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(57) ABSTRACT

In view of the foregoing, disclosed herein are embodiments of
an improved field effect transistor (FET) structure and a
method of forming the structure. The FET structure embodi-
ments each incorporate a unique gate structure. Specifically,
this gate structure has a first section above a center portion of
the FET channel region and second sections above the chan-
nel width edges (i.e., above the interfaces between the chan-
nel region and adjacent isolation regions). The first and sec-
ond sections differ (i.e., they have different gate dielectric
layers and/or different gate conductor layers) such that they
have different effective work functions (i.e., a first and second
effective work-function, respectively). The different effective
work functions are selected to ensure that the threshold volt-
age at the channel width edges is elevated.
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METHOD OF FORMING A FIELD EFFECT
TRANSISTOR HAVING A GATE STRUCTURE
WITH A FIRST SECTION HAVING A FIRST
EFFECTIVE WORK FUNCTION ABOVE A
CENTER PORTION OF THE CHANNEL
REGION AND WITH SECOND SECTIONS
HAVING A SECOND EFFECTIVE WORK
FUNCTION ABOVE OPPOSING SIDEWALLS
OF THE CHANNEL REGION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/535,394, filed Jun. 28, 2012, which is
a divisional of U.S. patent application Ser. No. 12/194,039,
filed Aug. 19, 2008, issued as U.S. Pat. No. 8,237,233 on Aug.
7, 2012, the complete disclosure of which is incorporated
herein by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The embodiments of the invention generally relate

to complementary metal oxide semiconductor body (CMOS)
devices and, more specifically, to a CMOS structure and
method of forming the CMOS structure with dual metal gates
to suppress corner leakage.

[0004] 2. Description of the Related Art

[0005] As complementary metal oxide semiconductor
(CMOS) devices are scaled in size, conventional gate stack
structures are being replaced by metal gate stack structures.
Specifically, a conventional gate stack structure typically
includes a thin silicon oxide (Si0O,) gate dielectric layer and a
doped-polysilicon gate conductor layer. Unfortunately,
doped polysilicon gate conductor layers are subject to deple-
tion effects. These depletion effects result in an increase in the
effective gate dielectric layer thickness and, thereby limit
device scaling. Thus, high k dielectric layer-metal gate con-
ductor layer stacks with different work functions for N-type
field effect transistors (NFETs) and p-type field effect tran-
sistors, have been introduced. These stacks are improvements
over the conventional gate structures in that the high k-dielec-
tric layer minimizes leakage current and the metal gate con-
ductor layer is not subject to depletion effects. However, with
ever narrower channel widths new concerns for future CMOS
technology generations and, more particularly, for CMOS
technology generations at or beyond the 65 nm node are
introduced even with such high-k dielectric layer-metal gate
conductor layer stacks.

SUMMARY

[0006] One embodiment of the field effect transistor of the
present invention comprises a substrate. A semiconductor
body is positioned on the substrate. This semiconductor body
comprises a channel region with a sidewall and a center
portion. An isolation region is also on the substrate positioned
laterally adjacent to the sidewall. A gate structure traverses
the width of the channel region and further extends laterally
beyond the sidewall onto the isolation region. This gate struc-
ture comprises a first section on the semiconductor body
above the center portion of the channel region and a second
section above the semiconductor body sidewall (i.e., above
the interface between the semiconductor body and the isola-
tion region). This second section is different from the first
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section. Specifically, the first and second sections differ such
that they have different effective work functions (i.e., a first
and second effective work-function, respectively). For
example, the first section can have a first gate conductor layer
and the second section can have a second gate conductor layer
that is different from the first gate conductor layer and, more
particularly, that has a different work function than the first
gate conductor layer. Alternatively, the first section can have
a first gate dielectric layer and the second section can have a
second gate dielectric layer that is different from the first gate
dielectric layer and, particularly, that has a different fixed
charge content than the first gate dielectric layer, thereby
resulting in different effective work functions in the first and
second sections.

[0007] Another embodiment of the field effect transistor of
the present invention comprises a substrate. A semiconductor
body is positioned on the substrate. This semiconductor body
comprises a channel region with a sidewall and a center
portion. Anisolation region is also on the substrate positioned
laterally adjacent to the sidewall. A gate structure traverses
the width of the channel region and further extends laterally
beyond the sidewall onto the isolation region. This gate struc-
ture comprises a first section on the semiconductor body
above the center portion of the channel region and a second
section above the semiconductor body sidewall (i.e., above
the interface between the semiconductor body and the isola-
tion region). This second section is different from the first
section. Specifically, in this embodiment the first and second
sections have both different gate dielectric layers and differ-
ent gate conductor layers such that the first section has a first
effective work-function and the second section has a second
effective work function that is different from the first effective
work-function.

[0008] One embodiment of the field effect transistor for-
mation method of the present invention comprises providing
a substrate. On that substrate, a semiconductor body is
formed. Additionally, an isolation region is formed on the
substrate such that it is positioned laterally adjacent to a
sidewall of the semiconductor body. Next, a gate structure is
formed such that it traverses the width of a channel region of
the semiconductor body and further such that it extends lat-
erally beyond the sidewall of the semiconductor body onto
the isolation region. This gate structure is specifically formed
with a first section, having a first effective work-function,
above a center portion of the channel region and with a second
section, having a second effective work function different
from the first effective work-function, above the sidewall (i.e.,
above the interface between the isolation region and the semi-
conductor body). This process of forming the gate structure
can, for example, comprise forming the first section with a
first gate conductor layer and the second section with a second
gate conductor layer that is different from the first gate con-
ductor layer (i.e., that has a different work function than the
first gate conductor layer). Alternatively, this process of form-
ing the gate structure can comprise forming the first section
with a first gate dielectric layer and the second section can
have a second gate dielectric layer that is different from the
first gate dielectric layer and, particularly, that has a different
fixed charge content than the first gate dielectric layer so that
the resulting first and second sections have different effective
work functions.

[0009] Another embodiment of the field effect transistor
formation method of the present invention comprises provid-
ing a substrate. On that substrate, a semiconductor body is
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formed. Additionally, an isolation region is formed on the
substrate such that it is positioned laterally adjacent to a
sidewall of the semiconductor body. Next, a gate structure is
formed such that it traverses the width of a channel region of
the semiconductor body and further such that it extends lat-
erally beyond the sidewall of the semiconductor body onto
the isolation region. This gate structure is specifically formed
with a first section, having a first effective work-function,
above a center portion of the channel region and with a second
section, having a second effective work function different
from the first effective work-function, above the sidewall (i.e.,
above the interface between the isolation region and the semi-
conductor body). In this embodiment, the process of forming
the gate structure can, for example, comprise forming the first
and second sections with both different gate dielectric layers
and different gate conductor layers.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0010] The embodiments of the invention will be better
understood from the following detailed description with ref-
erence to the drawings, which are not necessarily drawing to
scale and in which:

[0011] FIG.1isatop view diagram illustrating the embodi-
ments 100a-c of the field effect transistor;

[0012] FIG. 2 is a cross-section diagram illustrating one
embodiment 100a of the field effect transistor;

[0013] FIG. 3 is a cross-section diagram illustrating
another embodiment 1005 of the field effect transistor;
[0014] FIG. 4 is a cross-section diagram illustrating yet
another embodiment 100c¢ of the field effect transistor;
[0015] FIG. 5 is a flow diagram illustrating the embodi-
ments of the method of the present invention;

[0016] FIG. 6 is a cross-section diagram illustrating a par-
tially completed field effect transistor, as illustrated in FIGS.
1-4;

[0017] FIG. 7 is a cross-section diagram illustrating a par-
tially completed field effect transistor, as illustrated in FIGS.
1-4;

[0018] FIG. 8 is a cross-section diagram illustrating a par-
tially completed field effect transistor, as illustrated in FIG. 2
and FIG. 4,

[0019] FIG. 9 is a cross-section diagram illustrating a par-
tially completed field effect transistor, as illustrated in FIG. 2
and FIG. 4,

[0020] FIG. 10 is a cross-section diagram illustrating a
partially completed field effect transistor, as illustrated in
FIG. 3;

[0021] FIG. 11 is a cross-section diagram illustrating a
partially completed field effect transistor, as illustrated in
FIG. 3; and

[0022] FIG. 12 is a cross-section diagram illustrating a
partially completed field effect transistor, as illustrated in
FIG. 3.

DETAILED DESCRIPTION

[0023] The embodiments of the invention and the various
features and advantageous details thereof are explained more
fully with reference to the non-limiting embodiments that are
illustrated in the accompanying drawings and detailed in the
following description.

[0024] As mentioned above, complementary metal oxide
semiconductor body (CMOS) devices are scaled in size, con-
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ventional gate stack structures are being replaced by metal
gate stack structures. Specifically, a conventional gate stack
structure typically includes a thin silicon oxide (SiO,) gate
dielectric layer and a doped-polysilicon gate conductor layer.
Unfortunately, doped polysilicon gate conductor layers are
subject to depletion effects. These depletion effects result in
an increase in the effective gate dielectric layer thickness and,
thereby limit device scaling. Thus, high k dielectric layer-
metal gate conductor layer stacks have been introduced.
These stacks are improvements over the conventional gate
structures in that the high k-dielectric layer minimizes leak-
age current and the metal gate conductor layer is not subject
to depletion effects. However, with ever narrower channel
widths new concerns for future CMOS technology genera-
tions and, more particularly, for CMOS technology genera-
tions at or beyond the 65 nm node are introduced even with
such high-k dielectric layer-metal gate conductor layer
stacks. Specifically, narrow channel width edge effects (e.g.,
decreases in threshold voltage (Vt) at the channel region
sidewalls relative to the center portion of the channel region
and also corner parasitic currents) can degrade power-perfor-
mance optimization of technologies. Therefore, there is a
need in the art for a field effect transistor (FET) structure that
compensates for such narrow channel width edge effects and,
more particularly, a FET structure that elevates the threshold
voltage at the channel width edges and prevents current leak-
age.

[0025] In view of the foregoing, disclosed herein are
embodiments of an improved field effect transistor (FET)
structure and a method of forming the structure. The FET
structure embodiments each incorporate a unique gate struc-
ture. Specifically, this gate structure has a first section above
a center portion of the FET channel region and second sec-
tions above the channel width edges (i.e., above the interfaces
between the channel region and adjacent isolation regions).
The first and second sections differ (i.e., they have different
gate dielectric layers and/or different gate conductor layers)
such that they have different effective work functions (i.e., a
first and second effective work-function, respectively). The
different effective work functions are selected to ensure that
the threshold voltage at the channel width edges is elevated.

[0026] More particularly, referring to FIG. 1, each of the
embodiments of the field effect transistor 100a-c of the
present invention comprises a substrate 101. The substrate
101 can, for example, comprise bulk silicon wafer or silicon-
on-insulator (SOI) wafer. A semiconductor body 110 (e.g., a
patterned single crystalline silicon layer) can be positioned on
the substrate 101. This semiconductor body 110 can comprise
source/drain regions 160 and a channel region 150 between
the source/drain regions 160. The channel region 150 can
have sidewalls 152 and a center portion 151. Isolation regions
120 can also be positioned on the substrate 101. Specifically,
these isolation regions 120 can be positioned laterally imme-
diately adjacent to the semiconductor body 110 and, more
particularly, immediately adjacent to the sidewalls 152 of the
semiconductor body channel region 150. The isolation
regions 120 can, for example, comprise shallow trench isola-
tion (STI) regions filled with suitable isolation material(s)
(e.g., Si0,).

[0027] A gate structure (200, 300 or 400, depending upon
the embodiment) traverses the width 180 of the channel
region 150 and further extends laterally beyond the sidewalls
152 onto the isolation regions 120. This gate structure 200,
300, 400 comprises a first section 171 on the semiconductor
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body 110 above the center portion 151 of the channel region
150 and second sections 172 above the semiconductor body
sidewalls 152 (i.e., above the interfaces between the semicon-
ductor body 110 and the isolation regions 120). The different
embodiments of the field effect transistor of the present inven-
tion vary with respect to this gate structure (e.g., see gate
structure 200 of FIG. 2, gate structure 300 in FIG. 3 and the
gate structure 400 in FIG. 4). However, in each of the embodi-
ments, the second sections 172 are different from the first
section 171. Specifically, the first and second sections 171-
172 are configured differently such that they have different
effective work functions (i.e., a first and second effective
work-function, respectively) in order to ensure that the
threshold voltage of the channel region 150 at the sidewalls
152 (i.e., at the channel width edges) is at least equal to
threshold voltage at the center portion 151 of the channel
region 150. The different effective work functions are accom-
plished through the use of different gate conductor layers
and/or different gate dielectric layers in the different sections
171-172.

[0028] Referring to FIG. 2 in combination with FIG. 1, in
one embodiment 100a the gate structure 200 comprises a
single gate dielectric layer 211 that traverses the width 180 of
the channel region 150 of the semiconductor body 110. This
gate dielectric layer 211 further extends laterally beyond the
channel region sidewalls 152 onto the isolation regions 120.
Thus, both the first and second sections 171 and 172 of the
gate structure comprise the same gate dielectric layer 211.
This gate dielectric layer 211 can comprise a high-k dielectric
material.

[0029] The first section 171 can further comprise a first gate
conductor layer 221 on the gate dielectric layer 211 above the
center portion 151 of the channel region 150. The second
sections 172 can each further comprise a second gate conduc-
tor layer 222 on the gate dielectric layer 211 above a corre-
sponding sidewall 152. The first gate conductor layer 221 and
the second gate conductor layer 222 comprise different con-
ductive materials with different work functions.

[0030] For example, the first gate conductor layer 221 can
comprise a first metal and the second gate conductor layer 222
can comprise a second metal that is different from the first
metal and, more particularly, that has a different work func-
tion from the first metal. Given the formation techniques,
discussed in detail below, the first gate conductor layer 221
can further comprise a layer of the second metal above the
first metal. Those skilled in the art will recognize that the
effective work function of this first gate conductor layer 221
will be determined largely based on the first metal closest to
the gate dielectric layer 211. In the case of an n-type field
effect transistor (NFET), the first metal of the first gate con-
ductor layer 221 can comprise an n-type metal or n-type metal
alloy and the second metal of the second gate conductor layer
222 can comprise a p-type metal or p-type metal alloy. In the
case of a p-type field effect transistor (PFET), the first metal
of the first gate conductor layer 221 can comprise a p-type
metal or p-type metal alloy and the second metal of the second
gate conductor layer 222 can comprise an n-type metal or
n-type metal alloy.

[0031] In another example, the first gate conductor layer
221 can comprise a metal and the second gate conductor layer
222 can comprise a doped polysilicon that has a different
work function than the metal. Again, given the formation
techniques, discussed in detail below, the first gate conductor
layer 221 can further comprise a layer of the doped polysili-
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con above metal. Those skilled in the art will recognize that
the effective work function of this first gate conductor layer
221 will be determined largely based on the metal closest to
the gate dielectric layer 211. In the case of an NFET, the metal
of the first gate conductor layer 221 can comprise an n-type
metal or n-type metal alloy and the polysilicon of the second
gate conductor layer 222 can be doped with a p-type dopant
(e.g., boron (B)). In the case of a p-type field effect transistor
(PFET), the metal of the first gate conductor layer 221 can
comprise a p-type metal or p-type metal alloy and the poly-
silicon of the second gate conductor layer 222 can be doped
with an n-type dopant (e.g., phosphorous, antimony or
arsenic).

[0032] Referring to FIG. 3 in combination with FIG. 1, in
another embodiment 1005 the first section 171 of the gate
structure 300 comprise a first gate dielectric layer 311 on the
semiconductor body 110 only above the center portion 151 of
the channel region 150. The second sections 171 of the gate
structure 300 each comprise a second gate dielectric layer 312
above a corresponding sidewall 152. That is, in a given second
section 172, the second gate dielectric layer 312 is positioned
above the channel sidewall 152 (i.e., above the semiconductor
body 110-isolation region 120 interface) such that is posi-
tioned on both the isolation region 120 and edge portions of
the channel region 150. These first and second gate dielectric
layers 311-312 can be different gate dielectric materials with
different fixed charge contents and, optionally, can have dif-
ferent gate dielectric layer thicknesses, thereby resulting in
different effective work functions in the first and second sec-
tions 171-172. For example, the first gate dielectric layer 311
can comprise a first high-k dielectric material and the second
gate dielectric layer 312 can comprise a second high-k dielec-
tric material different from the first high-k dielectric material
and having a different fixed charged content than the first
high-k dielectric material. Additionally, the first gate dielec-
tric layer 311 can have a first thickness and the second gate
dielectric layer 312 can have a second thickness that is dif-
ferent from the first thickness (e.g., that is greater than the first
thickness, as illustrated).

[0033] The gate structure 300 can further comprise a single
metal gate conductor layer 321 that is positioned above the
first gate dielectric layer 311 traversing the width 180 of the
channel region 150 of the semiconductor body 110 and that is
further positioned above the second gate dielectric layer 312
extending laterally beyond the channel region sidewalls 152
above the isolation regions 120. In the case of an NFET, the
metal of this single gate conductor layer 321 can comprise an
n-type metal or n-type metal alloy, whereas in the case of
PFET, the metal of this single gate conductor layer 321 can
comprise a p-type metal or p-type metal alloy.

[0034] Referring to FIG. 4, in yet another embodiment
100¢, the first section 171 of the gate structure 400 can com-
prise a first gate dielectric layer 411 above the center portion
151 of the channel region 150 and a first gate conductor layer
421 on the first gate dielectric layer 411. The second sections
172 of'the gate structure 400 can each comprise a second gate
dielectric layer 412 above a corresponding sidewall 152 and a
second gate conductor layer 422 above the second gate
dielectric layer 412.

[0035] In this embodiment 100¢ as with the first embodi-
ment 100q illustrated in FIG. 2, the first gate conductor layer
421 and the second gate conductor layer 422 can comprise
different conductive materials that have different work func-
tions.
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[0036] For example, the first gate conductor layer 421 can
comprise a first metal and the second gate conductor layer 422
can comprise a second metal that is different from the first
metal and, more particularly, that has a different work func-
tion from the first metal. Given the formation techniques,
discussed in detail below, the first gate conductor layer 421
can further comprise a layer of the second metal above the
first metal. Those skilled in the art will recognize that the
effective work function of this first gate conductor layer 421
will be determined largely based on the first metal closest to
the gate dielectric layer 411. In the case of an n-type field
effect transistor (NFET), the first metal of this first gate con-
ductor layer 421 can comprise an n-type metal or n-type metal
alloy and the second metal of the second gate conductor layer
422 can comprise a p-type metal or p-type metal alloy. In the
case of a p-type field effect transistor (PFET), the first metal
of the first gate conductor layer 421 can comprise a p-type
metal or p-type metal alloy and the second metal of the second
gate conductor layer 422 can comprise an n-type metal or
n-type metal alloy.

[0037] In another example, the first gate conductor layer
421 can comprise a metal and the second gate conductor layer
422 can comprise a doped polysilicon that has a different
work function than the metal. Given the formation tech-
niques, discussed in detail below, the first gate conductor
layer 421 can further comprise a layer of doped polysilicon
above the metal. Those skilled in the art will recognize that
the effective work function of this first gate conductor layer
421 will be determined largely based on the metal closest to
the gate dielectric layer 411. In the case of an NFET, the metal
of the first gate conductor layer 421 can comprise an n-type
metal or n-type metal alloy and the polysilicon of the second
gate conductor layer 422 can be doped with a p-type dopant
(e.g., boron (B)). In the case of a p-type field effect transistor
(PFET), the metal of the first gate conductor layer 421 can
comprise a p-type metal or p-type metal alloy and the poly-
silicon of the second gate conductor layer 422 can be doped
with an n-type dopant (e.g., phosphorous, antimony or
arsenic).

[0038] Additionally, in this embodiment 100c¢ the first gate
dielectric layer 411 and the second gate dielectric layer 412
comprise different dielectric materials with different fixed
charge contents and, optionally, with different thicknesses,
resulting in different effective work functions. For example,
the first gate dielectric layer 411 can comprise a first high-k
dielectric material and the second gate dielectric layer 412
can comprise a second high-k dielectric material different
from the first high-k dielectric material and having different
fixed charge content than the first high-k dielectric material.
Additionally, the first gate dielectric layer 411 can have a first
thickness and the second gate dielectric layer 412 can have a
second thickness that is different from the first thickness (e.g.,
that is greater than the first thickness, as illustrated). It should
be noted that given the formation techniques, described in
detail below, the second gate dielectric layer 412 can further
comprise a layer of the first high-k dielectric material below
the second high-k dielectric material. That is, the first high-k
dielectric material of the first gate dielectric layer 411 can
extend laterally beyond the sidewalls 152 onto the isolation
region 120 and the second high-k dielectric material can be
formed above. Thus, the second gate dielectric layer 412 can
comprise several layers of different types of high-k dielec-
trics.
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[0039] Referring to FIG. 5, also disclosed are method
embodiments for forming the above-described field effect
transistor embodiments. The method embodiments comprise
providing a substrate 101, such as a bulk silicon or silicon-
on-insulator (SOI) wafer (502, see FIG. 6).

[0040] Then, a semiconductor body 110 and isolation
regions 120 are formed on the substrate 101 such that the
isolation regions 120 are positioned laterally adjacent to the
sidewalls 152 of the semiconductor body 110 (504, see FIG.
7). For example, shallow trench isolation (STT) regions 120
can be formed in the semiconductor material 103 (e.g., single
crystalline silicon) at the top surface of the substrate 101,
using conventional STI processing techniques, such that a
remaining portion of the semiconductor material 103 creates
the semiconductor body 110.

[0041] Next, a gate structure 200, 300, 400 is formed that
traverses the width 180 of a designated channel region 150 of
the semiconductor body 110 and further that extends laterally
beyond the sidewalls 152 onto the isolation regions 120 (506,
see FIG. 1). This gate structure 200, 300, 400 is specifically
formed with a first section 171, having a first effective work-
function, above a center portion 151 of the channel region 150
and witha second section 172, having a second effective work
function different from the first effective work-function,
above the sidewalls 152 in the channel region 150 (i.e., above
the channel width edges at the interface between the semi-
conductor body 110 and the isolation regions 120). The first
effective work-function of the first section 171 and the differ-
ent second effective work function of the second section 172
ensure that the threshold voltage of the channel region 150 at
the sidewalls 152 (and particularly at the channel width cor-
ners) is at least equal to the threshold voltage in the center
portion 151 of the channel region 150. To accomplish this
several different method embodiments are disclosed.

[0042] Inone embodiment of the method, a gate dielectric
layer 211 is formed that traverses the width 180 of the desig-
nated channel region 150 and further extends laterally beyond
the channel sidewalls 152 onto the isolation regions 120 (602,
see FIG. 8). Specifically, a high-k dielectric material can be
deposited over the semiconductor body 110 and isolation
regions 120. Then, a first gate conductor layer 221 is formed
on the gate dielectric layer 211 and, more particularly, just
above the center portion 151 of the channel region 150 (604,
see FIG. 9). Next, a second gate conductor layer 222, which is
different from the first gate conductor layer 221, is formed on
the gate dielectric layer 211 above the channel sidewalls 152
(606, see FIG. 2).

[0043] Specifically, the processes 604-606 can comprise
depositing a metal onto the gate dielectric layer 211. In the
case of an NFET, this metal can comprise an n-type metal or
n-type metal alloy, whereas in the case of PFET, this metal can
comprise a p-type metal or p-type metal alloy. This metal is
then lithographically patterned such that is remains only
above the channel center portion 151 (see item 221 of FIG. 9).
Next, a second metal, which has a different work function
than the first metal, is deposited. For example, in the case of
an NFET, this second metal can comprise a p-type metal or
p-type metal alloy, whereas in the case of PFET, this second
metal can comprise an n-type metal or n-type metal alloy (as
discussed above). Alternatively, instead of depositing a sec-
ond metal, a polysilicon material can be deposited. This poly-
silicon material can be either appropriately doped at deposi-
tion or subsequently implanted with appropriate dopants such
that it has a different work function than the previously depos-
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ited metal. For example, in the case of an NFET, this poly-
silicon can be doped with a p-type dopant (e.g., boron (B)),
whereas in the case of PFET, this polysilicon can be doped
with an n-type dopant (e.g., phosphorous (P), arsenic (As) or
antimony (Sb)). The second metal (or doped polysilicon) is
then lithographically patterned such that it traverses the metal
above the channel center portion 151 and further such that it
extends laterally beyond the channel sidewalls 152 onto the
portion of the gate dielectric layer 211 exposed above the
isolation regions 120 (see item 222 in FIG. 2).

[0044] In another embodiment of the method, a first gate
dielectric layer 311 is formed above the center portion 151 of
the channel region 150 only (702, see FIG. 10). Next, a second
gate dielectric layer 312 is formed above the channel side-
walls 152 adjacent to the first gate dielectric layer 311 (704,
see FIG. 11). This second gate dielectric layer 312 is different
from the first gate dielectric layer 311 and, more particularly,
has a different fixed charge content than the first gate dielec-
tric layer 311.

[0045] Specifically, the processes 702-704 can comprise
depositing a first high-k dielectric material. Next, that first
high-k dielectric material is lithographically patterned such
that portions above the channel sidewalls 152 are removed
(see item 311 in FIG. 10). Then, a second high-k dielectric
material that is different from the first high-k material (with a
different charge content) is deposited and lithographically
patterned such that a portion of this second high-k dielectric
material above the channel center portion 151 is removed (see
item 312 in FIG. 11). Since the first and second dielectric
materials are different and deposited separately, they can also
be deposited such that they have different thicknesses (as
illustrated), if necessary, to achieve the desired different
effective work functions.

[0046] Once the first and second gate dielectric layers 311,
312 are formed at process 702-704, a gate conductor layer
321 is formed on both the first gate dielectric layer 311 and on
the second gate dielectric layer 312 (706, see FIG. 3). This
gate conductor layer 321 can be formed by depositing and,
then, lithographically patterning a metal. In the case of an
NFET, this metal can comprise an n-type metal or n-type
metal alloy, whereas in the case of PFET, this metal can
comprise a p-type metal or p-type metal alloy.

[0047] In another embodiment of the method, a first gate
dielectric layer 411 is formed that traverses the width 180 of
the designated channel region 150 and further extends later-
ally beyond the channel sidewalls 152 onto the isolation
regions 120 (802, see FIG. 8). Then, a first gate conductor
layer 421 is formed on the first gate dielectric layer 411 and,
more particularly, just above the center portion 151 of the
channel region 150 (804, see FIG. 9). Next, a second gate
dielectric layer 412 different from the first gate dielectric
layer 411 (i.e., with a different charge content) is formed on
the first gate dielectric layer 411 above the channel sidewalls
152 (806, see FIG. 12). Finally, a second gate conductor layer
422 different from the first gate conductor layer 421 is formed
on the second gate dielectric layer 412 above the channel
sidewalls 152 (808, sce FIG. 4).

[0048] Specifically, the process 802-808 can comprise
depositing a first high-k dielectric material that traverses the
width 180 of the designated channel region 150 and further
extends laterally beyond the channel sidewalls 152 onto the
isolation regions 120 (see item 411 of FIG. 8). Next, a metal
can be deposited onto the first high-k dielectric material. In
the case of an NFET, this metal can comprise an n-type metal
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or n-type metal alloy, whereas in the case of PFET, this metal
can comprise a p-type metal or p-type metal alloy. This metal
is then lithographically patterned such that is remains only
above the channel center portion 151, exposing the first
high-k dielectric material above the channel sidewalls 152
(see item 421 of FIG. 9). Then, a second high-k dielectric
material that is different from the first high-k dielectric mate-
rial (i.e., that has a different charge content) can be deposited
across the exposed first high-k dielectric layer 411 and the
metal 421. A portion of the second high-k dielectric material
on the previously deposited metal 421 above the channel
center portion 151 is removed (i.e., the second high-k dielec-
tric material is lithographically patterned) (see item 412 of
FIG. 12). Finally, a second metal, which has a different work
function than the previously deposited first metal, is depos-
ited. For example, in the case of an NFET, this second metal
can comprise a p-type metal or p-type metal alloy, whereas in
the case of PFET, this second metal can comprise an n-type
metal or n-type metal alloy (as discussed above). Alterna-
tively, instead of depositing a second metal, a polysilicon
material can be deposited. This polysilicon material can be
either appropriately doped at deposition or subsequently
implanted with appropriate dopants such that it has a different
work function than the previously deposited metal. For
example, in the case of an NFET, this polysilicon can be
doped with a p-type dopant (e.g., boron (B)), whereas in the
case of PFET, this polysilicon can be doped with an n-type
dopant (e.g., phosphorous (P), arsenic (As) or antimony
(Sb)). The second metal (or doped polysilicon) is then litho-
graphically patterned such that it traverses the metal 421
above the channel center portion 151 and further such that it
extends laterally beyond the channel sidewalls 152 onto the
portion of the gate dielectric layer 211 exposed above the
isolation regions 120 (see item 422 of FIG. 4).

[0049] Referring again to FIG. 5, after completion of the
gate structure 200, 300 or 400 additional processing is per-
formed in order to complete the FET structure. This addi-
tional processing includes, but is not limited to, halo implan-
tation, source/drain extension implantation, gate sidewall
spacer formation, source/drain implantation, silicide forma-
tion, interlayer dielectric deposition, contact formation, etc.

[0050] It should be noted that for the purposes of this dis-
closure n-type metals or metal alloys are defined as near
conduction band metals or metal alloys (e.g., metals or metal
alloys within 0.2 eV ofthe E_ofthe semiconductor body 110).
Exemplary n-type metals or metal alloys include, but are not
limited to, titanium nitride, titanium silicon nitride, tantalum
nitride, tantalum silicon nitride, aluminum, silver, hafnium,
etc. Contrarily, p-type metals or metal alloys are defined as
near valence band metals or metal alloys (e.g., metals or metal
alloys within 0.2 eV ofthe E, of the semiconductor body 110).
Exemplary p-type metals or metal alloys include, but are not
limited to, rhenium, rhenium oxide, platinum, ruthenium,
ruthenium oxide, nickel, palladium, iridium, etc. It should
further be understood that high-k dielectric materials com-
prise dielectric materials having a dielectric constant “k”
above 3.9 (i.e., above the dielectric constant of SiO,). Exem-
plary high-k dielectric materials include, but are not limited
to, hafnium-based materials (e.g., HfO,, HfSiO, HfSiON, or
HfAIO) or some other suitable high-k dielectric material
(e.g., Al,O;, TaOs, ZrOs, etc.).

[0051] Furthermore, it should be understood that the corre-
sponding structures, materials, acts, and equivalents of all
means or step plus function elements in the claims below are
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intended to include any structure, material, or act for perform-
ing the function in combination with other claimed elements
as specifically claimed. Additionally, it should be understood
that the above-description of the present invention has been
presented for purposes of illustration and description, but is
not intended to be exhaustive or limited to the invention in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the invention. The embodiments
were chosen and described in order to best explain the prin-
ciples of the invention and the practical application, and to
enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifica-
tions as are suited to the particular use contemplated. Well-
known components and processing techniques are omitted in
the above-description so as to not unnecessarily obscure the
embodiments of the invention.

[0052] It should also be understood that the terminology
used in the above-description is for the purpose of describing
particular embodiments only and is not intended to be limit-
ing of the invention. For example, as used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
Furthermore, as used herein, the terms “comprises”, “com-
prising,” and/or “incorporating” when used in this specifica-
tion, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0053] Therefore, disclosed above are embodiments of an
improved field effect transistor (FET) structure and a method
of forming the structure. The FET structure embodiments
each incorporate a unique gate structure. Specifically, this
gate structure has a first section above a center portion of the
FET channel region and second sections above the channel
width edges (i.e., above the interfaces between the channel
region and adjacent isolation regions). The first and second
sections differ (i.e., they have different gate dielectric layers
and/or different gate conductor layers) such that they have
different effective work functions (i.e., a first and second
effective work-function, respectively). The different effective
work functions are selected to ensure that the threshold volt-
age at the channel width edges is elevated.

What is claimed is:

1. A field effect transistor comprising:

a substrate;

a semiconductor body on said substrate, said semiconduc-
tor body comprising a channel region having sidewalls,
edge portions at said sidewalls and a center portion posi-
tioned laterally between said edge portions;

an isolation region on said substrate positioned laterally
adjacent to said sidewalls; and

a gate structure traversing a width of said channel region
and further extending laterally beyond said sidewalls
onto said isolation region,

said gate structure comprising a first section above said
center portion and second sections different from said
first section above said edge portions and extending
laterally beyond said sidewalls onto said isolation
region, and

said first section comprising a first gate dielectric layer
above said center portion,
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said second sections each comprising a second gate dielec-
tric layer above an edge portion of said channel region
and extending laterally beyond a sidewall of said chan-
nel region onto said isolation region, and

said first gate dielectric layer and said second gate dielec-
tric layer comprising different gate dielectric materials
with different fixed charge contents such that said first
section has a first effective work-function and said sec-
ond section has a second effective work function that is
different from said first effective work-function.

2. The field effect transistor of claim 1, said first section
having said first effective work-function and said second sec-
tion having said second effective work function such that a
second threshold voltage at said sidewall is at least equal to a
first threshold voltage at said center portion.

3. The field effect transistor of claim 1, said gate structure
further comprising a single gate conductor layer on said first
gate dielectric layer in said first section and extending later-
ally over said second gate dielectric layer in said second
sections, said single gate dielectric layer has different thick-
nesses in said first section and said second sections.

4. The field effect transistor of claim 3, said single gate
conductor layer comprising any one of a metal and a doped
polysilicon.

5. The field effect transistor of claim 1, said first gate
dielectric layer comprising a first high-k dielectric material
and said second gate dielectric layer comprising a second
high-k dielectric material different from said first high-k
dielectric material.

6. The field effect transistor of claim 1, said first gate
dielectric layer and said second gate dielectric layer having
different thicknesses.

7. A field effect transistor comprising:

a substrate;

a semiconductor body on said substrate, said semiconduc-
tor body comprising a channel region having sidewalls,
edge portions at said sidewalls and a center portion posi-
tioned laterally between said edge portions;

an isolation region on said substrate positioned laterally
adjacent to said sidewalls; and

a gate structure traversing a width of said channel region
and further extending laterally beyond said sidewalls
onto said isolation region,

said gate structure comprising a first section above said
center portion and second sections different from said
first section above said edge portions and extending
laterally beyond said sidewalls onto said isolation
region, and

said first section comprising a first gate dielectric layer
above said center portion,

said second sections each comprising a second gate dielec-
tric layer above an edge portion of said channel region
and extending laterally beyond a sidewall of said chan-
nel region onto said isolation region and further onto an
end of said first gate dielectric layer in said first section,
and

said first gate dielectric layer and said second gate dielec-
tric layer comprising different gate dielectric materials
with different fixed charge contents such that said first
section has a first effective work-function and said sec-
ond section has a second effective work function that is
different from said first effective work-function.

8. The field effect transistor of claim 8, said first section

having said first effective work-function and said second sec-
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tion having said second effective work function such that a
second threshold voltage at said sidewall is at least equal to a
first threshold voltage at said center portion.

9. The field effect transistor of claim 8, said gate structure
further comprising a single gate conductor layer on said first
gate dielectric layer in said first section and extending later-
ally over said second gate dielectric layer in said second
sections, said single gate dielectric layer has different thick-
nesses in said first section and said second sections.

10. The field effect transistor of claim 9, said single gate
conductor layer comprising any one of a metal and a doped
polysilicon.

11. The field effect transistor of claim 8, said first gate
dielectric layer comprising a first high-k dielectric material
and said second gate dielectric layer comprising a second
high-k dielectric material different from said first high-k
dielectric material.

12. The field effect transistor of claim 8, said first gate
dielectric layer and said second gate dielectric layer having
different thicknesses.

13. The field effect transistor of claim 8, said first gate
dielectric layer being relatively thin as compared to said sec-
ond gate dielectric layer.

14. A method of forming a field effect transistor, said
method comprising:

providing a substrate;

forming, on said substrate, a semiconductor body and an

isolation region positioned laterally around said semi-
conductor body; and

forming a gate structure traversing a width of a channel

region in said semiconductor body, said channel region
having sidewalls adjacent to said isolation region, edge
portions at said sidewalls and a center portion positioned
laterally between said edge portions,

said forming of said gate structure comprising forming said

gate structure such that said gate structure comprises a
first section above said center portion and second sec-
tions different from said first section above said edge
portions and extending laterally beyond said sidewalls
onto said isolation region,

said first section comprising a first gate dielectric layer

above said center portion,

said second sections each comprising a second gate dielec-

tric layer above an edge portion of said channel region
and extending laterally beyond a sidewall of said chan-
nel region onto said isolation region, and
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said first gate dielectric layer and said second gate dielec-
tric layer comprising different gate dielectric materials
with different fixed charge contents such that said first
section has a first effective work-function and said sec-
ond section has a second effective work function that is
different from said first effective work-function.

15. The method of claim 14, said forming of said gate
structure further comprising:

depositing said first gate dielectric layer over said channel

region and said isolation region;

lithographically patterning said first gate dielectric layer

such that said isolation region and said edge portions of
said channel region are exposed and said first gate
dielectric layer remains on said center portion only of
said channel region;

depositing said second gate dielectric layer on said first

gate dielectric layer and extending laterally over said
edge portions of said channel region and onto said iso-
lation region;

lithographically patterning said second gate dielectric

layer to expose said first gate dielectric layer above said
center portion of said channel region.

16. The method of claim 15, said lithographically pattern-
ing of said second gate dielectric layer being performed so
that said second gate dielectric layer on each edge portion of
said channel region further extends laterally over an end of
said first gate dielectric layer.

17. The method of claim 15, said forming of said gate
structure further comprising forming a single gate conductor
layer on said first gate dielectric layer in said first section and
extending laterally over said second gate dielectric layer in
said second sections.

18. The method of claim 15, said first gate dielectric layer
comprising a first high-k dielectric material and said second
gate dielectric layer comprising a second high-k dielectric
material different from said first high-k dielectric material.

19. The method of claim 15, said first gate dielectric layer
and said second gate dielectric layer being deposited so as to
have different thicknesses.

20. The method of claim 15, said first gate dielectric layer
and said second gate dielectric layer being deposited such that
said first dielectric layer is relatively thin as compared to said
second gate dielectric layer.
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