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(57) ABSTRACT 

Methods are disclosed for fabricating transistor gate struc 
tures in Which high-k dielectric layer roughness is reduced 
by formation of a nucleation promotion layer over the 
substrate or any intentional interface layers, and a high-k 
gate dielectric is formed over the nucleation promotion 
layer. The nucleation promotion layer has a thickness of 10 (22) Filed: Dec. 31, 2002 o 
A or less, such as a monolayer or a sub-monolayer, com 

pub?cation (jassi?cation prising a metal, a metal silicide, or a metal silicate, Which 
promotes uniform chemical vapor deposition of high-k gate 

(51) Int. Cl.7 ................. .. H01L 21/336; HOlL 21/8234; dielectric materials by increasing the density of nucleation 
HOlL 21/3205 sites on the substrate or intentional interface layer. 
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METHODS FOR TRANSISTOR GATE 
FABRICATION AND FOR REDUCING HIGH-K 

GATE DIELECTRIC ROUGHNESS 

FIELD OF INVENTION 

[0001] This invention relates generally to semiconductor 
devices and more particularly to methods for fabricating 
transistor gate structures and for reducing roughness in 
high-k gate dielectric layers in the manufacture of semicon 
ductor devices. 

BACKGROUND OF THE INVENTION 

[0002] Field effect transistors (FETs) are Widely used in 
the electronics industry for sWitching, ampli?cation, ?lter 
ing, and other tasks related to both analog and digital 
electrical signals. Most common among these are metal 
oxide-semiconductor ?eld-effect transistors (MOSFETs), 
Wherein a metal or polysilicon gate contact is energiZed to 
create an electric ?eld in a channel region of a semiconduc 
tor body, by Which current is alloWed to conduct betWeen a 
source region and a drain region of the semiconductor body. 
The source and drain regions are typically formed by adding 
dopants to targeted regions on either side of the channel 
region in a semiconductor substrate. A gate dielectric or gate 
oxide, such as silicon dioxide (SiOZ), is formed over the 
channel region, typically by thermal oxidation. A gate elec 
trode or gate contact (e.g., metal or doped polysilicon) is 
then formed over the gate dielectric, and the gate dielectric 
and gate contact materials are patterned to form a gate 
structure overlying the channel region of the substrate. 

[0003] The gate dielectric is an insulator material, Which 
prevents large currents from ?oWing from the gate into the 
channel When a voltage is applied to the gate contact, While 
alloWing such an applied gate voltage to set up an electric 
?eld in the channel region in a controllable manner. Con 
tinuing trends in semiconductor product manufacturing 
include reduction in electrical device feature siZes (scaling), 
as Well as improvements in device performance in terms of 
device sWitching speed and poWer consumption. MOS tran 
sistor performance may be improved by reducing the dis 
tance betWeen the source and the drain regions under the 
gate electrode of the device, knoWn as the gate or channel 
length, and by reducing the thickness of the layer of gate 
oxide that is formed over the semiconductor surface. 

[0004] HoWever, there are electrical and physical limita 
tions on the extent to Which thickness of gate dielectrics 
formed of SiO2 can be reduced. For example, very thin SiO2 
gate dielectrics are prone to large gate tunneling leakage 
currents resulting from direct tunneling through the thin gate 
oxide When a gate voltage is applied. In addition, there are 
conventional limitations on the ability to form such thin 
oxide ?lms With uniform thickness. Furthermore, thin SiO2 
gate dielectric layers provide a poor diffusion barrier to 
impurities, for example, and may alloW high boron dopant 
penetration into the underlying channel region of the silicon 
during fabrication of the source/drain regions. 

[0005] To address these shortcomings and limitations, 
recent efforts directed to MOS device scaling have focused 
on alternative dielectric materials Which can be formed in a 
thicker layer than scaled SiO2, and yet Which produce 
equivalent ?eld effect performance. These materials gener 
ally have a dielectric constant “k” greater than that of SiO2, 
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and are commonly referred to as high-k materials or high-k 
dielectrics. The relative performance of these high-k mate 
rials is often expressed as equivalent oxide thickness (EOT), 
because the alternative material layer may be thicker, While 
still providing the equivalent electrical effect of a much 
thinner layer of SiO2. Because the dielectric constant is 
higher, a thicker high-k dielectric layer can be deposited to 
avoid or mitigate tunneling leakage currents, While still 
achieving the required value of EOT that is comparable to 
the EOT value of a thinner layer of thermally groWn SiO2. 
The reduction in transistor gate equivalent oxide thickness is 
sometimes referred to as EOT scaling. 

[0006] High-k dielectrics are typically deposited directly 
over a silicon substrate to form a gate dielectric layer using 
chemical vapor deposition (CVD), atomic layer CVD(AL 
CVD), plasma enhanced CVD (PECVD) or physical vapor 
deposition (PVD) processes such as sputtering. One short 
coming in forming high-k gate dielectric ?lms using con 
ventional CVD processes is rough surface morphology, 
leading to limitations of the ability to implement EOT 
scaling and degradation of device performance. In particu 
lar, roughness in the upper surface of the high-k dielectric 
layer in a transistor gate impedes EOT scaling efforts 
because the ?lm appears electrically thicker in some loca 
tions and thinner in others. In this regard, thin portions of the 
resulting gate dielectric suffer from higher leakage currents 
than thicker portions, While the thicker portions have higher 
EOT than the thinner portions. As the high-k ?lm thickness 
is scaled doWn, the upper surface roughness becomes more 
signi?cant, Whereby effective limitations arise in the ability 
to further scale the dielectric. Therefore, there is a need for 
improved gate fabrication techniques by Which roughness in 
CVD deposited high-k dielectrics ?lms may be reduced. 

SUMMARY OF THE INVENTION 

[0007] The folloWing presents a simpli?ed summary in 
order to provide a basic understanding of one or more 
aspects of the invention. This summary is not an extensive 
overvieW of the invention, and is neither intended to identify 
key or critical elements of the invention, nor to delineate the 
scope thereof. Rather, the primary purpose of the summary 
is to present some concepts of the invention in a simpli?ed 
form as a prelude to the more detailed description that is 
presented later. The invention relates to methods for fabri 
cating transistor gate structures and high-k dielectric layers 
therefor using CVD deposition processes, While reducing or 
avoiding the undesirable effects of high-k dielectric rough 
ness, by Which improved device performance and scalability 
may be achieved. 

[0008] In one aspect of the invention, methods are pro 
vided for fabricating transistor gate structures, in Which a 
nucleation promotion layer is formed over a substrate or 
other semiconductor body. The nucleation promotion layer 
comprises a metal, metal silicide, or a metal silicate, Which 
increases the density of nucleation sites on the substrate 
surface. During subsequent CVD deposition of high-k gate 
dielectric material, the high density of nucleation sites 
promotes uniform formation of high-k dielectric material on 
the substrate With reduced roughness at the top surface of the 
high-k layer. The nucleation promotion layer thus facilitates 
EOT scaling, gate leakage current reduction, and increased 
device reliability through improved uniformity in electrical 
and material properties. 



US 2004/0127003 A1 

[0009] The nucleation promotion layer may be formed 
using CVD, PVD or other deposition processes. In one 
possible implementation, the nucleation promotion layer and 
the high-k dielectric layer are both formed in-situ in a single 
chemical vapor deposition process chamber. The nucleation 
promotion layer, moreover, may be a very thin ?lm, such as 
about 10 A or less in thickness, preferably a monolayer or 
sub-monolayer. In addition, Where the high-k dielectric layer 
is a compound material comprising a metal such as hafnium, 
the nucleation promotion layer may advantageously com 
prises the same metal, a silicide of the metal, or a silicate of 
the metal, so as to facilitate nucleation in the initial stages of 
high-k CVD deposition. 

[0010] Another aspect of the invention provides methods 
for fabricating a transistor gate structure, Which comprises 
forming an intentional interface layer over the semiconduc 
tor body, and forming a nucleation promotion layer over the 
intentional interface layer. Thereafter, a high-k dielectric 
layer is formed over the nucleation promotion layer using a 
chemical vapor deposition process. The nucleation promo 
tion layer overlying the intentional interface layer provides 
an increased number of nucleation sites for deposition of 
high-k material on the intentional interface, thereby promot 
ing uniform formation of high-k dielectric material Without 
the degree of upper surface roughness found in conventional 
CVD processes. Yet another aspect of the invention provides 
methods for reducing high-k gate dielectric roughness in the 
fabrication of a transistor gate structure, comprising forming 
a nucleation promotion layer over a semiconductor body or 
an intentional interface layer, Where the nucleation promo 
tion layer comprising a metal, a metal silicide, or a metal 
silicate. The method further comprises forming a high-k 
dielectric layer over the nucleation promotion layer using a 
chemical vapor deposition process. 

[0011] To the accomplishment of the foregoing and related 
ends, the folloWing description and annexed draWings set 
forth in detail certain illustrative aspects and implementa 
tions of the invention. These are indicative of but a feW of 
the various Ways in Which the principles of the invention 
may be employed. Other aspects, advantages and novel 
features of the invention Will become apparent from the 
folloWing detailed description of the invention When con 
sidered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a How diagram illustrating an exemplary 
method of fabricating transistor gate structures including 
formation of a nucleation promotion layer over a substrate or 
other semiconductor body prior to CVD deposition of high-k 
materials in accordance With one or more aspects of the 

present invention; 

[0013] FIGS. 2-6 are partial side elevation vieWs in sec 
tion illustrating an exemplary semiconductor device being 
processed at various stages of manufacturing in accordance 
With various aspects of the invention; and 

[0014] FIG. 7 is a How diagram illustrating another exem 
plary method of fabricating transistor gate structures includ 
ing formation of a nucleation promotion layer over an 
intentional interface layer before CVD deposition of high-k 
materials in accordance With one or more aspects of the 

present invention; and 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] One or more implementations of the present inven 
tion Will noW be described With reference to the attached 
draWings, Wherein like reference numerals are used to refer 
to like elements throughout. The invention relates to meth 
ods for fabricating gate structures in a semiconductor device, 
Which may be employed in association With any type of 
semiconductor body, including silicon or other semiconduc 
tor substrates, as Well as silicon or other semiconductor 
layers overlying an insulator region or layer in an SOI 
device. 

[0016] The inventors have appreciated that mobility, scal 
ability, and other performance and issues are negatively 
impacted by roughness at the top surface of a gate dielectric 
layer, Which may occur during CVD deposition of high-k 
dielectric materials in the manufacture of transistor devices. 
Although not Wishing to be tied to any particular theory, 
these problems are believed to be primarily the result of loW 
nucleation site density on the surface of a semiconductor 
body or intentional interface layer during initial stages of 
CVD deposition. As a precursor molecule or atom 
approaches the surface, it is believed to land on the surface, 
and may move around on the surface until it ?nds the loWest 
energy site. Subsequently, other precursor molecules 
approaching the surface near the ?rst precursor molecule 
Will preferentially adhere to the substrate near the ?rst 
precursor, thereby forming an island of high-k material. 
Islands of high-k materials form in like manner at different 
locations, Which are spatially separated from one another. 

[0017] These groWth sites or islands eventually coalesce 
as the CVD process continues. HoWever, Where the initial 
nucleation sites are Widely dispersed on the surface of the 
substrate or intentional interface layer due to a loW density 
of nucleation sites in silicon or many intentional interface 
layers (e.g., SiO2 or others), the groWth sites do not coalesce 
to form a cohesive ?lm until relatively late in the process. At 
this point, the high-k material may be several molecule 
thicknesses at some locations, but only one molecule thick 
ness at the recently joined locations. Where the ?nished 
high-k dielectric layer is relatively thin, the deposition 
process is fairly short, in Which case the thickness variation 
or roughness is present in the top surface of the ?nished 
high-k layer. This roughness has been found to be on the 
order of one or tWo monolayers or around 3-10 A in a high-k 
layer of about 30 A thickness, because of Which the leakage 
current reduction advantages of using high-k ?lms may not 
be fully attainable. 

[0018] The present invention provides more loW energy 
nucleation sites across the Wafer or intentional interface 
layer, by formation of a nucleation promotion layer to create 
more uniformity in attracting precursor molecules during 
subsequent chemical vapor deposition of high-k materials. 
While not Wishing to be tied to any particular theory, it is 
believed that formation of a thin layer of metal, metal 
silicide, or metal silicate increases the number of locations 
or sites Where the groWth of high-k material begins in a 
chemical vapor deposition process. Further, it is believed 
that the closer these initial nucleation sites are, the more 
likely the high-k deposition Will occur through layer-by 
layer groWth or that the islands of high-k Will coalesce to 
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form a cohesive ?lm early in the deposition process, by 
Which variations in the ?nished high-k layer thickness are 
reduced or avoided. 

[0019] Referring initially to FIG. 1, an exemplary method 
2 is illustrated for fabricating a transistor gate structure in 
accordance With one or more aspects of the present inven 
tion. The methods of the current invention involve the 
formation of a nucleation promotion layer on a semicon 
ductor body or interface layer in order to enhance nucleation 
site density and thereby reduce surface roughness or non 
uniformity in high-k dielectric material deposited over the 
nucleation promotion layer. Although the exemplary method 
2 and other methods herein are illustrated and described 
beloW as a series of acts or events, it Will be appreciated that 
the present invention is not limited by the illustrated order 
ing of such acts or events. For example, some acts may occur 
in different orders and/or concurrently With other acts or 
events apart from those illustrated and/or described herein, 
in accordance With the invention. In addition, not all illus 
trated steps may be required to implement a methodology in 
accordance With the present invention. Furthermore, the 
methods according to the present invention may be imple 
mented in association With the fabrication and/or processing 
of the transistor gate structures and high-k dielectric ?lms 
therefor Which are illustrated and described herein as Well as 
in association With other structures and ?lms not illustrated. 

[0020] Gate fabrication in the method 2 begins at 4, Where 
a Wet clean or HF deglaZe operation may optionally be 
performed at 6 to remove any thin dielectric layers from the 
semiconductor body, such as silicon oxide (SiO), silicon 
nitride (SiN), or silicon oxynitride (SiON). For removing 
SiO, Wet cleaning operations can be performed at 6, or a 
dilute HF solution may be employed to deglaZe the semi 
conductor body. One example of such an HF deglaZe 
involves dipping the semiconductor in a 1:100 volume 
dilution of 49% HF at room temperature for a duration that 
is adequate to completely remove any SiO from the surface. 
In another example, a dry process is employed comprising 
a mixture of anhydrous HF and isopropyl-alcohol to remove 
SiO. 

[0021] A gate dielectric is then processed at 8, including 
forming a nucleation promotion layer over the semiconduc 
tor body at 10, Where the nucleation promotion layer com 
prises a metal, a metal silicide, or a metal silicate. The 
nucleation promotion layer may be formed at 10 using any 
appropriate material deposition technique, such as PVD, 
CVD, or others. Thereafter, a high-k dielectric layer is 
formed at 12 over the nucleation promotion layer using a 
chemical vapor deposition process. The invention may be 
employed in association With CVD deposition of any high-k 
dielectric layer material at 12 to any desired thickness, such 
as 10-100 A, for example 20-25 A, Where the nucleation 
promotion layer may be formed at 10 over a silicon or other 
semiconductor substrate or any type of semiconductor body. 
In one example, the high-k dielectric layer comprises a 
high-k oxide, oxynitride, or nitride, such as hafnium oxide 
(HfOZ), hafnium oxynitride (HfON), hafnium silicon oxyni 
tride (HfSiON) or others. HoWever, the invention is not 
limited to these materials. 

[0022] High-k materials Which may be deposited in asso 
ciation With the present invention may include, but are not 
limited to binary metal oxides including aluminum oxide 
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(A1203), Zirconium oxide (ZrOZ), hafnium oxide (HfOZ), 
lanthanum oxide (La2O3), yttrium oxide (Y2O3), titanium 
oxide (TiOZ), as Well as their silicates and aluminates; metal 
oxynitrides including aluminum oxynitride (AlON), Zirco 
nium oxynitride (ZrON), hafnium oxynitride (HfON), lan 
thanum oxynitride (LaON), yttrium oxynitride (YON), as 
Well as their silicates and aluminates such as ZrSiON, 
HfSiON, LaSiON, YsiON etc.; and perovskite-type oxides 
including a titanate system material such as barium titanate, 
strontium titanate, barium strontium titanate (BST), lead 
titanate, lead Zirconate titanate, lead lanthanum Zirconate 
titanate, barium lanthanum titanate, barium Zirconium titan 
ate; a niobate or tantalate system material such as lead 
magnesium niobate, lithium niobate, lithium tantalate, 
potassium niobate, strontium aluminum tantalate and potas 
sium tantalum niobate; a tungsten-bronZe system material 
such as barium strontium niobate, lead barium niobate, 
barium titanium niobate; and Bi-layered perovskite system 
material such as strontium bismuth tantalate, bismuth titan 
ate as are knoWn in the art. 

[0023] A gate contact layer, such as metal, polysilicon, or 
equivalent, is then deposited at 14 over the high-k dielectric 
layer, and the gate contact layer and the high-k dielectric 
layer are patterned using any appropriate photolithographic 
techniques (e.g., patterned etching, etc.) at 16 to form a gate 
structure, before the gate fabrication method 2 ends at 18. 
The method 2 facilitates reduction in the amount of rough 
ness at the upper surface of the high-k dielectric material, 
Which in turn facilitates EOT scaling, gate leakage current 
reduction, and increased device reliability through improved 
uniformity in electrical and material properties. 

[0024] The nucleation promotion layer formed at 10 may 
comprise any metal, metal silicate, or metal silicide in 
accordance With the present invention. In one implementa 
tion, Where the high-k dielectric layer is a compound mate 
rial comprising a metal, the nucleation promotion layer 
preferably comprises the metal, a silicide of the metal, or a 
silicate of the metal. For example, in the case Where the 
high-k dielectric layer comprises a high-k oxide, oxynitride, 
or nitride, such as hafnium oxide (HfOZ), hafnium oxyni 
tride (HfON), or hafnium silicon oxynitride (HfSiON), etc., 
the nucleation promotion layer preferably comprises 
hafnium, a silicide of hafnium, or a silicate of hafnium. In 
this aspect of the invention, the employment of the same 
metal constituent in the nucleation promotion and high-k 
dielectric layers is believed to further enhance uniform 
nucleation of high-k precursor molecules, particularly in the 
initial stages of CVD deposition at 12, Whereby upper 
surface roughness is reduced in the deposited high-k dielec 
tric layer. 

[0025] The nucleation promotion layer, moreover, is pref 
erably thin, such as having a thickness of about 10 A or less. 
In one implementation, the nucleation promotion layer 
formed at 10 is a monolayer, for example, having an average 
thickness on the order of one or a feW A. In another preferred 
implementation, the nucleation promotion layer is a sub 
monolayer. In this regard, a sub-monolayer need not cover 
the entire surface of the semiconductor body. Although the 
sub-monolayer implementation does not provide nucleation 
promoting metal, metal silicide, or metal silicate over every 
portion of the semiconductor surface, the provision of some 
such molecules on the semiconductor body surface at 10 
increases the nucleation site density and hence advanta 
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geously improves the nucleation of high-k material in the 
subsequent CVD high-k deposition at 12. 

[0026] As discussed above, moreover, the nucleation pro 
motion layer may be formed at 10 using any appropriate 
material deposition technique, such as PVD, CVD, or others. 
In one implementation, the nucleation promotion layer and 
the high-k dielectric layer are both formed by CVD pro 
cessing in-situ in a single chemical vapor deposition process 
chamber at 10 and 12. For a CVD case, process pressures in 
the range of single digit mtorr up to tens of Torr may be 
employed, With loWer pressure being preferable to facilitate 
control of the deposited material ?ux to the surface. One 
example is performed in an inert environment or an oxidiZ 
ing environment (e.g., Ar or Ar With 0), and other imple 
mentations employ a reducing environment, such as hydro 
gen, ammonia, etc. In the in-situ case, a ?rst step may 
employ essentially the same or similar process conditions at 
10 as used for the bulk high-k deposition process at 12, but 
including only a hafnium precursor, for example, at 10. In 
this case, the process step at 10 may be continued to form a 
sub-monolayer, monolayer, or a thin ?lm. Thereafter at 12, 
a reducing or an oxidiZing ambient may be provided (e. g., by 
co-?oWing appropriate hydrogen, ammonia, oxygen, etc.) to 
clean aWay all the ligands present on the precursor. 

[0027] In either CVD or PVD nucleation promotion layer 
formation, another possible approach involves tWo process 
chambers or tools, such as performing a PVD ?rst step to 
deposit a thin metal, metal silicide, or metal silicate nucle 
ation promotion layer on the Wafer at 10, and then transfer 
ring the Wafer into a CVD chamber for high-k deposition at 
12. In one implementation, the nucleation promotion layer is 
formed by PVD sputter processing at 10 using process 
pressures in the mtorr range using relatively loW RF poWer, 
such as less than 100 W across an 8 inch Wafer (e.g., poWer 
density of about 324 W/cm2 or less) using an Ar process gas 
for sputtering a hafnium target. 

[0028] Referring noW to FIGS. 2-6, an exemplary semi 
conductor device 102 is illustrated undergoing processing at 
various stages of manufacturing in accordance With various 
aspects of the invention, Wherein the structures illustrated 
herein are not necessarily draWn to scale. In FIG. 2, the 
device 102 is illustrated comprising a Wafer having a semi 
conductor body 104 therein, such as a silicon substrate or a 
layer of silicon overlying an insulator in an SOI device 
Wafer, Wherein the exemplary semiconductor body 104 is a 
lightly doped p-type silicon substrate. STI isolation struc 
tures 112 (e.g., SiO2) are formed in the body 104 via an 
isolation process 114, Which separate and provide electrical 
isolation betWeen active areas, although other isolation 
structures may be provided, for example, using LOCOS 
techniques as are knoWn. One or more p and/or n-type Wells 
are then formed in the semiconductor body 104, including an 
n-Well 118, and an optional Wet clean or HF deglaZe 
operation 116 may be performed to clean the top surface of 
the semiconductor body 104. As discussed further beloW 
With respect to FIG. 7, an intentional interface layer (not 
shoWn) may optionally be formed over the semiconductor 
body 104 via any appropriate process steps before nucle 
ation layer deposition. 

[0029] In FIG. 3, a PVD, CVD or other deposition process 
122 is performed to deposit a thin nucleation promotion 
layer 120 comprising a metal, a metal silicide, or a metal 
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silicate over all or a portion of the upper surface of the 
semiconductor body 104 (e.g., or over any intentional inter 
face layer or layers, not shoWn). In the illustrated example, 
the nucleation promotion layer 120 is a thin hafnium ?lm 
With a thickness less than about 10 Other examples 
include formation of a nucleation promotion monolayer 120, 
for example, having an average thickness on the order of one 
or a feW A. In another preferred implementation, the nucle 
ation promotion layer 120 is a sub-monolayer, Which need 
not cover the entire surface of the semiconductor body 104. 
In FIG. 4, a high-k dielectric layer 130 is deposited over the 
nucleation promotion layer 120 via a CVD deposition pro 
cess 132 as described above, Wherein the processes 122 and 
132 may, but need not, be performed in-situ in a single CVD 
process chamber or tool. The high-k dielectric layer 130 
comprises any appropriate high-k dielectric material, such as 
those mentionedo above, formed to any desired thickness, 
such as 10-100 A, for example 20-25 A. 

[0030] In FIG. 5, a gate contact layer 140, such as metal, 
polysilicon or equivalent is deposited over the high-k mate 
rial 130 via a deposition process 142. As illustrated in FIG. 
5, the gate contact layer 140 and the high-k dielectric layer 
130 are then patterned to form a transistor gate structure. 
Source/drain regions 150 are doped With p-type impurities 
on either side of a channel region 152 in the semiconductor 
body 104, and sideWall spacers 160 are formed along the 
sides of the patterned layers 120, 130, and 140 as illustrated 
in FIG. 8. Thereafter, interconnect processing (not shoWn) 
is performed to interconnect the illustrated MOS type tran 
sistor and other electrical components in the device 102. 

[0031] Referring noW to FIG. 7, another aspect of the 
invention provides methods for fabricating a transistor gate 
structure, in Which an intentional interface layer is formed 
over the semiconductor body, and a nucleation promotion 
layer is formed over the intentional interface layer prior to 
deposition of high-k gate dielectric material. The inventors 
have appreciated that forming a nucleation promotion layer 
over the intentional interface layer provides an increased 
number or higher density of nucleation sites for deposition 
of high-k material, thereby promoting uniform formation of 
high-k dielectric material Without the degree of upper sur 
face roughness found in conventional CVD processes. An 
exemplary method 202 is illustrated in FIG. 7 in accordance 
With this aspect of the invention. 

[0032] Beginning at 204, an intentional interface layer is 
formed at 206 over a substrate or other semiconductor body, 
using any appropriate materials and deposition or thermal 
groWth techniques as are knoWn. Moreover, the intentional 
interface may be formed to any desired thickness at 206 in 
accordance With the present invention. A gate dielectric is 
then created at 208 by forming a nucleation promotion layer 
over the semiconductor body at 210 and depositing high-k 
material using a CVD deposition process at 212. As With the 
above implementations, the nucleation promotion layer 
formed comprises a metal, a metal silicide, or a metal 
silicate, Which may be formed at 210 using any appropriate 
material deposition technique, such as PVD, CVD, or others. 
This aspect of the invention may be employed in association 
With CVD deposition of any high-k dielectric layer material 
at 212 to any desired thickness, such as 10-100 A, for 
example 20-25 A, over the nucleation promotion layer. In 
one example, the high-k dielectric layer comprises a high-k 
oxide, oxynitride, or nitride, such as hafnium oxide (HfOZ), 
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hafnium oXynitride (HfON), hafnium silicon oXynitride 
(HfSiON) or others, although any of the above-mentioned 
high-k materials may be employed at 212. 

[0033] A gate contact layer, such as metal, polysilicon, or 
equivalent, is then deposited at 214 over the high-k dielectric 
layer, and the gate contact layer and the high-k dielectric 
layer are patterned using any appropriate photolithographic 
techniques at 216 to form a gate structure, before the gate 
fabrication method 202 ends at 218. Like the above tech 
niques, the exemplary method 202 facilitates reduction in 
the amount of roughness at the upper surface of the high-k 
dielectric material, Which in turn facilitates EOT scaling, 
gate leakage current reduction, and increased device reli 
ability through improved uniformity in electrical and mate 
rial properties. 

[0034] The nucleation promotion layer formed at 210 may 
comprise any metal, metal silicate, or metal silicide in 
accordance With the present invention. In one implementa 
tion, Where the high-k dielectric layer is a compound mate 
rial comprising a metal, the nucleation promotion layer 
preferably comprises the same metal, a silicide of the metal, 
or a silicate of the metal. For eXample, in the case Where the 
high-k dielectric layer comprises a high-k oXide, oXynitride, 
or nitride, such as hafnium oXide (HfOZ), hafnium oXyni 
tride (HfON), or hafnium silicon oXynitride (HfSiON), etc., 
the nucleation promotion layer preferably comprises 
hafnium, a silicide of hafnium, or a silicate of hafnium. In 
addition, the nucleation promotion layer is preferably thin, 
such as having a thickness of about 10 A or less. In one 
implementation, the nucleation promotion layer formed at 
210 is a monolayer, for eXample, having an average thick 
ness on the order of one or a feW In another preferred 
implementation, the nucleation promotion layer is a sub 
monolayer. Furthermore, the nucleation promotion layer 
may be formed at 210 using any appropriate material 
deposition technique, such as PVD, CVD, or others. In one 
implementation, the nucleation promotion layer and the 
high-k dielectric layer are formed at 210 and 212 by CVD 
processing in-situ in a single chemical vapor deposition 
process chamber, such as using the process conditions 
described above. 

[0035] Although the invention has been illustrated and 
described With respect to one or more implementations, 
equivalent alterations and modi?cations Will occur to others 
skilled in the art upon the reading and understanding of this 
speci?cation and the anneXed draWings. In particular regard 
to the various functions performed by the above described 
components (assemblies, devices, circuits, systems, etc.), 
the terms (including a reference to a “means”) used to 
describe such components are intended to correspond, 
unless otherWise indicated, to any component Which per 
forms the speci?ed function of the described component 
(e.g., that is functionally equivalent), even though not struc 
turally equivalent to the disclosed structure Which performs 
the function in the herein illustrated exemplary implemen 
tations of the invention. In addition, While a particular 
feature of the invention may have been disclosed With 
respect to only one of several implementations, such feature 
may be combined With one or more other features of the 
other implementations as may be desired and advantageous 
for any given or particular application. Furthermore, to the 
eXtent that the terms “including”, “includes”, “having”, 
“has”, “With”, or variants thereof are used in either the 
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detailed description and the claims, such terms are intended 
to be inclusive in a manner similar to the term “comprising.” 

What is claimed is: 
1. A method of fabricating a transistor gate structure, 

comprising: 

forming a nucleation promotion layer over a semiconduc 
tor body, the nucleation promotion layer comprising a 
metal, a metal silicide, or a metal silicate; 

forming a high-k dielectric layer over the nucleation 
promotion layer using a chemical vapor deposition 
process; 

forming a gate contact layer over the high-k dielectric 
layer; and 

patterning the gate contact layer and the high-k dielectric 
layer. 

2. The method of claim 1, Wherein forming the nucleation 
promotion layer and forming the high-k dielectric layer are 
performed in-situ in a single chemical vapor deposition 
process chamber. 

3. The method of claim 1, Wherein forming the nucleation 
promotion layer comprises performing one of a chemical 
vapor deposition process and a physical vapor deposition 
process. 

4. The method of claim 1, Wherein the nucleation pro 
motion layer has a thickness of about 10 A or less. 

5. The method of claim 4, Wherein the nucleation pro 
motion layer is a monolayer. 

6. The method of claim 4, Wherein the nucleation pro 
motion layer is a sub-monolayer. 

7. The method of claim 1, Wherein the high-k dielectric 
layer is a compound material comprising a metal, and 
Wherein the nucleation promotion layer comprises the metal, 
a silicide of the metal, or a silicate of the metal. 

8. The method of claim 7, Wherein the metal is hafnium. 
9. The method of claim 7, Wherein the nucleation pro 

motion layer has a thickness of about 10 A or less. 
10. The method of claim 9, Wherein the nucleation pro 

motion layer is a monolayer or a sub-monolayer. 
11. A method of fabricating a transistor gate structure, 

comprising: 

forming at least one intentional interface layer over a 
semiconductor body; 

forming a nucleation promotion layer over the intentional 
interface layer, the nucleation promotion layer com 
prising a metal, a metal silicide, or a metal silicate; 

forming a high-k dielectric layer over the nucleation 
promotion layer using a chemical vapor deposition 
process; 

forming a gate contact layer over the high-k dielectric 
layer; and 

patterning the gate contact layer and the high-k dielectric 
layer. 

12. The method of claim 11, Wherein forming the nucle 
ation promotion layer and forming the high-k dielectric layer 
are performed in-situ in a single chemical vapor deposition 
process chamber. 
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13. The method of claim 11, wherein forming the nucle 
ation promotion layer comprises performing one of a chemi 
cal vapor deposition process and a physical vapor deposition 
process. 

14. The method of claim 11, Wherein the nucleation 
promotion layer has a thickness of about 10 A or less. 

15. The method of claim 14, Wherein the nucleation 
promotion layer is a monolayer. 

16. The method of claim 14, Wherein the nucleation 
promotion layer is a sub-monolayer. 

17. The method of claim 11, Wherein the high-k dielectric 
layer is a compound material comprising a metal, and 
Wherein the nucleation promotion layer comprises the metal, 
a silicide of the metal, or a silicate of the metal. 

18. The method of claim 17, Wherein the metal is hafnium. 
19. A method of reducing high-k gate dielectric roughness 

in the fabrication of a transistor gate structure, the method 
comprising: 

forming a nucleation promotion layer over a semiconduc 
tor body or an intentional interface layer, the nucleation 
promotion layer comprising a metal, a metal silicide, or 
a metal silicate; and 
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forming a high-k dielectric layer over the nucleation 
promotion layer using a chemical vapor deposition 
process. 

20. The method of claim 19, Wherein forming the nucle 
ation promotion layer and forming the high-k dielectric layer 
are performed in-situ in a single chemical vapor deposition 
process chamber. 

21. The method of claim 19, Wherein forming the nucle 
ation promotion layer comprises performing one of a chemi 
cal vapor deposition process and a physical vapor deposition 
process. 

22. The method of claim 19, Wherein the nucleation 
promotion layer has a thickness of about 10 A or less. 

23. The method of claim 22, Wherein the nucleation 
promotion layer is a monolayer. 

24. The method of claim 22, Wherein the nucleation 
promotion layer is a sub-monolayer. 

25. The method of claim 19, Wherein the high-k dielectric 
layer is a compound material comprising a metal, and 
Wherein the nucleation promotion layer comprises the metal, 
a silicide of the metal, or a silicate of the metal. 

26. The method of claim 25, Wherein the metal is hafnium. 

* * * * * 


