
WO 2005/001908 PCT/US2004/017727 SEMICONDUCTOR DEVICE AND METHOD OF
MANUFACTURE  FIELD OF THE INVENTION 5 The present invention relates, in
general, to a semiconductor device and, more particularly, to carrier
mobility in the semiconductor device and to a method for manufacturing the
semiconductor device. BACKGROUND OF THE INVENTION 10 Integrated circuits
such as microprocessors, digital signal processors, microcontrollers,
memory devices,  and the like typically contain millions of Insulated Gate
Field Effect Transistors (IGFETs). Because of the desire  to the increase
the speed of the transistors or devices making up the integrated circuits,
integrated circuit manufacturers have decreased the device sizes. Although
the smaller devices are capable of operating at increased  speeds,
secondary performance factors such as decreased source-drain breakdown
voltage, increased junction 15 capacitance, and instability of the
threshold voltage negatively affect transistor performance. Collectively,
these  adverse performance effects are referred to as short channel
effects. Techniques for increasing device speed have shifted from shrinking
device sizes to improving carrier  mobility and to mitigating short channel
effects. For example, short channel effects can be mitigated by adjusting
the electric field in the channel region to minimize the peak lateral
electric field of the drain depletion region. One 20 technique for lowering
the lateral electric field is to include source and drain extension
regions. Another technique  suitable for increasing carrier mobility and
mitigating short channel effects is to manufacture the devices on a
Silicon-On-Insulator (SOI) substrate. Mobility can be further increased by
straining the semiconductor devices. A  drawback in manufacturing strained
semiconductor devices has been the inability to develop large scale
manufacturing processes capable of producing semiconductor devices that are
under substantially the same amount  25 of strain. Accordingly, what is
needed is a semiconductor device having a predetermined amount of strain
and a  method for manufacturing the semiconductor device. SUMMARY OF THE
INVENTION 30 The present invention satisfies the foregoing need by
providing a semiconductor device having a strained  channel region and a
method for manufacturing the semiconductor device. In accordance with one
aspect, the  present invention includes forming a mesa structure from a
semiconductor substrate, wherein the mesa structure has a first surface and
first and second sidewalls. A gate structure having a gate surface and
first and  35 second sides is formed over the mesa structure, wherein first
and second portions of the gate structure are  disposed on the first and
second sidewalls, respectively. Portions of the semiconductor substrate
adjacent the  first and second sides of the gate structure are doped. In
accordance with another aspect, the present invention includes a method for
manufacturing a  strained semiconductor device suitable for use in an
integrated circuit. A semiconductor-on-insulator mesa 40 



WO 2005/001908 PCT/US2004/017727 isolation structure having a top surface
and first and second sidewalls is provided. A gate dielectric material is
formed on the top surface and the first and second sidewalls and a gate is
formed on the gate dielectric  material, wherein the gate and the gate
dielectric material cooperate to form a gate structure having a top
surface and gate sidewalls. A semiconductor material is formed on portions
of the top surface of the mesa 5 isolation structure adjacent to the first
and second sidewalls. Silicide is formed from the semiconductor  material
and from the gate, wherein the silicide from the gate strains the
semiconductor-on-insulator mesa  isolation structure. In accordance with
yet another aspect, the present invention comprises a method for straining
a  semiconductor device. A semiconductor substrate comprising a first layer
of semiconductor material is  10 disposed over a layer of dielectric
material, wherein the semiconductor substrate has a top surface and
isolation sidewalls. A gate structure having a gate surface, first and
second opposing gate sidewalls, and third and fourth opposing sides is
formed on the semiconductor substrate. Silicide is formed from the gate
surface  and the first and second opposing sidewalls of the gate structure,
wherein the silicide strains the semiconductor  material of the
semiconductor substrate. 15 In accordance with yet another embodiment, the
present invention includes a strained semiconductor  device suitable for
use in an integrated circuit. The strained semiconductor device comprises a
semiconductor-on-insulator substrate in a mesa isolation configuration. A
gate structure having a gate surface,  first and second opposing sidewalls,
and third and fourth opposing sidewalls is disposed on the
semiconductor-on-insulator substrate. First and second doped regions are
adjacent the third and fourth 20 sidewalls, respectively, of the gate
structure. First and second silicide regions are disposed on the first and
second doped regions, respectively. A gate silicide is disposed on the
gate, wherein the gate silicide strains a  channel region of the
semiconductor device. 25 BRIEF DESCRIPTION OF THE DRAWINGS The present
invention will be better understood from a reading of the following
detailed description,  taken in conjunction with the accompanying drawing
figures, in which like reference numbers designate like  elements and in
which: FIG. 1 is a perspective view of a portion of a semiconductor device
at a beginning stage of  30 manufacture in accordance with an embodiment of
the present invention; FIG. 2 is a cross-sectional side view of the device
of FIG. 1 taken along section line 2-2;  FIG. 3 is a cross-sectional side
view of the semiconductor device of FIG. 2 further along in  processing;
FIG. 4 is a cross-sectional side view of the semiconductor device of FIG. 3
further along in  35 processing; FIG. 5 is a cross-sectional side view of
the semiconductor device of FIG. 4 taken along section line 5 5; 



FIG. 6 is a cross-sectional side view of the semiconductor device of FIGS.
4 and 5 further along in  processing; 2 WO 2005/001908 PCT/US2004/017727
FIG. 7 is a cross-sectional side view of the semiconductor device of FIG. 6
further along in  processing; FIG. 8 is a cross-sectional side view of the
semiconductor device of FIG. 7 further along in  processing; 5 FIG. 9 is a
cross-sectional side view of the semiconductor device of FIG. 8 further
along in  processing; FIG. 10 is a cross-sectional side view of the
semiconductor device of FIG. 9 further along in  processing; and FIG. 11 is
a cross-sectional side view of the semiconductor device of FIG. 10 taken
along section line 10 11-11. DETAILED DESCRIPTION Generally, the present
invention provides an integrated circuit that includes a strained
semiconductor  15 device or transistors and a method for manufacturing the
strained semiconductor device. The semiconductor device is strained to
increase the mobility of the electrons and holes in its channel region. In
accordance with  one embodiment, the combination of a mesa isolation
structure and a silicided gate structure increases the hole  mobility by
causing the channel region to be under a compressive stress. In accordance
with another  embodiment, the combination of underetching the buried oxide
of the mesa structure and wrapping a gate 20 dielectric and a gate material
around the underetched mesa structure increases the electron and hole
mobilities  by causing the channel region to be under tensile stress. In
these embodiments, the silicide is preferably nickel  silicide. The stress
can be further increased by annealing the silicide at an elevated
temperature. - For example,  the tensile stress of a nickel silicide gate
is approximately 800 MegaPascals (MPa) when annealed at a temperature of
360 C and approximately 1.25 GigaPascals (GPa) when annealed at a
temperature of 400 C.  25 In accordance with yet another embodiment, the
channel region is maintained under tensile stress by  manufacturing the
gate to have a width of less than approximately 250 nm. FIG. 1 is a
perspective view of a portion of a semiconductor device 10 during
manufacture in  accordance with an embodiment of the present invention.
What is shown in FIG. 1 is a Semiconductor-On- Insulator (SOI) substrate 12
patterned to include a mesa isolation structure 14 having a substrate
surface 20 30 and sidewalls 16-and 18. SOI substrate 12 comprises a layer
of semiconductor material 22 disposed on a layer  of dielectric material 24
which is disposed on a body of semiconductor material 26. Preferably, layer
of  semiconductor material 22 is undoped silicon having a thickness ranging
from that of a monolayer of silicon to  approximately 25 nanometers (nm)
and dielectric layer 24 has a thickness ranging between approximately 50
nanometers and approximately 500 nm. More preferably, silicon layer 22 has
a thickness of less than 10 nm 35 and dielectric layer 24 has a thickness
of about 200 rim. Substrate surface 22 is also referred to as a top  



surface of the substrate or an active surface. Techniques for forming mesa
isolation structures are known to  those skilled in the art. Referring now
to FIG. 2, patterned SOI substrate 12 taken along section line 2-2 of FIG.
1 is shown.  More particularly, FIG. 2 is a cross-sectional side view
showing substrate surface 20, silicon layer 22, silicon  40 dioxide layer
24, and silicon layer 26. 3 WO 2005/001908 PCT/US2004/017727 Referring now
to FIG. 3, a layer of dielectric material 28 is formed on substrate surface
20 and a  dielectric material 30 is formed on dielectric material 28. By
way of example, dielectric material 28 is silicon  dioxide layer and
dielectric material 30 is silicon nitride. Silicon dioxide layer 28
cooperates with silicon  nitride layer 30 to form a gate dielectric
material 32. Silicon dioxide layer 28 and silicon nitride layer 30 may 5 be
formed by techniques known to those skilled in the art including thermal
oxidation, chemical vapor  deposition, and the like. Preferably, gate
dielectric material 32 has a thickness ranging from approximately  0.8 nm
to approximately 2.0 am. Even more preferably, gate dielectric material 32
has a thickness of  approximately 1.3 nm. It should be understood that gate
dielectric material 32 is not limited to being two  layers of dielectric
material or a layer of silicon nitride disposed on a layer of silicon
dioxide. For example, 10 gate dielectric material 32 may be comprised of a
material having a high dielectric constant (x), e.g., greater  than 3.9, a
single layer of oxide, or a combination thereof. A layer of polysilicon 34
is formed on gate dielectric material 32 using, for example, a chemical
vapor deposition technique. A suitable range of thicknesses for polysilicon
layer 34 is between approximately  I nm and approximately 2 nm. A layer of
photoresist is deposited on polysilicon layer 34 and patterned to 15 form
etch mask 36. Referring now to FIG. 4, polysilicon layer 34 is etched using
an etch chemistry that preferentially  etches polysilicon, i.e., an etch
chemistry selective to photoresist etch mask 36. By way of example,
polysilicon layer 34 is etched using an anisotropic Reactive Ion Etch (RIE)
and an etchant species that is  selective to photoresist. Optionally, gate
dielectric material 32, i.e., silicon dioxide layer 28 and silicon nitride
20 layer 30, may be anisotropically etched after etching polysilicon layer
34. Methods for etching polysilicon  and gate dielectric material are well
known to those skilled in the art. Etch mask 36 is removed. The  remaining
portion 38 of polysilicon layer 34 serves as the gate for semiconductor
device 10. The portion 40 of  gate dielectric material 32 between gate 38
and substrate 22 serves as a gate dielectric. Gate 38 and gate  dielectric
40 cooperate to form a gate structure 42. Gate structure 42 has a gate
surface 44 and opposing 25 sidewalls 46 and 47. Briefly referring to FIG.
5, a cross-sectional view taken along section line 5-5 of FIG. 4 is shown.
What is shown in FIG. 5 is silicon layer 22, silicon dioxide layer 24, and
silicon layer 26 of mesa isolation  structure 14. It should be noted that
sidewalls 16 and 18 extend under silicon layer 22 because portions of
silicon dioxide 24 layer have been etched during the manufacture of
semiconductor device 10. In particular, 



30 silicon dioxide layer 24 may be etched during the cleaning steps
performed in preparation for forming  polysilicon layer 34. This etching,
also referred to as underetching, can be controlled such that a
predetermined amount of silicon dioxide layer 24 is underetched.
Preferably, the amount of silicon dioxide  layer 24 that is etched from
each side, i.e., from sidewalls 16 and 18, ranges between approximately 10
nm  and approximately 30 nm. Even more preferably, the amount of silicon
dioxide layer 24 that is etched from 35 each side is approximately 20 nm.
Because of the underetching, gate dielectric material 32 wraps around
opposing sides 48 and 49 of silicon layer 22. Likewise, polysilicon layer
34 wraps around the portions of gate  dielectric 40 that are adjacent
opposing sides 48 and 49. Referring now to FIG. 6, a layer of silicon
dioxide 50 having a thickness ranging between  approximately 2.5 nm and
approximately 10 nm is formed on gate 38 and on silicon nitride layer 30. A
layer  40 of silicon nitride 52 having a thickness ranging between
approximately 5 run and approximately 50 nm is 4 WO 2005/001908
PCT/US2004/017727 formed on silicon dioxide layer 50. Preferably, silicon
dioxide layer 50 has a thickness of 5 run, and silicon  nitride layer 52
has a thickness of 30 nm. Referring now to FIG. 7, silicon nitride layer 52
and silicon dioxide layer 50 are etched using  anisotropic reactive ion
etching. After the anisotropic etching, a portion 54 of silicon dioxide
layer 50 and a 5 portion 56 of silicon nitride layer 52 remain over gate
structure 42 and the portions of silicon layer 22 adjacent  gate structure
42. It should be noted that if gate dielectric material 32 was not
anisotropically etched after the  formation of gate 38 as described with
reference to FIG. 4, gate dielectric material 32 may be anisotropically
etched after anisotropically etching silicon nitride layer 52 and silicon
dioxide layer 50. A layer of silicon 58 having a surface 60 and a thickness
ranging between approximately 15 nm and  10 approximately 45 nm is grown on
the exposed portions of silicon layer 22. Preferably, silicon layer 58 is
grown using a technique of selective epitaxial growth. It should be
understood that silicon layer 58 is not  limited to being silicon, but can
be any suitable semiconductor material such as, for example, silicon
germanium or germanium. An impurity material of N type conductivity such
as, for example, arsenic or phosphorus, is 15 implanted into silicon layer
58 to form doped regions 62 and 64 that serve as source and drain extension
regions, respectively. Preferably, source extension region 62 extends under
gate structure 42 from gate side 46  and drain extension region 64 extends
under gate structure 42 from gate side 47. Extension regions 62 and 64  may
extend into dielectric layer 24. By way of example, extension regions 62
and 64 have a concentration  ranging from approximately 1x1018 atoms per
centimeter cubed (atoms/cm3) to approximately 5x1020 20 atoms/cm3.
Preferably, extension regions 62 and 64 are formed by using a tilt angle
implant having a tilt angle  that ranges between approximately 7 degrees
and approximately 45 degrees, where the angle is formed  between surface 60
and an imaginary line extending perpendicularly from surface 60. Suitable
implant  parameters for forming source and drain extension regions 62 and
64, respectively, include an implant dose  



ranging between approximately 1012 ions per centimeter squared (ions/cm2)
and approximately 1015 ions/cm2 25 and an implant energy ranging between
approximately 1 kilo electron volt (keV) and approximately 20 keV.  After
the implant, semiconductor device 10 is annealed. Although source and drain
extension regions 62 and  64, respectively, are formed using an angled or
tilt angle implant, it should be understood that the implant may  implant
other portions of silicon layers 58 and 72 than those under gate structure
42. A source/drain implant is performed to form a source region 72 and a
drain region 74. The  30 source/drain implant may also dope gate structure
42. A suitable set of parameters for the source/drain  implant includes
implanting an N type impurity material such as, for example, arsenic at a
dose ranging  between approximately 1x101d ions/cm2 and approximately
1x1016 ions/cm2 and using an implant energy  ranging between approximately
20 keV and approximately 50 keV. The doped semiconductor material is
annealed by heating to a temperature between approximately 800 degrees
Celsius (C) and 1,100 C. 35 A layer of refractory metal 76 is conformally
deposited on silicon surface 60 and portion 56 of silicon  nitride layer
52. By way of example, the metal of refractory metal layer 76 is nickel
having a thickness  ranging between approximately 50 A and approximately
150 A. The refractory metal is heated to a  temperature ranging between 350
C and 500 C. Referring now to FIG. 8, the heat treatment causes the nickel
to react with the silicon to form nickel  40 silicide (NiSi) in all regions
in which the nickel is in contact with silicon. Thus, a nickel silicide
region 82 is 5 WO 2005/001908 PCT/US2004/017727 formed in source region 72
and a nickel silicide region 84 is formed in drain region 74. The portions
of the  nickel adjacent portion 56 of nitride layer 52 remain unreacted.
After formation of nickel silicide regions 82  and 84, any unreacted nickel
silicide is removed. It should be understood that the type of silicide is
not a  limitation of the present invention. For example, other suitable
silicides include titanium silicide (TiSi), 5 platinum silicide (PtSi),
cobalt silicide (CoSi2), and the like. As those skilled in the art are
aware, silicon is  consumed during the formation of silicide and the amount
of silicon consumed is a function of the type of  silicide being formed. A
layer dielectric material 86 having a thickness ranging between
approximately 250 Angstroms (A)  and approximately 750 A is formed on
silicide regions 82 and 84 and on portion 56 of silicon nitride layer 52.
10 A layer of dielectric material 88 having a thickness ranging between
approximately 500 A and approximately 2,500 A is formed on dielectric layer
86. By way of example, dielectric material 86 is silicon oxynitride  having
a thickness of approximately 500 A and dielectric layer 88 is oxide formed
by decomposition of  tetraethylorthosilicate (TEOS) having a thickness of
approximately 1,500 A. Referring now to FIG. 9, TEOS layer 88 is planarized
using, for example, a Chemical Mechanical  15 Polishing (CMP) technique
having a high selectivity to polysilicon. Thus, the planarization stops on
gate 38.  A layer of refractory metal 90 is conformally deposited on
silicon surface 44, TEOS layer 88, the exposed  portions of silicon
oxynitride layer 86 and the exposed portions of silicon dioxide layer 54
and silicon nitride  



layer 56. By way of example, the metal of refractory metal layer 90 is
nickel having a thickness of  approximately 700 A. The refractory metal is
heated to a temperature ranging between approximately 350 C  20 and 500 C.
Referring now to FIG. 10, the heat treatment causes the nickel to react
with the silicon to form nickel  silicide (NiSi) in all regions in. which
the nickel is in contact with silicon. Thus, a nickel silicide region 92 is
formed from gate 38. The portions of the nickel disposed on non-silicon
regions, i.e., TEOS layer 88, the  exposed portions of SiON layer 86, and
exposed portions of silicon dioxide layer 54 and silicon nitride layer 25
56 remain unreacted. After formation of nickel silicide region 92, any
unreacted nickel silicide is removed. It  should be understood that the
type of silicide is not a limitation of the present invention. For example,
other  suitable silicides include titanium silicide (TiSi), platinum
silicide (PtSi), cobalt suicide (CoSi2), and the like.  As those skilled in
the art are aware, silicon is consumed during the formation of silicide and
the amount of  silicon consumed is a function of the type of silicide being
formed. 30 Briefly referring to FIG. 11, a cross-sectional side view of
semiconductor device 10 along section line  11-11 of FIG. 10 is
illustrated. What is shown in FIG. 11 is silicon layer 22 disposed on
dielectric layer 24,  which is disposed on body of semiconductor material
26. Gate dielectric 40, which is comprised of silicon  dioxide layer 28 and
silicon nitride layer 30, wraps around opposing sides 48 and 49 of silicon
layer 22.  Likewise, nickel silicide region 92 of gate 38 wraps around the
portions of gate dielectric 40 that are adjacent  35 opposing sides 48 and
49. By now it should be appreciated that a strained semiconductor device
suitable for use in an integrated  circuit has been provided. An advantage
of the present invention is that the semiconductor device can be
manufactured to be under compressive or tensile stress by adjusting the
width of the gate, selecting the  annealing temperature, and underetching
the mesa structure. The semiconductor device can include one of 40 these
techniques or a combination of more than one of these techniques to provide
stress. Thus, either the 6 WO 2005/001908 PCT/US2004/017727 electron
mobility, the hole mobility or the mobility of both the electrons and the
holes can be optimized. The  increased mobility results in increased device
performance. For example, NMOS and PMOS transistors  manufactured in
accordance with an embodiment of the present invention have CV/1 delays as
small as 0.2  picoseconds (ps) and 0.3 ps, respectively. Another advantage
of the present invention is that the strain is 5 defined at the last higher
temperature processing step which helps prevent subsequent relaxation. Yet
another  advantage is that the high mobility increases the drive current of
the device, while the quantization effects in  such an ultra-thin
semiconductor-on-insulator device increases its threshold voltage, thereby
improving the  offset current. Although certain preferred embodiments and
methods have been disclosed herein, it will be apparent  10 from the
foregoing disclosure to those skilled in the art that variations and
modifications of such embodiments  and methods may be made without
departing from the spirit and scope of the invention. It is intended that
the  



invention shall be limited only to the extent required by the appended
claims and the rules and principles of  applicable law. 7 WO 2005/001908
WHAT IS CLAIMED IS: PCT/US2004/017727 1. A method for manufacturing a
semiconductor device, comprising:  providing a semiconductor substrate; 5
forming a mesa structure from the semiconductor substrate, wherein the mesa
structure has a first  surface and first and second sidewalls; forming a
gate structure over the mesa structure, wherein the gate structure has a
gate surface and  first and second sides, and wherein first and second
portions of the gate structure are disposed on the first and  second
sidewalls, respectively; and 10 doping portions of the semiconductor
substrate adjacent the first and second sides of the gate  structure. 2.
The method of claim 1, wherein forming the gate structure includes:
forming a first layer of dielectric material over the mesa structure; and
15 forming a second layer of dielectric material over the first layer of
dielectric material. 3. The method of claim 1, wherein forming the gate
structure includes: forming portions of a first layer of dielectric
material over the first and second sidewalls, and wherein  a portion of the
first layer of dielectric material serves as the first portion of the gate
structure and another 20 portion of the first layer of dielectric material
serves as the second portion of the gate structure and oxidizing  the first
and second sidewalls. 4. The method of claim 1, wherein forming the gate
structure includes forming a first layer of dielectric  material over the
mesa structure; and further including 25 forming a layer of semiconductor
material over the semiconductor substrate adjacent the first and  second
sides of the gate structure by selectively growing the layer of
semiconductor material. 5. A method for manufacturing a strained
semiconductor device suitable for use in an integrated circuit,
comprising: 30 providing a semiconductor-on-insulator mesa isolation
structure, the semiconductor-on-insulator  mesa isolation structure having
a top surface and first and second sidewalls; forming a gate dielectric
material on the top surface and the first and second sidewalls;  forming a
gate on the gate dielectric material, wherein the gate and the gate
dielectric material  cooperate to form a gate structure having a top
surface and gate sidewalls; 35 forming a semiconductor material on portions
of the top surface of the mesa isolation structure  adjacent to the first
and second sidewalls; forming silicide from the semiconductor material; and



forming silicide from the gate, wherein the silicide from the gate strains
the semiconductor device. 40 6. A method for straining a semiconductor
device, comprising: 8 WO 2005/001908 PCT/US2004/017727 providing a
semiconductor substrate comprising a first layer of semiconductor material
disposed over  a layer of dielectric material, the semiconductor substrate
having a top surface and isolation sidewalls; forming a gate structure on
the semiconductor substrate, the gate structure having a gate surface,
first  and second opposing gate sidewalls, and third and fourth opposing
gate sidewalls; and 5 forming silicide from the gate surface and the first
and second opposing gate sidewalls of the gate  structure, wherein the
silicide strains the semiconductor material of the semiconductor substrate.
7. The method of claim 6, further including forming a second layer of
semiconductor material on the  portions of the first layer of semiconductor
material adjacent the third and fourth opposing gate sidewalls, and 1t/
protecting the gate structure before forming the second layer of
semiconductor material. 8. The method of claim 6, further including:
forming a second layer of semiconductor material on the portions of the
first layer of semiconductor  material adjacent the third and fourth
opposing gate sidewalls; 15 doping the second layer of semiconductor
material; forming silicide from the second layer of semiconductor material;
and protecting the silicide formed from the second layer of dielectric
material before forming the silicide  from the gate surface. 20 9. A
strained semiconductor device suitable for use in an integrated circuit,
comprising:  a semiconductor-on-insulator substrate in a mesa isolation
configuration; a gate structure disposed on the semiconductor-on-insulator
substrate, the gate structure having a gate  surface,. first and second
opposing sidewalls, and third and fourth opposing sidewalls; first and
second doped regions adjacent the third and fourth opposing sidewalls,
respectively, of the  25 gate structure; first and second silicide regions
on the first and second doped regions, respectively; and  a gate silicide
on the gate, wherein the gate silicide strains the semiconductor device.
10. The strained semiconductor device of claim 9, wherein the gate
structure comprises a first dielectric  30 material disposed on a second
dielectric material and a semiconductor material disposed on the first
dielectric material, the first layer of dielectric material being oxide,
the second layer of dielectric material being silicon  nitride, and the
semiconductor material being polysilicon, and wherein the first dielectric
material further  includes sidewall oxide disposed on the first and second
opposing sidewalls. 35 9 


