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(57) ABSTRACT

A MOSFET having a nitrided gate dielectric and its manu-
facture are disclosed. The method comprises providing a
substrate and depositing a non-high-k dielectric material on
the substrate. The non-high-k dielectric comprises two lay-
ers. The first layer adjacent the substrate is essentially
nitrogen-free, and the second layer includes between about
10" atoms/cm?® to about 10%* atoms/cm> nitrogen. The
MOSFET further includes a high-k dielectric material on the
nitrided, non-high-k dielectric. The high-k dielectric prefer-
ably includes HfSiON, ZrSiON,; or nitrided Al,O,. Embodi-
ments further include asymmetric manufacturing techniques
wherein core and peripheral integrated circuit areas are
separately optimized.
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NITROGEN TREATMENT TO IMPROVE HIGH-K
GATE DIELECTRICS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/637,599 filed on Dec. 20, 2004,
entitled Nitrogen Treatment to Improve High-K Gate
Dielectrics, which application is hereby incorporated herein
by reference.

TECHNICAL FIELD

[0002] This invention relates generally to semiconductor
devices and methods of manufacturing same. More particu-
larly, this invention relates to an improved input/output
transistor device having a composite gate dielectric com-
prising a nitrogen containing, high-k dielectric, and an
underlying dielectric layer having a nitrogen containing
portion in contact with the high-k dielectric layer and a
non-nitrogen containing portion that is in contact with the
substrate.

BACKGROUND

[0003] Gate dielectric performance and reliability is an
ongoing concern in conventional CMOS processing. This
concern is particularly significant as device geometries
shrink to the sub-micron realm (e.g., 90 nm, 65 nm, and
below) and as device reliability standards are strengthened.
Two approaches are employed to increase device perfor-
mance in smaller geometry devices. One approach is to
decrease the thickness of the silicon dioxide gate dielectric,
which will increase higher gate dielectric leakage current.
Another approach is to employ so-called high-k gate dielec-
trics (i.e., gate dielectrics having a permittivity constant of
greater than about 3.9, the permittivity of silicon oxide),
which can be considerably thinner equivalent oxide thick-
ness (EOT) than a conventional silicon oxide layer, while
providing electrical insulation comparable to a considerably
thicker silicon oxide layer. Due to the undesirable interac-
tions between high-k dielectrics and the underlying semi-
conductor material (usually silicon, germanium, silicon ger-
manium, and the like) to degrade carrier mobility, a thin
silicon oxide layer is typically employed as part of the gate
dielectric even when a high-k gate dielectric is employed.

[0004] Well known phenomena of the silicon oxide gate
dielectric that can deleteriously affect device performance
include charge traps such as intrinsic and extrinsic defects
throughout the oxide layer, and so-called interface states at
the oxide-silicon interface resulting from silicon dangling
bonds. Additionally, charge trapping sites are also known to
form at the interface between a nitrogen containing dielec-
tric and a non-nitrogen containing dielectric layer, such as
may be employed in the case of a silicon oxide and high-k
composite gate dielectric.

[0005] Tt is known that the introduction of nitrogen into
the silicon oxide dielectric layer, a process known as nitri-
dation (by thermal process, or plasma process), can elimi-
nate some of the charge trapping sites that otherwise exist.
A nitrided oxide layer (or any nitrogen containing dielec-
tric), however, may have other deleterious affects on the
underlying substrate, such as nitrogen diffusion into the
substrate, and poor device characteristics due to nitrogen-
incorporated dopant diffusion or dopant deactivation in a
source/drain and their extensions.
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[0006] Particularly, negative bias temperature instability
(NBTI) may be adversely impacted by the presence of a
nitrogen containing material in contact with the substrate
(and more particularly in contact with the channel region).
While the beneficial affects of a nitrided gate electrode (such
as reduced charge trap sites) may outweigh the negative
effects for some transistor applications, such as core logic
devices, the deleterious effects are more significant for other
applications such as input/output (I/O) devices. This is
because 1/O transistors typically operate at higher voltages
(e.g., 5V, 3.3V, 2.5V, 1.8V, or another relatively higher bias
(dependent on using which technology)) than core logic and
memory devices, which may operate at a voltage at a lower
bias (e.g., in the 1.5, 1.2, or 1V range).

[0007] What is needed, therefore, is to find a device and
manufacturing method that provides the advantageous fea-
tures of a nitrided dielectric layer and a high-k dielectric
layer, which will increase device and circuit performance for
both peripheral (or I/O) and core devices, but not degrade or
negatively impact their reliabilities.

SUMMARY OF THE INVENTION

[0008] These and other problems are generally solved or
circumvented, and technical advantages are generally
achieved by preferred embodiments of the present invention
that provide a novel process and structure for semiconductor
devices using high-k gate dielectric materials. Preferred
embodiments of the invention provide a multilayer dielectric
stack and method, wherein the nitrogen distribution in the
gate dielectric overcomes manufacturing and reliability
problems.

[0009] One preferred embodiment comprises a gate
dielectric for a transistor and its method of manufacture. The
dielectric comprises a nitrogen-containing high-k dielectric
layer and an underlying non-high-k dielectric layer. The
underlying dielectric layer comprises a nitrogen-containing
first portion in contact with the high-k dielectric layer, and
a substantially nitrogen-free second portion in contact with
an underlying substrate. In preferred embodiments, high-k
dielectrics include nitrided Hf-based high-k (e.g., HfO,,
HfSi0, HfON, or HfSiON), nitrided Zr-based high-K (e.g.,
7r0,, ZrSi0O, ZrON, or ZrSiON), nitrided Al-based high-K
(e.g., (Al,O,, AlSiO, AION, or AISiON), and other suitable
high-k (k>8) gate dielectric. Non-high-k dielectrics include
oxide and oxynitride.

[0010] In another preferred embodiment, a semiconductor
device, such as an integrated circuit, having both core and
peripheral areas is defined on a substrate. The processing
steps in the core and peripheral areas are asymmetric.
Manufacturing structures and methods enable a processing
step in one area, but not the other, and vice versa. Using this
asymmetric approach to device processing, embodiments
described herein are independently tailored to core and
peripheral areas. In an embodiment including asymmetric
processing, the channel region has a lower nitrogen content
in the peripheral region than in the core region. In another
embodiment, the non-high-k dielectric is thicker in the
peripheral region than in the core region.

[0011] In another embodiment, the semiconductor device
is a transistor. The transistor comprises a substrate, and a
gate structure on the substrate. In alternate embodiments the
gate structure includes a first dielectric layer on the sub-
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strate, the first dielectric layer having a substantially nitro-
gen free region adjacent the substrate and a nitrogen con-
taining region adjacent the nitrogen free region; a nitrogen
containing, high-k dielectric layer on the first dielectric
layer; and a gate electrode on the second dielectric layer.
Embodiments further include a source region and a drain
region adjacent and on opposed sides, respectively, of the
gate structure and defining there between a channel region,
the channel region having a length of less than about 100
nm. Preferably, first dielectric layer has a dielectric constant
less than about 8, and the high-k dielectric has a dielectric
constant greater than about 8. Preferably, the nitrogen con-
taining region is greater than about 1 nm thick, and the
substantially nitrogen free region is greater than about 0.5 m
thick.

[0012] The high-k dielectric may include silicon, oxygen,
nitrogen, Hf, Ta, Al, La, Ge, Ti, Co, HfSiON, amorphous
HfSiON, Ta,Os, TiO,, Al,O;, ZrO,, HfO,, Y,0;, La,0;,
aluminates, silicates, HfAlOx, TiO,, PbTiO,, BaTiO,,
SrTiO;, and PbZrO;, and combinations thereof.

[0013] Additional features and advantages of embodi-
ments of the invention will be described hereinafter, which
form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the specific
embodiments disclosed might be readily utilized as a basis
for modifying or designing other structures or processes for
carrying out the purposes of the present invention. It should
also be realized by those skilled in the art that such equiva-
lent constructions and variations on the example embodi-
ments described do not depart from the spirit and scope of
the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] For a more complete understanding of the present
invention, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction with
the accompanying drawings, in which:

[0015] FIGS. 1qa and 15 illustrate intermediate steps in the
manufacture of a preferred embodiment gate dielectric and
gate structure;

[0016] FIG. 2 illustrates a preferred embodiment of an
intermediate integrated circuit including both an exemplary
core device and an exemplary periphery device; and

[0017] FIG. 3 illustrates in cross sectional view of an
exemplary transistor device employing a preferred embodi-
ment gate dielectric.

[0018] Corresponding numerals and symbols in the dif-
ferent figures generally refer to corresponding parts unless
otherwise indicated. The figures are drawn to clearly illus-
trate the relevant aspects of the preferred embodiments and
are not necessarily drawn to scale. To more clearly illustrate
certain embodiments, a letter or symbol indicating variations
of the same structure, material, or process step may follow
a figure number.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0019] The operation and fabrication of the presently
preferred embodiments are discussed in detail below. How-
ever, the embodiments and examples described herein are
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not the only applications or uses contemplated for the
invention. The specific embodiments discussed are merely
illustrative of specific ways to make and use the invention,
and do not limit the scope of the invention or the appended
claims.

[0020] Shown in FIG. 1 is a semiconductor substrate 2
employed within a microelectronics fabrication. Semicon-
ductor substrate 2 is preferably a silicon wafer, however,
substrate 2 may comprise Ge, SiGe, strained silicon, strained
germanium, GaAs, silicon on insulator (SOI), SiGeOl,
GeOl, a stacked arrangement of layers such as Si/SiGe, and
a combination thereof. In some example, <110> or <100>
channel orientation may be applied in the substrate. The
silicon substrate 2 is employed within a microelectronics
fabrication chosen from the group including but not limited
to integrated circuit microelectronics fabrications, charge
coupled device micro-electronics fabrications, radiation
emitting microelectronics fabrications, and optoelectronics
microelectronics fabrications.

[0021] Further details of an exemplary method of manu-
facturing a peripheral (or 1/0) device and more particularly
the composite gate dielectric layer employed therein will
now be provided with reference to FIGS. 1a and 15.

[0022] A first intermediate process step, illustrated in FIG.
1a, describes the formation of a high-k dielectric layer 6 and
an underlying dielectric layer 8. The underlying dielectric
layer 8 is formed upon the top surface of substrate 2. The
underlying dielectric layer 8 is preferably a non-high-k
dielectric layer. Those skilled in the art will recognize that a
thin native oxide layer (not shown) might exist on the
surface of substrate 2 prior to the formation of the under-
lying dielectric layer 8. In another case, the thin native oxide
layer is removed by a wet (e.g., HF dip) or dry (e.g., HF
vapor or H-containing gas annealing) etching process. Pref-
erably, the underlying dielectric layer 8 is a thermally grown
oxide formed by subjecting substrate 2 to an oxygen ambi-
ent.

[0023] The underlying dielectric layer 8 is preferably in
the range of greater than 15 A thick, although in other
embodiments a thicker or thinner oxide layer could be
employed. Preferably, the underlying dielectric layer 8 is
about 15 A to 80 A thick.

[0024] A high-k dielectric layer 6 is formed over the
underlying dielectric layer 8, as illustrated in FIG. 1la.
Deposition of the high-k dielectric layer 6 may be performed
by conventional methods including remote plasma CVD
(RPCVD), plasma enhanced CVD (PECVD), atomic layer
deposition (ALD), MOCVD, MBE, PVD, sputtering or
other methods known in the art.

[0025] High-k dielectrics refer to dielectrics that have a
dielectric constant k greater than silicon dioxide, which is
about 3.9. Preferably, the dielectric constant (k) of high-k
dielectrics is larger than 8 (or permittivity >8). Possible
high-k dielectrics include Ta,Os, TiO,, Al,O;, ZrO,, HfO,,
Y,0;, L,O;, and their aluminates and silicates. The high-k
dielectric material may comprise a single layer of one metal
oxide or several layers including two or more metal oxides.
Still other possible high-k dielectrics include silicon nitride,
hafnium silicon oxynitride, lanthanum oxides, and other
high-k dielectric materials known in the art. The high-k
dielectric 6 may also comprise any of HfO,, HfSiO,, HfON,
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HfSiON, HfAIlO,, zirconium such as ZrO,, ZrON, ZrSiO,
ZrSiON, aluminum such as Al,Oj, titanium such as TiO,,
tantalum pentoxide, lanthanum oxide such as La,O;, barium
strontium compounds such as BST, lead based compounds
such as PbTiO,, similar compounds such as BaTiOj,
SrTi0;, PbZrO,, PST, PZN, PZT, PMN, metal oxides, metal
silicates, metal nitrides, combinations and multiple layers of
these. The high-k dielectric 6 may further include Si, Ge, F,
C, B, O, Al, Ti, Ta, La, Ce, Bi, W, Hf, or Zr atoms for
example.

[0026] In preferred embodiments, the high-k dielectric
layer 6 includes an amorphous, a crystalline, or polycrys-
talline material. The high-k dielectric layer 6 is typically
1-100 Angstroms thick, and it is preferably less than about
50 A to maintain low gate leakage and thin equivalent oxide
thickness (EOT).

[0027] In preferred embodiments, the high-k gate dielec-
tric 6 is deposited over the underlying dielectric layer 8 (as
shown in FIG. 15), and then a nitrogen treatment or nitri-
dation 14 converts both the high-k dielectric 6 and an upper
portion of the underlying dielectric layer 8 with a nitrogen
element (as shown in FIG. 15). The upper portion of the
underlying dielectric layer 8 is a nitrogen-containing layer
10, and the bottom portion of the underlying dielectric layer
8 is substantially nitrogen-free layer 12. The nitrogen-
containing layer 10 is also referred to herein as a nitrided or
nitrogenized dielectric layer, as illustrated in FIG. 15. In one
embodiment, this is accomplished by exposing the layer to
a nitrogen containing plasma. According to preferred
embodiments, N, plasma, NO, plasma, or NH, plasma may
be used for the treatment of the high-k dielectric 6 and
underlying dielectric layer 8. In another embodiment, the
high-k dielectric 6 and the underlying dielectric layer 8 are
nitrided by thermal nitridation. One exemplary process for
thermal nitridation is using NH; nitridation or NO, nitrida-
tion.

[0028] In preferred embodiments, the underlying dielec-
tric layer 8 advantageously provides higher mobility and
higher reliability for the high-k peripheral (or I/O) device.
The design of nitrogenized portion 10 of the underlying
dielectric layer 8 far away channel can maintain better
channel mobility, better NBTI reliability and controllable
dopant profile in the S/D and channel region. Further, the
imposition of the non-nitrogenated dielectric layer 12
between the nitrided dielectric layer 10 and substrate 2
prevents or substantially avoids the deleterious effects due to
nitrogen-incorporating into the substrate.

[0029] In the preferred embodiments, the underlying
dielectric layer 8 is substantially nitrided to a depth that is
greater than 1 nm. In other words, nitrided layer 10, which
may also be called a sub-layer, constitutes roughly greater
than 1 nm and substantially nitrogen-free sub-layer 12
constitutes roughly greater than 0.5 nm. Preferably, the
thickness of nitrogen containing sub-layer 10 ranges from
about ten percent to about ninety percent of the total
thickness. While not a limiting definition but rather by way
of illustration, nitrogen containing implies that the concen-
tration of nitrogen atoms in the nitrogen containing region or
sub-layer is typically from about 10'* atoms/cm® to about
10" atoms/cm®.

[0030] As-deposited, high-k layers typically have a high
density of traps. These traps may be passivated by impreg-
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nating the layer with greater than about 5 atomic percent of
nitrogen and preferably between about 1 and 15 atomic
percent. Passivation in preferred embodiments results in a
trapped charge density less than 10'? cm™2, thereby lowering
leakage current and lowering EOT. Embodiments include
methods for introducing nitrogen such as by diffusion from
an overlay of silicon nitride, diffusion from a gas source,
remote plasma nitridation, and decoupled plasma nitrida-
tion.

[0031] One embodiment comprising a method for impreg-
nating the high-k dielectric layer 6 with nitrogen includes
heating it for about 0.5 to 500 minutes at about 500 to 900°
C., preferably in ammonia, nitrous oxide, and nitric oxide,
and a combination thereof.

[0032] Another embodiment includes remote plasma nitri-
dation of high-k dielectric layer 6 for about 0.5 to 60 minutes
at about 200 to 1,000° C., preferably in ammonia, nitrogen,
nitrous oxide, and nitric oxide, and a combination thereof. A
preferred method of performing remote plasma nitridation is
at about 550° C. for about 1 minute in nitrogen.

[0033] Yet another embodiment for passivating traps in
high-k layers, e.g., 6, includes using decoupled plasma
nitridation for about 0.1 to 60 minutes at about 10 to 400°
C., preferably in ammonia, nitrogen, nitrous oxide, and
nitric oxide, and a combination thereof. A preferred method
of performing decoupled plasma nitridation is at about 25°
C. (or at room temperature) for about 30 seconds in nitrogen.

[0034] In one example, a high-k dielectric layer 6 of
Hf Si,O,N, (HfSiON) was deposited to a thickness of about
5 to 50 Angstroms and having an equivalent oxide thickness
(EOT) of less than about 2.0 nanometers.

[0035] Yet another broad class of embodiments addresses
the emerging applications for the rapidly growing network
proliferation era, such as high performance broadband
devices and circuits. System-on-chip (SOC) solutions, offer-
ing high performance transistors and embedded high density
memories, are necessary to implement the high performance
broadband devices, which help to scale up bandwidth and
achieve desired high speeds and operating frequencies.

[0036] A system-on-chip (SOC) may include memory cell
(e.g., DRAM, SRAM, Flash, EEPROM, EPROM), logic,
analog and I/O devices. Logic circuits and some 1/0O devices
usually need high performance transistors to achieve faster
signal transitions. PMOS logic devices and certain I/O
devices that require high drive current may be manufactured
using selectively epitaxially grown strained material (e.g.,
SiGe) in the source and drain regions. Likewise, for certain
NMOS transistors of the SOC, enhanced electron mobility is
desired. Enhanced electron mobility may be obtained by,
e.g., atensile film (e.g., Si;N,), which film may be deposited
with an inherent tensile stress. This tensile stress will be
transferred to the underlying channel for promoting electron
mobility.

[0037] For other devices, however, speed performance is
not as crucial. Some logic circuit devices, memory cell
devices, and /O devices or analog devices that do not
require high drive current may be manufactured without the
strain material or strain methodologies. These devices would
not suffer from the concerns of manufacturing complexity,
cost, and yield loss that affect the high drive current devices
that do employ advanced technology.
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[0038] In light of these needs, embodiments described
below include asymmetric, system-on-chip (SOC) manufac-
turing optimization. For example, the SOC comprises a
peripheral area (first region) and a core area (second region),
which are defined on a substrate. The processing steps in the
core and peripheral areas may be asymmetric. Manufactur-
ing structures and methods may enable a processing step in
one area, but not the other, and vice versa. Using this
approach in device processing, embodiments described
herein are independently tailored to core and peripheral
areas.

[0039] Preferably, the peripheral region includes an I/O
region and an analog region, and a combination thereof.
Preferably, the core region includes a logic region and a
memory region, and a combination thereof. In other embodi-
ments, analog devices or I/O devices may be included in the
core area while other devices may comprise the non-core
area.

[0040] In preferred embodiments, a non-high-k dielectric
is deposited in both core and peripheral areas. As with
embodiments described above, the dielectric includes two
layers. In accordance with asymmetric SOC requirements,
the first and second non-high-k layers within the core and
peripheral regions are independently optimized. In the
peripheral area, the gate dielectric thickness should be
greater than in the core area. In the peripheral area, the
nitrogen concentration near the dielectric/substrate interface
should be less than in the core area. In another embodiment,
the dielectric includes two layers only in I/O devices but
includes only a nitrided layer 10 in core devices.

[0041] A preferred embodiment comprising asymmetric
manufacturing methods and structures is illustrated in FIG.
2. In keeping with embodiments already described and
already set forth in FIG. 1, there is shown in FIG. 2 a
schematic cross section of the substrate 2. The substrate 2
includes a core region and a peripheral region. An underly-
ing dielectric layer 8 is deposited on substrate 2 in the
peripheral region. As described above, dielectric 8 is par-
tially nitrided such that there is a nitrided layer 10 over an
essentially un-nitrided layer 12. An underlying dielectric
layer 8' is deposited on substrate 2 in the core region, in
which dielectric 8'is substantially nitrided as a nitrided layer
10'. In further keeping with the preferred asymmetric pro-
cessing embodiment shown in FIG. 2, the nitrided dielectric
layer 10 in the periphery may be thicker than the nitrided
layer 10' in the core. Accordingly, nitrided dielectric layer 10
is preferably between about 10 A to 50 A in the periphery
and preferably less than nitrided dielectric layer 10' about 10
A or less than 30 A in the core. In further keeping with the
preferred manufacturing processes, the channel region (or
substrate surface) under dielectric 8 (or 8') has a lower
nitrogen concentration in the periphery than in the core due
to less nitrogen penetration during nitridation processes.

[0042] The nitrogen distribution within dielectric layers
10, 10" may be homogeneous or it may be non-homoge-
neous, i.e., graded. Conventional methods exist for creating
a suitably graded, dielectric nitrogen profile. Once such
conventional technique employing ALD is set forth in U.S.
Patent Application Publication No. 2003/0032281 by
Werkhoven et al., and is hereby incorporated by reference.

[0043] Returning briefly to FIG. 2, nitrided dielectric
layer 10 may include a graded nitrogen composition profile.
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Embodiments may comprise a profile wherein there is
substantially 0% nitrogen near the un-nitrided dielectric 12.
In keeping with asymmetric processing embodiments, nitro-
gen may be independently distributed or graded within the
core and peripheral areas. Or, dielectric layer 10 may be
homogeneous, and dielectric layer 12 may be graded, but
with the nitrogen level preferably essentially zero at the
dielectric layer/substrate interface.

[0044] Continuing with FIG. 2, a high-k dielectric layer 6
is deposited over nitrided dielectrics 10, 10'. An electrode 4
is deposited on high-k dielectric layer 6.

[0045] Applicants fabricated test MOSFETs having
nitrided Hf silicate (HfSiON or HfON) high-k gate dielec-
trics according to preferred embodiments set forth herein.
For reliability evaluation (e.g., NBTI, PBTI, HCl, or
TDDB), devices were stressed under either inversion or
accumulation mode at room and elevated temperature. Both
1/O and core devices with more than 10 years lifetime were
estimated using conventional evaluation methods.

[0046] Finally, conventional processing, as known in the
art, is followed to complete the construction corresponding
to the microelectronics device of FIG. 1. FIG. 3 shows a
schematic cross-sectional diagram illustrating the final result
of further processing of a MOSFET device 100 correspond-
ing to the cross-sectional diagram in FIG. 1.

[0047] The device 100, which may include a transistor, is
formed within or on a substrate 2, illustrated as a bulk silicon
wafer, but one skilled in the art will recognize that substrate
2 could be a semiconductor layer formed atop a buried oxide
layer on a supporting substrate, in the well-known silicon on
insulator (SOI) structure. Substrate 2 may further comprise
Ge, SiGe, SiGeC, GeOl, SiGeOl, strained silicon, strained
germanium, GaAs, a stacked arrangement of layers such as
Si/SiGe, and a combination thereof. In some examples,
<110> or <100> channel orientation may be applied in the
substrate 2.

[0048] Transistor 100 includes a gate structure, which is
comprised of a gate electrode 4 overlying a high-k dielectric
layer 6, which in turn overlies an underlying dielectric layer
8, preferably formed of silicon oxide. Gate electrode mate-
rial 4 is preferably a polysilicon, silicide, or metal gate
electrode material. The electrode may be deposited by a
conventional CVD, PVD or other suitable process to a
thickness less than about 2000 Angstroms. Underlying
dielectric layer 8 has a first, nitrided portion 10 that is in
contact with high-k dielectric layer 6 and a second non-
nitrided, or substantially nitrogen-free, portion 12 that is in
contact with the underlying substrate 2.

[0049] Sidewall spacers 14, 16 are shown on either side of
the gate structure. Sidewall spacers 14 and 16 are deposited
and patterned on sidewalls coextensive and on either side of
the gate electrode 4, the high-k dielectric 6, and the dielectric
8. Sidewall spacers 14 and 16 are deposited using a non-
high-k dielectric to provide a protective spacer over the
sidewalls of the gate electrode 4. Most of the sidewall
spacers 14, 16 are composite spacers, e.g., ON (silicon
oxide/oxynitride-silicon nitride), NO, ONO, ONON, NONO
spacers. The bottom layer (preferably <8 nm, not shown) of
sidewall spacers 14 and 16 is preferably a nitrogen contain-
ing layer (e.g., silicon nitride) to prevent a sub-oxide layer
from being formed in the gate electrode to high-k interface,

UMC 1012
UMC v. AICP



US 2006/0131672 Al

and may be deposited by low temperature or high tempera-
ture deposition techniques including LPCVD, RTCVD,
PECVD and remote plasma (RPCVD). The sidewall spacers
14 and 16 may comprise silicon nitride, silicon oxide, or
silicon oxynitrides.

[0050] Continuing with FIG. 3, source and drain regions
18, 20 are illustrated as being formed in the substrate 2, each
having a shallow region (frequently referred to as an exten-
sion region or a lightly doped drain (LDD) region) and a
deep region (usually referred to simply as the source or drain
region, or sometimes referred to as a heavily doped region).
One skilled in the art will recognize that numerous varia-
tions to the source/drain regions may be employed while still
benefiting from the advantageous features of the present
invention. For instance, the source drain regions could be
implanted regions within the substrate 2, or could alterna-
tively be epitaxially grown regions of, e.g., silicon, silicon
germanium, silicon carbon, germanium, or the like. Addi-
tionally, although source/drain regions 18, 20 are illustrated
as being formed within substrate 2, in other embodiments
the regions could be formed partially or entirely above the
top surface of the substrate. Likewise, the symmetrical
arrangement of source/drain regions 18, 20 could be asym-
metrical in other embodiments with only one, or no, exten-
sion region being employed, or with additional regions of
doping concentration being employed (symmetrically or
asymmetrically) in order to provide one or more graded
junction profiles.

[0051] In preferred embodiments the gate electrode 4
includes a dopant of a first conductivity type, while the
device source and drain regions include a dopant having a
second conductivity type, as described below. For example,
a p+ doped poly gate or a p-type metal is used for PMOS,
and an n+ doped poly gate or an n-type metal is used for
NMOS. For example, in a gate electrode using an accumu-
lation mode operation to improve electrical oxide thickness,
the PMOS gate electrode is preferably n+ doped, while the
NMOS gate electrode is preferably p+ doped. A spike, flash,
or laser activation anneal is done at approximately the range
of 900~1300° C., preferably at about 1050° C.

[0052] Depending on the type of dopants used in the
source/drain and the substrate, the transistors may be of a P
type MOS transistor or an N type MOS ftransistor. In a
complementary MOS transistor integrated circuit, the tran-
sistors may be formed in well diffusions (not shown) that
were performed prior to shallow trench isolation (STT) 36 or
LOCOS isolation (not shown) formation, as is known in the
art, the wells being isolated by the STI regions 36.

[0053] The exemplary embodiments described herein do
not preclude using additional materials and methods to
increase performance. For example, a strained channel mate-
rial such as SiGe is known in the art to increase the mobility
of the carriers, which is particularly important in the pro-
duction of P type MOS transistors. The strained channel
material is deposited, for example, by epitaxial growth using
in situ doping. It is preferably less than about 200 Ang-
stroms, and in preferred embodiments, it is about 100
Angstroms. The strain material may be any of several
semiconductor materials; compound or multilayer materials
may be used, including Si, strained Si, SOI, SiC, SiGe,
SiGeC, SiGeOl, Ge, GeOl, strained Ge, and combinations of
these. In some examples, <110> or <100> channel orienta-
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tion may be applied in the substrate. In an example illus-
trated in FIG. 3, after formation of the gate structure, the
spacers, and the source/drain regions, a contact etch stop
layer (CESL) 22 is formed over the device 100. In one
example, the oxide or oxynitride CESL formed by CVD may
be used. In another example, CESL 22 is silicon nitride and,
as is known in the art, may be deposited with an inherent
compressive (for PMOS) or tensile (for NMOS) stress in
order to impose strain upon the underlying substrate and
thus enhance mobility (i.e., electron or hole mobility).

[0054] In further accordance with conventional process-
ing, as is known in the art, for example, a silicide may be
formed by depositing a metal such as nickel, titanium or
cobalt and then treating it to form a self-aligned silicide, or
a salicide, on top of a gate electrode 38, the source/drain
regions and other areas to provide a lower resistance and
improve device performance. Following the salicide step, if
used, interlevel insulation layers 24 are formed above the
substrate 2 using deposition steps to deposit oxide, nitride or
other conventional insulation layers, typically silicon diox-
ide is formed. Contact areas are patterned and etched into the
insulators to expose the source/drain and gate electrodes 38,
the resulting vias 26 are filled with conductive material to
provide electrical connectivity from metallization layers
above the interlevel insulating layers 24 down to the gate
electrodes and the source/drain regions. Metallization layers
of aluminum or copper may be formed over the interlevel
insulation layers 24 using known techniques such as an
aluminum metallization process or a dual damascene copper
metallization process to provide one, or several, wiring
layers that may contact the vias 26 and make electrical
connections to the gate electrodes and the source/drain
regions. Conventional clean up, passivation, die saw, singu-
lation, packaging, assembly and test steps are used to
complete the integrated circuit devices formed on the sub-
strate 2.

[0055] Although embodiments of the present invention
and their advantages have been described in detail, it should
be understood that various changes, substitutions and alter-
ations can be made herein without departing from the spirit
and scope of the invention as defined by the appended
claims. For example, it will be readily understood by those
skilled in the art that many of the features, functions,
processes, and materials described herein may be varied
while remaining within the scope of the present invention.
Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that
perform substantially the same function or achieve substan-
tially the same result as the corresponding embodiments
described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manu-
facture, compositions of matter, means, methods, or steps.

What is claimed is:
1. A gate dielectric for use in a transistor comprising:

a nitrogen-containing, high-k dielectric layer; and

an underlying dielectric layer, the underlying dielectric
layer having a nitrogen-containing first portion in con-
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tact with the high-k dielectric layer, and a substantially
nitrogen-free second portion in contact with an under-
lying substrate.

2. The gate dielectric of claim 1, wherein the high-k
dielectric layer has a permittivity of greater than about 8.

3. The gate dielectric of claim 1, wherein the high-k
dielectric has a thickness from about 5 to 50 A, and wherein
the underlying dielectric layer has a thickness from about 15
to 80 A.

4. The gate dielectric of claim 1, wherein the underlying
dielectric layer has a dielectric constant less than about 8.

5. The gate dielectric of claim 1, wherein the nitrogen-
containing first portion of the underlying dielectric layer has
a thickness greater than about 1 nm.

6. The gate dielectric of claim 1, wherein the substantially
nitrogen-free second portion of the underlying dielectric
layer has a thickness greater than about 0.5 nm.

7. The gate dielectric of claim 1, wherein the high-k gate
dielectric comprises a material selected from the group
consisting essentially of silicon, oxygen, nitrogen, Hf, Ta,
Al La, Ge, Ti, Co, HfSiON, amorphous HfSiON, Ta,Os,
TiO,, Al O,, ZrO,, HfO,, Y,0;, La,0;, aluminates, sili-
cates, HfAIOx, TiO,, PbTiO;, BaTiO;, SrTiOj;, and PbZrO,,
and combinations thereof.

8. The gate dielectric of claim 1, wherein the underlying
substrate comprises a material selected from the group
consisting essentially of Si, strained Si, Ge, SiC, SiGe,
SiGeC, strained SiGe, SOI, SiGeOl, GeOl, GaAs, a stacked
arrangement of layers, and combinations thereof.

9. A transistor comprising:

a substrate;
a gate structure comprising,

a first dielectric layer on the substrate, the first dielec-
tric layer having a substantially nitrogen-free region
adjacent the substrate and a nitrogen-containing
region adjacent the nitrogen-free region,

a nitrogen-containing, high-k dielectric layer on the
first dielectric layer, and

a gate electrode on a second dielectric layer,

a source region and a drain region adjacent and on
opposed sides, respectively, of the gate structure and
defining there between a channel region, the channel
region having a length of less than about 100 nm.

10. The transistor of claim 9, wherein the first dielectric

layer has a dielectric constant less than about 8.

11. The transistor of claim 9, wherein the nitrogen-

containing region is greater than about 1 nm thick.

12. The transistor of claim 9, wherein the substantially

nitrogen-free region is greater than about 0.5 nm thick.

13. The transistor of claim 9, wherein the high-k dielectric

has a dielectric constant greater than about 8.
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14. The transistor of claim 9, wherein the high-k dielectric
comprises a material selected from the group consisting
essentially of silicon, oxygen, nitrogen, Hf, Ta, Al, La, Ge,
Ti, Co, HfSiON, amorphous HfSiON, Ta,Os, TiO,, Al,O,,
7r0,, HfO,, Y,0;, La,0;, aluminates, silicates, HfAIOx,
TiO,, PbTi03, BaTiO;, SrTiO;, and PbZrO;, and combina-
tions thereof.

15. A semiconductor device having a core region and an
input/output (I/O) region on a substrate, the semiconductor
device comprising:

an underlying dielectric layer on the substrate, the under-
lying dielectric layer having a first thickness over the
I/O region and a second thickness over the core region,
wherein the first thickness is greater than the second
thickness;

a high-k dielectric layer on the underlying dielectric layer
over the 1/O region and the core region, wherein the
underlying dielectric layer over the I/O region is par-
tially nitrided, and the underlying dielectric layer over
the core region is fully nitrided.

16. The semiconductor device of claim 15, wherein the
underlying dielectric layer has a dielectric constant less than
about 8.

17. The semiconductor device of claim 15, wherein the
first thickness is at least about 0.1 nm greater than the second
thickness.

18. The semiconductor device of claim 15, wherein an
upper first portion of the underlying dielectric layer over the
I/O region is nitrogen-containing and a bottom second
portion of the underlying dielectric layer over the I/O region
is substantially nitrogen-free.

19. The semiconductor device of claim 18, wherein the
upper first portion of the underlying dielectric layer has a
thickness greater than about 1 nm.

20. The semiconductor device of claim 18, wherein the
bottom second portion of the underlying dielectric layer has
a thickness greater than about 0.5 nm.

21. The semiconductor device of claim 15, wherein the
high-k dielectric layer has a dielectric constant greater than
about 8.

22. The semiconductor device of claim 15, wherein the
underlying dielectric layer over the core region is less than
about 1.5 nm thick.

23. The semiconductor device of claim 15, wherein the
high-k dielectric layer comprises a material selected from
the group consisting essentially of silicon, oxygen, nitrogen,
Hf, Ta, Al, La, Ge, Ti, Co, HfSiON, amorphous HfSiON,
Ta,0s, TiO,, Al,O,, ZrO,, HfO,, Y,0;, La,O;, aluminates,
silicates, HfAlOx, TiO,, PbTiO3, BaTiO,, SrTiO;, and
PbZrO,, and combinations thereof.
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