
Methods and Structures for Planar and  Multiple-Gate Transistors Formed on
SOI [0001] This application claims the benefit of U.S. Provisional
Application No.  60/540,680 filed on January 30, 2004, entitled Methods and
Structures for Planar and  Multiple-Gate Transistors Formed on SOI, which
application is hereby incorporated herein  by reference. TECHNICAL FIELD
[0002] The present invention generally relates to fabrication of
semiconductor  devices. In one aspect it relates more particularly to
multiple-gate and planar transistors  formed on a
semiconductor-on-insulator (SO]) substrate structure. BACKGROUND  [0003] A
current trend is that the thickness of the semiconductor layer in typical
semiconductor-on-insulator (SOI) substrates is decreasing for planar
transistors as the  technology generations change (e.g., 130 run to 90 nm
to 65 rim technology generation).  Currently, the typical thickness of the
active region for a planar transistor fabricated using  an SOI structutre
is about 400 angstroms, and is expected to become smaller in future
technology generations. [0004] As shown in FIG. 1, a multiple-gate
transistor 20 (e.g., FinFET) typically has a  vertical semiconductor fin
22. The vertical semiconductor fin 22 is also known as the  active region.
The gate dielectric 24 and gate electrode 26 cover a large portion or a
majority of the surface of the active region 22 at the channel region
because most of the  



current is conducted along the sidewalls. Thus, generally, a taller fin 22
is better for -1 conducting larger currents, and the vertical fin structure
allows for more gate electrode area  for better control of the larger
currents. The fin height hf in a multiple-gate transistor 20 is  preferably
greater than the fin width wf. When a semiconductor fin 22 is fabricated
from  an SOI structure, the fin height hf is typically approximately equal
to the thickness of the  semiconductor layer of the SOI structure (see
e.g., FIG. 1). [0005] It is desired to have FinFET transistor co-existing
on a same chip as  conventional planar transistors for certain
applications. But such desire to have planar  transistors and multiple-gate
transistors co-existing on a same chip presents unique  problems because
the active regions for the planar transistors are decreasing and the active
regions (fins) for the multiple-gate transistors are desired to be taller.
Thus, a need exists  for methods and structures of providing planar
transistors and multiple-gate transistors on a  same chip, e.g., on SOI
substrate structures. -2 SUMMARY OF THE INVENTION [00061 The problems and
needs outlined above may be addressed by embodiments of  the present
invention. In accordance with one aspect, there is provided a semiconductor
device comprising: an insulator layer, a planar transistor formed on the
first portion of a  semiconductor layer, the first portion of the
semiconductor layer overlies the insulator and  the first portion of the
semiconductor layer having a first thickness; a multiple-gate  



transistor is formed on the second portion of the semiconductor layer, the
second portion of  the semiconductor layer overlying the insulator layer,
the second portion of the  semiconductor layer has a second thickness, and
the second thickness is larger than the first thickness; and the planar
transistor comprising: a planar channel formed from the first  portion of
the semiconductor layer; a gate dielectric having vertical portions on
opposite  sidewalls of the planar channel and a horizontal portion on a top
surface of the planar  channel; a gate electrode overlying the gate
dielectric, wherein the gate electrode has  vertical portions on the
vertical portions of the gate dielectric and a horizontal portion on  the
horizontal portion of the gate dielectric; and source and drain regions
formed in the  first portion of the semiconductor layer oppositely adjacent
the gate electrode. [00071 Disclosed is a semiconductor device includes an
insulator layer, a first portion  of a semiconductor layer, a second
portion of the semiconductor layer, a first transistor,  and a second
transistor. The first portion of the semiconductor layer overlies the
insulator.  The first portion of the semiconductor layer has a first
thickness. The second portion of  the semiconductor layer overlies the
insulator. The second portion of the semiconductor  layer has a second
thickness. The second thickness is larger than the first thickness. The
first transistor has a first active region formed from the first portion of
the semiconductor  layer. The second transistor has a second active region
formed from the second portion of  the semiconductor layer. [00081
Disclosed is a semiconductor device includes an insulator layer, a first
portion  of a semiconductor layer, a 



3 second portion of the semiconductor layer, a first transistor, and a
second transistor. The  first portion of the semiconductor layer overlies
the insulator. The first portion of the  semiconductor layer has a first
thickness of less than about 400 angstroms. The second  portion of the
semiconductor layer overlies the insulator. The second portion of the
semiconductor layer has a second thickness of greater than about 100
angstroms, but the  second thickness is larger than the first thickness.
The first transistor has a first active  region formed from the first
portion of the semiconductor layer. The second transistor  having a second
active region formed from the second portion of the semiconductor layer.
[00091 Disclosed is a method of fabricating a semiconductor device is
provided. This  method includes the following steps described in this
paragraph. The order of the steps  may vary, may be sequential, may
overlap, may be in parallel, and combinations thereof.  Part of a first
portion of a semiconductor layer is removed to provide a first thickness of
the first portion, and so that a second thickness of a second portion of
the semiconductor  layer is larger than the first thickness. The
semiconductor layer is overlying an insulator  layer. A first active region
for a first transistor is formed from the first portion of the
semiconductor layer. A second active region for a second transistor is
formed from the  second portion of the semiconductor layer. [00101 Note
that although the term "layer" is used throughout the specification and in
the claims, the resulting features formed using the "layer" should not be
interpreted  together as a continuous or uninterrupted feature. As will be
clear from reading the  



specification, the semiconductor layer will be separated into distinct and
isolated features  (e.g., active regions), some or all of which comprise
portions of the semiconductor layer. -4 [0011] The foregoing has outlined
rather broadly features of the present invention in  order that the
detailed description of the invention that follows may be better
understood.  Additional features and advantages of the invention will be
described hereinafter which  form the subject of the claims of the
invention. It should be appreciated by those skilled in  the art that the
conception and specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures or processes for carrying
out the same  purposes of the present invention. It should also be realized
by those skilled in the art that  such equivalent constructions do not
depart from the spirit and scope of the invention as set  forth in the
appended claims. -5 BRIEF DESCRIPTION OF THE DRAWINGS [0012] The following
is a brief description of the drawings, which illustrate exemplary
embodiments of the present invention and in which: [0013] FIG. 1 is a
perspective view a multiple-gate transistor structure; [0014] FIG. 2 is a
perspective view showing part of an SOI chip having a planar  transistor
and a multiple-gate transistor formed in accordance with a first embodiment
of  the present invention; [0015] FIGs. 3-8 illustrate some steps of a
method of forming the first embodiment  



structure shown in FIG. 2; [0016] FIG. 9 is a side view illustrating a
second embodiment of the present  invention; [0017] FIG. 10 is a
perspective view showing part of an SOI chip having a planar  transistor
and a multiple-gate transistor formed in accordance with a third embodiment
of  the present invention using mesa isolation; and [0018] FIGS. 11A-11D
illustrate some steps of a method of forming an embodiment  of the present
invention. -6 DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0019]
Referring now to the drawings, wherein like reference numbers are used
herein  to designate like or similar elements throughout the various views,
illustrative  embodiments of the present invention are shown and described.
The figures are not  necessarily drawn to scale, and in some instances the
drawings have been exaggerated  and/or simplified in places for
illustrative purposes only. One of ordinary skill in the art  will
appreciate the many possible applications and variations of the present
invention  based on the following illustrative embodiments of the present
invention. [0020] FIG. 2 is a perspective view for a portion of a
semiconductor structure  incorporating a first embodiment of the present
invention. In FIG. 2, a planar transistor 30  and a multiple-gate
transistor 20 are shown formed on a semiconductor-on-insulator (SOI)
substrate structure 40. The planar transistor 30 has a first active region
31 with a generally  



thin, planar shape. The multiple-gate transistor 20 has a second active
region 22 with a  generally tall, fm shape. The first and second active
regions 31, 22 are formed from a  same semiconductor layer of the SOI
structure 40. The first active region 31 has a first  thickness t1. The
second active region 22 has a second thickness t2. The second thickness  t2
is larger than the first thickness t1. [0021] The first thickness t7 is
preferably less than about 400 angstroms, and even  more preferably less
than about 200 angstroms. The first thickness tt may be less than half  of
the gate length lg for the planar transistor 30, and more preferably the
first thickness ti is  less than one third of the gate length lg. For
example, if the gate length lg of the planar  transistor 30 is 300
angstroms (30 nm), the first thickness t1 may be less than 150 -7 angstroms
or more preferably less than 100 angstroms. When the first thickness t1 is
less  than half or one third of the gate length 1g, the planar transistor
30 maybe referred to as an  ultra-thin body (UTB) transistor. A first gate
dielectric 34 is overlying a first channel  region in the first active
region 31. A first gate electrode 36 is overlying the first gate
dielectric 34. Source and drain regions 37, 38 of the planar transistor 30
are formed in the  first active region 31 oppositely adjacent the first
gate electrode 36. [00221 Still referring to FIG. 2, the second thickness
t2 (i.e., hf) for the fin structure of  the second active region 22 is
preferably greater than about 100 angstroms, and more  preferably greater
than about 400 angstroms, for example. The fin width wf is preferably
greater than about 500 angstroms. A second gate dielectric 24 is overlying
a second  



channel region in the second active region 22. The second gate dielectric
24 at least  partially wraps around the second channel region of the fin
22. A second gate electrode 26  is overlying the second gate dielectric 24.
The second gate dielectric 24 electrically  insulates the second gate
electrode 26 from the fin of the second active region 22. The
multiple-gate transistor 20 shown in FIG. 2 is a triple-gate transistor
because the second  gate electrode 26 extends along three sides (along at
least part of the two sidewalls and  along the top surface of the fin 22)
of the second channel region of the fin 22. Source and  drain regions 27,
28 of the multiple-gate transistor 20 are formed in the second active
region 22 oppositely adjacent the second gate electrode 26. Because a
substantial fraction  of the drive current flowing from the source 27 to
the drain 28 flows on the sidewall  surfaces, it is often advantageous to
have a tall fin 22 (see e.g., example dimensions  described above) for the
multiple-gate transistor 20. -8 [0023] Although not shown, the planar
transistor 30 and/or the multiple-gate transistor  20 of FIG. 2 may also
have spacers formed on the sidewalls of the gate electrodes 26, 36.  Such
spacers may be useful in doping the source and drain regions 27, 28, 37,
38, for  example. Also, the planar transistor 30 and/or the multiple-gate
transistor 20 of an  embodiment may have elevated source and drain regions,
or raised source and drain  regions (not shown). The source and drain
regions may also be strapped with a conductive  material such as a
silicide. In such case, the spacers prevent conductive silicide material on
the source and drain regions from making electrical contact with the gate
electrode,  



which would lead to undesirable shorting of the source or drain regions to
the gate  electrode. [0024] FIGs. 3-8 illustrate a method of fabricating
the structure of the first  embodiment shown in FIG. 2. Referring to FIG.
3, the SOI substrate structure 40 in this  example has a substrate 42, an
insulator layer 44, and a semiconductor layer 46. The  insulator layer 44
is overlying the substrate 42, and the semiconductor layer 46 is overlying
the insulator 44. The insulator layer 44 may be any suitable dielectric,
such as silicon  oxide (SiO2), aluminum oxide, or silicon nitride, for
example. The semiconductor layer 46  may be a single homogenous layer or a
composite layer (e.g., strained silicon structure), for  example. The
semiconductor layer 46 may include silicon, germanium, a silicon  germanium
compound, gallium arsenide, indium phosphate, or combinations thereof, for
example. In the example of the first embodiment shown in FIGs. 2-8, the SOI
structure 40  is a silicon-on-insulator structure. However, an embodiment
of the present invention may  be applied to silicon-germanium-on-insulator
(SGOI) chips as well, for example. All or  part of the initial SOI
substrate structure 40 (e.g., as shown in FIG. 3) may be made by a -9
manufacturer fabricating a semiconductor device or part of a semiconductor
device  incorporating an embodiment of the present invention, or the
manufacturer may obtain a  blank SOI wafer or SGOI wafer from another
manufacturer, for example. [0025] In FIG. 3, a patterned mask 50 is shown
overlying the semiconductor layer 46.  The patterned mask 50 is open over a
first portion 51 of the semiconductor layer 46 and  



covers a second portion 52 of the semiconductor layer 46. The semiconductor
layer 46 has  an initial thickness t0, which is equal to or greater than
the resulting second thickness t2 for  the fin height hf of the
multiple-gate transistor 20 (see FIG. 2). If the initial thickness to is
greater than the desired second thickness t2, the thickness of the second
portion 52 of the  semiconductor layer 46 may be reduced at any stage in
the method or prior to FIG. 3, for  example. [0026] The exposed first
portion 51 of the semiconductor layer 46 is thinned. Part of  the first
portion 51 of the semiconductor layer 46 is removed to provide the first
thickness  t1 in the first portion 51, as shown in FIG. 4. If the
semiconductor layer 46 is silicon, as is  the case of this example
embodiment, the first portion 51 may be thinned by a silicon  thinning
process. Such a silicon thinning process may include the steps of oxidizing
a top  portion of the exposed silicon 51 to form a silicon oxide, followed
by a removal of the  silicon oxide at the first portion 51. In such case,
the patterned mask 50 maybe made from  a material, e.g., silicon nitride,
that is able to withstand the high temperatures employed in  silicon
oxidation. The patterned mask 50 may be a multi-layer mask, e.g.,
comprising a  silicon nitride layer on silicon oxide layer, for example.
The removal of part of the  semiconductor material 46 from the first
portion 51 may be an etch process (e.g., wet  etching, dry plasma etching
employing a fluorine chemistry, reactive ion etching). If -10 etching is
used, the patterned mask 50 may be any suitable or common masking material,
e.g., photoresist, that is able to withstand or sufficiently block the
etching process over the  



second portion 52. After the thinning of the semiconductor layer 46 in the
first portion 51,  the patterned mask 50 is removed, as shown in FIG. 4.
[0027] To form the first and second active regions 31, 22, a patterned
active region  mask 60 is provided over the first and second portions 51,
52 of the semiconductor layer  46. Material of the semiconductor layer 46
is removed in alignment with the active region  mask 60, as shown in FIG.
5, to form the first and second active regions 31, 22. The  removal of the
semiconductor material for forming the active regions 31, 22 may be
performed by an etching process (e.g., wet etching, dry plasma etching
employing a  fluorine chemistry, reactive ion etching)-preferably a dry
plasma etching process. Spaces  or trenches 62 exist between the first
active regions 31 (thinned and patterned  semiconductor layer regions in
the first portion 51), between the second active regions 22  (vertical fin
shaped semiconductor layer regions in the second portion 52), and/or
between  first and second active regions 31, 22. A dielectric material 64
may be used to fill the  spaces/trenches 62 to form isolation regions or
isolation structures between and/or around  the active regions 31, 22, as
shown in FIG. 6, for example. The active region mask 60 is  then removed,
as also shown in FIG. 6. The dielectric material 64 forming the isolation
regions preferably has a thickness about the same as the first thickness tt
for the first active  region 31 of the planar transistor 30. However, in
other embodiments, the thickness of the  dielectric material 64 maybe
different than the first thickness t1. [0028] Gate dielectric material 66
is formed over a active regions 31, 22, as shown in  FIG. 7. The first and
second gate dielectrics 34, 24 for the first and second active 



-11 regions 31, 22 may be the same material and formed from the same layer
66, as shown in  FIG. 7. In other embodiments (not shown), however, the
first gate dielectric 34 may be  different (e.g., different material(s),
different physical thickness, and/or different equivalent silicon oxide
thickness, etc.) than the second gate dielectric 24. The gate  dielectrics
34, 24 may be formed using any currently known or future developed gate
dielectric formation process, such as thermal oxidation, nitridation,
sputter deposition,  chemical vapor deposition, masked and etched, or
combinations thereof, for example. The  physical thickness of the gate
dielectrics 34, 24 may be between about 5 angstroms and  about 100
angstroms, for example. The gate dielectrics 34, 24 may be made from any
suitable gate dielectric material, including (but not limited to): silicon
oxide, silicon  oxynitride, high-k dielectric material, or combinations
thereof, for example. A high-k  dielectric material preferably has a
relative permittivity greater than 7, including (but not  limited to):
aluminum oxide (A1203), hafnium oxide (HfO2), hafnium oxynitride (HfON),
hafiiium silicate (HfSiO4), zirconium oxide (ZrO2), zirconium oxynitride
(ZrON),  zirconium silicate (ZrSiO4), yttrium oxide (Y203), lanthanum oxide
(La203) cerium oxide  (CeO2), titanium oxide (TiO2), tantalum oxide
(Ta2O5), and combinations thereof, for  example. In a preferred embodiment,
the second gate dielectric 24 has an equivalent  silicon oxide thickness
larger than that of the first gate dielectric 34. For example, the first
gate dielectric 34 may have an equivalent silicon oxide thickness of about
12 angstroms  and the second gate dielectric 24 may have an equivalent
silicon oxide thickness of about  



16 angstroms. Any of a variety of currently known or future developed
techniques for  forming gate dielectrics with different physical
thicknesses and/or different equivalent  silicon oxide thicknesses and/or
different materials and/or different material combinations -12 over the
first and second active regions 31, 22 may be implemented in an embodiment
of  the present invention. One way in which gate dielectrics of different
physical thickness  may be formed is described here and illustrated in
FIGs. 11A-11D, for example. A second  gate dielectric material 24 of a
second thickness is deposited in both the first and the  second active
regions 31, 22. A mask 48 is formed that covers the second gate dielectric
material 24 at the second active region 22 but exposes the second gate
dielectric material  24 at the first active region 31 (see FIG. 11B). The
second gate dielectric material 24 at  the first active region is then
removed. This is followed by removal of the mask 48 (see  FIG. 11 Q. A
first gate dielectric material is then deposited over at least the first
active  region 31 to form the first gate dielectric 34 (see FIG. 11D). The
first gate dielectric  material 34 may remain or may be removed from the
second gate dielectric material 24.  {0029] After the first and second gate
dielectrics 34, 24 are formed, the first and  second gate electrodes 36, 26
are deposited and patterned, as shown in FIG. 8. The first  and second gate
electrodes 36, 26 for the first and second active regions 31, 22 may be the
same material and formed from the same layer. In other embodiments (not
shown),  however, the first gate electrode 36 may be different (e.g.,
different material, different  thickness, etc.) than the second gate
electrode 26. The gate electrode material for the first  



and second gate electrodes 36, 26 may be any suitable gate electrode
material, including  (but not limited to): poly-crystalline silicon,
poly-crystalline silicon germanium, metals,  metallic silicides, metallic
nitrides, conductive metallic oxides, or combinations thereof,  for
example. In a preferred embodiment, the gate electrodes 36, 26 comprise
poly- crystalline silicon, for example. Metals such as molybdenum,
tungsten, titanium, platinum,  and hafibium may be used as the top
electrode portion, for example. Metallic nitrides may -13 include (but are
not limited to) molybdenum nitride, tungsten nitride, titanium nitride, and
tantalum nitride, for example. Metallic silicides may include (but are not
limited to) nickel  silicide, tungsten silicide, cobalt silicide, titanium
silicide, tantalum silicide, platinum  silicide, and erbium silicide, for
example. And, conductive metallic oxides may include  (but are not limited
to) ruthenium oxide and indium tin oxide, for example. [0030] The gate
electrodes 36, 26 may be deposited using any currently known or  future
developed gate electrode formation process, such as chemical vapor
deposition, for  example. The gate electrodes 36, 26 also maybe formed by
the deposition of silicon and  metal, followed by an anneal to form a metal
silicide gate electrode material, for example.  A patterned gate mask (not
shown) may be formed on the gate electrode material using  deposition and
photolithography techniques, for example. The gate mask may incorporate
commonly used masking materials, such as (but not limited to) silicon
oxide, silicon  oxynitride, or silicon nitride, for example. The gate
electrode may be etched using plasma  etching to form the patterned gate
electrodes 36, 26, as shown in FIG. 8, for example. The  



gate dielectric material not covered by the gate electrode is usually
etched away during the  gate electrode etching. The result of this example
method provides the structure of the first  embodiment shown in FIG. 2.
[0031] Although not shown in the first embodiment example, a source and
drain  extension implant may be performed. In such case, spacers (not
shown) will typically be  formed by deposition of a spacer dielectric
material (e.g., silicon nitride) followed by  anisotropic etching, for
example. The spacers may be formed from multiple layers of  different
dielectrics, such as silicon nitride and silicon oxide, for example.
Formation of  the spacers will typically be followed by a second and deeper
source and/or drain implant. -14 The resistance of the source, drain, and
gate electrode in a transistor may be reduced by  strapping the
source/drain regions with a silicide (e.g., using a self-aligned silicide
(salicide) process, or other metal deposition process), for example. [0032]
FIG. 9 shows a second embodiment of the present invention. In the second
embodiment, corners 70 of the active regions are rounded. The corners 70
may be rounded  after the step shown in FIG. 5, for example, by performing
a corner rounding process. The  corners 70 may be rounded by an annealing
process using a temperature between about  700 degrees Celsius and about
1000 degrees Celsius to promote silicon atom migration, for  example. Such
an annealing process may employ an ambient of a gas, such as hydrogen,
nitrogen, helium, neon, argon, xenon, or combinations thereof, for example,
at a pressure  between about 1 and 1000 Torr, for example. The annealing
ambient is preferably a  



hydrogen-containing ambient with a pressure between about 10 and 1000 Tort
and a  temperature between about 700 and 950 degrees Celsius, for example.
As another  example, the corner rounding process may include an anneal in a
hydrogen-containing  ambient with a pressure between about 5 and about 20
Ton, for a duration of between  about 15 and about 35 seconds, at a
temperature between about 800 and about 1000  degrees Celsius. Other
process conditions outside of these example ranges may also be  feasible.
The rounded corners 70 may have a radius of curvature between about 10
angstroms and about 200 angstroms, for example. [0033] FIG. 10 shows a
third embodiment of the present invention. In the third  embodiment, the
trenches or spaces 62 between active regions 31, 22 are not filled with a
dielectric material (e.g., deleting step of forming dielectric material 64
at FIG. 6). Thus, in  -15 the resulting structure shown in FIG. 10, the
transistors 20, 30 are electrically isolated from  each other by mesa
isolation. [0034] As a variation on a method of forming an embodiment of
the present invention,  steps of forming the active region mask 60 and
removing portions of the semiconductor  layer 46 to form the plan-view
shapes/profiles of the active regions 31, 22 (see e.g., FIG. 5)  may be
performed before the steps of forming the patterned mask 50 and removing
part of  the first portion 51 of the semiconductor layer 46 to thin the
first portion 51 to the first  thickness t1 (see e.g., FIGs. 3-4). [0035]
Although the illustrative embodiments shown and described above have a  



planar transistor 30 in the first portion 51 and a multiple-gate transistor
20 in the second  portion 52, other types and/or configurations of
transistors may be formed in the first  and/or second portions 51, 52 in
other embodiments. Although the embodiments shown  herein and described
above are discussed in terms of forming one transistor 30 in the first
portion 51 and one transistor 20 in the second portion 52 to simplify the
discussion and  figures, it is understood that there will typically be
numerous transistors in each portion 51,  52 and that there may be numerous
first and/or second portions 51, 52 that may or may not  be contiguous with
each other. [0036] Although embodiments of the present invention and at
least some of its  advantages have been described in detail, it should be
understood that various changes,  substitutions and alterations can be made
herein without departing from the spirit and  scope of the invention as
defined by the appended claims. Moreover, the scope of the  present
application is not intended to be limited to the particular embodiments of
the  process, machine, manufacture, composition of matter, means, methods,
and steps -16 described in the specification. As one of ordinary skill in
the art will readily appreciate  from the disclosure of the present
invention, processes, machines, manufacture,  compositions of matter,
means, methods, or steps, presently existing or later to be  developed,
that perform substantially the same function or achieve substantially the
same  result as the corresponding embodiments described herein may be
utilized according to the  present invention. Accordingly, the appended
claims are intended to include within their  



scope such processes, machines, manufacture, compositions of matter, means,
methods, or  steps. -17 WHAT IS CLAIMED IS: 1. A semiconductor device
comprising:  an insulator layer; a planar transistor formed on a first
portion of a semiconductor layer, the first portion  of the semiconductor
layer overlying the insulator layer, and the first portion of the
semiconductor layer having a first thickness; a multiple-gate transistor
formed on a second portion of the semiconductor layer, the  second portion
of the semiconductor layer overlying the insulator layer, the second
portion  of the semiconductor layer having a second thickness, and the
second thickness being larger  than the first thickness and the planar
transistor comprising: a planar channel formed from the first portion of
the semiconductor layer; a gate dielectric having vertical portions on
opposite sidewalls of the planar channel  and a horizontal portion on a top
surface of the planar channel; a gate electrode overlying the gate
dielectric, wherein the gate electrode has vertical  portions on the
vertical portions of the gate dielectric and a horizontal portion on the
horizontal portion of the gate dielectric; and source and drain regions
formed in the first portion of the semiconductor layer  



oppositely adjacent the gate electrode. 18 2. The semiconductor device of
claim 1, wherein the first thickness is less than about a  half of a gate
length of the planar transistor. 3. The semiconductor device of claim 2,
wherein the first thickness is less than about  one-third of a gate length
of the planar transistor. 4. The semiconductor device of claim 1, wherein
the first thickness is less than about  400 angstroms. 5. The semiconductor
device of claim 1, wherein the second thickness is greater than  about 100
angstroms. 6. The semiconductor device of claim 1, wherein the gate
dielectric of the planar  transistor comprises a material selected from a
group consisting of silicon oxide, silicon  oxynitride, high-k dielectric
material, a dielectric with a relative permittivity larger than  about 5,
and combinations thereof. 19 7. The semiconductor device of claim 1,
wherein the gate electrode of the planar  transistor comprises a material
selected from a group consisting of a metal, a metallic  nitride, a
metallic suicide, poly-crystalline silicon, and combinations thereof. 8.
The semiconductor device of claim 1, wherein a gate dielectric of the
multiple-gate  transistor comprises a material selected from a group
consisting of silicon oxide, silicon  oxynitride, high-k dielectric
material, a dielectric with a relative permittivity larger than  



about 5, and combinations thereof. 9. The semiconductor device of claim 1,
wherein a gate electrode of the multiple-gate  transistor comprises a
material selected from a group consisting of a metal, a metallic  nitride,
a metallic suicide, poly-crystalline silicon, and combinations thereof. 10.
The semiconductor device of claim 1, wherein corners of the semiconductor
layer are  rounded at edges of active regions of the planar and
multiple-gate transistors. 20 


