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(57) ABSTRACT 

A transistor integration proceSS provides a damascene 
method for the formation of gate electrodes and gate dielec 
tric layers. An interlayer-dielectric film is deposited prior to 
the gate electrode formation to avoid the demanding gap fill 
requirements presented by adjacent gates. Atrench is formed 
in the interlayer-dielectric film followed by the deposition of 
the gate material in the trench. This proceSS avoids the 
potential for damage to high-kgate dielectric layers caused 
by high thermal cycles and also reduces or eliminates the 
problematic formation of voids in the dielectric layers filling 
the gaps between adjacent gates. 
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SPACER-LESS TRANSISTOR INTEGRATION 
SCHEME FOR HIGH-K GATE DIELECTRICS AND 
SMALL GATE-TO-GATE SPACES APPLICABLE 
TO SI, SIGE STRAINED SILICON SCHEMES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to methods for form 
ing Semiconductor transistors. More particularly, the present 
invention relates to methods for integrating high-k gate 
dielectric layers and gate electrodes in the transistor forma 
tion process. 
0003 2. Description of the Related Art 
0004. Designers and semiconductor device manufactur 
erS constantly Strive to develop Smaller devices from wafers, 
recognizing that circuits with Smaller features generally 
produce greater Speeds and increased packing density, there 
fore increased net die per wafer (numbers of usable chips 
produced from a standard Semiconductor wafer). To meet 
these requirements, Semiconductor manufacturers have been 
forced to build new fabrication lines at the next generation 
process node (gate length). 
0005. However, with smaller devices several new prob 
lems have Surfaced. For example, in the manufacture of Very 
Large Scale Integrated (VLSI) ultra-submicron technolo 
gies, the Small technology node sizes require ultra high-k 
dielectric layers as well as very Small gate-to-gate spacing. 
These structural requirements have in turn created problems 
preventing full implementation of these process technolo 
gies. For example, high-kgate dielectrics are Sensitive to the 
high thermal cycles typically required to activate dopants 
and repair the damage from implantation Steps. In addition, 
the ultra Small spacing between gate electrodes requires 
heightened efforts in avoiding void formation during the 
transistor interlayer deposition. 
0006 With smaller spaces between adjacent gates, the 
gap-filing challenges increase dramatically. These chal 
lenges result from the tendency of dielectrics formed on a 
Structure having at least one Steep Sidewall to produce voids 
from the effect of an overhang. That is, as a dielectric layer 
such as a primary layer dielectric (PMD) or other interlayer 
dielectric (ILD) is deposited, given a trench having a large 
enough aspect ratio, i.e., the height of the trench divided by 
the width, Voids will tend to appear in the deposited dielec 
tric layer. Typically, an overhang will be created at the one 
of the upper corners of the Structure defining the trench. 
0007. At some point during the process of depositing the 
dielectric layer, the dielectric at the level of the overhang 
thickness from opposing Sides of the trench will meet, thus 
in Some cases encapsulating a void in the dielectric. AS the 
spacing between adjacent gates decreases with the decrease 
in dimensions of the proceSS technology nodes, the adjacent 
gates will present a trench Structure to the interlayer dielec 
tric film when it is deposited. 
0008 Much effort in process engineering is required to 
tune the process to avoid the formation of the void. Pre 
venting Void formation typically involves Selecting the pro 
ceSS parameters to control the overhang thickneSS relative to 
the dielectric thickness at the bottom of the Sidewall of the 
trench and controlling the trench width. But the latitude 
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available to the designer to alter the process parameters or 
the trench dimensions to mitigate Void formation problems 
decreases as proceSS technology nodes decrease in size. 
0009. Accordingly, what is needed is an improved pro 
ceSS for forming ultra Small transistors, one that overcomes 
the low thermal budgets of the conventional process and its 
tendencies to produce voids between adjacent gate elec 
trodes. 

SUMMARY OF THE INVENTION 

0010. To achieve the foregoing, the present invention 
provides transistor integration Schemes that avoid the poten 
tial damage to high-k gate dielectric layers caused by high 
thermal cycles and also reduces or eliminates the problem 
atic formation of Voids in the dielectric layerS filling the gaps 
between adjacent gates. The novel integration Scheme 
deposits an interlayer-dielectric film prior to the gate elec 
trode formation to avoid the demanding gap fill require 
ments presented by adjacent gates. A trench is formed in the 
ILD followed by the formation of the gate dielectric and gate 
electrode in the trench. Thus, the gate is formed by a 
damascene method. 

0011) A second ILD layer is formed after formation of the 
gate electrode to protect the gate electrodes during a chemi 
cal mechanical polishing Step directed to the formation of 
contacts. By forming the gate electrode by the damascene 
method described, the first ILD layer is used in lieu of a 
spacer to surround the gate electrode. This allows greater 
flexibility in choosing the first ILD layer to be a different 
material than the second ILD layer. 
0012 Moreover, forming the gate electrode in the etched 
trench allows greater flexibility in choosing the gate con 
ductor material. Patterning the gate electrode by an additive 
process frees up the gate electrode to be formed from a 
material not limited by the etching chemistry constraints of 
the gate electrode and adjacent layers. 
0013. According to one embodiment of the present inven 
tion, a method of forming a transistor gate electrode is 
provided. A dielectric layer is formed directly on a Semi 
conductor Substrate, the Substrate having an implanted 
Source and drain region. A trench is then formed in the 
dielectric layer. A conformal Second dielectric layer is 
deposited to line the trench, thus forming a gate dielectric. 
Agate conductor material is then deposited to fill the trench. 
0014. According to another embodiment, a method of 
forming an integrated circuit transistor is provided. Source 
and drain regions for the transistor are defined in the 
Substrate prior to the formation of the gate electrode. After 
the Source and drain regions are defined, a dielectric layer is 
formed on the Substrate and patterned to form a trench. First, 
a high-k dielectric film is disposed in the trench to line the 
trench. Then, a gate conductive layer is formed by filling in 
the trench, the gate conductive layer being configured to 
form a gate electrode for controlling current flow between 
the Source and drain regions. Formation of the gate electrode 
is completed by chemical mechanical polishing. 
0015 According to another embodiment, a method of 
forming an integrated circuit transistor is provided. Source 
and drain regions for the transistor are defined in the 
Substrate prior to the formation of the gate electrode. After 
the Source and drain regions are defined, a dielectric layer is 
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formed on the Substrate and patterned and etched to form a 
trench. Etching of the trench continues until a channel region 
is etched in the substrate. The channel region is then filled 
with a channel material, preferably by epitaxial growth. This 
Scheme allows for control of the channel characteristics 
using Silicon or Silicon germanium. Next, a high-k dielectric 
film is disposed in the trench to line the trench. Then, a gate 
conductive layer is formed by filling in the trench, the gate 
conductive layer configured to form a gate electrode for 
controlling current flow between the Source and drain 
regions. Chemical mechanical polishing completes forma 
tion of the gate electrode. 
0016. These and other features and advantages of the 
present invention are described below with reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIGS. 1A-1O are diagrams illustrating a method of 
forming a Semiconductor integrated circuit in accordance 
with one embodiment of the present invention. 
0.018 FIG. 2A-2G are diagrams illustrating a method of 
forming a Semiconductor integrated circuit in accordance 
with an alternative embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.019 Reference will now be made in detail to preferred 
embodiments of the invention. Examples of the preferred 
embodiments are illustrated in the accompanying drawings. 
While the invention will be described in conjunction with 
these preferred embodiments, it will be understood that it is 
not intended to limit the invention to such preferred embodi 
ments. On the contrary, it is intended to cover alternatives, 
modifications, and equivalents as may be included within 
the Spirit and Scope of the invention as defined by the 
appended claims. In the following description, numerous 
Specific details are Set forth in order to provide a thorough 
understanding of the present invention. The present inven 
tion may be practiced without Some or all of these specific 
details. In other instances, well known process operations 
have not been described in detail in order not to unneces 
Sarily obscure the present invention. 
0020 FIGS. 1A-1O are diagrams illustrating a method of 
forming a Semiconductor integrated circuit in accordance 
with one embodiment of the present invention. It should be 
noted that in each Sequence of drawings provided herein, 
reference numbers identified earlier in the Sequence apply to 
those same elements in other drawings of the Sequence 
unless otherwise noted or the context otherwise dictates. 

0021. The process begins as illustrated in FIG. 1A with 
an isolation trench 104 or other isolation structure formed on 
a semiconductor Substrate 102. Isolation trenches may be 
formed by conventional steps, well know to those of skill in 
the relevant art. For example, a conventional shallow trench 
isolation typically involves depositing an oxide layer on the 
Surface of a Semiconductor Substrate, followed by deposition 
or formation of a nitride layer that is patterned to act as a 
mask for shallow trench etch. The nitride mask also has a 
role as a proper in-Situ control layer for CMP, and preventing 
further oxidation of the Substrate Surface where it is masked. 
The next step involves etching of the shallow trench fol 
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lowed by formation of an oxide liner in the shallow trench. 
Following trench formation, the trenches are typically 
cleaned using combinations of conventional dry and wet 
chemistry and the trench Side walls Oxidized to form a liner, 
typically a few hundred AngStroms thick, to repair any 
damage caused by the plasma used in etching the trench. 
This oxide liner also provides a base for the Subsequent 
insulation deposition. 
0022. Following formation of the oxide liner, the trench 
is filled with deposited oxide. For example, the trench may 
be filled with a silicon dioxide layer, deposited by chemical 
vapor deposition (CVD), high-density plasma (HDP) depo 
Sition, or spin-on glass (SOG), on the integrated circuit 
substrate 102. The partially formed device is then subjected 
to chemical mechanical polishing (CMP) and planarized 
down to a top Surface comprising the top of the trench 104 
and to the top of the substrate layer 102 adjacent to the 
trench 104. The isolation regions are important for electri 
cally isolating active areas formed in the substrate 102 from 
each other. 

0023. As shown in FIG. 1A, after the insulating layer, 
i.e., the trench oxide, is polished using chemical mechanical 
polishing means, the nitride layer Stripped and the oxide 
residue removed using an HF cleaning step, the surface 108 
of the insulating layer at the top of the trenches 104 is 
Substantially planar. After the isolation Structures shown in 
FIG. 1A are formed, the fabrication process proceeds to 
forming features of active areas, e.g., transistor devices. 
0024. In complementary MOS (CMOS) technology, an 
NMOS transistor and a PMOS transistor are fabricated 
adjacent to each other on the same Substrate, which may 
initially be lightly doped or undoped. Circuits made from 
CMOS devices require leSS power and generate leSS heat 
than equivalent circuits designed with NMOS or PMOS 
devices alone. This embodiment of the present invention 
illustrates the transistor formation process as implemented in 
a CMOS device. It should be appreciated, however, that the 
Scope of the present invention is not So limited. That is, the 
techniques described herein are applicable to the formation 
of gates and gate dielectric layers in any transistors utilizing 
these features, including the full variety of MOS field effect 
transistors, Such as PMOS and NMOS transistors. 

0025. In order to form the CMOS transistor, first and 
Second Wells of n type and p type, respectively, are formed 
in the Substrate by conventional process Steps. That is, one 
or more PMOS transistors are formed in the n type well, and 
one or more NMOS transistors are formed in the p type well. 
PMOS and NMOS transistors are paired together to create 
the CMOS device having the advantages described above, 
further including very low Standby current consumption. 

0026. The device formation proceeds with the well for 
mation, as illustrated in FIG. 1B. In specific, the transistor 
integration process of the first embodiment continues by 
next implanting the p- and n-wells using n-well and p-well 
masks on the corresponding Sides of the isolation trench. 
The respective wells are formed by conventional doping 
methods well known to those of skill in the art. For example, 
the n-well mask formation is followed by an n-well implant 
to form the n-well region 114 in the area of the substrate 
exposed under the n-well mask (not shown). Suitable n-type 
dopants used for formation of the well include phosphorus. 
In order to repair the damage from the ion implantation, an 
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n-well anneal Step preferably follows the implantation, as is 
done typically following the conventional well formation 
Steps. In turn, a p-well mask is formed on the wafer, 
followed by a p-well implant into the areas exposed by the 
mask, i.e., into the p-well region 112. The respective wells 
may be formed using conventional dopants. The most com 
monly used dopant Species for p- and n-wells are boron and 
phosphorus, respectively. The p-well and n-well dopings 
form a p-n junction 110 under the field oxide of adjacent n+ 
and p+ diffusion regions 114 and 112. It is important for the 
device operation that these two diffusion regions (devices) 
are clearly electrically Separated. A p-well anneal Step fol 
lows. Since the post well anneal Steps are well known to 
those of skill in the relevant art, further description is 
deemed unnecessary here. 
0027 Next, as illustrated in FIG. 1C, the lightly doped 
drain (LDD) regions are formed in the respective wells. 
These are also known as lightly doped diffusions. In this Step 
and many of the other steps of the embodiments of the 
invention, the n-type doping is described as occurring prior 
to the p-type doping. It will be appreciated by those of Skill 
in the relevant arts that the order of the n-type and p-type 
doping can be interchanged without adversely affecting the 
formed device. Thus the Scope of the present invention is 
intended to include the respective p-type and n-type doping 
without limitation to the particular order of the dopants for 
a particular Step in the process. Hence, the p-type dopants 
can alternatively be introduced into the n-well to form the 
p-LDD regions before formation of the n-LDD regions in 
the p-well. 

0028. The embodiments of the present invention form 
drain engineering prior to the formation of the gate elec 
trode. In particular, the lightly doped drain implants as well 
as punch through Stop layer and Source and drain definition 
all occur prior to the building of the building of the gate 
electrode. Although these implants are not Self-aligned, they 
provide Substantial advantages in thermal cycle engineering. 
That is, masking is used in formation of the LDD, punch 
through, and Source/drain definition implants. In particular, 
for each well, a first well mask is used for formation of a 
Subsequent LDD and punch through implant for that well. 
After these regions are formed in each well, a Separate 
Source/drain mask is used for each well in order to form the 
more heavily doped Source and drain regions. AS well 
known to those of skill in the art, LDD regions are used to 
protect against hot electron effects whereas punch through 
implants protect against breakdown mechanism caused by 
the overlap between the Source and drain depletion regions. 
0029. The drain engineering commences with the LDD 
implant, as illustrated in FIG. 1C. The scope of the inven 
tion is intended to extend to any of the conventional tech 
niques for implanting lightly doped diffusions, punch 
through implants, and Source or drain regions. Preferably, 
ion implant procedures are used to implant the respective 
portions of the Substrate to create these diffusion regions in 
the substrate 102. Initially, a p-well mask is formed to cover 
the n-well 114 and to expose portions of the p-well 112. 
Next, a lightly doped drain implant occurs. Preferably, the 
LDD implant 120 of n-type dopants (into the p-well 112) 
includes n-type dopant ions in a Suitable concentration in 
accordance with the proceSS technology node dimensions 
and the particular type of dopants used. These dopants and 
concentrations are expected to conform to those used in 
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conventional process StepS and adjusted in accordance with 
the desired depth of the implant, the type of dopant, and the 
presence or absence of overlying Sacrificial layers. For 
example, without intending to be limiting, a Suitable n-type 
dopant implantation at the 0.18 micron technology node 
involves a dosage range of 1 to 10x10 cm? of phosphorus 
OS. 

0030. After formation of the LDD implant 120 in the 
p-well 102, a punch through stop implant 122 is formed. 
Suitable concentrations of dopants are known to those of 
skill in the art and therefore will not be described in 
complete detail here. A Suitable n-type punch through Stop 
implant at the same technology node could use phosphorus 
ions or any other n-type ion at any appropriate dosage 
determined by methods known to those of skill in the art. 
The depth of the punch through Stop implant is controlled 
Such that the punch through implant region is buried in the 
substrate 102 at a predetermined depth in accordance with 
conventional techniques. 
0031. Next, annealing occurs to repair the damage to the 
crystalline Structure from the n-type implant and to activate 
the dopants. Annealing of the LDD and punch through 
regions preferably occurs in conformance with conventional 
techniques known to those of skill in the relevant art. Further 
details are deemed unnecessary here. AS noted above, 
annealing takes place at very high temperatures, e.g., 1000 
to 1200 degrees C. Performing the annealing before the 
formation of the gate and gate dielectricS allows for the 
control of the thermal budget during the high-k dielectric 
formation and Subsequent gate electrode processing that 
may include the use of low melting point temperatures (e.g., 
Tungsten). 
0032 Following formation of the LDD and punch 
through implants in the p-well 112, the process proceeds to 
form Similar implants in the n-well 114. That is, using an 
n-well mask, a p-type LDD implant 116 and p-type punch 
through implant 118 are formed in the n-well 114. Suitable 
concentrations of dopants are known to those of skill in the 
art and therefore will not be described in complete detail 
here. Typically another anneal is not necessary, Since the 
high-k thermal processing may be used to activate the P-type 
dopants. 

0033 Next, the source and drain regions are defined for 
each transistor. First, as illustrated in FIG. 1D, the formation 
of a p Source-drain mask 124 is then followed with a p-type 
Source-drain implant 126 into the n-well 114. Following the 
p-type Source drain implant 126, the n Source-drain mask 
128 is formed to expose the appropriate region for the n-type 
Source drain implant 130. That is, the n-type Source-drain 
implant 130 is formed in the p-well 112 as specifically 
illustrated in FIG. 1E. The n-type source-drain mask 128 is 
patterned Such that the portion of the Substrate positioned 
under the predetermined location for the gate of the NMOS 
transistor is protected by the mask 128. Suitable dopants for 
implantation into the n-well Source and drain regions are 
known to those of skill in the relevant arts and thus further 
description here is deemed unnecessary. 
0034. It will be appreciated that further annealing is 
required to restore the Substrate Silicon Structure after the 
Source drain implant. Preferably, the annealing of this region 
occurs during the high temperatures provided during the 
high-kgate dielectric layer deposition. Alternatively, a sepa 
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rate anneal Step may be performed after formation of both of 
the Source and drain regions in both of the p-wells and 
n-wells. 

0035. The present invention embodiments described rely 
on the deposition of a dielectric material on the Substrate to 
form the gate by an additive damascene process. In particu 
lar, and as illustrated in FIG. 1F, an inter-layer dielectric 
(ILD) layer 132 is preferably deposited to a thickness in the 
range of 1000 to 3000 Angstroms, more preferably 1600 to 
2500 Angstroms. Although these ranges are preferable, the 
invention Scope is not So limited. The thickness of the 
deposited ILD layer 132 may be selected to whatever 
thickneSS is deemed Suitable in consideration of the design 
and materials used for the dielectric. Preferably, the dielec 
tric layer comprises one of undoped silicate glass (USG) or 
phospho-Silicate glass (PSG). Although the inventive pro 
ceSS has been described for illustration purposes as including 
PSG or USG, the invention is not so limited. The scope of 
the invention is intended to extend to any dielectric material 
that can be suitably deposited or formed and etched to form 
a trench. That is, any dielectric layer that can be deposited 
on the Substrate and patterned and etched to form gate 
electrode trenches. In other words, as long as the dielectric 
material exhibits suitable selectivity to the etchant chemical 
used for forming the trench and, within a broad range of 
Suitable electrical characteristics, it may be used for forming 
the trench. 

0036) Next, as illustrated in FIG. 1G, the dielectric (ILD) 
layer 132 is patterned by conventional photolithography, 
using a patterned resist layer to etch the ILD layer 132. The 
ILD layer is etched to form an electrode trench 134 at the 
locations Specified for the transistor gates. These materials 
have been conventionally used for forming pre-metal dielec 
trics (PMD's). As known to those of skill in the relevant arts, 
PSG provides Several advantages including an ability to 
readily reflow. 

0037. The etching of the gate electrode trench 134 is 
preferably performed using a fluorine based anisotropic dry 
etch, for example, either CF or CF. Etching of the ILD 
layer 132 to form the gate electrode trench 134 may be 
performed using etching chemicals and techniques Suitable 
for conventional contact hole etches. Etching preferably is 
performed to a depth that exposes the substrate 102. The 
width of the trench is dependent upon the particular proceSS 
node involved in the fabrication. 

0038) Next, as illustrated in FIG. 1H, the gate dielectric 
formation proceSS commences. Initially, a relatively thin 
high-k dielectric layer 136 is deposited. Many suitable 
high-k layers are known in the art to include Zirconium 
oxides and multilayered laminates. Preferably, the thickness 
of the high-k layer could be any thickness and still fall 
within the scope of the invention. It should be understood 
that as with the conventional process, the thickness of the 
high-k dielectric layer is dependant on the desired electrical 
characteristics for the device and the characteristics of the 
dielectric gate material, Specifically including the permittiv 
ity k of the gate dielectric material. By depositing the 
dielectric film in this damascene manner, the thickness of the 
high-k layer is well controlled. Further, by depositing the 
high kgate dielectric layer and the Subsequently formed gate 
after implantation of the Source and drain regions, the 
thermal budget for the device can be increased. In other 
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words, using the described fabrication Sequence of this 
embodiment, neither the high-k dielectric layer nor the gate 
conductor are in place during the high temperatures required 
to anneal the Source, drain and other implants. 
0039) Next, as illustrated in FIG. 1I, a gate electrode 
conductive material 138 is deposited to fill the trench 132 
and to create an overburden region. The gate electrode 
conductive material 138 can comprise any conductive mate 
rial such as including but not limited to Cu, W, and Al. 
Doped polysilicon may be used for the gate electrode as 
well. The doped poly gates are used in the conventional 
transistor fabrication Steps in part due to their low Surface 
State densities that makes them Suitable for exposure to the 
high temperatures present during annealing. Because neither 
the gate electrode not the high-k gate dielectric layer are 
present during annealing, the range of conductive materials 
used for the gate electrode in the described embodiments of 
the present invention are much greater. For example, alu 
minum oxidizes readily during annealing conditions but can 
readily be used in the presently described proceSS Since the 
formation of the gate conductive layer occurs after the 
annealing Steps. 
0040. After deposition of the gate electrode layer 138, 
chemical mechanical polishing is preferably performed to 
remove the overburden region and thus to planarize the gate 
electrode 138 to be coplanar with the top surface of the 
dielectric layer 132. The partially formed device after 
completion of the planarization step is illustrated in FIG. 1.J. 
0041. In order to form contacts for electrical connection 
to the device, a Second ILD deposition Step then follows, as 
shown in FIG. 1K. The second ILD layer 140 may comprise 
any Suitable dielectric layer Such as an oxide and also may 
comprise the same constituency as the first ILD layer 132. 
Preferably, the second ILD layer 140 has a thickness in a 
range on the order of 5000 Angstroms. However, the dimen 
sions of the second ILD layer 140 are process dependent. 
The second ILD layer 140 may be formed by conventional 
techniques known to those of skill in the art including 
chemical vapor deposition (CVD) methods. The second ILD 
layer is deposited after the gate electrode is formed to protect 
the gate electrode during the contact conductor chemical 
mechanical polish Step. The use of a Second ILD layer for 
contact formation and CMP protection allows flexibility in 
choosing the first ILD material. For example, nitrides are not 
conventionally used in forming the dielectric Surrounding 
the gate electrode (e.g., the pre-metal dielectric) due to their 
tendencies to damage the Surface of the Substrate. By 
forming a Second ILD layer on top of the first, the Substrate 
can be protected from a nitride or other Similar dielectric 
present in the Second ILD layer, yet providing the passiva 
tion advantages of the nitride containing Second ILD. 
0042. Next, as illustrated in FIG. 1L, the second ILD 
layer 140 is etched to form contact holes 142 and gate 
contact holes 144. Typical diameters for these holes range 
from 0.14 to 0.25 microns, but again, the sizes are process 
technology node dependent. Conventional etching chemi 
cals and techniques for forming the contact holes can be 
used to form the holes for the contacts and gate contacts. 
Accordingly, further details are deemed unnecessary here. 

0043) Next, as further illustrated in FIG. 1M, salicide 
layers 146 are formed at the bottom of the contact holes 142 
and on top of the gate electrode 144. Salicides may prefer 
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ably be formed by CVD, atomic layer deposition (ALD), or 
plasma enhanced chemical vapor deposition (PECVD) 
means to flow into and suitably fill the contact holes. CVD 
processes used in depositing and forming cobalt or nickel 
Salicides are known in the relevant arts and thus further 
details are deemed unnecessary here. In particular, the CVD 
proceSS may be appropriately adjusted to Suit the deposition 
of Salicide materials in the bottom portions of contact holes 
and other high aspect ratio apertures. AS known in the 
relevant arts, Salicide formation provides the advantages of 
low ohmic contacts. 

0044) In order to complete the contact formation, a con 
tact metal 148 such as Cu or W is deposited to fill the contact 
holes, as further illustrated in FIG. 1N. These materials are 
intended to be illustrative and not limiting. The scope of the 
invention is intended to extend to any contact materials 
conventionally used or proposed in the future. AS illustrated 
in FIG. 1P, a CMP step planarizes the top surface of the 
device. 

0.045 Although the described method does not perform a 
Self-aligned implant of the Source and drain regions, align 
ment problems can be effectively controlled by preferably 
restricting alignment in one of two directions. That is, 
alignment concerns can be limited to only one direction 
Since the critical dimensions for gate electrodes refer to the 
width of the gate. 
0046) The damascene methods for forming the gate and 
gate dielectric film enable the formation of an epitaxial 
Silicon layer for the channel region of the transistor. That is, 
according to a Second embodiment, rather than Stopping the 
trench etch on the silicon Substrate as in the first embodi 
ment, the trench etch is extended partially into the Silicon 
Substrate. The etched trench extension into the Substrate, i.e., 
the channel etch, is then filled with epitaxial silicon by a 
deposition technique, for example, by chemical vapor depo 
Sition methods. Following the growth of the epitaxial Silicon 
portion, the trench is lined with a thin high-k gate dielectric 
film followed by deposition of the gate conductor material, 
as described above in the first embodiment. This embodi 
ment thus provides a transistor capable of higher perfor 
mance due to the formation of the inversion channel in the 
epitaxial Silicon portion. In the Second embodiment, the 
implanted epitaxial Silicon is implanted to form Strained 
Silicon in the channel. The Strained Si can be integrated onto 
Ge or SiGe. By creating the gate electrode and high-k 
dielectric film by this additive process, advanced character 
istics can be obtained Suitable for the next generations for 
CMOS architectures. 

0047 FIGS. 2A-2G are diagrams illustrating a method of 
forming a Semiconductor integrated circuit in accordance 
with a second embodiment of the present invention. This 
embodiment describes a process flow including an epitaxial 
grown channel portion. The steps illustrated in FIGS. 2A to 
2G may alternatively be integrated into the process flow 
described and illustrated in FIGS. 1A to 1N, preferably in 
lieu of FIGS. 1 F to 1.J. That is, after definition of the 
Source/drain implants illustrated in FIG. 1E, the process 
flow proceeds to the gate electrode trench etch illustrated in 
FIG. 2A. Once the gate electrode in accordance with the 
Second embodiment is formed, contact hole and contact 
formation proceeds as illustrated in FIGS. 1K to 1N. 
0048. Initially, as illustrated in FIG. 2A, the first ILD 
layer 132 is formed on the Substrate 102 for subsequent 
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patterning and etching. AS illustrated in FIG. 2B, the gate 
electrode trench is defined in the first ILD layer 132 as 
described above with reference to FIG. 1G. Rather than 
stopping on the surface of the substrate 102 as described in 
the first embodiment, the etching continues into the Substrate 
102 to etch a channel 202 into the Substrate, as illustrated in 
FIG. 2C. The depth of the channel etch can vary in 
accordance to the design but preferably is a Sufficient depth 
Such that the entire device inversion channel forms in the 
Subsequently epitaxially grown region. 
0049) Next, as illustrated in FIG. 2D, epitaxial growth of 
the device channel 204 occurs. The epitaxially grown chan 
nel 204 may be grown as strained Si on Ge or on Si-Ge. 
Strained Silicon is achieved by incorporating Ge in the 
Silicon lattice. A primary advantage is controlling the char 
acteristics of the channel with more precision. Impurities 
may be added to modify the conductivity or stress of the 
channel to achieve different modes of operation for the 
transistor. 

0050. In essence, this embodiment enables the rebuilding 
of a pure channel to meet the demanding requirement of 
future device technologies. Due to the limitations of the base 
Si Substrate material, particularly in terms of carrier mobility 
and intrinsic performance, efforts have been directed to 
Substituting other materials for conventional Silicon Sub 
Strate. Strained Si technology enables improvements in 
CMOS performance and functionality through replacement 
conventional Si Substrate with a biaxially strained thin Si 
film at the Surface. The strained Si film has electrical 
properties Superior to bulk Si. For example, these charac 
teristics include greater electron and hole mobilities. Silicon 
in its Strained State provides greater drive current capabilities 
for NMOS and PMOS transistors. 

0051. Following formation of the epitaxially grown chan 
nel 204, deposition of the high-k gate dielectric 206 occurs 
(See FIG. 2E), again in accordance with the techniques and 
parameters described in the first embodiment with respect to 
gate dielectric 134. Next, a gate electrode conductive mate 
rial 208 is deposited, preferably comprising polysilicon or 
tungsten, as illustrated in FIG. 2F. Additional specific 
candidates include Cu, W or Al as described earlier. This 
technique provides a choice of materials for the gate elec 
trode. The process Steps and parameters for depositing this 
gate conductive layer conforms to the methods of forming 
the gate electrode conductive layer 136 described and illus 
trated in FIG. I. 

0052. After deposition of the gate electrode conductive 
layer 208, chemical mechanical polishing is preferably per 
formed to remove the overburden region and thus to pla 
narize the gate electrode 208 to be coplanar with the top 
surface of the dielectric layer 208. The partially formed 
device after completion of the planarization Step is illus 
trated in FIG. 2G. Formation of the contact holes and 
contacts then proceeds in accordance with the process Steps 
illustrated and described in the first embodiment with ref 
erence to FIGS. 1K to 1N. 

0053. The present invention overcomes problems in the 
formation of gate electrodes and high-kgate dielectric films 
in ultra Submicron process technologies. The novel Sequenc 
ing provided in embodiments of the present invention form 
the high-k dielectric film and the gate electrode after the high 
temperature anneal processes have been completed. Lightly 
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doped diffusion (LDD) regions are then formed in surface 
regions of the Substrate. In conventional processes, they are 
Self-aligned with the Structure of the gate electrode, owing 
to the prior formation and patterning to the gate. The 
Surfaces of the Source drain regions and the gate electrode 
are then Salicided to improve contact resistance. Since the 
Salicides are formed after contact etch, improvements in 
device performance result form reduced transistor leakage. 
Specifically, the lack of Salicide near the shallow trench 
isolation receSS prevents related transistor leakage due to the 
Salicide crossing the bent junction in these regions. 
0.054 Although the foregoing invention has been 
described in Some detail for purposes of clarity of under 
Standing, it will be apparent that certain changes and modi 
fications may be practiced within the Scope of the appended 
claims. Accordingly, the present embodiments are to be 
considered as illustrative and not restrictive, and the inven 
tion is not to be limited to the details given herein, but may 
be modified within the scope and equivalents of the 
appended claims. 
What is claimed is: 

1. A method of forming an integrated circuit transistor 
comprising: 

depositing a first dielectric layer on a Substrate; 
etching a gate electrode trench in the first dielectric layer; 
depositing a conformal gate dielectric film to line the 

trench; and 
depositing a gate electrode conductor in the trench to 

cover the gate dielectric film and fill the trench. 
2. The method as recited in claim 1 wherein the gate 

electrode trench etch Stops on the underlying Substrate. 
3. The method as recited in claim 1 wherein the gate 

electrode trench is extended Such that the bottom of the 
trench forms a depression in the Substrate. 

4. The method as recited in claim 1 wherein the first 
dielectric layer comprises one of undoped Silicate glass and 
phospho-Silicate glass. 

5. The method as recited in claim 1 wherein the gate 
electrode conductor comprises aluminum. 

6. The method as recited in claim 1 wherein the gate 
electrode conductor comprises one of aluminum, tungsten, 
and polysilicon. 

7. The method as recited in claim 1 further comprising 
defining a drain and Source region in the Substrate before 
depositing the first dielectric layer on the SubStrate. 

8. The method as recited in claim 7 further comprising 
defining a lightly doped drain region and a punch through 
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implant Stop layer in the Substrate before depositing the first 
dielectric layer on the Substrate. 

9. The method as recited in claim 1 further comprising 
defining a lightly doped drain region and a punch through 
implant Stop layer in the Substrate before depositing the first 
dielectric layer on the Substrate. 

10. The method as recited in claim 1 wherein the first 
dielectric layer is an interlayer dielectric and further com 
prising forming at least one contact hole in the first interlayer 
dielectric. 

11. The method as recited in claim 10 wherein the at least 
one contact hole exposes at least one of a Source, a drain, or 
a gate electrode and further comprising forming a Salicide on 
the exposed at least one of a Source, a drain, and a gate 
electrode. 

12. The method as recited in claim 1 further comprising 
etching a channel trench into the Substrate beneath the gate 
electrode trench and epitaxially growing a Silicon layer in 
the channel trench. 

13. The method as recited in claim 12 wherein the 
epitaxially grown Silicon layer is a Strained Silicon layer 
formed on a SiGe layer grown in the channel trench. 

14. The method as recited in claim 12 wherein the 
epitaxially grown Silicon layer is a Strained Silicon layer 
formed on a Ge layer grown in the channel trench. 

15. The method as recited in claim 14 wherein the strained 
silicon Substrate implant is formed on one of a SiGe or Ge 
layer. 

16. A method of forming a Semiconductor integrated 
circuit, the method comprising: 

forming a Source and drain diffusion region on a Semi 
conductor Substrate; 

forming an interlayer dielectric layer on the Semiconduc 
tor Substrate after formation of the Source and drain 
diffusions; 

etching a gate electrode trench in the interlayer dielectric 
layer, the gate electrode trench configured for the 
placement of a gate electrode to control the current 
between the Source and drain regions, 

lining the gate electrode trench with a gate dielectric 
layer; and 

depositing a gate electrode conductive material in the gate 
electrode trench after lining the trench with the gate 
dielectric film. 

17. The method as recited in claim 16 wherein the gate 
electrode trench etch Stops on the Substrate. 
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