparable to the devices disposed elsewhere in the
integrated circuit. These and other needs are met by the methodologies and devices described

herein.

SUMMARY OF THE INVENTION

{00071  In one aspect, a method is provided herein for forming a multi gate oxide

structure. In accordance with this method, a substrate, which is preferably a silicon substrate
such as a chip or wafer, is provided which has a sacrificial oxide layer disposed thereon. A
first region of the substrate is exposed, as by chemical etching used in combination with a
masking scheme or through other suitable means, after which a first gate oxide layer is grown
on the exposed substrate within the first region. A second region of the substrate, which does
not substantially overlap the first region, is then exposed, as by chemical etching used in
combination with a masking scheme or through other suitable means, after which a second
gate oxide layer is grown on the exposed substrate within the first region. Preferably, the first
and second regions are mutually exclusive.

[0008] In another aspect, a method for forming a multi gate oxide structure is provided.

In accordance with the method, a semiconductor substrate is provided having an initial oxide
layer thereon. A first layer of photoresist is deposited and patterned on the initial oxide layer,
thereby forming a first region in which the initial oxide layer is exposed, after which the
initial oxide layer is etched within the first region, thereby forming a first etched region. A
first gate oxide layer is then formed within the first etched region. Next, a second layer of
photoresist is deposited and patterned on the initial oxide layer and first oxide layer, thereby
forming a second region in which the initial oxide layer is exposed. The exposed initial oxide
layer is etched within the second region, thereby forming a second etched region that does not
substantially overlap with the first etched region. Finally, a second oxide layer is grown
within the second etched region.

[0009]  In another aspect, a multi gate oxide structure is provided. The structure
comprises a semiconductor substrate having a first major surface with first and second

regions thereon, wherein the first region is vertically disposed by a distance d; from the first
2
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major surface, and wherein the second region is vertically disposed by a distance d; from the
first major surface. A first gate oxide layer having a first average thickness is disposed
within the first region, and a second gate oxide layer having a second average thickness is
disposed within the second region.

[0010] In yet another aspect, a semiconductor structure is provided which comprises a
semiconductor substrate, a first gate oxide layer disposed over a first region of said substrate,
a sacrificial oxide layer disposed over a second region of said substrate, and a mask disposed
over said first oxide layer and over a first portion of said sacrificial oxide layer, said mask
being patterned so as to expose a second portion of said sacrificial oxide layer.

[0011] These and other aspects of the present disclosure are described in greater detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  FIGs. 1-12 are illustrations of a prior art multiple gate oxide fabrication process;

[0013]  FIGs. 13-25 are illustrations of a multiple gate oxide fabrication process in
accordance with the teachings herein;

[0014]  FIGs. 26-31 are illustrations of a multiple gate oxide fabrication process in
accordance with the teachings herein; and

[0015]  FIGs. 32-34 are illustrations of a multiple gate oxide fabrication process in

accordance with the teachings herein.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0016] It has now been found that the aforementioned problems with respect to device
performance characteristics in a multi gate oxide device may be solved through the utilization
of a masking technique that selectively exposes one region of a substrate at a time for the
formation of a gate oxide layer having the particular thickness required for that region. This
process permits each region of a silicon substrate on which devices are to be built to be
exposed to oxide etching and pre-cleaning only once.

[0017] Without wishing to be bound by theory, it is believed that the observed decrease
in device performance associated with conventional multi gate oxide processes arises, at least
in part, from excessive roughening of the silicon surfaces on which the devices are grown,
and that this excessive roughening results from multiple exposures to the wet chemicals
commonly used in oxide etch and pre-clean processes. In conventional multi gate oxide
processes, the number of exposures increases with each level of integration, and is greatest
for core devices. Hence, the degree of roughening, and the associated decrease in device
performance, would also be expected to increase with each level of integration, and would be
expected to be most significant for core devices. This is consistent with observations.

[0018] Thus, for example, if there is a 3% decrease in device performance for each level
of integration, there will be a 3% decrease in performance in going from a single gate oxide
integration to a dual gate oxide (DGO) integration, a 6% decrease in device performance in
going from a single gate oxide integration to a triple gate oxide (TGO) integration, and a 9%
decrease in device performance in going from a single gate oxide integration to a quadruple
gate oxide (QGO) integration. Given the current need for highly integrated devices, the
methodologies and devices described herein provide a much needed means for significantly
improving device performance (especially core device performance) in highly integrated
structures.

[0019] The infirmities of conventional processes for forming multi gate oxide structures
as described above may be better understood with reference to the particular prior art process
depicted in FIGs. 1-12. For clarity of illustration, the features of the structures in each step of
this process have been greatly simplified.

[0020] As shown in FIG. 1, this process typically begins with a structure 101 comprising
a silicon substrate 103 upon which is disposed a sacrificial oxide layer 105. The silicon

substrate is typically a silicon wafer, and the sacrificial oxide layer is typically silicon oxide.
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[0021]  The sacrificial oxide layer 105 is then stripped with a suitable wet etch as shown
in FIG. 2, and a first gate oxide layer 107 is grown as shown in FIG. 3. A layer of photoresist
109 is then deposited and patterned as shown in FIG. 4 using conventional photolithography
techniques, thus exposing a portion of the first gate oxide layer. The exposed portion of the
first gate oxide layer 107 is then etched (typically with wet chemicals) down to the silicon
substrate. The layer of photoresist 109 is then stripped, yielding the structure shown in FIG.
5.

[0022] As shown in FIG. 6, a second gate oxide layer 111 is grown over the exposed
region of the substrate. A layer of photoresist 113 is then deposited over the structure and is
patterned using conventional photolithography techniques, thus yielding the structure shown
in FIG. 7 in which a region of the second gate oxide layer 111 is exposed. The exposed
portion of the second gate oxide layer 111 is then etched down to the silicon substrate
(typically through the use of wet chemicals) and the layer of photoresist 113 is stripped, thus
yielding the structure shown in FIG. 8 in which a region of the silicon substrate 103 is
exposed.

[0023]  As shown in FIG. 9, a third gate oxide layer 117 is grown over the exposed region
of the silicon substrate 103. A layer of photoresist 119 is then deposited over the structure
and is patterned through conventional photolithography techniques, thus yielding the
structure depicted in FIG. 10 in which a region of the third gate oxide layer 117 is exposed.
The exposed portion of the third gate oxide layer 117 is then etched (typically through the use
of wet chemicals) down to the silicon substrate 103, followed by a photoresist strip, thus
yielding the device shown in FIG. 11 in which a region of the silicon substrate 103 is
exposed. A fourth gate oxide layer 121, which defines the gate oxide for the core devices, is
then grown over the exposed region of the silicon substrate 103 as shown in FIG. 12.

[0024] It will be appreciated from the description of the aforementioned conventional
process that, with each level of integration, the portion of the silicon substrate on which the
devices are grown is subjected to an additional wet etch and photoresist strip. The silicon
substrate will also typically be exposed, with each level of integration, to an additional pre-
cleaning step prior to the growth of the gate oxide to ensure that the exposed surface is free of
contaminants. Thus, in the particular process illustrated, by the time the gate oxide for the
core devices has been grown, the silicon underlying the core devices has been exposed to four
wet etches, four photoresist strips, and four pre-clean processes. As previously noted, the
effect of these processes on the surface roughness of the silicon substrate is often cumulative,

and can lead to excessive roughening of the silicon surface (and attendant decreases in device
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performance characteristics) in more highly integrated devices, with the effect being
particularly prominent in the core areas of the structure.

[0025] The methodologies of the present disclosure overcome these infirmities through
the utilization of a masking technique that selectively exposes one region of the substrate at a
time for the formation of a gate oxide layer having the particular thickness required for that
region. These methodologies permit each region of the substrate upon which semiconductor
devices are to be built to be exposed only once to the wet chemicals used for oxide etching,
photoresist stripping and pre-cleaning. Hence, as compared to conventional multi gate oxide
processes, the methodologies disclosed herein minimize roughening of the substrate and
maximize device performance, particularly in the core areas of the integrated circuit.

[0026] The methodologies disclosed herein may be better understood with reference to
the non-limiting embodiment depicted in FIGs. 13-25, it being understood that many
variations in this embodiment are possible. For clarity of illustration, the features of the
structures in each step of this process have been greatly simplified.

[0027] As shown in FIG. 13, the depicted process begins with the provision of a structure
201 which comprises a substrate 203 having a sacrificial oxide layer 207 disposed thereon.
The substrate is preferably a silicon substrate such as a silicon wafer or chip, and the
sacrificial oxide layer is preferably silicon oxide. However, one skilled in the art will
appreciate that the methodologies disclosed herein are not particularly limited to any
particular substrate or sacrificial oxide. Rather, the principles disclosed herein are more
broadly applicable to a variety of substrates upon which semiconductor devices are grown,
and to the various oxides employed with these substrates.

[0028]  As shown in FIG. 14, a layer of photoresist 209 is deposited over the layer of
sacrificial oxide 207 and is patterned through the use of suitable photolithography techniques.
This results in the structure depicted in FIG. 14 in which a region of the sacrificial oxide layer
207 is exposed. The exposed region of the sacrificial oxide layer 207 is then etched down to
the silicon substrate and the layer of photoresist is stripped, thus yielding the structure in FIG.
15.

[0029]  Asshown in FIG. 16, a first gate oxide layer 211 is grown on the exposed portion
of the silicon substrate 203. If desired, the exposed portion of the silicon substrate may be
subjected to a pre-cleaning process prior to the growth of the first gate oxide layer 211. A
layer of photoresist 213 is then deposited on the structure and is patterned through suitable
photolithography techniques, thus yielding the structure depicted in FIG. 17 in which a

portion of the sacrificial oxide layer 207 is exposed.
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[0030] As shown in FIG. 18, the exposed portion of the sacrificial oxide layer 207 is then
etched down to the silicon substrate, and the layer of photoresist is stripped. A second gate
oxide layer 215 is then grown on the exposed portion of the silicon substrate 203 as shown in
FIG. 19. If desired, the exposed portion of the silicon substrate may be subjected to a pre-
cleaning process prior to the growth of the second gate oxide layer.

[0031] Next, a layer of photoresist 217 is deposited over the structure and is patterned
through suitable photolithography techniques, thus yielding the structure depicted in FIG. 20
in which a portion of the sacrificial oxide layer 207 is exposed. As shown in FIG. 21, the
exposed portion of the sacrificial oxide layer 207 is then etched down to the silicon substrate
203, and the layer of photoresist is stripped. A third gate oxide layer 219 is then grown on
the exposed portion of the silicon substrate 203 as shown in FIG. 22. If desired, the exposed
portion of the silicon substrate may be subjected to a pre-cleaning process prior to the growth
of the third gate oxide layer 219.

[0032] Once again, a layer of photoresist 221 is deposited over the structure and is
patterned through suitable photolithography techniques, thus yielding the structure depicted
in FIG. 23 in which a portion of the sacrificial oxide layer 207 is exposed. As shown in FIG.
24, the exposed portion of the sacrificial oxide layer 207 is then etched down to the silicon
substrate 203, and the layer of photoresist is stripped. A fourth gate oxide layer 223 is then
grown on the exposed portion of the silicon substrate 203 as depicted in FIG. 25. If desired,
the exposed portion of the silicon substrate 203 may be subjected to a pre-cleaning process
prior to the growth of the fourth gate oxide layer 223.

[0033]  As previously noted, the process depicted in FIGs. 13-25, and in particular the
masking technique depicted therein, is advantageous in that it selectively exposes one region
of the substrate at a time for the formation of a gate oxide layer having the particular
thickness required for that region, with the result that each region of the substrate upon which
semiconductor devices are to be grown is exposed only once to the wet chemicals used for
oxide etching, photoresist stripping and pre-cleaning. Hence, as compared to conventional
multi gate oxide processes, this process minimizes roughening of the substrate surface and
maximizes the performance of the semiconductor devices grown thereon. Moreover, as a
result of this approach, the core area of the integrated circuit is subjected to the same number
of wet etch, photoresist strip, and pre-clean processes as the remaining portion of the
structure upon which semiconductor devices are grown. Consequently, in integrated circuits
made in accordance with this approach, the performance characteristics of the core devices

will be on par with the characteristics of devices disposed in other regions of the substrate.
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[0034]  Various modifications are possible with respect to the methodologies disclosed
herein, including the particular embodiment depicted in FIGs. 13-25. For example, in the
methodologies disclosed herein, it is preferred that each region of the substrate upon which
semiconductor devices are to be grown is exposed only once to the wet chemicals used for
oxide etching, photoresist stripping and pre-cleaning. Hence, it is preferred that these regions
are mutually exclusive. However, it will be appreciated that the methodologies disclosed
herein offer significant advantages over conventional processes, even if there is some overlap
between these regions.

[0035] Moreover, while the embodiment depicted in FIGs. 13-25 is shown beginning
with a substrate 203 having a sacrificial oxide layer 207 disposed thereon, one skilled in the
art will appreciate that the process may begin with a substrate having any other suitable oxide
layer thereon. Such other suitable oxide layer may be, for example, any of the first, second,
third or fourth gate oxide layers disclosed herein. Also, while the method depicted in FIGs.
13-25 is illustrated with respect to the formation of a QGO, it will be appreciated that the
principles disclosed herein are applicable to DGO, TGO, or any multiple gate oxide
integration.

[0036]  Furthermore, as previously noted, for clarity of illustration, the features of the
structures in each step of the non-limiting embodiment depicted in FIGs. 13-25 have been
greatly simplified. Hence, one skilled in the art will appreciate that actual devices and
methodologies made in accordance with the teachings herein will typically have other
elements and features beyond those specifically depicted, and that these elements and
features may take other forms. Thus, for example, while not explicitly shown, isolation
structures would typically be disposed between gate oxide layers 211, 215, 219 and 223 (see,
e.g., FIG. 25) to provide physical and electrical isolation between adjacent transistors having
different thicknesses. These isolation structures would typically be in the form of shallow
trench isolation (STI) structures or LOCOS structures. The formation of such structures,
though not described herein, is well known in the art.

[0037] It will also be appreciated that the general principle of exposing each region of the
substrate only once to the wet chemicals used for oxide etching, photoresist stripping and pre-
cleaning may be achieved in a variety of ways. For example, in one possible embodiment
which is illusltrated in FIGs. 26-31, a device 301 is provided comprising a substrate 303
which has regions 305, 307, 309 and 311 thereon that have varying depths with respect to the
major surface of the substrate. In the particular embodiment illustrated, the substrate 303

may be, for example, a silicon wafer on which bulk micromachining or other suitable
8
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methods have been employed to create a series of concentric steps or trenches in the
substrate.

[0038]  Asshown in FIG. 27, a layer of sacrificial oxide 313 is grown over the substrate
303. The resulting structure is then subjected to chemical mechanical polishing or to other
suitable techniques as are known to the art to planarize the surface of the sacrificial oxide
layer, thus resulting in a structure which has a planar surface and a sacrificial oxide layer with
different depths in each of the regions 305, 307, 309 and 311.

[0039]  Asshown in FIG. 28, a suitable etching technique may then be employed to etch
the layer of sacrificial oxide 313 so as to selectively expose the region 305 of the substrate
303. This may be achieved, for example, through the use of an etch having an associated etch
rate that does not significantly vary across the surface of the sacrificial oxide layer. Since the
thickness of the sacrificial oxide layer 303 is less in the region 305 than it is in the remaining
regions, the use of a mask here is optional. A first gate oxide 315 is then grown in the
exposed region 305 as shown in FIG. 29.

[0040] Next, the gate oxide 315 is masked, and the remaining portion of the sacrificial
oxide layer 313 is etched sufficiently such that the region 307 is now selectively exposed.
The mask is then stripped, thus yielding the structure depicted in FIG. 30. This process is
repeated as necessary to define the gate oxide layers 317, 319 and 321 shown in FIG. 31.
[0041]  As with the previously described methods, this approach ensures that each region
of the substrate is subjected to etching only once. It will be appreciated that, although this
embodiment is illustrated with regions having increasing depth as one goes toward the center
of the substrate, a similar result could be achieved with other dispositions of these regions. It
will also be appreciated that this methodology may be utilized in conjunction with a substrate
having any desired number of regions of different depths, and that each of these regions may
be provided with a gate oxide layer having a thickness selected to accommodate devices
operating at a particular voltage.

[0042] In a further variation of the aforementioned process which is illustrated in FIGs.
32-33, a device 401 is provided with a substrate 403 equipped with regions 405, 407, 409 and
411 that have varying heights above the major surface of the substrate 403. Such a substrate
may be created, for example, through the use of suitable masking techniques used in
combination with epitaxial growth. A layer of sacrificial oxide 413 is then grown on the
substrate, and chemical mechanical polishing or other suitable techniques are used to create a
structure having a planar surface and having a layer of sacrificial oxide with a varying depth.

As with the embodiment illustrated in FIGs. 26-31, suitable masking, etching and growth
9
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processes may be used to selectively create gate oxide layers 415, 417, 419 and 421 in the
different regions 405, 407, 409 and 411 (see FIG. 34), while exposing a given region of the
substrate to wet etch, photoresist strip and pre-clean processes only once.

[0043] A number of variations are possible with respect to the methods depicted in FIGs.
26-33. For example, while these methods are illustrated with the formation or growth of the
various gate oxide layers occurring in a stepwise fashion, it will be appreciated that formation
or growth of the gate oxide layers in two or more regions could occur simultaneously.
Suitable masking and etching techniques could then be used to reduce the gate oxide layer in
a particular region to a desired thickness. Likewise, suitable masking and growth techniques
could be used to increase the gate oxide layer in a particular region to a desired thickness. In
some such embodiments, the gate oxide layers in the various regions may be formed on
structures of the type illustrated in FIGs. 26 and 32, without the use of intervening sacrificial
oxide layers.

[0044]  The various methodologies and devices described herein have been specifically
illustrated with reference to silicon substrates. However, it will be appreciated that these
methodologies and devices may be used in conjunction with various other substrates, with
suitable modifications as will be apparent to those skilled in the art. Such other substrates
include, without limitation, silicon germanium, gallium arsenide, bulk substrates, silicon-on-
insulator (SOI) substrates, and other semiconductor-on-insulator substrates.

[0045] Moreover, as previously noted, in the various methodologies described herein, one
or more pre-cleaning steps may be utilized prior to the growth or formation of the gate oxide
layers. Such pre-cleaning steps may include, but are not limited to, a sulfuric acid peroxide
mixture (SPM) pre-clean, an ammonium peroxide mixture (APM) pre-clean, or a
hydrochloric peroxide mixture (HPM) pre-clean. Various combinations and sub-
combinations of the aforementioned pre-cleans may also be used. Thus, for example, in one
particular, non-limiting embodiment, the pre-clean includes sequential treatment in the order
SPM, APM and HPM, with each of the SPM, APM and HPM cleaning steps having a
duration of about 10 minutes. The duration of the pre-clean and/or its component steps is
preferably selected so as to minimize any surface roughening resulting from the pre-clean,

and to maintain thickness of the gate oxide within a predetermined range.

[0046]  The above description of the present invention is illustrative, and is not
intended to be limiting. It will thus be appreciated that various additions, substitutions and

modifications may be made to the above described embodiments without departing from the
10
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scope of the present invention. Accordingly, the scope of the present invention should be

construed in reference to the appended claims.
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CLAIMS

1. A method for forming a multi gate oxide structure, comprising the steps of:

providing a substrate having an initial oxide layer thereon;

selectively exposing a first region of the substrate;

forming a first gate oxide layer within said first region, thereby forming a first
structure;

selectively exposing a second region of the substrate in the first structure, wherein the
first and second regions do not substantially overlap; and

forming a second gate oxide layer within the second region, thereby forming a second

structure.

2. The method of claim 1, further comprising the steps of:

selectively exposing a third region of the substrate in the second structure, wherein the
first, second and third regions do not substantially overlap; and

forming a third gate oxide layer within the third region, thereby foﬁning a third

structure.

3. The method of claim 2, further comprising the steps of:
selectively exposing a fourth region of the substrate in the third structure, wherein the
first, second, third and fourth regions do not substantially overlap; and

growing a fourth gate oxide layer within the fourth region.

4. The method of claim 1, wherein at least one of the step of selectively exposing the
first region and the step of selectively exposing the second region involves the use of a

masking technique.
5. The method of claim 1, wherein each of the step of selectively exposing the first

region and the step of selectively exposing the second region involves the use of a masking

technique.

12
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6. The method of claim 4, wherein at least one of the step of selectively exposing the
first region and the step of selectively exposing the second region further involves the use of

subjecting the sacrificial oxide layer to chemical etching.

7. The method of claim 1, wherein the first and second regions are mutually exclusive.

8. The method of claim 1, wherein the first and second regions have first and second

depths, respectively.

9. The method of claim 8, wherein the initial oxide layer has first and second thicknesses

within the first and second regions, respectively.

10. The method of claim 9, wherein the first thickness is less than the second thickness.

11.  The method of claim 10, wherein the initial oxide layer is etched until the first region

is exposed but before the second region is exposed.

12. The method of claim 8, wherein the first region is exposed through chemical

mechanical polishing.

13. The method of claim 8, wherein the surface of the initial oxide layer is subjected to
chemical mechanical polishing such that it is substantially smooth over the first and second
regions and such that the initial oxide layer has first and second nonzero thicknesses within

the first and second regions, respectively.

14. The method of claim 13, wherein the first thickness is less than the second thickness,
and wherein the first region is exposed by subjecting at least the portions of the initial oxide
layer extending over the first and second regions to chemical etching until the first region is

exposed, but before the second region is exposed.

15. The method of claim 1, wherein said substrate is a semiconductor substrate.

16. A method for forming a multi gate oxide structure, comprising the steps of:

providing a semiconductor substrate having an initial oxide layer thereon;
13
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depositing and patterning a first layer of photoresist on the initial oxide layer, thereby
forming a first region in which the initial oxide layer is exposed;

etching the initial oxide layer within the first region, thereby forming a first etched
region;

forming a first gate oxide layer within the first etched region;

depositing and patterning a second layer of photoresist on the initial oxide layer and
first oxide layer, thereby forming a second region in which the initial oxide layer is exposed;

etching the exposed initial oxide layer within the second region, thereby forming a
second etched region; and

growing a second oxide layer within the second etched region;

wherein the first and second etched regions do not substantially overlap.

17.  The method of claim 16, wherein the first and second etched regions are mutually

exclusive.

18.  The method of claim 16, wherein the first and second gate oxide layers have first and
second average thicknesses, respectively, and wherein the first average thickness is Iess than

the second average thickness.

19. A multi gate oxide structure, comprising:

a semiconductor substrate having a first major surface with first and second regions
thereon, wherein said first region is vertically disposed by a distance d; from said first major
surface, and wherein said second region is vertically disposed by a distance d, from said first
major surface;

a first gate oxide layer having a first average thickness disposed within said first
region; and

a second gate oxide layer having a second average thickness disposed within said

second region.
20.  The device of claim 19, wherein the first and second gate oxide layers have first and

second average thicknesses, respectively, and wherein the first average thickness is less than

the second average thickness.
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21.  The device of claim 19, wherein said first region has a first depth d; and wherein said

second region has a depth d,, and wherein d; > d;.

22. The device of claim 19, wherein said first region has a first height d; and wherein said

second region has a height d,, and wherein d, > dy.

23. The device of claim 19, wherein said first region has a first height d; and wherein said

second region has a depth ds.

24. A multi gate oxide structure, comprising:

a semiconductor substrate;

a first gate oxide layer disposed over a first region of said substrate;

a sacrificial oxide layer disposed over a second region of said substrate;

a mask disposed over said first oxide layer and over a first portion of said sacrificial
oxide layer, said mask being patterned so as to expose a second portion of said sacrificial

oxide layer.

25. The semiconductor structure of claim 24, wherein said first and second regions of said

substrate do not substantially overlap.

26. The semiconductor structure of claim 24, wherein said first and second regions of said

substrate are mutually exclusive.

27.  The semiconductor structure of claim 24, further comprising a second gate oxide

disposed over a third region of said substrate.

28. The semiconductor structure of claim 27, wherein said mask extends over said first

and third regions of said substrate.

29.  The semiconductor structure of claim 28, wherein said first and third regions of said

substrate do not substantially overlap.

30.  The semiconductor structure of claim 27, further comprising a third gate oxide

disposed over a fourth region of said substrate.
15
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31. The semiconductor structure of claim 30, wherein said mask extends over said first,

third and fourth regions of said substrate.

32. The semiconductor structure of claim 31, wherein said first, third and fourth regions

of said substrate do not substantially overlap.
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