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(7) ABSTRACT

A method for preventing polysilicon stringer formation
under the active device area of an isolated ultra-thin Si
channel device is provided. The method utilizes a chemical
oxide removal (COR) processing step to prevent stinger
formation, instead of a conventional wet etch process
wherein a chemical etchant such as HF is employed. A
silicon-on-insulator (SOI) structure is also provided. The
structure includes at least a top Si-containing layer located
on a buried insulating layer; and an oxide filled trench
isolation region located in the top Si-containing layer and a
portion of the buried insulating layer. No undercut regions
are located beneath the top Si-containing layer.
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STRUCTURE AND METHOD TO FABRICATE
ULTRA-THIN SI CHANNEL DEVICES

FIELD OF THE INVENTION

[0001] The present invention relates to semiconductor
integrated circuit devices as well as their fabrication, and
more particularly to isolated ultra-thin Si channel devices
having a channel thickness of less than about 20 nm and a
method to fabricate such isolated ultra-thin Si channel
devices.

BACKGROUND OF THE INVENTION

[0002] In semiconductor processing, silicon-on-insulator
(SOI) technology is becoming increasingly important since
it permits the formation of high-speed integrated circuits. In
SOI technology, a buried insulating layer electrically iso-
lates a top Si-containing layer from a bottom Si-containing
layer. The top Si-containing layer, which is oftentimes
referred to in the art as the SOI layer, is generally the area
in which active devices such as transistors are formed.
Devices formed using SOI technology offer many advan-
tages over their bulk Si counterparts including, for example,
higher performance, absence of latch-up, higher packing
density and low voltage applications.

[0003] In the semiconductor industry, the SOI thickness
has been scaled down in every SOI device technology
generation. Current technology trends are for providing SOI
devices that have ultra-thin Si channels. Ultra-thin Si chan-
nel devices, which are formed in the top Si-containing layer
of an SOI substrate, have demonstrated excellent scalability.
The term “ultra-thin” is used throughout this application to
denote a channel region having a vertical thickness of less
than about 20 nm.

[0004] Although the ultra-thin Si channel device is accept-
able, device isolation is one of the challenges for the
manufacturer. The problem occurs during wet cleaning
which can undercut the thin SOI layer and create a region
under the active area that can be filled with gate poly-Si
during deposition. Since the poly-Si is trapped under the
active area, it cannot be etched during the gate stack etch and
thus causes shorting between the gates lying on the same
active area. This problem can be divided into two cases: The
first case is when the shallow trench isolation (STI) is higher
than the active device region, and the second case is when
the STI is lower than the active device region. Both cases
can lead to shorting if prior art processing is employed.

[0005] FIGS. 1A-1H show the basic processing steps that
are employed in forming a transistor having an ultra-thin
device channel. FIG. 1A shows an initial structure of the
prior art process in which pad stack 18 is formed atop an
upper surface of an SOI substrate 10. The SOI substrate 10
includes a bottom Si-containing layer 12, a buried insulating
layer 14 and a top Si-containing layer 16. The pad stack 18
includes an oxide layer 20 and a nitride layer 22 overlying
the oxide layer 20.

[0006] FIG. 1B shows the structure that is formed after
trench 24 has been formed into the structure shown in FIG.
1A. The trench 24 is formed through nitride layer 22, oxide
layer 20, and top Si-containing layer 16 stopping within the
buried insulating layer 14. The structure shown in FIG. 1B
is formed by lithography and etching.
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[0007] Next, a thermal oxidation process is performed to
provide a liner 25 on the exposed sidewall surface of top
Si-containing layer 16. Next, an oxide 26 such as a high
density plasma (HDP), tetracthylorthosilicate (TEOS), sub-
atmospheric chemical vapor deposition (SACVD) or other
oxide is deposited on the structure utilizing a deposition
process. The structure is then planarized to the upper surface
of nitride layer 22 and thereafter the oxide 26 is recessed
providing the structure shown in FIG. 1C.

[0008] After providing the structure shown in FIG. 1C,
the prior art process removes, via an etching process, the
nitride layer 22 of the pad stack 18, stopping atop oxide layer
20. FIG. 1D shows the resultant structure that is formed
after this step of the prior art process.

[0009] Next, the pad oxide layer 20 is removed utilizing a
conventional selective wet etch process in which a chemical
etchant such as hot hydrofluoric (HF) acid is employed to
remove the oxide from the structure. After the pad oxide is
removed, a sacrificial oxidation and sacrificial oxide
removal process is carried out. The oxides are typically
formed by thermal processes, while the oxide removal is
accomplished by etching in a wet HF acid mixture. Addi-
tionally, many state of the art circuits require multiple gate
oxide thicknesses. Multiple gate oxide processes include
thermal oxidation and wet etching. The wet etching steps of
the prior art process result in an undercut region 28 being
formed in the buried insulating layer 14; see FIG. 1E. Note
that the undercut region 28 is located beneath the top
Si-containing layer 16 of the SOI substrate 10.

[0010] A gate oxide layer 30 is then formed via oxidation
providing the structure shown in FIG. 1F and thereafter a
layer of polysilicon 32 is formed via deposition providing
the structure shown, for example, in FIG. 1G. The next step
in the prior art process comprises a gate stack etch which
provides the structure shown in FIG. 1H; in this figure,
reference numeral 34 represents the gate polysilicon.

[0011] Because of the undercut region 28 that is formed
utilizing this prior art process, polysilicon stringers 36
remain in the regions of undercut. The poly silicon stringers
36 that remain in the trench cause gate shorting which limits
the use of prior art ultra-thin Si channel devices. FIG. 2
shows a top-down view of the prior art structure produced
using the processing steps shown by FIGS. 1A-1H.

[0012] In view of the undercut problem that results in
stringer formation in the prior art process to isolate ultra-thin
Si channel devices, there exists a need for providing a new
and improved method to isolate ultra-thin Si channel devices
that prevents the formation of polysilicon stringers.

SUMMARY OF THE INVENTION

[0013] One object of the present invention is to provide a
method of fabricating an ultra-thin Si channel device having
isolation regions in which the formation of an undercut
region under the SOI layer is eliminated.

[0014] A further object of the present invention is to
provide a method of fabricating an ultra-thin Si channel
device in which polysilicon stringers are not trapped under-
neath the active device areas.

[0015] A yet further object of the present invention is to
provide a method of fabricating an ultra-thin Si channel
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device in which shorting between gates lying on the same
active area is substantially eliminated.

[0016] These and other objects and advantages can be
achieved in the present invention by utilizing a process in
which a chemical oxide removal (COR) step is used to
selectively etch sacrificial oxide layers, e.g., thermally
grown pad oxide and deposited oxide, from an SOI-con-
taining structure. Specifically, in the present invention, the
COR step etches the thermally grown pad oxide, sacrificial
oxide and gate oxide layer at a much faster rate than the
deposited oxide layer thereby providing an SOI-containing
structure having a ‘built’ in isolation region that comprises
remaining deposited oxide not removed by the COR step
underneath the SOI layer.

[0017] The COR etching step of the present invention does
not undercut the top Si-containing layer of the SOI-contain-
ing structure. Hence, polysilicon stringer formation is pre-
vented in the present invention by utilizing the COR etching
step. The COR step provides an SOIl-containing structure
including an ultra-thin channel with a built in isolation
region that contains deposited oxide that was not completely
removed by the COR etching step.

[0018] In one aspect of the present invention, a method to
fabricate ultra-thin Si channel devices is provided. The
method of the present invention includes the steps of:

[0019] providing a structure having at least one trench
region that includes a recessed, deposited oxide fill material,
said at least one trench region is located in a nitride pad
layer, a thermally grown oxide pad layer, a top-Si-containing
layer of an SOI substrate and a portion of a buried insulating
layer of said SOI substrate;

[0020] removing said nitride pad layer to expose said
thermally grown oxide pad layer; and

[0021] removing said exposed thermally grown oxide pad
layer and a portion of said recessed, deposited oxide fill
material utilizing a chemical oxide removal process, said
chemical oxide removal process removes the thermally
grown oxide at a faster rate than the recessed, deposited
oxide to provide a silicon-on-insulator (SOI) structure hav-
ing an oxide filled trench isolation region, wherein no
undercut regions are located beneath the top Si-containing
layer.

[0022] Due to manufacturing variations, the oxide filled
trench isolation regions can be higher or lower than the top
Si-containing layer directly after the pad nitride layer is
removed. In the case where the oxide filled trench isolation
region is lower than the active device region after the pad
nitride layer is removed, application of the COR process
results in a unique and useful structure which includes a thin
SOI layer and a gently sloping oxide structure that prevents
the formation of the undercut region as in the prior art. The
unique structure is made possible by the self-limiting prop-
erties of the COR reaction. The exposed vertical region of
the trench liner forms a right angle with the horizontal
portion of the trench fill oxide. As the products of the COR
reaction form on the vertical oxide and the horizontal oxide,
the products preferentially build up in the corner region due
to the volume expansion of the reaction product compared to
the volume of reacted oxide. Since the products serve to
limit the reaction, less oxide is etched in the corner than the
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horizontal portions of the trench oxide and thereby forming
a gently sloping oxide structure and preventing the undercut.

[0023] In case where the trench oxide is higher than the
active device region, the COR process results in a unique
and useful structure which includes a thin SOI layer and a
gently sloping oxide structure which prevents the formation
of the undercut region as in the prior art. The unique
structure is made possible by the self-limiting properties of
the COR reaction. The exposed vertical region of the trench
oxide forms a right angle with the horizontal portion of the
pad oxide. As the products of the COR reaction form on the
vertical oxide and the horizontal oxide, the products pref-
erentially build up in the corner region due to the volume
expansion of the reaction product compared to the volume of
reacted oxide. Since the products serve to limit the reaction,
less oxide is etched in the corner than the horizontal portions
of the pad oxide and thereby forming a gently sloping oxide
structure and preventing the undercut.

[0024] Further complementary metal oxide semiconductor
processing steps can be utilized to form a transistor region
atop exposed portions of the top Si-containing layer.

[0025] Another aspect of the present invention is an SOI-
containing structure that is formed utilizing the processing
steps of the present invention. The structure of the present
invention comprises:

[0026] a silicon-on-insulator (SOI) comprising at least at
top Si-containing layer located on a buried insulating layer;
and

[0027] an oxide filled trench isolation region located in
said top Si-containing layer and a portion of said buried
insulating layer, wherein no undercut regions are located
beneath the top Si-containing layer.

[0028] The unique structure of the present invention can
include a plurality of transistors located atop the top Si-
containing layer of the SOI structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and other objects, features and advantages of
the present invention will become apparent from the fol-
lowing detailed description and the appended drawings in
which:

[0030] FIGS. 1A-1H are pictorial representations
(through cross sectional views) illustrating a prior art pro-
cess to isolate ultra-thin Si channel devices.

[0031] FIG. 2 is a top-down view of the structure that is
formed utilizing the prior art process shown in FIGS.
1A-1H.

[0032] FIGS. 3A-3H are pictorial representations
(through cross sectional views) illustrating the basic pro-
cessing steps of the present invention to fabricate ultra-thin
Si channel devices. These drawings show the general con-
cept of the present invention.

[0033] FIGS. 4A-4B are pictorial representations
(through cross sectional views) illustrating one possible
embodiment of the present invention in which the oxide
filled trench is at a lower level than the top Si-containing
layer after the nitride pad layer has been removed.
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[0034] FIGS. 5A-5B are pictorial representations
(through cross sectional views) illustrating another possible
embodiment of the present invention in which the oxide
filled trench is at a higher level than the top Si-containing
layer after the nitride pad layer has been removed.

DETAILED DESCRIPTION OF THE
INVENTION

[0035] The present invention, which provides a structure
and method to fabricate ultra-thin Si channel devices, will
now be described in greater detail by referring to the
drawings that accompany the present application.

[0036] FIG. 3A shows an initial structure that is employed
in the present invention. The initial structure shown in FIG.
3A includes an SOI substrate 50 having a pad stack 58
located on a surface thereof. The SOI substrate 50 includes
a bottom Si-containing layer 52, a buried insulating layer 54,
such as an oxide, located atop the bottom Si-containing layer
52, and a top Si-containing layer 56 located atop the buried
insulating layer 54. The term “Si-containing layer” is used
herein to denote a material that includes silicon. Illustrative
examples of Si-containing materials include, but are not
limited to: Si, SiGe, SiGeC, SiC, polysilicon, i.e., polySi,
epitaxial silicon, i.e., epi-Si, amorphous Si, i.e., a:Si and
multilayers thereof. In some embodiments, layers 52 and/or
56 may comprise Ge. A preferred Si-containing material for
Si-containing layers 52 and 56 is Si.

[0037] The top Si-containing layer 56 of SOI substrate 50
is an ultra-thin layer which has a vertical thickness, t,, i.c.,
height, of less than about 20 nm, with a vertical thickness of
from about 3 nm to about 12 nm being more highly
preferred. Portions of the top Si-containing layer 56 which
are located beneath the transistor serve as ultra-thin channel
regions. The thicknesses of the buried insulating layer 54
and the bottom Si-containing layer 52 are not critical to
present invention.

[0038] The SOI substrate 50 is fabricated using techniques
that are well known to those skilled in the art. For example,
the SOI substrate 50 may be fabricated using a thermal
bonding process, or alternatively the SOI substrate 50 may
be fabricated by an ion implantation process which is
referred to in the art as separation by ion implantation of
oxygen (SIMOX). When a thermal bonding process is
employed in fabricating the SOI substrate 50, an optional
thinning step may be utilized to thin the top Si-containing
layer 56 into the ultra-thin regime.

[0039] The pad stack 58 is then formed on the top Si-
containing layer 56 of SOI substrate 50. The pad stack 58
includes a thermally grown pad oxide layer 60 and a pad
nitride layer 62 located atop the thermally grown pad oxide
layer 60. The thermally grown pad oxide layer 60 is formed
by a thermal oxidation process, while the pad nitride layer
62 is formed by a conventional deposition process such as
chemical vapor deposition (CVD), plasma-assisted CVD,
evaporation, atomic layer deposition, or chemical solution
deposition. Alternatively, the pad nitride layer 62 may be
formed by a thermal nitridation process. The thermal oxi-
dation process is performed in the presence of an oxygen-
containing gas such as steam, O, or ozone, whereas the
thermal nitridation process is performed in the presence of
a nitrogen-containing gas such as NO or N,,.
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[0040] The thickness of the thermally grown oxide layer
60 of pad stack 58 may vary depending on the conditions
used during the thermal oxidation process. Typically, the
thermally grown oxide layer 60 has a thickness of from
about 1 nm to about 100 nm, with a thickness of from about
5 nm to about 9 nm being more highly preferred. Insofar as
the pad nitride layer 62 of pad stack 58 is concerned, the pad
nitride layer 62 has a thickness that is typically greater than
the thermally grown pad oxide layer 60. Specifically, the pad
nitride layer 62 has a thickness of from about 10 nm to about
200 nm, with a thickness of from about 50 nm to about 120
nm being more highly preferred.

[0041] Next, and as is shown in FIG. 3B, at least one
trench region 64 is formed into the initial structure shown in
FIG. 3A. Despite FIG. 3B showing the presence of only a
single trench region, the method of the present invention
works equally well when a plurality of trench regions are
formed. The at least one trench region 64 is formed utilizing
lithography and etching. The lithography step includes
applying a photoresist (not shown) to the upper exposed
surface of the pad stack 58, ie., pad nitride layer 62,
exposing the photoresist to a pattern of radiation, and
developing the pattern into the photoresist utilizing a con-
ventional resist developer. After the pattern is formed in the
photoresist, the pattern is transferred first to pad nitride layer
62 utilizing a dry or wet etching process.

[0042] When dry etching is performed, reactive-ion etch-
ing (RIE), ion beam etching, plasma etching or laser ablation
may be employed. When a wet etching process is employed,
a chemical etchant that is highly selective in removing the
desired material is employed. After transferring the pattern
to the pad nitride layer 62, the patterned photoresist may be
removed utilizing a conventional stripping process and then
etching continues using the patterned nitride layer as an etch
mask. As shown, the etching performed at this point of the
present invention removes portions of the pad nitride layer
62, the thermally grown oxide layer 60 and the top Si-
containing layer 56 stopping within buried insulating layer
54.

[0043] At this point of the present invention, an optional
liner 63 (see, FIG. 3B) may be formed on the sidewalls of
top Si-containing layer 56. The liner is formed by a con-
ventional thermal oxidation process. For clarity, optional
liner 63 is omitted in the remaining cross sectional views,
i.e., 3C-3H; in FIGS. 4A-4B and 5A-5B, optional liner 63
is shown. Next, and as is shown in FIG. 3C, a recessed,
deposited oxide layer 66 is formed into the at least one
trench region 64. Specifically, deposited oxide layer 66 is
formed by first depositing a high-density plasma oxide
(HPD), SACVD, TEOS or other deposited SiO, on the
structure shown in FIG. 3B. The deposited oxide covers the
entire structure including the at least one trench region 64.
The deposited oxide is then planarized to the upper surface
of the pad nitride layer 62 and then the deposited oxide in the
at least one trench region 64 is recessed utilizing a timed
etching process. The height of the deposited oxide after the
recessing step may vary. For example, the height of the
recessed, deposited oxide can be above top Si-containing
layer 16 (as shown in FIG. 3C) or it may be below the upper
surface of the top Si-containing layer (not specifically,
shown in drawings 3A-3H; but shown in FIG. 4A-4B).

[0044] Following formation of the structure shown in
FIG. 3C, the pad nitride layer 62 is removed so as to expose



US 2005/0003589 Al

underlying portions of the thermally grown pad oxide layer
60. The removal of the pad nitride layer 62 is achieved
utilizing an etching step that selectively removes nitride as
compared to oxide. For example, hot phosphoric acid can be
used to remove the pad nitride layer 62 from the structure.
The resultant structure, after pad nitride removal has been
performed, is shown, for example in FIG. 3D. Note that a
segment of the recessed, deposited oxide layer 66 (herein-
after deposited oxide 66) extends above the upper surface of
thermally grown pad oxide layer 60.

[0045] At this point of the present invention, a chemical
oxide removal (COR) processing step is performed. The
COR processing step selectively etches the thermally grown
pad oxide layer 60 from the structure in its entirety, while
removing portions of the deposited oxide 66 providing the
structure shown, for example, in FIG. 3D. It is noted that
FIG. 3D is a general drawing of the structure that is formed
after the COR process has been performed. That is, FIG. 3D
shows a conceptional view of the structure after the COR
step has been performed. The actual structure will look
somewhat different from the structure depicted in FIG. 3D.
FIGS. 4A-4B and 5A-5B show actual structures that are
formed after the COR depending on the height of the
deposited oxide.

[0046] The COR processing step selectively etches ther-
mally grown oxide at a much faster rate than deposited oxide
thereby providing an SOI structure having an exposed top
Si-containing layer 56 in which the at least one trench region
64 is filled with the deposited oxide 66; the upper surface of
the deposited oxide 66 is not coplanar with the upper surface
of the exposed top Si-containing layer 56. The deposited
oxide filled trenches serve as the trench isolation regions 70
of the devices of the present invention.

[0047] The COR processing step comprises exposing the
structure to a gaseous mixture of HF and ammonia at a
pressure of about 30 mTorr or below, preferably at a pressure
between between about 1 mTorr and about 10 mTorr, and a
temperature of about 25° C. or a temperature slightly above
room temperature. The ratio of gaseous HF to gaseous
ammonia is from about 1:10 to about 10:1, with a ratio of
about 2:1 being more highly preferred.

[0048] A solid reaction product is formed as a result of the
structure’s exposure to HF and ammonia gas. The solid
reaction product includes etched oxide, reactants or combi-
nations thereof. The solid reaction product is removed in a
second step which includes heating the structure to a tem-
perature about 100° C., thus causing the reaction product to
evaporate and rinsing the structure in water, or removing
with an aqueous solution.

[0049] Due to manufacturing variations of the method of
the present invention, the trench isolation regions 70 can be
higher or lower than the top Si-containing layer 56 directly
after the pad nitride layer 62 is removed. In the case where
the trench isolation region 70 is lower than the active device
region (See FIG. 4A) after the pad nitride layer 62 is
removed, application of the COR process results in a unique
and useful structure shown in FIG. 4B. The structure
includes a thin top Si-containing layer 56, and a gently
sloping oxide structure 87 which prevents the formation of
the undercut region as in the prior art. The unique structure
is made possible by the self-limiting properties of the COR
reaction. The exposed vertical region of the trench liner 63
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forms a right angle with the horizontal portion of the trench
fill oxide 66. As the products of the COR reaction form on
the vertical oxide 63 and the horizontal oxide 66, the
products preferentially build up in the corner region due to
the volume expansion of the reaction product compared to
the volume of reacted oxide. Since the products serve to
limit the reaction, less oxide is etched in the corner than the
horizontal portions of the trench oxide and thereby forming
the gently sloping oxide structure 87 and preventing the
undercut.

[0050] The case where the trench oxide is higher than the
active device region is shown in FIG. SA. In this case,
application of the COR process results in a unique and useful
structure shown in FIG. 5B. The structure includes a thin
Si-containing layer 56, and the gently sloping oxide struc-
ture 87 which prevents the formation of the undercut region
as in the prior art. The unique structure is made possible by
the self-limiting properties of the COR reaction. The
exposed vertical region of the trench oxide 66 forms a right
angle with the horizontal portion of the pad oxide 60. As the
products of the COR reaction form on the vertical oxide 60
and the horizontal oxide 60, the products preferentially build
up in the corner region due to the volume expansion of the
reaction product compared to the volume of reacted oxide.
Since the products serve to limit the reaction, less oxide is
etched in the corner than the horizontal portions of the pad
oxide and thereby forming the gently sloping oxide structure
87 and preventing the undercut.

[0051] At least one transistor may be formed on the
exposed surfaces of the top Si-containing layer 56 of the
structure including the trench isolation region 70. The at
least one transistor is formed by first planarizing the depos-
ited oxide 66 of the trench isolation region 70 to be coplanar
with the upper surface of the pad nitride layer 62. The
planarization step is performed utilizing a conventional
chemical-mechanical polishing (CMP) process. This pla-
narization step may also be omitted in some applications of
the present invention. For the sake of clarity, the remaining
drawings illustrate the embodiment wherein planarization is
performed at this step of the present invention. Next, the
deposited oxide is recessed by a dry or wet or combination
dry/wet etch. The pad SiN layer is next removed using a hot
phosphoric acid etch. Then the pad oxide is removed using
the COR process. An optional sacrificial thermal oxidation
process is performed to remove any contamination or struc-
tural damage in the Si substrate. If the sacrificial oxidation
process is used, a COR process is used to remove the
sacrificial oxide at a faster rate than the deposited oxide. A
gate dielectric preclean is next done to clean the Si surface
prior to gate dielectric formation. A gate dielectric 72 is
formed atop the SOI layer 56 providing the structure shown
in FIG. 3E.

[0052] Gate dielectric 72 is formed on a surface of the
structure including top Si-containing layer 56 may be
formed by a thermal oxidation, nitridation or oxynitridation
processing. Combinations of the aforementioned processes
may also be used in forming the gate dielectric 72.

[0053] Gate dielectric 72 is comprised of an insulating
material including, but not limited to: an oxide, nitride,
oxynitride or any combination thereof. A highly preferred
insulating material that is employed in the present invention
as gate dielectric 72 is SiO,. Although it is preferred to use
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SiO, as the gate dielectric material, the present invention
also contemplates using insulating materials, i.e., dielectrics,
which have a higher or lower dielectric constant, k, than
Si0,. For example, the gate dielectric 72 may be comprised
of a high-k oxide such as Al,O; or a perovskite-type oxide.

[0054] The physical thickness of the gate dielectric 72
may vary, but typically the gate dielectric 72 has a thickness
of from about 0.5 to about 20 nm, with a thickness of from
about 1.0 to about 10.0 nm being more highly preferred.

[0055] After forming the gate dielectric 72, gate conductor
74 is formed on at least the exposed upper surface of the gate
dielectric 72 providing the structure shown in FIG. 3F. Gate
conductor 74 is comprised of a conductive material includ-
ing, but not limited to: elemental metals such as W, Pt, Pd,
Ru, Re, Ir, Ta, Mo or combinations and multilayers thereof;
silicides and nitrides of the foregoing elemental metals;
polysilicon either doped or undoped; and combinations and
multilayers thereof. One highly preferred conductive mate-
rial employed as the gate conductor 74 is doped polysilicon.

[0056] Gate conductor 74 is formed utilizing a deposition
process such as CVD, plasma-assisted CVD, sputtering,
evaporation, chemical solution deposition and plating.
When metal silicides are employed, a conventional silicida-
tion process may be used in forming the same. On the other
hand, when doped polysilicon is employed as the gate
conductor 74, the doped polysilicon may be formed by an
in-situ doping deposition process, or alternatively, a layer of
undoped silicon is first deposited and thereafter an ion
implantation process is employed in doping the undoped
polysilicon. The doping of the undoped polysilicon may
occur immediately after deposition or in a later processing
step.

[0057] The physical thickness of gate conductor 74
formed at this point of the present invention may vary
depending on the conductive material employed as well as
the process used in forming the same. Typically, however,
the gate conductor 74 has a thickness of from about 20 to
about 400 nm, with a thickness of from about 50 to about
200 nm being more highly preferred.

[0058] A hard mask, not shown, may be formed atop the
gate conductor 74 prior to patterning the gate conductor. The
hard mask may be comprised of an oxide, nitride, oxynitride
or any combination thereof.

[0059] The gate conductor 74 (and optional hard mask)
may be patterned at this point of the present invention
utilizing lithography and an etching step. The etching step
may stop atop the gate dielectric or it may remove the gate
dielectric. In embodiments where a hard mask is employed,
this etching step may also remove the hard mask from the
structure. FIG. 3G shows a structure in which the etching
stops atop the gate dielectric 72.

[0060] At this point of the present invention, source/drain
extensions (not specifically shown) may be formed into
portions of the top Si-containing layer 56 by ion implanta-
tion and annealing.

[0061] FIG. 3H shows the resultant structure after spacers
76 are formed on at least each sidewall of patterned gate
conductor 74. Spacers 76 are comprised of a conventional
insulating material such as an oxide, nitride, oxynitride or
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any combination including multilayers thereof. Preferably,
spacers 76 are composed of SiN or SiO,, with SiN spacers
being especially preferred in the present invention. The
spacers 76 are formed by deposition and etching. Note that
the spacers 76 can be formed atop a portion of gate dielectric
72 as shown, or they may be formed directly atop the top
Si-containing layer 56 if the gate dielectric was previously
removed. In embodiments where the gate dielectric was not
previously removed, the unprotected portions of the gate
dielectric 72 can be removed during or after the spacer etch.
Note also that the hard mask may also be removed during
this step of the present invention.

[0062] At this point of the present invention, source/drain
regions 7 (not shown) may be formed into the top Si-
containing layer 56 by ion implantation and annealing.
Further CMOS processing steps, including, for example,
raised source/drain formation, and silicide formation may be
performed.

[0063] While the present invention has been particularly
shown and described with respect to preferred embodiments
thereof, it will be understood by one skilled in the art that the
foregoing and other changes in form and detail may be made
without departing from the spirit and scope of the present
invention. It is therefore intended that the present invention
not be limited to the exact forms and details described and
illustrated, but fall within the scope of the appended claims.

1-11. (Cancelled)
12. A semiconductor structure comprising

a silicon-on-insulator (SOI) comprising at least a top
Si-containing layer located on a buried insulating layer;
and

an oxide filled trench isolation region located in said top
Si-containing layer and a portion of said buried insu-
lating layer, wherein no undercut regions are located
beneath the top Si-containing layer.

13. The semiconductor structure of claim 12 wherein said
top Si-containing layer has a vertical thickness of less than
about 20 nm.

14. The semiconductor structure of claim 12 wherein said
oxide filled trench isolation region comprises a deposited
oxide.

15. The semiconductor structure of claim 12 wherein a
portion of said top Si-containing layer serves as a channel
region of a transistor.

16. The semiconductor structure of claim 12 further
comprising a transistor located atop the top Si-containing
layer.

17. The semiconductor structure of claim 12 wherein the
oxide filled trench isolation region has a height that is above
the upper surface of the top Si-containing layer.

18. The semiconductor structure of claim 17 wherein said
oxide filled trench isolation region slopes downward
towards said upper surface of the top Si-containing layer.

19. The semiconductor structure of claim 12 wherein the
oxide filled trench isolation region has a height that is below
the upper surface of the top Si-containing layer.

20. The semiconductor structure of claim 19 wherein said
oxide filled trench isolation region slopes upward towards
said upper surface of the top Si-containing layer.
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