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Description

Field of the invention

[0001] The present invention generally relates to meth-
ods for manufacturing semiconductor devices. More par-
ticularly, this invention relates to methods for manufac-
turing CMOS devices having a gate stack comprising a
metal gate electrode and the CMOS devices made there-
of.

State of the art

[0002] Up to now, semiconductor industry remains
driven by scaling geometric dimensions of metal-oxide-
semiconductor field-effect-transistors (MOSFETs). With
traditional MOSFET-technology, using silicon dioxide
(SiO2) as gate dielectric and polycrystalline silicon (poly-
Si) as gate material, a lot of problems occur when scaling
down to 100 nm or below.
[0003] As the gate dielectric thickness is reduced, an
exponential increase of gate direct tunnelling currents
occurs. One solution to solve this problem for a 45 nm
technology node and beyond is the introduction of so-
called high-k dielectrics as gate dielectric. A high-k die-
lectric is a dielectric featuring a dielectric constant (k)
higher than the dielectric constant of SiO2, i.e. k > 3.9.
High-k dielectrics allow for a larger physical thickness
(compared to SiO2) for obtaining a same effective ca-
pacitance than can be obtained with a much thinner SiO2
layer. The larger physical thickness of the high-k material
will reduce gate leakage currents.
[0004] For SiO2 oxide thicknesses below 2 nm, a poly-
silicon (poly-Si) depletion effect starts to become domi-
nant in the poly-Si gate. A solution to this problem is the
introduction of metals as gate material. Advantages of
metal gates are elimination of the polysilicon depletion
effect, very low resistance, no dopant penetration possi-
ble and better compatibility with high-k gate dielectrics.
[0005] By introducing metal gates, the threshold volt-
age of the MOSFET becomes controlled by the metal
workfunction. Regarding metal gate electrodes, tuning
of the workfunction is not straightforward as a different
workfunction is needed for NMOS than for PMOS. This
requires now a (n-type) metal (replacing poly-Si) that
works for nMOSFET (i.e. a workfunction preferably be-
tween about 3.9 eV and about 4.2 eV) and a (p-type)
metal that works for pMOSFET (i.e. a workfunction pref-
erably between about 4.9 eV and about 5.2 eV). Whereas
the workfunction of a polysilicon gate electrode can be
tuned by ion implantation, the workfunction of a metal
gate electrode is a material property which cannot be
changed easily.
[0006] The introduction of new gate materials, such as
high-k gate dielectrics combined with metal gate elec-
trodes, is not simple, since problems may occur in the
traditional gate-first fabrication process steps like etch
and strip. Hence, for the integration of high-k gate die-

lectrics and metal gate electrodes in a complementary
metal-oxide-semiconductor (CMOS) device, new alter-
natives have to be introduced in the process flow. Al-
though already some possibilities are available in the
state-of-the-art for the integration of metal gate and high-
k dielectric in CMOS devices, there is a need for simplified
integration schemes for high-k/metal semiconductor de-
vice and more specific for simplified dual metal, dual di-
electric (DMDD) integration schemes.
[0007] Published US patent application
US2007/178634 discloses a dual-gate CMOS semicon-
ductor device having a dual work function metal gate
stack structures. The dual-gate CMOS device comprises
a PMOS transistor with a first, a second and a third con-
ductive layer and a NMOS transistor with a first and a
second conductive layer. The second conductive layer
of the NMOS and PMOS transistor are formed from dif-
ferent conductive materials. The thickness and material
of the first conductive layer and of the second conductive
layer is chosen to modulate the work function of the
NMOs transistor and PMOS transistor respectively.

Summary of the invention

[0008] One inventive aspect relates to a dual work-
function semiconductor device comprising a semicon-
ductor substrate, a first transistor in a first region of the
semiconductor substrate, the first transistor comprising
a first gate stack and a second transistor in a second
region of the semiconductor substrate, the second tran-
sistor comprising a second gate stack, the first gate stack
having a first effective workfunction, the second gate
stack having a second effective workfunction, the second
effective workfunction being different from the first effec-
tive workfunction; wherein the first gate stack comprises
a second metal gate electrode overlying a second gate
dielectric capping layer, the second gate dielectric cap-
ping layer overlying a barrier metal gate electrode, the
barrier metal gate electrode overlying a first metal gate
electrode layer, the first metal gate electrode layer over-
lying the gate dielectric host layer, the gate dielectric host
layer overlying a first gate dielectric capping layer, the
first gate dielectric capping layer overlying the semicon-
ductor substrate in the first region and wherein the sec-
ond gate stack comprises a second metal gate electrode
overlying a second gate dielectric capping layer, the sec-
ond gate dielectric capping layer overlying the first metal
gate electrode, the first metal gate electrode overlying
the gate dielectric host layer, the gate dielectric host layer
overlying the semiconductor substrate in the second re-
gion and wherein the second metal gate electrode layer
of the first and the second gate stack consists of the same
metal composition as the first metal gate electrode layer
of the first and the second gate stack.
[0009] According to an embodiment of the first aspect
of the present invention the first metal gate electrode lay-
er, the barrier metal gate electrode layer and the first gate
dielectric capping layer of the first gate stack are selected
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to tune the first effective workfunction of the first gate
stack.
[0010] According to another embodiment of the first
aspect of the present invention the first metal gate elec-
trode layer, the second gate electrode layer and the sec-
ond gate dielectric capping layer of the second gate stack
are selected to tune the second effective workfunction of
the second gate stack.
[0011] According to another embodiment of the first
aspect of the present invention the first effective work-
function is larger than the second effective workfunction.
Preferably the first effective workfunction of the first gate
stack is in the range of 4.9 eV to 5.5 eV. The second
effective workfunction of the second gate stack is pref-
erably in the range of 3.9 eV to 4.5 eV. The first transistor
is preferably a PMOS transistor. The second transistor
is preferably a NMOS transistor.
[0012] According to another embodiment of the first
aspect of the present invention the first gate dielectric
capping layer is an Al-based dielectric. More specifically
the first gate dielectric capping layer is selected from the
group consisting of AlO, AlN, AlON and mixtures thereof.
[0013] According to another embodiment of the first
aspect of the present invention the second gate dielectric
capping layer is an lanthanide-based dielectric. More
specifically the second dielectric capping layer is select-
ed from the group consisting of DyO, LaO GdO, ErO and
mixtures thereof.
[0014] According to another embodiment of the first
aspect of the present invention the barrier metal elec-
trode layer comprises TiN. Alternatively, the barrier metal
electrode layer may comprise TaN.
[0015] According to another embodiment of the first
aspect of the present invention the first metal gate elec-
trode layer and the second metal gate electrode layer
comprise a material selected from a group consisting of
TaxCy, with x and y real numbers 0 <x, y < 1.
[0016] According to another embodiment of the first
aspect of the present invention the first metal gate elec-
trode layer and the second metal gate electrode layer
comprise TaxCyNzOw, with x,y,z,w real numbers and 0<x,
y,z,w<1.
[0017] According to another embodiment of the first
aspect of the present invention the gate dielectric host
layer is selected from the group consisting of SiO2 SiON,
HfO2 ZrO2 and mixtures thereof.
[0018] According to a preferred embodiment of the first
aspect the first dielectric capping layer is selected from
the group consisting of AlO, AlN, AlON and mixtures
thereof, the second dielectric capping layer is selected
from the group consisting of DyO, LaO, GdO, ErO and
mixtures thereof, the first metal gate electrode layer and
the second metal gate electrode layer comprise a mate-
rial selected from a group consisting of TaxCy, with x and
y real numbers 0<x,y<1 and the barrier metal electrode
layer comprises TiN.
[0019] A second inventive aspect of the present inven-
tion relates to a method for forming a dual workfunction

semiconductor device, the method comprising providing
a semiconductor substrate with a first region and a sec-
ond region, forming a first gate stack in the first region,
the first gate stack having a first effective workfunction
and a second gate stack in the second region, the second
gate stack having a second effective workfunction, the
second effective workfunction being different from the
first effective workfunction, comprising forming a first
gate dielectric capping layer in the first region, forming a
gate dielectric layer in the first region and in the second
region, the gate dielectric layer overlying the first gate
dielectric capping layer in the first region, forming a first
metal gate electrode material in the first region and in the
second region, the first metal gate electrode material
overlying the gate dielectric layer, forming a barrier metal
gate electrode layer in the first region, the barrier metal
gate electrode layer overlying the first metal gate elec-
trode layer, forming a second gate dielectric capping lay-
er in the second region, the second gate dielectric cap-
ping layer overlying the first metal gate electrode layer,
forming a second metal gate electrode layer in the first
region and in the second region, the second metal gate
electrode layer overlying the second gate dielectric cap-
ping layer, wherein the second metal gate electrode layer
from the first gate stack and from the second gate stack
consists of the same metal composition as the first metal
gate electrode layer from the first gate stack and from
the second gate stack.
[0020] According to an embodiment of the second as-
pect of the present invention the method further compris-
es patterning the second metal gate electrode layer, the
second gate dielectric capping layer, the barrier metal
gate electrode layer, the gate dielectric host layer and
the first gate dielectric capping layer to form the first gate
stack and patterning the second metal gate electrode
layer, the second gate dielectric capping layer, the first
metal gate electrode layer and the gate dielectric host
layer to form the second gate stack
[0021] According to another embodiment of the sec-
ond aspect of the present invention the first metal gate
electrode layer, the barrier metal gate electrode layer and
the first gate dielectric capping layer are selected to tune
the first effective workfunction of the first gate stack.
[0022] According to another embodiment of the sec-
ond aspect of the present invention the first metal gate
electrode layer, the second metal gate electrode layer
and the second gate dielectric capping layer are selected
to tune the second effective workfunction of the second
gate stack.
[0023] According to another embodiment of the sec-
ond aspect of the present invention the first effective
workfunction is larger than the second effective work-
function.
[0024] According to another embodiment of the sec-
ond aspect of the present invention the first effective
workfunction is in the range of 4.9 eV to 5.5 eV.
[0025] According to another embodiment of the sec-
ond aspect of the present invention the second effective
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workfunction is in the range of 3.9 eV to 4.5 eV.
[0026] According to another embodiment of the sec-
ond aspect of the present invention the first metal gate
electrode layer, the barrier metal gate electrode layer and
the first gate dielectric capping layer are selected to tune
the first effective workfunction of the first gate stack to-
wards PMOS effective workfunction.
[0027] According to another embodiment of the sec-
ond aspect of the present invention the first metal gate
electrode layer and the second gate dielectric capping
layer are selected to tune the second effective workfunc-
tion of the second gate stack towards NMOS effective
workfunction.
[0028] According to another embodiment of the sec-
ond aspect of the present invention the first gate dielectric
capping layer is an Al-based dielectric. More preferably
the first gate dielectric capping layer is selected from the
group consisting of AlO, AlN, AlON and mixtures thereof.
[0029] According to another embodiment of the sec-
ond aspect of the present invention the second gate di-
electric capping layer is an lanthanide-based dielectric.
More preferably the second gate dielectric capping layer
is selected from the group consisting of DyO, LaO GdO,
ErO and mixtures thereof.
[0030] According to another embodiment of the sec-
ond aspect of the present invention the barrier metal elec-
trode layer comprises TiN or TaN.
[0031] According to another embodiment of the sec-
ond aspect of the present invention the first metal gate
electrode layer and the second metal gate electrode layer
comprise a material selected from a group consisting of
TaxCy, with x and y real numbers 0 <x, y < 1.
[0032] According to another embodiment of the sec-
ond aspect of the present invention the first metal gate
electrode layer and the second metal gate electrode layer
comprise TaxCyNzOw, with x,y,z,w real numbers and 0<x,
y,z,w<1.
[0033] According to another embodiment of the sec-
ond aspect of the present invention the gate dielectric
host layer is selected from the group consisting of SiO2
SiON, HfO2, ZrO2 and mixtures thereof.

Brief description of the figures

[0034] All drawings are intended to illustrate some as-
pects and embodiments of the present invention. The
drawings described are only schematic and are non-lim-
iting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustra-
tive purposes.
[0035] Exemplary embodiments are illustrated in ref-
erenced figures of the drawings. It is intended that the
embodiments and figures disclosed herein be consid-
ered illustrative rather than restrictive. In the different fig-
ures, the same reference signs refer to the same or anal-
ogous elements.
[0036] Figure 1 to Figure 6 represent different sche-
matic cross-sections of a device corresponding to several

process steps according to an embodiment of the present
invention of a method for manufacturing a dual work func-
tion semiconductor device.
[0037] Figure 7 represents a schematic cross-section
of a dual workfunction semiconductor device according
to an aspect of the present invention

Detailed description of the invention

[0038] One or more embodiments of the present in-
vention will now be described in detail with reference to
the attached figures; the invention is not limited thereto.
The drawings described are only schematic and are non-
limiting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustra-
tive purposes. The dimensions and the relative dimen-
sions do not necessarily correspond to actual reductions
to practice of the invention. Those skilled in the art can
recognize numerous variations and modifications of this
invention that are encompassed by its scope. According-
ly, the description of preferred embodiments should not
be deemed to limit the scope of the present invention.
[0039] Furthermore, the terms first, second and the like
in the description are used for distinguishing between
similar elements and not necessarily for describing a se-
quential or chronological order. It is to be understood that
the terms so used are interchangeable under appropriate
circumstances and that the embodiments of the invention
described herein are capable of operation in other se-
quences than described or illustrated herein.
[0040] Moreover, the terms top, bottom, over, under
and the like in the description are used for descriptive
purposes and not necessarily for describing relative po-
sitions. The terms so used are interchangeable under
appropriate circumstances and the embodiments of the
invention described herein can operate in other orienta-
tions than described or illustrated herein. For example
"underneath" and "above" an element indicates being lo-
cated at opposite sides of this element.
[0041] In the description provided herein, numerous
specific details are set forth. However, it is understood
that embodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
of this description.
[0042] Where, herein, a specific chemical name or for-
mula is given, the material may include non-stoichiomet-
ric variations of the stoichiometrically exact formula iden-
tified by the chemical name. Lack of numerical subscript
by an element in the formula stoichiometrically signifies
the number one (1). Variations in the range plus/minus
20% of the exact stoichiometric number are comprised
in the chemical name or formula, for the present purpos-
es. Where an algebraic subscript is given, then variations
in the range of about plus/minus 20% are comprised rel-
ative to the value of each subscript. Such varied values
do not necessarily sum to a whole number and this de-
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parture is contemplated. Such variations may occur due
to either intended selection and control of the process
conditions, or due to unintended process variations.
[0043] It is to be noticed that the term "comprising"
should not be interpreted as being restricted to the means
listed thereafter; it does not exclude other elements or
processes. Thus, the scope of the expression "a device
comprising means A and B" should not be limited to de-
vices consisting only of components A and B. It means
that with respect to the present description, the only rel-
evant components of the device are A and B.
[0044] Various embodiments of the invention are re-
ferring to parameters of the semiconductor device such
as threshold voltage (Vt), effective work function (WFeff),
or physical characteristics of the material(s) employed
such as work function (WF), Fermi level etc. The defini-
tions as used through this document are summarized
herein below.
[0045] In the MOSFET device, the gate requires a
threshold voltage (Vt) to render the channel conductive.
Complementary MOS (CMOS) processes fabricate both
n-channel and p-channel (respectively NMOS and
PMOS) transistors. The difference of the threshold volt-
age Vt, i.e. the difference of the threshold voltage be-
tween the NMOS and PMOS transistor, is influenced by
what is called the difference of the effective work function
(ΔWFeff). The difference of the effective work function is
the difference between the effective workfunction of the
NMOS transistor and the effective workfunction of the
PMOS transistor. To establish threshold voltage (Vt) val-
ues for the PMOS transistor and NMOS transistor re-
spectively, the effective work function difference of the
respective PMOS and NMOS gate materials (gate
stacks) and their corresponding channel regions is inde-
pendently established through channel processing and
gate processing. In other words, both gate dielectric
(comprising i.e. a host dielectric and optional different
capping layers) and gate electrode (comprising at least
one metal layer) determine the effective work function of
the gate stack (device) (WFeff). Moreover, the gate
processing itself (i.e. the sequence of the different steps
and/or the thermal treatments applied) may have an in-
fluence on the effective work function of the gate stack
(device) (WFeff).
[0046] The effective work function of a gate stack (de-
vice) (WFeff) is a parameter that can be tuned by the
choice of the gate dielectric materials, gate electrode ma-
terials and by the gate processing performed. On the
contrary, the work function (WF) of the gate electrode
(often referred to as metal gate electrode or metal layer
electrode or metal control electrode) is an intrinsic prop-
erty of the material. In general, the work function of a
certain material is a measure of the energy, in electron
volts (eV), required to eject an electron in the material
outside of a material atom to the vacuum, if the electron
were initially at the Fermi level. The work function of the
gate electrode may also be referred to as as-deposited
workfunction or the intrinsic workfunction of the material.

[0047] For a silicon substrate, the gate electrode of a
negative channel MOSFET (or NMOS) device would
have an n-type work function of approximately 4.1 eV
(+/-0.3 eV), and the gate electrode of a positive channel
MOSFET (or PMOS) device would have a p-type work
function of approximately 5.2 eV (+/-0.3 eV).
[0048] A high-k dielectric is a dielectric featuring a di-
electric constant (k) higher than the dielectric constant
of SiO2, i.e. k > 3.9. High-k dielectrics allow for a larger
physical thickness (compared to SiO2) for obtaining a
same effective capacitance than can be obtained with a
much thinner SiO2 layer.
[0049] In the following the present invention will be de-
scribed with reference to a silicon (Si) substrate but it
should be understood that the invention applies equally
well to other semiconductor substrates. In embodiments,
the "substrate" may include a semiconductor substrate
such as e.g. a silicon, a gallium arsenide (GaAs), a gal-
lium arsenide phosphide (GaAsP), an indium phosphide
(InP), a germanium (Ge), or a silicon germanium (SiGe)
substrate. The "substrate" may include for example, an
insulating layer such as a SiO2 or a Si3N4 layer in addition
to a semiconductor substrate portion. Thus, the term sub-
strate also includes silicon-on-glass, silicon-on-sapphire
substrates. The term "substrate" is thus used to define
generally the elements for layers that underlie a layer or
portions of interest. Also, the "substrate" may be any oth-
er base on which a layer is formed, for example a glass
or metal layer. Accordingly a substrate may be a wafer
such as a blanket wafer or may be a layer applied to
another base material, e.g. an epitaxial layer grown onto
a lower layer.
[0050] A first aspect of the present invention relates to
a dual workfunction semiconductor device, the dual work-
function semiconductor device comprising:

- a semiconductor substrate
- a first transistor comprising a first gate stack in a first

region of the semiconductor substrate and a second
transistor comprising a second gate stack in a sec-
ond region of the semiconductor substrate, the first
gate stack having a first effective workfunction, the
second gate stack having a second effective work-
function, the second effective workfunction being dif-
ferent from the first effective workfunction;

wherein the first gate stack comprises a second metal
gate electrode on and in contact with a second gate di-
electric capping layer, the second gate dielectric capping
layer on and in contact with a barrier metal gate electrode,
the barrier metal gate electrode on and in contact with a
first metal gate electrode layer, the first metal gate elec-
trode layer on and in contact with a gate dielectric host
layer, the gate dielectric host layer on and in contact with
a first gate dielectric capping layer, the first gate dielectric
capping layer on and in contact with the semiconductor
substrate in the first region and
wherein the second gate stack comprises the second
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metal gate electrode on and in contact with the second
gate dielectric capping layer, the second gate dielectric
capping layer on and in contact with the first metal gate
electrode, the first metal gate electrode on and in contact
with the gate dielectric host layer, the gate dielectric host
layer on and in contact with the semiconductor substrate
in the second region and
wherein the second metal gate electrode layer of the first
and the second gate stack consists of the same metal
composition as the first metal gate electrode layer of the
first and the second gate stack.
[0051] FIG.7 shows a cross-sectional view of a dual
workfunction semiconductor device according to the first
aspect of the present invention.
[0052] The first metal gate electrode, the barrier metal
gate electrode and the first gate dielectric capping layer
are selected such that this stack of layers may tune the
first effective workfunction WF1eff of the first gate stack
111. Optionally the gate dielectric host layer may also be
selected to further tune the first effective workfunction
WF1eff of the first gate stack 111. Preferably the first ef-
fective workfunction WF1eff of the first gate stack 111 is
adapted towards a value in of about 5.2 eV (+/-0.3 eV).
The first gate stack thus preferably is formed for a positive
channel MOSFET (or PMOS) device. The first transistor
comprises thus preferably a PMOS transistor.
[0053] The first metal gate electrode, the second metal
gate electrode and the second gate dielectric capping
layer are such that this stack of layers may tune the sec-
ond effective workfunction WF2eff of the second gate
stack 112. Optionally this stack of layer may include the
gate dielectric host layer to also further tune the second
effective workfunction WF2eff. Preferably the second ef-
fective workfunction WF2eff of the second gate stack 112
is adapted towards a value of about 4.2 eV (+/-0.3 eV).
The second gate stack thus preferably is formed for a
negative channel MOSFET (or NMOS) device. The sec-
ond transistor comprises thus preferably an NMOS tran-
sistor.
[0054] In one embodiment, wherein the first transistor
comprises a PMOS transistor and wherein the second
transistor comprises a NMOS transistor, the first gate
dielectric capping layer comprises preferably a dielectric
element with higher electronegativity compared to anoth-
er dielectric element from the second gate dielectric cap-
ping layer. The first gate dielectric capping layer com-
prises preferably the dielectric element with more elec-
tronegative atoms, whereas the second gate dielectric
capping layer comprises preferably the another dielectric
element with more electropositive atoms. The first gate
dielectric capping layer may comprise preferably an alu-
minum-based dielectric, i.e. AlO, AlN, AlON and mixtures
thereof, whereas the second dielectric capping layer may
comprise preferably a lanthanide-based dielectric, i.e.
any of DyO(N), LaO(N), ScO(N), GdO(N), TbO(N), YbO
(N), ErO(N) and mixtures thereof.
[0055] In an embodiment, the first and second metal
gate electrode may comprise a metal layer having a p-

type work function. Advantageously, the first and second
metal gate electrode consists of a metal layer having a
p-type work function. The first and second metal layer
may comprise a Ta-, W-, Mo- based material. More ad-
vantageously, the metal gate electrode consists of Tax-
CyNzOw, with x,y,z,w real numbers and 0<x,y,z,w<1.
[0056] In another embodiment, the first and second
metal gate electrode layer may comprise a metal layer
with a n-type workfunction. Advantageously, the first and
second metal gate electrode consists of a metal layer
having a n-type work function. The first and second metal
layer may comprise a Ta-, Ti-based material. More ad-
vantageously, the first and second metal layer material
is selected from a group consisting of TaxCy, with x and
y real numbers and 0 <x, y < 1.
[0057] In one embodiment, the gate dielectric host lay-
er is selected from the group consisting of SiO2, SiON,
HfO2, ZrO2 and mixtures thereof. These materials
present the advantage of a stable interface with the sili-
con substrate.
[0058] The barrier metal gate electrode comprises
preferably a metal comprising material which blocks the
influence of the second gate dielectric capping layer and
the second metal gate electrode in the first transistor to-
wards the first effective workfunction. The metal compris-
ing material of the barrier metal gate electrode may be
selected to tune the first effective workfunction (together
with the first gate dielectric capping layer). Advanta-
geously the barrier metal gate electrode may comprise
TiN. The barrier metal gate electrode may comprise TaN.
[0059] A second aspect of the present invention relates
to a method for manufacturing a dual work function sem-
iconductor device comprising:

- providing a semiconductor substrate with a first re-
gion and a second region,

- forming a first transistor, the first transistor compris-
ing a first gate stack in the first region, the first gate
stack having a first effective workfunction and form-
ing a second transistor, the second transistor com-
prising a second gate stack in the second region, the
second gate stack having a second effective work-
function, the second effective workfunction being dif-
ferent from the first effective workfunction, compris-
ing:

- forming a first gate dielectric capping layer only
in the first region,

- forming a gate dielectric host layer in the first
region and in the second region, the gate die-
lectric host layer overlying the first gate dielectric
capping layer in the first region,

- forming a first metal gate electrode material in
the first region and in the second region, the first
metal gate electrode material overlying the gate
dielectric host layer,

- forming a barrier metal gate electrode layer only
in the first region, the barrier metal gate elec-
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trode layer overlying the first metal gate elec-
trode layer,

- forming a second gate dielectric capping layer
in the first region and in the second region, the
second gate dielectric capping layer overlying
the barrier metal gate electrode layer in the first
region, the second gate dielectric capping layer
overlying the first metal gate electrode layer in
the second region,

- forming a second metal gate electrode layer in
the first region and in the second region, the sec-
ond metal gate electrode layer overlying the sec-
ond gate dielectric capping layer, the second
metal gate electrode layer comprising the same
metal as the first metal gate electrode layer.

[0060] With reference now to FIG.1 to FIG.7 different
process steps for a method of manufacturing a dual work-
function semiconductor device according to the second
aspect of the present invention is described in more de-
tail.
[0061] FIG.1 illustrates a semiconductor substrate
100, e.g. a silicon substrate. The substrate 100 may com-
prise multiple distinct regions. Most preferably two dis-
tinct regions may be defined in the substrate 100, as is
illustrated in FIG.1: a first region 101 and a second region
102. The first region 101 may also be referred as the first
active region of the device wherein a first transistor will
be formed and the second region 102 may also be re-
ferred as the second active region of the device wherein
a second transistor will be formed. The first region 101
and the second region 102 may be electrically isolated
from each other by an insulating region 103. A possible
way to isolate the first 101 and second 102 region from
each other is by using shallow trench isolation (STI) in
between. STI is a deep narrow trench, filled with oxide,
etched into the semiconductor substrate in between ad-
jacent devices in an integrated circuit to provide electrical
isolation between. Alternatively, local oxidation of silicon
(LOCOS) may be used. The first region 101 may for ex-
ample represent a PMOS region and the second region
102 may for example represent a NMOS region or vice
versa.
[0062] After providing the first and second region in
the substrate, a first gate stack and a second gate stack
are formed in the first and second active region respec-
tively. Thereafter a first gate dielectric capping layer 104
is provided which is only present in the first region 101
(FIG.2). Providing the first gate dielectric capping layer
104 may be provided using conventional process steps
and equipment, as well known for a person skilled in the
art, such as for example first depositing a gate dielectric
capping layer on the substrate in both the first and the
second region and subsequently patterning the gate di-
electric capping layer using conventional lithography
steps in order to remove part of the gate dielectric capping
layer in the second region 102.
[0063] The first gate dielectric capping layer 104 ma-

terial is selected to tune the first effective workfunction
of the first gate stack. Further on in the integration
scheme also the first/second metal gate electrode layer
material is selected to further tune the first effective work-
function of the first gate stack
[0064] In one embodiment, the first gate dielectric cap-
ping layer 104 may comprise an aluminum-based dielec-
tric or a lanthanide-based dielectric. The first gate die-
lectric capping layer 104 may comprise LaO(N), AlO(N),
AlN, DyO(N), ScO(N), GdO(N), CeO(N), TbO(N), ErO
(N), YbO(N) or any combination thereof. Depending on
the material of the first gate dielectric capping layer 104,
this layer may be suitable for tuning the first effective
workfunction toward an NMOS device or towards a
PMOS device. For example DyO is know to be a dielectric
with more electropositive atoms such that the built-in di-
pole field in the dielectric (e.g. HfSiON-DyO stack) may
adapt the threshold voltage of the NMOS device inde-
pendently of the workfunction of the metal gate (e.g. TiN).
The DyO layer will thus determine the effective workfunc-
tion, which is suitable for an NMOS transistor. For exam-
ple AlO is know to be a dielectric with more electroneg-
ative atoms such that the built-in dipole field in the die-
lectric (e.g. HfSiON-AlO stack) may adapt the threshold
voltage of the PMOS device independently of the work-
function of the metal gate (e.g. TiN). The AlO layer will
thus determine the effective workfunction, which is suit-
able for a PMOS transistor.
[0065] The first gate dielectric capping layer 104 may
preferably have an equivalent oxide thickness (EOT) in
the range of 0.2 nm to 2 nm, more preferably in the range
of 0.2 nm to 1 nm and even more preferably in the range
of 0.2 nm to 0.5 nm. This corresponds to a physical thick-
ness of the dielectric capping layer 114 in the range of
0.5 - 2 nm.
[0066] The first gate dielectric capping layer 104 is
formed by using any deposition technique such as ALD,
PVD, or CVD.
[0067] After providing the (first) gate dielectric capping
layer 104 in the first region 101 a gate dielectric host layer
105 is provided in the first region 101 and in the second
region 102, the gate dielectric host layer 105 on and in
contact with the (first) gate dielectric capping layer 104
in the first region 101 and on and in contact with the sub-
strate 100 in the second region 102 (FIG. 2).
[0068] The gate dielectric host layer 105 may be a layer
of insulating material, such as for example silicon dioxide
(SiO2), silicon nitride (SiN) or silicon oxynitride
(SixOyN1-x-y) or any high-k dielectric material (i.e. k > 3.9)
such as for example HfO2, TaOx, Al2O3, ZrO2 or any
combination made thereof. These materials present the
advantage of a stable interface with the silicon substrate
100.
[0069] The gate dielectric host layer may be formed
by thermal oxidation or chemical vapor deposition (CVD),
or any other suitable method known to a person skilled
in the art. The gate dielectric host layer 105 may comprise
a stack of dielectric materials, such as for example a high-
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k material formed on top of an (optional) interfacial die-
lectric layer (not shown) between the substrate 100 and
high-k material. The gate dielectric host material 105 has
a thickness preferably in the range of 0.5 nm to 4 nm.
The thickness of the gate dielectric host layer in the sec-
ond region may be higher than the thickness of the gate
dielectric host layer in the first region.
[0070] After providing the gate dielectric host material
105 a first metal gate electrode layer 106 is provided
overlying (on and in contact with) the gate dielectric host
material 105 and thereafter a barrier metal gate electrode
layer 107 is provided on and in contact with the first metal
gate electrode layer 106 (FIG. 3).
[0071] The first metal gate electrode layer 106 is
formed having a first (as-deposited) workfunction. The
first metal gate electrode layer 106 comprises a metal
comprising material to form a metal gate. With metal com-
prising material is understood metals, metal alloys, metal
silicides, conductive metal nitrides, conductive metal
oxides, ... Depending on the metal, the workfunction of
the first metal gate electrode layer 106 may be similar to
the workfunction of a conventional p-type doped semi-
conductor or to the workfunction of a conventional n-type
doped semiconductor. For example nickel (Ni), ruthe-
nium oxide (RuO), and molybdenum nitride (MoN) have
a workfunction similar to a p-type doped semiconductor
material. For example ruthenium (Ru), zirconium (Zr),
niobium (Nb), tantalum (Ta), titanium silicide (TiSi2) have
a workfunction similar to a n-type doped semiconductor
material. For example TiN has is a midgap workfunction
i.e. in between the workfunction for n-type doped and p-
type doped semiconductor material (for TiN on SiO2,
∼4.65eV - 4.8 eV).
[0072] For example a metal gate electrode material
106 may be formed having a first (as-deposited) work-
function which is suitable for forming a NMOS gate elec-
trode (i.e. NMOS transistor) in the first region 101, but
which is not suitable for forming a PMOS gate electrode
(i.e. PMOS transistor) in the second region 102. Or vice
versa a metal gate electrode material 115 may be formed
having a first (as-deposited) workfunction which is suit-
able for forming a PMOS gate electrode in the first region
101, but which is not suitable for forming a NMOS gate
electrode in the second region 102. For the formation of
a dual workfunction semiconductor device using one
metal gate electrode material for both regions (NMOS
and PMOS), the workfunction of the metal gate electrode
material 106 needs to be tuned selectively, i.e. the work-
function of the metal gate electrode material 106 needs
to be tuned in that region for which its first (as-deposited)
workfunction is not suitable. With as-deposited workfunc-
tion is meant the intrinsic workfunction of the material.
[0073] The first gate dielectric capping layer 104 locat-
ed under the first metal gate electrode material 106 in
the first region 101 will induce a first workfunction shift
of the as-deposited workfunction WF of the first metal
gate electrode material 106.
[0074] The first metal gate electrode material 106 has

a thickness in the range of 0.5 nm to 10 nm, more pref-
erably in the range of 5 nm to 10 nm and is deposited
using a deposition technique such as for example ALD,
CVD, or PVD.
[0075] After the formation of the first metal gate elec-
trode layer 106, a barrier metal electrode layer 107 is
formed on and in contact with the first metal gate elec-
trode layer 106 (FIG. 3). The barrier metal gate electrode
material 107 has a thickness in the range of 0.5 nm to
10 nm, more preferably in the range of 5 nm to 10 nm
and is deposited using a deposition technique such as
for example ALD, CVD, or PVD.
[0076] Part of the barrier metal electrode layer 107, i.e.
the part in the second region, is further removed using
conventional etching techniques known for a person
skilled in the art (FIG. 4). The first metal gate electrode
layer 106 may be used as an etch stop layer. The barrier
metal gate electrode layer 107 is thus selectively etched
towards the first gate metal electrode layer 106. A wet
etch may be preferably used. For example if the first metal
gate electrode layer comprises Ta2C and the barrier met-
al layer 107 comprises TiN, part of the TiN layer in the
second region may be selectively removed using wet
etching with high selectivity towards Ta2C.
[0077] The barrier metal electrode layer 107 compris-
es preferably a material which may be etched selectively
towards the underlying first metal gate electrode layer
106. The barrier metal gate electrode layer 107 further
comprises a metal comprising material. In the first region
the effective workfunction of the final first gate stack will
thus be determined by the workfunction of the first metal
gate electrode layer 106, by the workfunction of the bar-
rier metal electrode layer 107 and further tuned by the
first gate dielectric capping layer 104.
[0078] The barrier metal electrode layer 107 has a
thickness which is thick enough to block any influence to
the effective workfunction which could be induced by ad-
ditional layers which are formed on top of this barrier
metal electrode layer 107 in the following process steps.
The thickness of the barrier metal electrode layer 107 is
in the range of 2 nm to 5 nm.
[0079] At this point in the process flow, the first gate
stack comprises the barrier metal electrode layer 107 on
and in contact with the first metal gate electrode layer
106 on and in contact with the gate dielectric host layer
105 on and in contact with the first dielectric capping layer
104. The second gate stack comprises the first metal
gate electrode layer 106 on and in contact with the gate
dielectric host layer 105 on and in contact with the first
dielectric capping layer 104.
[0080] In a next process step (FIG. 5), a second gate
dielectric capping layer 108 is formed in the first region
101 and the second region 102. More specifically, the
second gate dielectric capping layer 108 is formed on
and in contact with the first metal gate electrode layer
106 in the first region 101 and on and in contact with the
barrier metal electrode layer 107 in the second region
102. Preferably a conformal second gate dielectric cap-
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ping layer 108 is formed using ALD, CVD, or PVD.
[0081] The second gate dielectric capping layer 108
may comprise LaO(N), AlO(N), AlN, DyO(N), ScO(N),
GdO(N), CeO(N), TbO(N), ErO(N), YbO(N) or any com-
bination thereof. Depending on the material of the second
gate dielectric capping layer 108, this layer may be suit-
able for tuning the first effective workfunction toward an
NMOS device or towards a PMOS device. For example
DyO is know to be a dielectric with more electropositive
atoms such that the built-in dipole field in the dielectric
(e.g. HfSiON-DyO stack) may adapt the threshold volt-
age of the NMOS device independently of the workfunc-
tion of the metal gate (TiN). The DyO layer will thus de-
termine the effective workfunction, which is suitable for
an NMOS transistor. For example AlO is know to be a
dielectric with more electronegative atoms such that the
built-in dipole field in the dielectric (e.g. HfSiON-DyO
stack) may adapt the threshold voltage of the PMOS de-
vice independently of the workfunction of the metal gate
(TiN). The AlO layer will thus determine the effective
workfunction, which is suitable for an PMOS transistor.
[0082] The second gate dielectric capping layer 108
may preferably have an equivalent oxide thickness (EOT)
in the range of 0.2 nm to 2 nm, more preferably in the
range of 0.2 nm to 1 nm and even more preferably in the
range of 0.2 nm to 0.5 nm. This corresponds to a physical
thickness of the dielectric capping layer 114 in the range
of 0.5 nm to 2 nm.
[0083] For example, the first region (first gate stack)
may comprise a first gate dielectric capping layer 104
comprising AlO. This dielectric is known to be suitable
for tuning the effective workfunction of the (first) gate
stack towards P-type. The second gate dielectric layer
108 in the second region (second gate stack) may then
comprise LaO. This dielectric is known to be suitable for
tuning the effective workfunction of the (second) gate
stack toward N-type. By using AlO and LaO as first 104
and second 108 gate dielectric capping layer respectively
the effective workfunction of the first and second gate
stack respectively may be tuned towards PMOS and
NMOS respectively using the same first metal gate elec-
trode layer 106 comprising for example Ta2C.
[0084] It is an advantage of certain embodiments of
the present invention that the second gate dielectric cap-
ping layer 108, which is only for tuning the effective work-
function of the second gate stack (the second transistor)
in the second region 102, may remain present in the first
gate stack in the first region 101. Due to the presence of
the barrier metal layer 107 the second gate dielectric cap-
ping layer 108 will not influence the effective workfunction
of the first gate stack. It is an advantage of certain em-
bodiments of the present invention that the second gate
dielectric capping layer 108 does not need to be selec-
tively etched. It is another advantage of certain embod-
iments of the present invention that the number of proc-
ess steps to manufacture a dual workfunction semicon-
ductor device is drastically reduced. Since the second
gate dielectric capping layer does not need to be etched,

the second gate dielectric capping layer may be depos-
ited over the entire device without additional steps of pat-
terning comprising the steps of applying a resist, litho-
graphic exposing the resist, developing the resist and
etching.
[0085] In order to have the second gate dielectric cap-
ping layer 108 suitable for tuning the effective workfunc-
tion of the second gate stack in the second region 102,
in a next process step, a second metal gate electrode
layer 109 is formed in the first region 101 and the second
region 102, such that the second metal gate electrode
layer 109 is overlying (on and in contact with) the second
gate dielectric capping layer 107 (FIG.6). The second
metal gate electrode layer 109 comprises the same metal
as the first metal gate electrode layer 106, more prefer-
ably consists of the same metal composition as the first
metal gate electrode layer 106.
[0086] It is an advantage of certain embodiments of
the present invention that one and the same metal gate
electrode material is used for both the first gate stack
(first transistor) and second gate stack (second transis-
tor).
[0087] In a following process step the stack of layers
is patterned using conventional techniques (lithography,
etching) to form a first gate stack 111 in the first region
101 and a second gate stack 112 in the second region
102 (FIG.7). The first gate stack 111 comprises the sec-
ond metal gate electrode layer 109 on and in contact with
the second gate dielectric capping layer 108 on and in
contact with the barrier metal electrode layer 107 on and
in contact with the first metal gate electrode layer 106 on
and in contact with the gate dielectric host layer 105 on
and in contact with the first dielectric capping layer 104.
The second gate stack 112 comprises the second gate
dielectric capping layer 108 on and in contact with the
barrier metal electrode layer 107 on and in contact with
the first metal gate electrode layer 106 on and in contact
with the gate dielectric host layer 105 on and in contact
with the first dielectric capping layer 104.
[0088] The first effective workfunction in the first gate
stack 111 is determined by the combination of the barrier
metal gate electrode layer 107, the first metal gate elec-
trode layer 106 and the first gate dielectric capping layer
104. The second effective workfunction in the second
gate stack 112 is determined by the combination the first
metal gate electrode layer 106, the second metal gate
electrode layer 109 and the second gate dielectric cap-
ping layer 108, which is sandwiched in between the first
106 and second 109 metal gate electrode layer. The first
effective workfunction and the second effective work-
function are different. The first effective workfunction of
the first gate stack is preferably larger than the second
effective workfunction of the second gate stack. The first
effective workfunction is preferably suitable for a PMOS
device and the second effective workfunction is prefera-
bly suitable for a NMOS or vice versa.
[0089] The barrier metal gate electrode layer 107 pre-
vents any influence of the second metal gate electrode
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layer 109 and the second gate dielectric capping layer
108 to the first effective workfunction of the first gate stack
111.
[0090] It is an advantage of certain embodiments of
the present invention that the second dielectric capping
layer 108 does not need to go through a selective removal
step. There are no concerns regarding stripping of pho-
toresist, host dielectric undercut at the gate edge, surface
chemical attack issues.
[0091] It is a further advantage of certain embodiments
of the present invention that the process steps may be
kept simple and cost-effective since no selective etching
towards the gate dielectric host layer is necessary.
[0092] It is another advantage of certain embodiments
of the present invention that the effective workfunction
of the first gate stack 111 may be influenced towards an
ideal value not only using the first gate dielectric capping
layer but also the workfunction-tuning properties of the
barrier metal gate electrode layer 107 by choosing the
appropriate material for the barrier metal gate electrode
layer 107.
[0093] The foregoing description details certain em-
bodiments of the invention. It will be appreciated, how-
ever, that no matter how detailed the foregoing appears
in text, the invention may be practiced in many ways. It
should be noted that the use of particular terminology
when describing certain features or aspects of the inven-
tion should not be taken to imply that the terminology is
being re-defined herein to be restricted to including any
specific characteristics of the features or aspects of the
invention with which that terminology is associated.

Claims

1. A dual workfunction semiconductor device compris-
ing:

- a semiconductor substrate (100)
- a first transistor in a first region (101) of the
semiconductor substrate (100), the first transis-
tor comprising a first gate stack (111) having a
first effective workfunction and
- a second transistor in a second region (102)
of the semiconductor substrate (100), the sec-
ond transistor comprising a second gate stack
(112) having a second effective workfunction,
the second effective workfunction being differ-
ent from the first effective workfunction;
wherein the first gate stack (111) comprises

a second metal gate electrode (109) over-
lying a second gate dielectric capping layer
(108),
the second gate dielectric capping layer
(108) overlying a barrier metal gate elec-
trode (107),
the barrier metal gate electrode (107) over-

lying a first metal gate electrode layer (106),
the first metal gate electrode layer (106)
overlying a gate dielectric host layer (105),
the gate dielectric host layer (105) overlying
a first gate dielectric capping layer (104),
the first gate dielectric capping layer (104)
overlying the semiconductor substrate in
the first region (101) and

wherein the second gate stack (112) comprises

a second metal gate electrode (109) over-
lying a second gate dielectric capping layer
(108),
the second gate dielectric capping layer
(108) overlying the first metal gate electrode
(106),
the first metal gate electrode (106) overlying
a gate dielectric host layer (105),
the gate dielectric host layer (105) overlying
the semiconductor substrate in the second
region (102)

wherein the second metal gate electrode layer
(109) from the first gate stack (111) and from
the second gate stack (112) consists of the same
metal composition as the first metal gate elec-
trode layer (106) from the first gate stack (111)
and from the second gate stack (112).

2. A dual workfunction semiconductor device accord-
ing to claim 1, wherein the barrier metal electrode
layer (107) comprises TiN or TaN.

3. A dual workfunction semiconductor device accord-
ing to claims 1 or 2 , wherein the first effective work-
function is larger than the second effective workfunc-
tion.

4. A dual workfunction semiconductor device accord-
ing to claim 3 wherein

- the first dielectric capping layer (104) is select-
ed from the group consisting of AlO, AlN, AlON
and mixtures thereof,
- the second dielectric capping layer (108) is,
selected from the group consisting of DyO, LaO,
GdO, ErO and mixtures thereof,
- the first metal gate electrode layer (106) and
the second metal gate electrode layer (109)
comprise a material selected from a group con-
sisting of TaxCy, with x and y real numbers 0<x,
y<1;
- the barrier metal electrode layer (107) compris-
es TiN.

5. A method for forming a dual workfunction semicon-
ductor device, the method comprising:
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- providing a semiconductor substrate (100) with
a first region (101) and a second region (102),
- forming a first gate stack (111) in the first region
(101), the first gate stack (111) having a first
effective workfunction and a second gate stack
(112) in the second region (102), the second
gate stack (112) having a second effective work-
function, the second effective workfunction be-
ing different from the first effective workfunction,
comprising the steps of
- forming a first gate dielectric capping layer
(104) in the first region (101),
- forming a gate dielectric host layer (105) in the
first region (101) and in the second region (102),
the gate dielectric host layer (105) overlying the
first gate dielectric capping layer (104) in the first
region (101),
- forming a first metal gate electrode material
(106) in the first region (101) and in the second
region (102), the first metal gate electrode ma-
terial (106) overlying the gate dielectric host lay-
er (105),
- forming a barrier metal gate electrode layer
(107) in the first region (101), the barrier metal
gate electrode layer (107) overlying the first met-
al gate electrode layer (106),
- forming a second gate dielectric capping layer
(108) in the first region (101) and in the second
region (102), the second gate dielectric capping
layer (108) overlying the barrier metal gate elec-
trode (107) in the first region (101) and the sec-
ond gate dielectric capping layer (108) overlying
the first metal gate electrode layer (106) in the
second region (102),
- forming a second metal gate electrode layer
(109) in the first region (101) and in the second
region (102), the second metal gate electrode
layer (109) overlying the second gate dielectric
capping layer (108), the second metal gate elec-
trode layer (109) consisting of the same metal
composition as the first metal gate electrode lay-
er (106).

6. A method for forming a dual workfunction semicon-
ductor device according to claim 5 further comprising
patterning the second metal gate electrode layer
(109), the second gate dielectric capping layer (108),
the barrier metal gate electrode layer (107), the first
metal gate electrode layer (106), the gate dielectric
host layer (105) and the first gate dielectric capping
layer (104) to form the first gate stack (111) and pat-
terning the second metal gate electrode layer (109),
the second gate dielectric capping layer (108), the
first metal gate electrode layer (106) and the gate
dielectric host layer (105) to form the second gate
stack (112).

7. A method for forming a dual workfunction semicon-

ductor device according to any of claims 5 to 6,
wherein the first effective workfunction is larger than
the second effective workfunction.

8. A method for forming a dual workfunction semicon-
ductor device according to any of claims 5 to 7,
wherein the barrier metal electrode layer (107) com-
prises TiN or TaN.

Patentansprüche

1. Halbleiter-Bauelement mit zweifacher Austrittsar-
beit, das Folgendes umfasst:

ein Halbleitersubstrat (100),
einen ersten Transistor in einer ersten Region
(101) des Halbleitersubstrats (100), wobei der
erste Transistor einen ersten Gate-Stapel (111)
umfasst, der eine erste wirksame Austrittsarbeit
hat, und
einen zweiten Transistor in einer zweiten Regi-
on (102) des Halbleitersubstrats (100), wobei
der zweite Transistor einen zweiten Gate-Stapel
(112) umfasst, der eine zweite wirksame Aus-
trittsarbeit hat, wobei sich die zweite wirksame
Austrittsarbeit von der ersten wirksamen Aus-
trittsarbeit unterscheidet,
wobei der erste Gate-Stapel (111) Folgendes
umfasst:

eine zweite Metall-Gate-Elektrode (109),
die über einer zweiten Gate-Dielektrikum-
Abdeckungsschicht (108) liegt,
wobei die zweite Gate-Dielektrikum-Abdek-
kungsschicht (108) über einer Sperrmetall-
Gate-Elektrode (107) liegt,
wobei die Sperrmetall-Gate-Elektrode
(107) über einer ersten Metall-Gate-Elek-
trodenschicht (106) liegt,
wobei die erste Metall-Gate-Elektroden-
schicht (106) über einer Gate-Dielektrikum-
Wirtsschicht (105) liegt,
wobei die Gate-Dielektrikum-Wirtsschicht
(105) über einer ersten Gate-Dielektrikum-
Abdeckungsschicht (104) liegt,
wobei die erste Gate-Dielektrikum-Abdek-
kungsschicht (104) über dem Halbleiter-
substrat in der ersten Region (101) liegt,
und

wobei der zweite Gate-Stapel (112) Folgendes
umfasst:

eine zweite Metall-Gate-Elektrode (109),
die über einer zweiten Gate-Dielektrikum-
Abdeckungsschicht (108) liegt,
wobei die zweite Gate-Dielektrikum-Abdek-
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kungsschicht (108) über der ersten Metall-
Gate-Elektrodenschicht (106) liegt,
wobei die erste Metall-Gate-Elektroden-
schicht (106) über einer Gate-Dielektrikum-
Wirtsschicht (105) liegt,
wobei die Gate-Dielektrikum-Wirtsschicht
(105) über dem Halbleitersubstrat in der
zweiten Region (102) liegt,
wobei die zweite Metall-Gate-Elektroden-
schicht (109) von dem ersten Gate-Stapel
(111) und von dem zweiten Gate-Stapel
(112) aus der gleichen Metallzusammen-
setzung besteht wie die erste Metall-Gate-
Elektrodenschicht (106) von dem ersten
Gate-Stapel (111) und von dem zweiten
Gate-Stapel (112).

2. Halbleiter-Bauelement mit zweifacher Austrittsarbeit
nach Anspruch 1, wobei die Sperrmetall-Gate-Elek-
trodenschicht (107) TiN oder TaN umfasst.

3. Halbleiter-Bauelement mit zweifacher Austrittsarbeit
nach Anspruch 1 oder 2, wobei die erste wirksame
Austrittsarbeit größer ist als die zweite wirksame
Austrittsarbeit.

4. Halbleiter-Bauelement mit zweifacher Austrittsarbeit
nach Anspruch 3, wobei:

die erste Gate-Dielektrikum-Abdeckungs-
schicht (104) ausgewählt ist aus der Gruppe, die
aus AIO, AlN, AlON und Gemischen derselben
besteht,
die zweite Gate-Dielektrikum-Abdeckungs-
schicht (108) ausgewählt ist aus der Gruppe, die
aus DyO, LaO, GdO, ErO und Gemischen der-
selben besteht,
die erste Metall-Gate-Elektrodenschicht (106)
und die zweite Metall-Gate-Elektrodenschicht
(109) ein Material umfassen, das ausgewählt ist
aus einer Gruppe, die aus TaxCy besteht, wobei
x und y reelle Zahlen 0<x, y<1 sind,
die Sperrmetall-Gate-Elektrodenschicht (107)
TiN umfasst.

5. Verfahren zum Herstellen eines Halbleiter-Bauele-
ments mit zweifacher Austrittsarbeit, wobei das Ver-
fahren Folgendes umfasst:

das Bereitstellen eines Halbleitersubstrats
(100) mit einer ersten Region (101) und einer
zweiten Region (102),
das Herstellen eines ersten Gate-Stapels (111)
in der ersten Region (101), wobei der erste Ga-
te-Stapel (111) eine erste wirksame Austrittsar-
beit hat, und eines zweiten Gate-Stapels (112)
in der zweiten Region (102), wobei der zweite
Gate-Stapel (112) eine zweite wirksame Aus-

trittsarbeit hat, wobei sich die zweite wirksame
Austrittsarbeit von der ersten wirksamen Aus-
trittsarbeit unterscheidet, umfassend die folgen-
den Schritte:

das Herstellen einer ersten Gate-Dielektri-
kum-Abdeckungsschicht (104) in der ersten
Region (101),
das Herstellen einer Gate-Dielektrikum-
Wirtsschicht (105) in der ersten Region
(101) und in der zweiten Region (102), wo-
bei die Gate-Dielektrikum-Wirtsschicht
(105) über der ersten Gate-Dielektrikum-
Abdeckungsschicht (104) in der ersten Re-
gion (101) liegt,
das Herstellen eines ersten Metall-Gate-
Elektrodenmaterials (106) in der ersten Re-
gion (101) und in der zweiten Region (102),
wobei das erste Metall-Gate-Elektroden-
material (106) über der Gate-Dielektrikum-
Wirtsschicht (105) liegt,
das Herstellen einer Sperrmetall-Gate-
Elektrodenschicht (107) in der ersten Regi-
on (101), wobei die Sperrmetall-Gate-Elek-
trodenschicht (107) über der ersten Metall-
Gate-Elektrodenschicht (106) liegt,
das Herstellen einer zweiten Gate-Dielek-
trikum-Abdeckungsschicht (108) in der er-
sten Region (101) und in der zweiten Regi-
on (102), wobei die zweite Gate-Dielektri-
kum-Abdekkungsschicht (108) über der
Sperrmetall-Gate-Elektrode (107) in der er-
sten Region (101) liegt, und die zweite Ga-
te-Dielektrikum-Abdeckungsschicht (108)
über der ersten Metall-Gate-Elektroden-
schicht (106) in der zweiten Region (102)
liegt,
das Herstellen einer zweiten Metall-Gate-
Elektrodenschicht (109) in der ersten Regi-
on (101) und in der zweiten Region (102),
wobei die zweite Metall-Gate-Elektroden-
schicht (109) über der zweiten Gate-Dielek-
trikum-Abdeckungsschicht (108) liegt, wo-
bei die zweite Metall-Gate-Elektroden-
schicht (109) aus der gleichen Metallzu-
sammensetzung besteht wie die erste Me-
tall-Gate-Elektrodenschicht (106).

6. Verfahren zum Herstellen eines Halbleiter-Bauele-
ments mit zweifacher Austrittsarbeit nach Anspruch
5, das ferner das Strukturieren der zweiten Metall-
Gate-Elektrodenschicht (109), der zweiten Gate-Di-
elektrikum-Abdeckungsschicht (108), der Sperrme-
tall-Gate-Elektrodenschicht (107), der ersten Metall-
Gate-Elektrodenschicht (106), der Gate-Dielektri-
kum-Wirtsschicht (105) und der ersten Gate-Dielek-
trikum-Abdeckungsschicht (104), um den ersten Ga-
te-Stapel (111) herzustellen, und das Strukturieren
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der zweiten Metall-Gate-Elektrodenschicht (109),
der zweiten Gate-Dielektrikum-Abdekkungsschicht
(108), der ersten Metall-Gate-Elektrodenschicht
(106) und der Gate-Dielektrikum-Wirtsschicht (105),
um den zweiten Gate-Stapel (112) herzustellen, um-
fasst.

7. Verfahren zum Herstellen eines Halbleiter-Bauele-
ments mit zweifacher Austrittsarbeit nach einem der
Ansprüche 5 bis 6, wobei die erste wirksame Aus-
trittsarbeit größer ist als die zweite wirksame Aus-
trittsarbeit.

8. Verfahren zum Herstellen eines Halbleiter-Bauele-
ments mit zweifacher Austrittsarbeit nach einem der
Ansprüche 5 bis 7, wobei die Sperrmetall-Gate-Elek-
trodenschicht (107) TiN oder TaN umfasst.

Revendications

1. Dispositif semi-conducteur à double fonction de tra-
vail, comprenant :

- un substrat de semi-conducteur (100),
- un premier transistor dans une première région
(101) du substrat de semi-conducteur (100), le
premier transistor comprenant une première pile
de portes (111) ayant une première fonction de
travail efficace, et
- un second transistor dans une seconde région
(102) du substrat de semi-conducteur (100), le
second transistor comprenant une seconde pile
de portes (112) ayant une seconde fonction de
travail efficace, la seconde fonction de travail
efficace étant différente de la première fonction
de travail efficace,

dans lequel la première pile de portes (111)
comprend :

une seconde électrode de porte métallique
(109) recouvrant une seconde couche de coif-
fage diélectrique de porte (108),
la seconde couche de coiffage diélectrique de
porte (108) recouvrant une électrode de porte
métallique barrière (107),
l’électrode de porte métallique barrière (107) re-
couvrant une première couche d’électrode de
porte métallique (106),
la première couche d’électrode de porte métal-
lique (106) recouvrant une couche hôte diélec-
trique de porte (105),
la couche haute diélectrique de porte (105) re-
couvrant une première couche de coiffage dié-
lectrique de porte (104),
la première couche de coiffage diélectrique de
porte (104) recouvrant le substrat de semi-con-

ducteur dans la première région (101), et

dans lequel la seconde pile de portes (112)
comprend :

une seconde électrode de porte métallique
(109) recouvrant une seconde couche de coif-
fage diélectrique de porte (108),
la seconde couche de coiffage diélectrique de
porte (108) recouvrant la première électrode de
porte métallique (106),
la première électrode de porte métallique (106)
recouvrant une couche hôte diélectrique de por-
te (105), et
la couche hôte diélectrique de porte (105) re-
couvrant le substrat semi-conducteur dans la
seconde région (102),
dans lequel la seconde couche d’électrode de
porte métallique (109) de la première pile de por-
tes (111) et de la seconde pile de portes (112)
est constituée de la même composition métalli-
que que la première couche d’électrode de porte
métallique (106) de la première pile de portes
(111) et de la seconde pile de portes (112).

2. Dispositif semi-conducteur à double fonction de tra-
vail selon la revendication 1, dans lequel la couche
d’électrode métallique barrière (107) comprend du
TiN ou TaN.

3. Dispositif semi-conducteur à double fonction de tra-
vail selon la revendication 1 ou 2, dans lequel la pre-
mière fonction de travail efficace est plus grande que
la seconde fonction de travail efficace.

4. Dispositif semi-conducteur à fonction de travail dou-
ble selon la revendication 3, dans lequel :

- la première couche de coiffage diélectrique
(104) est choisie dans le groupe constitué de
AlO, AlN, AlON et leurs mélanges,
- la seconde couche de coiffage diélectrique
(108) est choisie dans le groupe constitué de
DyO, LaO, GdO, ErO et leurs mélanges,
- la première couche d’électrode de porte mé-
tallique (106) et la seconde couche d’électrode
de porte métallique (109) comprennent un ma-
tériau choisi dans un groupe constitué de Tax-
Cy, x et y étant des nombres réels tels que 0 <
x, y < 1;
- la couche d’électrode métallique barrière (107)
est constituée de TiN.

5. Procédé de formation d’un dispositif semi-conduc-
teur à double fonction de travail, le procédé compre-
nant les étapes consistant à :

- mettre en oeuvre un substrat de semi-conduc-

23 24 



EP 2 112 687 B1

14

5

10

15

20

25

30

35

40

45

50

55

teur (100) avec une première région (101) et une
seconde région (102),
- former une première pile de portes (111) dans
la première région (101), la première pile de por-
tes (111) ayant une première fonction de travail
efficace, et une seconde pile de portes (112)
dans la seconde région (102), la seconde pile
de portes (112) ayant une seconde fonction de
travail efficace, la seconde fonction de travail
efficace étant différente de la première fonction
de travail efficace, ledit procédé comprenant les
étapes suivantes consistant à :
- former une première couche de coiffage dié-
lectrique de porte (104) dans la première région
(101),
- former une couche hôte diélectrique de porte
(105) dans la première région (101) et dans la
seconde région (102), la couche hôte diélectri-
que de porte (105) recouvrant la première cou-
che de coiffage diélectrique de porte (104) dans
la première région (101),
- former un premier matériau d’électrode de por-
te métallique (106) dans la première région
(101) et dans la seconde région (102), le premier
matériau d’électrode de porte métallique (106)
recouvrant la couche hôte diélectrique de porte
(105),
- former une couche d’électrode de porte métal-
lique barrière (107) dans la première région
(101), la couche d’électrode de porte métallique
barrière (107) recouvrant la première couche
d’électrode de porte métallique (106),
- former une seconde couche de coiffage dié-
lectrique de porte (108) dans la première région
(101) et dans la seconde région (102), la secon-
de couche de coiffage diélectrique de porte
(108) recouvrant l’électrode de porte métallique
barrière (107) dans la première région (101) et
la seconde couche de coiffage diélectrique de
porte (108) recouvrant la première couche
d’électrode de porte métallique (106) dans la se-
conde région (102),
- former une seconde couche d’électrode de por-
te métallique (109) dans la première région
(101) et dans la seconde région (102), la secon-
de couche d’électrode de porte métallique (109)
recouvrant la seconde couche de coiffage dié-
lectrique de porte (108), la seconde couche
d’électrode de porte métallique (109) étant
constituée de la même composition métallique
que la première couche d’électrode de porte mé-
tallique (106).

6. Procédé de formation d’un dispositif semi-conduc-
teur à double fonction de travail selon la revendica-
tion 5, comprenant par ailleurs la configuration de la
seconde couche d’électrode de porte métallique
(109), de la seconde couche de coiffage diélectrique

de porte (108), de la couche d’électrode de porte
métallique barrière (107), de la première couche
d’électrode de porte métallique (106), et la couche
hôte diélectrique de porte (105) et de la première
couche de coiffage diélectrique de porte (104) pour
former la première pile de portes (111) et la configu-
ration de la seconde couche d’électrode de porte
métallique (109), de la seconde couche de coiffage
diélectrique de porte (108), de la première couche
d’électrode de porte métallique (106) et de la couche
hôte diélectrique de porte (105) pour former la se-
conde pile de portes (112).

7. Procédé de formation d’un dispositif semi-conduc-
teur à double fonction de travail selon l’une quelcon-
que des revendications 5 à 6, dans lequel la première
fonction de travail efficace est plus grande que la
seconde fonction de travail efficace.

8. Procédé de formation d’un dispositif semi-conduc-
teur à double fonction de travail selon l’une quelcon-
que des revendications 5 à 7, dans lequel la couche
d’électrode métallique barrière (107) comprend du
TiN ou du TaN.
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