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TECHINICAL FIELD The present invention is generally in
the field of semiconductor devices. More particularly,
the  present invention is in the field of fabrication
of semiconductor field effect transistors ("FETs").
BACKGROUND ART A continuing demand exists for higher
performance integrated circuits ("IC"), such as very
large scale  10 integrated circuits ("VLSI'). As a
result, semiconductor manufacturers are challenged to
increase the  performance of transistors, such as
n-channel field effect transistors ("NPETs") or
p-channel field effect  transistors ("PFETs"), which
are utilized in ICs. One important measure of field
effect transistor ("PET") performance is speed, which
is related to  current in the FET. A typical FET
includes a gate stack, which includes a gate electrode
situated over a gate  15 dielectric, a source and a
drain, and a channel, which is situated between the
source and the drain in a silicon substrate. The
channel is also situated underneath the gate
dielectric, which is situated over a substrate, such
as  a silicon substrate. When a voltage is applied to
the gate electrode that is greater than a threshold
voltage, a  layer of mobile charge carriers, e.g.
electrons in an NFET and holes in a PFET, is created
in the channel. By  applying a voltage to the drain of
the FET, a current can be caused to flow between drain
and source. 20 In the FET discussed above, the
mobility of the carriers is directly related to the
current that flows  between the drain and the source,
also referred to as FET current in the present
application, which is directly  related to the speed
of the PET. Carrier mobility is a function of, among
other things, temperature, electric  field created
between gate electrode and channel by the gate
voltage, and dopant concentration. By increasing
carrier mobility, PET current and, consequently, FET
speed can be increased. Thus, as a result of
increasing  25 carrier mobility, PET performance can
be desirably increased. Thus, there is a need in the
art for a FBT having increased carrier mobility to
achieve increased PET  performance. 



SUMMARY  The present invention is directed to field
effect transistors ("FETs") having increased carrier
mobility.  30 The present invention addresses and
resolves the need in the art for a PET having
increased carrier mobility to -1 WO 2005/020323
PCT/US2004/025565  achieve increased PET performance.
According to one exemplary embodiment, a FET, which is
situated over a substrate, comprises a  channel
situated in the substrate. The PET further comprises a
first gate dielectric situated over the channel,
where the first gate dielectric has a first
coefficient of thermal expansion. The FIT further
comprises a first 5 gate electrode situated over the
first gate dielectric, where the first gate electrode
has a second coefficient of  thermal expansion, and
where the second coefficient of thermal expansion is
different than the first coefficient  of thermal
expansion so as to cause an increase in carrier
mobility in the FET. The second coefficient of
thermal expansion may be greater that the first
coefficient of thermal expansion, for example. The
increase in  carrier mobility may be caused by, for
example, a tensile strain created in the channel. 10
According to this exemplary embodiment, the FFT may
further comprise a "gate liner" situated  adjacent to
the first gate dielectric and a "gate spacer" situated
adjacent to the gate liner, where the gate liner  has
a third coefficient of thermal expansion and the gate
spacer has a fourth coefficient of thermal expansion,
and where the fourth coefficient of thermal expansion
is greater than the third coefficient of thermal
expansion  so as to cause a tensile strain in the
channel. 15 According to one exemplary embodiment, the
PET may further comprise a second gate electrode
situated between the first gate electrode and the
first gate dielectric, where the second gate electrode
has a third  coefficient of thermal expansion, where
the third coefficient of thermal expansion is greater
than the first  coefficient of thermal expansion and
the third coefficient of thermal expansion is less
than the second  coefficient of thermal expansion so
as to cause a tensile strain in the channel, and where
the tensile strain 20 causes the increase in the
carrier mobility. Other features and advantages of the
present invention will become  more readily apparent
to those of ordinary skill in the art after reviewing
the following detailed description and  



accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS 25 Figure 1 illustrates a cross-sectional
view of a structure, including an exemplary PET, in
accordance  with one embodiment of the present
invention. Figure 2 illustrates a cross-sectional view
of a structure, including an exemplary FFT, in
accordance  with one embodiment of the present
invention. Figure 3 illustrates a cross-sectional view
of a structure, including an exemplary FET, in
accordance  -2 WO 2005/020323 PCT/US2004/025565  with
one embodiment of the present invention. Figure 4
illustrates a cross-sectional view of a structure,
including an exemplary PET, in accordance  with one
embodiment of the present invention. 5 DETAILED
DESCRIPTION OF THE INVENTION The present invention is
directed to field effect transistors ("FETs") having
increased carrier mobility.  The following description
contains specific information pertaining to the
implementation of the present  invention. One skilled
in the art will recognize that the present invention
may be implemented in a manner  different from that
specifically discussed in the present application.
Moreover, some of the specific details of 10 the
invention are not discussed in order not to obscure
the invention. The drawings in the present application
and their accompanying detailed description are
directed to  merely exemplary embodiments of the
invention. To maintain brevity, other embodiments of
the present  invention are not specifically described
in the present application and are not specifically
illustrated by the  present drawings. 15 Figure 1
shows a cross-sectional view of an exemplary structure
including an exemplary FET in  accordance with one
embodiment of the present invention. Structure 100
includes PET 102, which is situated  on substrate 104.
FET 102 includes gate stack 106, which includes gate
electrode layer 114 and gate dielectric  layer 116,
source 108, drain 110, and channel 112. In the present
embodiment, FET 102 can be an NFET or a  



PFET. 20 As shown in Figure 1, source 108 and drain
110, which are formed in a manner known in the art,
are  situated in substrate 104 and channel 112 is
situated between source 108 and drain 110. Further
shown in  Figure 1, gate dielectric layer 116 is
situated over channel 112 on top surface 118 of
substrate 104. By way of  example, gate dielectric
layer 116 can have a thickness of between 10.0
Angstroms and 15.0 Angstroms. Also  shown in Figure 1,
gate electrode layer 114 is situated over gate
dielectric layer 116. By way of example, gate 25
electrode layer 114 can have a thickness of between
500.0 Angstroms and 2000.0 Angstroms. Gate electrode
layer 114 can be deposited over gate dielectric layer
116 at high temperature utilizing a chemical vapor
deposition ("CVD") process or other appropriate
processes. In the present embodiment, gate electrode
layer 114 and gate dielectric layer 116 are selected
such  that gate electrode layer 114 has a coefficient
of thermal expansion ("CTB") that is higher than a CTE
of gate  -3 WO 2005/020323 PCT/US2004/025565
dielectric layer 116. Thus, as a wafer comprising
structure 100 cools down after gate electrode layer
114 has  been deposited at high temperature, gate
electrode layer 114 decreases in size to a greater
extent (i.e. shrinks  more) than gate dielectric layer
116. As a result, tensile strain is created in channel
112, which increases  carrier mobility in PET 102. In
one embodiment, FET 102 is a PFET while gate
dielectric layer 116 and gate 5 electrode layer 114
are selected such that gate dielectric layer 116 has a
CTE that is higher than a GTE of gate  electrode layer
114. In such embodiment, compressive strain is created
in channel 112, which increases carrier  mobility in
the PFET. Figure 2 shows a cross-sectional view of an
exemplary structure including an exemplary FET in
accordance with one embodiment of the present
invention. Structure 200 includes PET 202, which is
situated  10 on substrate 204. PET 202 includes gate
stack 206, which includes gate electrode layers 218
and 220 and gate dielectric layer 216, source 208,
drain 210, and channel 212. Similar to PET 102, PET
202 can be an NFET or  a PFET. In structure 200 in
Figure 2, substrate 204, source 208, drain 210, and
channel 212 correspond,  respectively, to substrate
104, source 108, drain 110, and channel 112 in
structure 100. 



As shown in Figure 2, gate dielectric layer 216 is
situated over channel 212 on top surface 218 of  15
substrate 204. By way of example, gate dielectric
layer 216 can have a thickness of between 10.0
Angstroms  and 15.0 Angstroms. Also shown in Figure 2,
gate electrode layer 220 is situated over gate
dielectric layer 216  and may comprise, for example,
polycrystalline silicon or other appropriate material.
By way of example, gate  electrode layer 220 can have
a thickness of between 100.0 Angstroms and 500.0
Angstroms. Further shown in  Figure 2, gate electrode
222 is situated over gate electrode 220 and may
comprise, for example, silicide or 20 other
appropriate material. By way of example, gate
electrode layer 220 can have a thickness of between
400.0 Angstroms and 1500.0 Angstroms. Gate electrode
layer 220 can be deposited over gate electrode layer
220 at high temperature utilizing a CVD process or
other appropriate processes. In the embodiment of the
present invention in Figure 2, gate electrode layers
220 and 222 and gate  dielectric layer 216 are
selected such that gate electrode layer 222 has a GTE
that is higher than a CTE of gate  25 electrode layer
220 and the GTE of gate electrode layer 220 is higher
than a CTE of gate dielectric layer 216. Thus, as a
wafer comprising structure 200 cools down after gate
electrode layer 222 has been deposited at high
temperature, gate electrode layer 222 decreases in
size to a greater extent than gate electrode layer 220
and  gate electrode layer 220 decreases in size to a
greater extent than gate dielectric layer 216. As a
result, tensile  strain is created in channel 212,
which increases carrier mobility in PET 202. In one
embodiment, PET 202 is  -4 WO 2005/020323
PCTIUS2004/025565  a PFET while gate dielectric layer
216 and gate electrode layers 220 and 222 are selected
such that gate  dielectric layer 216 has a CTE that is
higher than a CTE of gate electrode layer 220 and the
CTE of gate  electrode layer 220 is higher than a CTE
of gate electrode layer 222. In such embodiment,
compressive strain  is created in channel 212, which
increases carrier mobility in the PFET. S Figure 3
shows a cross-sectional view of an exemplary structure
including an exemplary PET in  accordance with one
embodiment of the present invention. Structure 300
includes PET 302, which is situated  on substrate 304.
FET 302 includes gate stack 306, which includes gate
electrode layer 314 and gate dielectric  layers 316
and 324, source 308, drain 310, and channel 312.
Similar to PET 102, PET 302 can be an NFET or  



a PFET. In structure 300 in Figure 3, substrate 304,
source 308, drain 310, and channel 312 correspond, 10
respectively, to substrate 104, source 108, drain 110,
and channel 112 in structure 100. As shown in Figure
3, gate dielectric layer 316 is situated over channel
312 on top surface 318 of  substrate 304 and may
comprise silicon dioxide or other appropriate
dielectric. Also shown in Figure 3, gate  dielectric
layer 324 is situated over gate dielectric layer 316
and may comprise silicon nitride or other  appropriate
dielectric. Further shown in Figure 3, gate electrode
layer 314 is situated over gate dielectric 324. 15
Gate electrode layer 314 can be deposited over gate
dielectric layer 324 at high temperature utilizing a
CVI)  process or other appropriate processes. In the
present embodiment, gate electrode layer 314 and gate
dielectric layers 316 and 324 are  selected such that
gate electrode layer 314 has a higher CTE than a CTE
of gate dielectric layer 324 and gate  dielectric
layer 324 has a higher CTE than a CTE of gate
dielectric layer 316. Thus, as a wafer comprising 20
structure 300 cools down after gate electrode layer
314 has been deposited at high temperature, gate
electrode  layer 314 is reduced in size to a greater
extent than gate dielectric layer 324 and gate
dielectric layer 324 is  reduced in size to a greater
extent than gate dielectric layer 316. As a result,
tensile strain is created in channel  312, which
increases carrier mobility in PET 302. In one
embodiment, PET 302 is a PFET while gate  dielectric
layers 316 and 324 and gate electrode layer 314 are
selected such that gate dielectric layer 316 has a 25
CTE that is higher than a CTE of gate dielectric layer
324 and gate dielectric layer 324 has a higher CTE
than  a CTE of gate electrode layer 314. In such
embodiment, compressive strain is created in channel
312, which  increases carrier mobility in the PFET.
Figure 4 shows a cross-sectional view of an exemplary
structure including an exemplary PET in  accordance
with one embodiment of the present invention.
Structure 400 includes PET 402, which is situated  -5
WO 2005/020323 PCTIUS2004/025565  on substrate 404.
PET 402 includes gate stack 406, source 408, drain
410, channel 412, "gate liner" 426 and  "gate spacers"
428. Similar to FET 102, FET 402 can be an NFET or a
PFET. In structure 400 in Figure 4,  substrate 404,
source 408, drain 210, and channel 212 correspond,
respectively, to substrate 104, source 108,  



drain 110, and channel 112 in structure 100. 5 As
shown in Figure 4, gate stack 406 is situated over
substrate 404. Gate stack 406 can be gate stack  106
in Figure 1, gate stack 206 in Figure 2, or gate stack
306 in Figure 3. Further shown in Figure 4, gate
liners 426 and 428 are situated over substrate 404 and
are also situated adjacent to respective sides of gate
stack 406. By way of example, gate liners 426 and 428
can have a thickness of between 50.0 Angstroms and
200.0 Angstroms. Also shown in Figure 4, gate spacers
430 and 432 are situated adjacent to gate liners 426
10 and 428, respectively. Thus, gate liners 426 and
428 are situated between gate spacers 430 and 432 and
sides  of gate stack 406, respectively, and are also
situated between respective gate spacers 430 and 432
and substrate  404. In the present embodiment, gate
liners 426 and 428 and gate spacers 430 and 432 are
selected such  that gate spacers 430 and 432 have
respective CIEs that are higher than respective Cl'Es
of gate liners 426  15 and 428. As a result, for
similar reasons as discussed above, tensile strain is
created in channel 412, which increases carrier
mobility in PET 402. In one embodiment, FET 302 is a
PFET while gate liners 426 and 428  and gate spacers
430 and 432 are selected such that gate liners 426 and
428 have respective CMEs that are  higher than
respective CTEs of gate spacers 430 and 432. As a
result, compressive strain is created in channel  412,
which increases carrier mobility in the PFET. 20 Thus
as discussed above, by selecting gate electrode and
dielectric layers of a gate stack to have  appropriate
respective coefficients of thermal expansion, the
present invention achieves increased tensile strain
in the channel of a FET, i.e. FETs 101, 102, 103, or
104. As a result, the present invention advantageously
achieves increased carrier mobility in the FET, which
results in increase PET performance. Additionally, by
selecting gate electrode and dielectric layers of a
gate stack to have appropriate respective coefficients
of 25 thermal expansion, the present invention
achieves increased compression strain in the channel
of a PFET,  which results in increased carrier
mobility and, consequently, increased performance in
the PFET. From the above description of exemplary
embodiments of the invention it is manifest that
various  techniques can be used for implementing the
concepts of the present invention without departing
from its  scope. Moreover, while the invention has
been described with specific reference to certain
embodiments, a  



-6 WO 2005/020323 PCT/US2004/025565  person of
ordinary skill in the art would recognize that changes
could be made in form and detail without  departing
from the spirit and the scope of the invention. The
described exemplary embodiments are to be  considered
in all respects as illustrative and not restrictive.
It should also be understood that the invention is
not limited to the particular exemplary embodiments
described herein, but is capable of many
rearrangements, 5 modifications, and substitutions
without departing from the scope of the invention.
Thus, field effect transistors ("FETs") having
increased carrier mobility have been described.  -7
CLAIMS:  1. A FET situated over a substrate (104),
said FET comprising: a channel (112) situated in said
substrate (104); 5 a first gate dielectric (116)
situated over said channel (112), said first gate
dielectric (116) having a first coefficient of thermal
expansion; a first gate electrode (114) situated over
said first gate dielectric (116), said  first gate
electrode (114) having a second coefficient of thermal
expansion; a gate liner (426,428) situated adjacent to
said first gate dielectric (116), said  10 gate liner
having a third coefficient of thermal expansion; a
gate spacer (430,432) situated adjacent to said gate
liner, said gate spacer  having a fourth coefficient
of thermal expansion; wherein said gate liner and said
gate spacer are selected such that said fourth
coefficient of thermal expansion is greater than said
third coefficient of thermal  15 expansion and said
first gate dielectric and said first gate electrode
are selected such that said second coefficient of
thermal expansion is greater than said first
coefficient  of thermal expansion thereby causing an
increase in carrier mobility in said FET. 2. The FET
of claim I wherein said increase in said carrier
mobility is caused by  



20 a tensile strain created in said channel (112). 3.
The FET of claim I further comprising a second gate
electrode (220) situated  between said first gate
electrode (222) and said first gate dielectric (216),
said second  gate electrode (220) having a fifth
coefficient of thermal expansion, said fifth 25
coefficient of thermal expansion being greater than
said first coefficient of thermal  expansion and said
fifth coefficient of thermal expansion being less than
said second  coefficient of thermal expansion so as to
cause a tensile strain in said channel (212). 4. The
FET of claim 1 further comprising a second gate
dielectric (324) situated  30 between said first gate
dielectric (316) and said substrate (304), said second
gate  dielectric (324) having a fifth coefficient of
thermal expansion, said fifth coefficient  8 of
thermal expansion being less than said first
coefficient of thermal expansion and  said second
coefficient of thermal expansion being greater than
said first coefficient  of thermal expansion so as to
cause a tensile strain in said channel (312). 5 5. A
PFET situated over a substrate (104), said PFET
comprising:  a channel (112) situated in said
substrate (104); a first gate dielectric (116)
situated over said channel (112), said first gate
dielectric (116) having a first coefficient of thermal
expansion; a first gate electrode (114) situated over
said first gate dielectric (116), said  10 first gate
electrode (114) having a second coefficient of thermal
expansion; a gate liner (426,428) situated adjacent to
said first gate dielectric (116), said  gate liner
having a third coefficient of thermal expansion; a
gate spacer (430,432) situated adjacent to said gate
liner, said gate spacer  having a fourth coefficient
of thermal expansion; 15 wherein said gate liner and
said gate spacer are selected such that said third
coefficient of thermal expansion is greater than said
fourth coefficient of thermal  



expansion and said first gate dielectric and said
first gate electrode are selected such  that said
first coefficient of thermal expansion is greater than
said second coefficient  of thermal expansion, thereby
causing an increase in carrier mobility in said PFET.
20 6, The PFET of claim 5 wherein said increase in
said carrier mobility is caused  by a compressive
strain created in said channel (112). 7. The PFET of
claim 5 further comprising a second gate electrode
(220) situated  25 between said first gate electrode
(222) and said first gate dielectric (216), said
second  gate electrode (220) having a fifth
coefficient of thermal expansion, said fifth
coefficient of thermal expansion being less than said
first coefficient of thermal  expansion and said fifth
coefficient of thermal expansion being greater than
said  second coefficient of thermal expansion so as to
cause a compressive strain in said  30 channel(212). 9
8. The PFET of claim 5 further comprising a second
gate dielectric (324) situated  between said first
gate dielectric (316) and said substrate (304), said
second gate  dielectric (324) having a fifth
coefficient of thermal expansion, said fifth
coefficient  of thermal expansion being greater than
said first coefficient of thermal expansion and 5 said
second coefficient of thermal expansion being less
than said first coefficient of  thermal expansion so
as to cause a compressive strain in said channel
(312). 10 


