-1 METHOD FOR FORMING A SEMICONDUCTOR DEVICE Related Applications 5 This application
is related to United States Patent Application Number 08/907,990, entitled "Method for Forming an
MOS Transistor Having a Metallic Gate Electrode that is Formed After the Formation of Self-aligned
Source and Drain Regions" filed August 11, 1997; United States Patent Application Number
09/107,963, entitled 10 "CMOS Semiconductor Devicgs and Method of Formation" filed on June 30,
1998, and Attorney Docket Number SC91178A, entitled "Method for Forming A Semiconductor
Device" filed of even date, all of which are assigned to the current assignee hereof and are hereby
incorporated by reference. 15 Field of the Invention The present invention relates generally to methods
for forming semiconductof,deyjess gRe MeraRPRHE W ircBRIBRAS FOIH ¢ mifg gemiconductor
devices including gate electrodes. 20 Background of the Invention In semiconductor device
fabrication, polysilicon and silicon dioxide are commonly used to form gate electrodes and gate
dielectrics for metal-oxide 25 semiconductor (MQsdrARsistationsiowever, the scaling of semiconductor
devices into the 0.1 micron (m) regime will likely result in problems that will require fabricating gate
electrodes and gate dielectrics using alternative materials. Polysilicon requires the addition of

impurities to affect its poRdgplicdoAs RIERRSISHIS %@@@é@ﬁf@ékﬂid&%ﬁ%iﬂﬁﬁeﬁhe transistor's
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Electrode that is Formed After the Formation of Self-aligned Source and Drain Regions"

filed August 11, 1997; United States Patent Application Number 09/107,963, entitled
10 "CMOS Semiconductor Devices and Method of Formation” filed on June 30, 1998, and

Attorney Docket Number SC91178A, entitled “Method for Forming A Semiconductor

Device” filed of even date, all of which are assigned to the current assignee hereof and

are hereby incorporated by reference.

15 Field of the Invention

The present invention relates generally to methods for forming semiconductor
devices and more particularly to methods for forming semiconductor devices
including gate electrodes.

20
Background of the Invention

In semiconductor device fabrication, polysilicon and silicon dioxide are
commonly used to form gate electrodes and gate dielectrics for metal-oxide-

25 semiconductor (MOS) transistors. However, the scaling of semiconductor devices
into the 0.1 micron (um) regime will likely result in problems that will require
fabricating gate electrodes and gate dielectrics using alternative materials.

Polysilicon requires the addition of impurities to affect its conductivity. As
the transistor is scaled to smaller dimensions, the transistor’s resistivity is increased

30 and gate depletion effects can become a factor. Increasing the impurity concentration
within the polysilicon to reduce the resistance and the gate depletion effects can

contribute to boron penetration effects, which can adversely affect the transistor’s



contribute to boron penetration effects, which can adversely affect the transistor's -2 performance. In
addition, scaling may also necessitate using alternative dielectric materials, such as metal oxides that
have dielectric constants greater than that of conventional silicon dioxide in order to reduce tunneling
leakage between the gate electrode and the transistor's channel region. Incompatibility issues can
exist when 5 using polysilicon gates in conjunction wigh some metal oxides. The polysilicon can react
with the metal oxide and contaminate it, thereby negatively affecting its dielectric constant properties.
Metals are an alternative material currently being investigated to replace polysilicon for use as gate
electrodes. Meparéosmengmidnidridvancaieg 61yralso peggsiliethusinghalées itivie it degtsiteet

resistance. HopueraIRRINGs R BRIGIAPANRIEN B FRTBIRRRRBREMPARACNPGP designs

introduces new process Integration and manufacturing issues. For example, current polysilicon gate
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Metals, however, are not readily doped. Therefore, when replacing polysilicon with metal, efforts have

focused on 3eleHiFPGEHGAREAESHRGRY WEHORUNERGRE TAREIIEXIS8E 1 7AOEIBERTHCERD of silicon.
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Unfortunately, these mid-gap metal materials can result in transistor VTs that are not 20 optimized for

low-voltage, loW/SSeRH&T GGH2PEPORALISe devices. -3 Brief Description of the Drawings The present
invention is illustrated\astakenrobexderniiaachaetiinitationlinb&nh eraesogapany nepligrares, in which
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10 polysilicon because of their low sheet resistance. However, merging metal gate
technology into complementary MOS (CMOS) designs introduces new process
integration and manufacturing issues. For example, current polysilicon gate CMOS
processes can use a combination of doped N* and P* polysilicon in respective NMOS
and PMOS devices to overcome problems associated with adjusting channel

15 threshold voltages (VT). Metals, however, are not readily doped. Therefore, when
replacing polysilicon with metal, efforts have focused on selecting those metals
having work functions that are close to the mid band-gap of silicon. This allows the
VT of the respective n-channel and p-channel devices to be symmetrical.
Unfortunately, these mid-gap metal materials can result in transistor VTs that are not

20 optimized for low-voltage, low-power, high-performance devices.



FIG. I includes an illustration of a cross-sectional view of a portion of a semiconductor device
substrate after forming a dummy stack; FIG. 2 includes an illustration of a cross-sectional view of the
substrate of 10 FIG. | after forming dummy structures and extension implants within the substrate;
FIG. 3 includes an illustration of a cross-sectional view of the substrate of FIG. 2 after forming elevated
source/drain regions; FIG. 4 includes an illustration aza cross-sectional view of the substrate of FIG. 3
after forming an insulating layer over the substrate; 15 FIG. 5 includes an illustration of a
cross-sectional view of the substrate of FIG. 4 after polishing the substrate and capping an exposed
surface of the substrate; FIG. 6 includes an illustration of a cross-sectional view of the substrate of
FIG. 5 afte_r remo_ving portions of one %ﬁ@?ﬁm&ﬁrHﬂHé%'er\'/ﬁqz includes_ an illqstration_of a
cross-sectional view of the substrate of 20 FIG. 6 after depositing aTirst gate dielectric material and
first gate electrode material; FIG. 8 includes an illustration of a cross-sectional view of the substrate of
FIG. 7 after polishing @ ﬁk&%ﬁ?ﬁ%@ﬁ‘@oﬁ?Fmiﬁl&bﬁa@étpﬂiﬂﬂd?)éﬁre%ﬁfg’ef&rﬁ AstsinflaabRds: FIG. 9

includes an illustration of a cross-sectional view of the substrate of 25 FIG. 8 after depositing a
second gat® dit1@8aFO PR SIes cBhyhy sl ik tafergacen Andicatersianilansleansa s ail ilustration of
a cross-sectionghjdgew of the substrate of FIG. 9 after forming N-channel and P-channel transistors;
FIG. I l includes a cross- sectional view ?f the substrate of FIG. 10 after 30 forming conductive plugs;

and FIG. 12 includes & Grob@ueeRaAl MHSHAHPIHY & MLEteHPRIEYIPNG PRITAIRGT R substantially

completed devsemienductor device substrate after forming a dummy stack;

FIG. 2 includes an illustration of a cross-sectional view of the substrate of
10 FIG. 1 after forming dummy structures and extension implants within the substrate;
FIG. 3 includes an illustration of a cross-sectional view of the substrate of
FIG. 2 after forming elevated source/drain regions;
FIG. 4 includes an illustration of a cross-sectional view of the substrate of
FIG. 3 after forming an insulating layer over the substrate;
15 FIG. 5 includes an illustration of a cross-sectional view of the substrate of
FIG. 4 after polishing the substrate and capping an exposed surface of the substrate;
FIG. 6 includes an illustration of a cross-sectional view of the substrate of
FIG. 5 after removing portions of one of the dummy structures;
FIG. 7 includes an illustration of a cross-sectional view of the substrate of
20 FIG. 6 after depositing a first gate dielectric material and first gate electrode material;
FIG. 8 includes an illustration of a cross-sectional view of the substrate of
FIG. 7 after polishing the substrate and forming a capping layer over a first gate
electrode;
FIG. 9 includes an illustration of a cross-sectional view of the substrate of
25 FIG. 8 after depositing a second gate dielectric material and second gate electrode
material,
FIG. 10 includes an illustration of a cross-sectional view of the substrate of
FIG. 9 after forming N-channel and P-channel transistors;
FIG. 11 includes a cross-sectional view of the substrate of FIG. 10 after
30 forming conductive plugs; and
FIG. 12 includes a cross-sectional view of the substrate of FIG. 11 after

forming a substantially completed device.



Skilled artisans appreciate that elements in the figures are illustrated for simplicity and clarity and
have not necessarily been drawn to scale. For example, the dimensions of some of the elements in
the figures may be exaggerated relative to other elements to help to improve understanding of
embodiments of the present 5 invention. -5 Detailed Description of the Drawings In accordance with an
embodiment of the present invention, dummy structuwes 5 are formed over a semiconductor device
substrate. Portions of a first dummy structure are removed and replaced with a first conductive
material that is used to form a first gate electrode and portions of a second dummy structure are
removed and replacetkillgd ardsatsappieatiietial ehements tndbesfigoees ridatstiatedord gate
electrode. In ag; Al RIAPRMINE LA AYRERK Y LR AGTefusiog Adf fisstponductive
material that is used to form a first electrode. A second électrode is then formed by removing the first
conductive matBRaNfions af foase ehtoelemaninimipedigias B yne expaaentsd wigtivedecond
conductive maggria! clBraGReEaRES (0 ilmpREID AAUBRRARAINS BRASSNHIBNMEMIARe HiesRtt conductive
material and the second conductive material include at least one different conductive material. 15 An
embodiment of'ﬂM%”HF&ent invention will now be described more fully with references to the
accompanying figures. Shown in FIG. 1 is a cross-sectional view of a partially formed semiconductor
device. The semiconductor device comprises a p-type semiconductor device substrate 10, an N-well
region 12, field isolation regions 14, and a dummy film stack 16. In this particular embodiment, 20
semiconductor device substrate 10 is a monocrystalline semiconductor substrate. Alternatively,
semiconductor device substrate 10 is a semiconductor-on-insulator substrate or any other substrate
used for forming semiconductor devices. Field isolation regions 14 are shallow trench isolation
regions formed using conventional



etch and chemical-mechanical polishing (CMP) processes. Alternatively, field 25 isolation regions 14
can be formed using local oxidation of silicon (LOCOS) or any other technique used for forming
isolation regions. After forming the isolation regions 14, well regions 12 are formed in the
semiconductor device substrate 10. For simplicity of illustration, in this particular embodiment, only a
single well region 12 is shown. 30 After forming the wgell region 12, the dummy film stack 16 is formed
over the semiconductor device substrate 10. In this particular embodiment, dummy film stack 16
includes a dielectric layer 162, a polysilicon layer 164, and an antireflective layer -6 166. The dielectric
layer 162 can be formed by thermally oxidizing portions of the substrate 10. Alternatively, the
dielectric layer can be formed as a |al?§%faﬂfe§iHfé%'ariﬁﬁgﬁ%ff?H@Brﬂa%ﬁalémde' silicon oxide, or the like,
using other deposition methods, such as low pressure chemical vapor deposition (LPCVD), plasma
enhanced chemical 5 vapor deposition (PECVD), or the like. The thickness of the dielectric layer 162
is typically in a range) RLARIAREBILRI A1 embaMARterKBRLsERaReMIicomIave sthidurtypically

formed using conventional LPCVD methods. The polysilicon layer 164 can alternatively be formed as

a layer of amoASREAEISHQYS 3iRBHCBANARTHFYISSHRSIGIRe PRIERIP kRIS hAUSE L lectively etched

with respect togigégialeresiepibasdlihgifgnacedidienantrspddrd JdiR hieitaaaptratieupedyeilicon layer
164 is typically in a rf!?ﬁ e of approximately 50-300 nm. However, those of ordinary skill in the art will
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are convetfiotimbt conductive material that is used to form a first electrode. A second electrode is

then formed by removing the first conductive material from at least one of the dummy
structures and replacing it with a second conductive material. In accordance with
embodiments of the present invention, the first conductive material and the second
conductive material include at least one different conductive material.

15 An embodiment of the present invention will now be described more fully
with references to the accompanying figures. Shown in FIG. 1 is a cross-sectional
view of a partially formed semiconductor device. The semiconductor device
comprises a p-type semiconductor device substrate 10, an N-well region 12, field
isolation regions 14, and a dummy film stack 16. In this particular embodiment,

20 semiconductor device substrate 10 is a monocrystalline semiconductor substrate.
Alternatively, semiconductor device substrate 10 is a semiconductor-on-insulator
substrate or any other substrate used for forming semiconductor devices. Field
isolation regions 14 are shallow trench isolation regions formed using conventional
etch and chemical-mechanical polishing (CMP) processes. Alternatively, field

25 isolation regions 14 can be formed using local oxidation of silicon (LOCOS) or any
other technique used for forming isolation regions. After forming the isolation
regions 14, well regions 12 are formed in the semiconductor device substrate 10. For
simplicity of illustration, in this particular embodiment, only a single well region 12
is shown.

30 After forming the well region 12, the dummy film stack 16 is formed over the
semiconductor device substrate 10. In this particular embodiment, dummy film stack

16 includes a dielectric layer 162, a polysilicon layer 164, and an antireflective layer



The dummy film stack 16 is then patterned and etched using conventional reactive ion etch (RIE)
processing to form dummy structures 201 and 202 that include 20 remaining portions of dielectric
layer 162, polysilicon layer 164, and antireflective layer 166. The dummy structures 201 and 202 are
further processed, using conventional techniques, to include a liner layer 22, n-type extension regions
26, p- type extension regions 28, and sidewall spacerg- 24, as illustrated in FIG. 2. In FIG. 3, an
epitaxial layer 38 is formed over extension regions 26 and 28. In 25 one particular embodiment, the
epitaxial layer 38 is formed using selective epitaxial deposition. The epitaxial layer 38 can be formed

using materiald-8%at Theldisdesnitsolay eg A aaibe, formen yetimemaliv osidiaingkerponionsnef the
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source and drain regions 32 and 34. In this particular -7 embodiment, the silicide layer is a cobalt
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Alternatively, InsUiatig. IYSkitheR REJ06MES RN AR 08 HRinary skill in the art will
appreciate, after reviewing embodiments herein, that the thickness of the polysilicon
layer 164 can vary according to the desired thickness of subsequently formed gate
electrodes. The antireflective layer 166 can be formed as a layer of silicon-rich
15 silicon nitride or, alternatively, any other material capable of being used as an
antireflective coating (ARC) layer. Its method of formation and thickness are
conventional.
The dummy film stack 16 is then patterned and etched using conventional
reactive ion etch (RIE) processing to form dummy structures 201 and 202 that include
20 remaining portions of dielectric layer 162, polysilicon layer 164, and antireflective
layer 166. The dummy structures 201 and 202 are further processed, using
conventional techniques, to include a liner layer 22, n-type extension regions 26, p-
type extension regions 28, and sidewall spacers 24, as illustrated in FIG. 2.
In FIG. 3, an epitaxial layer 38 is formed over extension regions 26 and 28. In
25 one particular embodiment, the epitaxial layer 38 is formed using selective epitaxial
deposition. The epitaxial layer 38 can be formed using materials that include silicon,
germanium, silicon-germanium, or the like. Portions of the epitaxial layer 38 are then
doped to form elevated N-type source and drain regions 32 and elevated P-type
source and drain regions 34 for the N-channel and P-channel transistors, respectively.
30 After forming the elevated source and drain regions 32 and 34, a metal layer can be
deposited over the surface of the substrate 10. The metal layer can be used to form a

silicide layer 36 overlying the source and drain regions 32 and 34. In this particular



such as phosphosilicate glass (PSG), borophosphosilicate glass (BPSG), silicon oxynitride, polyimide,
a low-k dielectric, or a combination thereof. For the purposes of this specification, a low-k dielectric is
a material having dielectric constant less 15 than approximately 3.5. In FIG. 5, a chemical-mechanical
polishing process is used to remove portions of insulating layer 44 and planarize the surface of the
substrate 10. In one embodiment, the polysilicon laygr 164 functions as a polishing stop layer during
the polishing process. The polishing process removes portions of the insulating layer 44, 20 capping
layer 42, and ARC layer 166 and exposes portions of the polysilicon layer 164 within dummy
structures 201 enaogonenh thissdiaisedayienis agebalbsidisig o). phéRrmativally bdipigerdayeed to insure

adequate expogslre,phARBHIRREIYYBERhIS RAMEHISQNIANR' rbPform FRPRINGIRY S A4S then

formed over the planarized surface™ as shown in FIG. 5. In this particular embodiment, the capping
layer 54 is a lajiE@ndimstaiiabin ingstesvriditismgPeblisntiang theBKeD processing. Alternatively, the
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10 of CVD or furnace deposited silicon oxide that uses tetraethylorthosilicate (TEOS) as
a reactant gas. Alternatively, insulating layer 44 can be formed using other materials,
such as phosphosilicate glass (PSG), borophosphosilicate glass (BPSG), silicon
oxynitride, polyimide, a low-k dielectric, or a combination thereof. For the purposes
of this specification, a low-k dielectric is a material having dielectric constant less
15 than approximately 3.5.

In FIG. 5, a chemical-mechanical polishing process is used to remove portions
of insulating layer 44 and planarize the surface of the substrate 10. In one
embodiment, the polysilicon layer 164 functions as a polishing stop layer during the
polishing process. The polishing process removes portions of the insulating layer 44,

20 capping layer 42, and ARC layer 166 and exposes portions of the polysilicon layer
164 within dummy structures 201 and 202. In this embodiment, over-polishing may
preferentially be performed to insure adequate exposure of the upper surface of the
polysilicon layer 164. A capping layer 54 is then formed over the planarized surface
as shown in FIG. 5. In this particular embodiment, the capping layer 54 is a layer of

25 silicon nitride formed using conventional LPCVD processing. Alternatively, the
capping layer 54 may also be formed as a silicon nitride layer using a PECVD
process. The thickness of nitride capping layer 54 is typically in a range of
approximately 5-200 nanometers (nm), and often the thickness of the capping layer is
in a range of 5-50 nm.

30 FIG. 6 illustrates that portions of capping layer 54, polysilicon layer 164,
dielectric layer 162, and liner layer 22 associated with dummy structure 201 have

been removed. During this processing, remaining portions of the capping layer 54



removed using conventional plasma or wet etching processes to define a feature opening 66, as
shown in FIG. 6. If so desired, an ion implant threshold (VT) adjust is then optionally performed
through the feature opening 66 and portions of the dielectric layer 162 and liner layer 22 are optionally
removed using conventional 10 dielectric etch processing. In accordance with one embodiment, the
dielectric layer 162 and portions of the liner layer 22.gre removed and replaced with a gate dielectric
layer 62, as shown in FIG.7. In alternative embodiments where the dielectric layer 162 and the liner
layer 22 are formed using dissimilar materials, the dielectric layer 162 can be 15 selectively removed
with respect tofrsehentieyt rEpregione psaeeiatodyithghienaicteoatier ea3@2. 6Remowsikqdarticular

embodiment, thegaiR dialeCHimRyERRF @otAYR"LEITITRALY ASRG AT ioAR dioxide. The

thickness of the gate dielectric layér 62 is typically in a range of approximately 5-20 nanometers,
however, thos@AtA FNRSPBKIANA tPRCEYEARP RieTatBEhBEOSRESESi Ek HESd eRAVPR)rHers Rfiff to the 20
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be formed using other materials, such as silicon nitride, (Si3N4) titanium 102), tantalum
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shown in FIG. 9PEAN0Ae Sy e Krebird 8?&ﬁ9|%’h"§h6ﬂmaﬂét2[?éﬁglﬁ’a@ ASUEshially fills
the feature openéndpfiorldIg pateoeiesinprieugnaterishbeismisiny @slval patéd ey shetal nitride. More
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nitride (WNJ nutiéyécteneoh(ptogessolgbdenum nitride (MoN), copper (Cu), and the like. Other
materials that can be H%%&%&H&%ﬁ% %hecacé%)ggd%aetr?tfi%e%ieIectric layer 162 and portions of
the liner layer 22 are removed and replaced with a gate dielectric layer 62, as shown
in FIG.7. In alternative embodiments where the dielectric layer 162 and the liner
layer 22 are formed using dissimilar materials, the dielectric layer 162 can be
15 selectively removed with respect to the liner layer 22 and replaced with a gate
dielectric layer 62. In this particular embodiment, the gate dielectric layer 62 is a
layer of thermally deposited silicon dioxide. The thickness of the gate dielectric layer
62 is typically in a range of approximately 5-20 nanometers, however, those of
ordinary skill in the art appreciates that this thickness can vary according to the
20 operational requirements of the semiconductor device. Alternatively, the gate
dielectric layer 62 can be formed using other materials, such as silicon nitride,
(Si3N4) titanium dioxide (TiO2), tantalum pentoxide (Ta205), strontium titanate
(STO), barium strontium titanate (BST), lead zirconate titanate (PZT), or the like.
A gate electrode material 64 is then formed within the feature opening 66.
25 The gate electrode material is typically formed using conventional CVD, PVD or
plating processes. As shown in FIG. 7, the thickness of gate electrode material 64
should be such that it substantially fills the feature opening 66. The gate electrode
material 64 is preferably a metal or metal nitride. More specifically, the gate
electrode material 64 can be formed using a material such as aluminum (Al), titanium
30 (Ti), titanium nitride (TiN), tantalum (Ta), tantalum nitride (TaN), tungsten (W),
tungsten nitride (WN), molybdenum (Mo), molybdenum nitride (MoN), copper (Cu),

and the like. Other materials that can be used as the gate electrode material 64



-9 include noble metals and metals that are capable of forming conductive metal oxides. Examples of
these include platinum (Pt), palladium (Pd), osmium (0s), ruthenium (Ru), iridium oxide (IrO2),
ruthenium oxide (Re02, Re03), and the like. In addition, a combination of the foregoing materials can
be used as the gate electrode material 5 64. In FIG. 8, portions of the gate electrode material 64, gate
dielectric layer 62, and nitride capping layer 54 are rgmoved using a conventional polishing to form a
metal gate electrode 71. The dimensions and location of the metal gate electrode 71 are substantially
the same as those previously defined by the polysilicon layer 164 in 10 dummy structure 201. As
illustrated in FlBclgdenroblerfaetatsand sugiatathwdiayeotapalileaef oresing eendeqtivismitgl prodesss to define
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embodiment, the capping layer 74 is formed using processes and materials similar to those described
previously to fdffH) tHEdEHPPNiGeEP D4 't hetimaxide tRaQBodrASHIWHBEd IbRidkietfiE @t concern,
15 the capping,| : I i j I ORRRS ipimize the
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layer 74 is t9pi€Ally in a range of approximately 5- 200 nanometers (nm), often the thickness of the
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conventional deposition 20 processes. In 9, portions of capping Tayer 74, polysilicon layer 164,
dielectric layeraN®itEHa ¢ARPIAG fauSieP Lo 68 aEUP INRIR GORYATYISRRIG1OHS 02 Ih EVEFeen removed

and replaced wWiit4 gateclislrsde s 1ayeRddimBrRsaain S IBeRiIeoNRe iRk A4 e s0e dRSIESEL an ion

implant threshold (VT) adjust can be performed during this processing 25 sequence. The removal of
capping layer P4 potySintai4esane ag iR REEMPHR IV B IRGHHOYEE BORSBISTS FaEbASRHN a
manner similardighihrst ArgeHREZDPreXiOMRRtrated in FIG. 8, the surface 72 is substantially planar

as a result of the polishing process to define gate electrode 71. A capping layer 74 is
then formed over the surface 72. In this particular embodiment, the capping layer 74
is formed using processes and materials similar to those described previously to form
the capping layer 54. Alternatively, in embodiments where oxidation is of concern,
15 the capping layer 74 can be formed using rapid thermal CVD (RTCVD) process to
minimize the oxidation of exposed portions of the first gate electrode material 64.
The thickness of nitride capping layer 74 is typically in a range of approximately 5-
200 nanometers (nm), often the thickness of the nitride capping layer in a range of 5-
50 nm. The nitride capping layer 74 can be formed using conventional deposition
20 processes.
In FIG. 9, portions of capping layer 74, polysilicon layer 164, dielectric layer
162, and the liner layer 22, associated with dummy structure 202, have been removed
and replaced with a gate dielectric layer 82 and a gate electrode material 84. If so
desired, an ion implant threshold (\VT) adjust can be performed during this processing
25 sequence. The removal of capping layer 74, polysilicon layer 164, dielectric layer
162, and liner layer 22 is performed in a manner similar to that described previously
in FIG. 6 to remove the nitride capping layer 54, polysilicon layer 164, dielectric
layer 162, and liner layer 22. Additionally, the deposition and materials used to form
the gate dielectric layer 82 and the gate electrode material 84 are similar to those used
30 to form the gate dielectric layer 62 and gate electrode material 64, described
previously in FIG. 6. Typically, however, the combination of materials or

thicknesses used to form the gate structure from dielectric layer 82 and gate electrode



in FIG. 6 to remove the nitride capping layer 54, polysilicon layer 164, dielectric layer 162, and liner
layer 22. Additionally, the deposition and materials used to form the gate dielectric layer 82 and the
gate electrode material 84 are similar to those used 30 to form the gate dielectric layer 62 and gate
electrode material 64, described previously in FIG. 6. Typically, however, the combination of materials
or thicknesses used to form the gate structure from.gglectric layer 82 and gate electrode -10 material
84 is selected such that the VT or some other electrical parameter is different from that of the gate
structure formed from the gate dielectric layer 62 and gate electrode material 64. FIG. 10 shows that

the gate eleqtrmeﬁlaitéﬁiéfi M?@g@df@l@@ﬁti&@/@’r %Omﬂjoﬁl&ﬁﬁi@@fé:@émgﬁmr iz liftevenbeen '
removed, using GOMYRRBPRRAY PAISRINGRCRSRRIAG S Py AR Gata Rt Mgshin dhgdeature opening

86. Upon completion of this processing step, N-channel and P-channel transistors 94 and 96 have
been substan!8siRseiBaterift641 illustrates the semiconductor device substrate of FIG. 10, and

further 10 shows a nigjde GRERING IAYEhE QatPadBiRIIRAR G Sl Gy Riditd LRge P8 Spnductive

plugs 106 formed over the substrate 10. The nitride capping layer 102 and the interlevel dielectric

layer (ILD) P04 HF¥EsrRREINBARYE cOhURYRIBRRA FRRPAIUHAG (oGN] pOHREhRIGRESEMbodiment,

the ILD layer 1@drisrmalished jaaiiernethiandeialios Epipiry @seniies hh sraere theisalicide regions
36 associated with 15 source and drain r%gion 32 and 34, as illustrated in FIG. 11. Although not

shown, the opBiRFRSSA%SIEREIR0ER) BAIBFRNEANG HRPSISE Ga b BRISMIHERREHY of the source and

drain regions afutssaneadiyrievaecaf the ga.te.electrodes ‘71 and 91. After fo‘rming the opgnings, o
processes, 20 proce g DoNRIEE oA CUCEHRERY CoBR(E Cemontttn HEue,
10 shows a nitride capping layer 102, an interlevel dielectric layer (ILD) 104, and
conductive plugs 106 formed over the substrate 10. The nitride capping layer 102
and the interlevel dielectric layer (ILD) 104 are formed using conventional materials
and processes. In one specific embodiment, the ILD layer 104 is polished, patterned
and etched to form openings that expose the salicide regions 36 associated with
15 source and drain regions 32 and 34, as illustrated in FIG. 11. Although not shown,
the openings may alternatively be formed to expose various combinations of the
source and drain regions or to one or more of the gate electrodes 71 and 91. After
forming the openings, conductive plugs 106 are then formed within the openings
using conventional deposition and polishing processes.
20 Processing continues to form a substantially completed semiconductor device,
as shown in FIG. 12. An insulating layer 110 is formed and patterned to define
interconnect trenches. The inlaid interconnects 112, 114, and 116 are then formed
using a combination of deposition and polish processes. In this particular
embodiment, interconnect 112 is the output of an inverter and is connected to the

25 drain regions of the transistors 94 and 96. Interconnect 114 is connected to a Vss

electrode (not shown) and to the source region of the transistor 94. Interconnect 116

is connected to a Vpp electrode (not shown) and to the source region of the

transistor 96. A common connection (not shown) to the gate electrodes for transistors
94 and 96 provides the input to the inverter. Although not shown in FIG. 12, other
30 electrical connections, insulating layers, and interconnect levels can be incorporated

to form additional device circuitry.



as shown in FIG. 12. An insulating layer 110 is formed and patterned to define interconnect trenches.
The inlaid interconnects 112, 114, and 116 are then formed using a combination of deposition and
polish processes. In this particular embodiment, interconnect 112 is the output of an inverter and is
connected to the 25 drain regions of the transistors 94 and 96. Interconnect 114 is connected to a VSS
electrode (not shown) and to the source region of the fransistor 94. Interconnect 116 is connected to a
VDD electrode (not shown) and to the source region of the transistor 96. A common connection (not
shown) to the gate electrodes for transistors 94 and 96 provides the input to the inverter. Although not
shown in FIG. 12, oth&h@preseatricetteethinstiates, maiiaihel Rijernativadmbecdmentsct Iewers can be
incorporated tgform;adritionat e ieRibhs BioIT HR I RIR {BYeANiaR NGhRsRRBNAstAlternative

embodiments. In one embodiment, selected portions of polysilicon film 164 can be implanted to
change its mofBelgieorApPSItEaNFHoER¥pNE. the P-elamsbrammmnsistetivesreandaplaiiganted with
' , to form a

germanium, at\g;foguinadeieh it IBBMRIEPYFRIBR Rt dQIHRARAY IFUY FoRGRIN U RIR

germanium-doped_polézilicon film. The compositional differences between the polysilicon and the

germanium3opedi PEiGEiledRrilA BRimaRidREde PRt RN HiceR Bl el e LAMPRS B@Rfhy structures

relative to eaCfdﬁf@@h@é@be’ﬁﬁ@@wﬂ@iﬁw&h@(ﬁ%ﬁﬂiﬁﬁ@@@ﬁﬁﬁrmﬁ@w@m%I@N?r]ciliﬁﬂﬁbvgatefial-
[ Benefits of this 1

Therefore, the capping layer 74 shown in FIG. 8 may not be necessary.

embodimen in’é\%@e‘?ﬁ&%ﬁ{ﬂzﬁ%Wic&gﬁys?ﬁ&t%ﬁ%ﬂ%rﬂfﬁﬁ@f@ﬁﬂéﬁB?Wtjg&h&}mgt_rucﬁure and
subsequent gatengiestsntler tequoigkRitative mhadimeasptitepohpdiingnayercadl. iImhdtefdle|s the polis
stop layer instead of the IoI si%corhla er. I'g ﬁ%iaembod'ﬂient the cap%'n /P Iis£ stop layer is formed
using a dielect e SRRAGIYEL A THRudR ElfechRAaet 1 HCR e IGLTR oxide, aluminum
oxide_, zircd)t_)iu_anrﬂmidim@mﬁm_mmarreqliﬁﬁhh@, fakemiepositibridedqatterrikg.sTeps thifdmetdwof the
capping/ pOI'Sh'cﬂﬁnSr%())Ps{ﬁYc%r'g and subsequent gate electrode.

In an alternative embodiment, the capping layer 42, in FIG. 4, is the polish

stop layer instead of the polysilicon layer. In this embodiment, the capping/polish
stop layer is formed using a dielectric material that can include silicon nitride,

15 titanium oxide, tantalum oxide, aluminum oxide, zirconium oxide, germanium nitride,
aluminum nitride, or the like. The thickness of the capping/polishing stop layer is
typically in a range of approximately 20-100 nm. If silicide regions have been
formed, such as silicide regions 36, a thin silicon oxide or silicon nitride layer may be
formed between the capping/polishing stop layer and the silicide regions to minimize

20 interactions between the two materials. In this embodiment, the polishing process
first exposes portions of the capping/polishing stop layer defined by remaining
adjacent portions of the insulating layer, such as insulating layer 44. The substrate is
then patterned and etched or, alternatively, selectively etched with respect to the
remaining adjacent portions of the insulating layer, to remove the exposed portions of

25 the capping/polishing stop layer, underlying portions of the ARC layer 166,
polysilicon layer 164, dielectric layer 162, and liner layer 22 within the dummy
structure, thereby forming an opening similar to opening 66, shown in FIG. 6. A gate
dielectric layer and gate electrode material are then formed within the opening similar
to the gate dielectric layer 62 and gate electrode material 64 described and shown in

30 FIG. 7. The substrate is then polished to form a first gate electrode similar to gate

electrode 71 described and shown in FIG. 7.



typically in a range of approximately 20- 100 nm. If silicide regions have been formed, such as silicide
regions 36, a thin silicon oxide or silicon nitride layer may be formed between the capping/polishing
stop layer and the silicide regions to minimize 20 interactions between the two materials. In this
embodiment, the polishing process first exposes portions of the capping/polishing stop layer defined
by remaining adjacent portions of the insulating layetpsuch as insulating layer 44. The substrate is
then patterned and etched or, alternatively, selectively etched with respect to the remaining adjacent
portions of the insulating layer, to remove the exposed portions of 25 the capping/polishing stop layer,

underlying portions ECED R BT 1@@%&%@&1&@}@{@@@@@@@@:&9@@ Iitiﬂ,e%tff@ liner layer 22
within the dumpgye SEHCHF s IR RRY é%%%’l&ﬁ&o@Pﬁ@'@Qpﬁ%‘/%F%H&%B B9es By HHIE- 6- A
gate dielectric layer and gate electrode material are then formed within the opening similar to the gate

dielectric layerUsgthafoPqrdsbiagrisielan e farpatgasehasktitiongl Sastlasirodasid-or expdRibstrate is
then polished tgriQran Ashial 9618 RIQSHAHRRITIERMOEAH ElsetrRIR 4 d4pgskand shown in FIG. 7.

-12 During polishing to remove the gate electrode material and gate dielectric layer that forms the first
gate electrotle CARR'REMAHESISoMPREsI s PR RN PH RatiiEghand pisheriAG ssispi he

formation of addifiefabgattooleriéasipasiPpERRYLE thaltappiRlBRiNGH @t iensiyatially define the first
electrode and expose the 5 capping/polishing sto )I/g%er, the substrate can beﬂ&;tterned and etched or

selectively etcRRE95%8 ¥ Qb FHEM W S SRR apoPrig&lesti@9Bortions of
an underlying segeridisloanmestseclepesiteairiditiantriopanih@ate plslished®aokaiefisis aan then be

R Dt W O R D ) e T

subsequeriily e Fé@Geafdliesrguotedifigreapsroataubisqurdtliibkmessssdiogatdudetitiereatand gate

electrodes in trﬂr(?aigrrfﬁé"l%té%a ﬁlficknesses of gate dielectrics and gate electrodes in the formation of
multiple transistors, thereby forming a number of transistors having different
physical, operational, and performance characteristics.

In yet another embodiment, instead of forming the first dummy structure and

15 then filling it with the first gate electrode material, the first gate electrode may be
formed using the material used to form the dummy stack. For example, referring to
FIG. 1, the dielectric layer 162 may be replaced by a first gate dielectric layer. The
first gate dielectric layer can include high-k gate dielectric materials such as silicon
nitride, titanium dioxide, tantalum pentoxide, or any other dielectric material or

20 combination thereof suitable for use as a gate dielectric. The first gate electrode
material can then be deposited, in place of the polysilicon layer 164, using metals,
metal nitrides, or combinations of materials previously described for gate electrode
material 64, in FIG. 6.

The antireflective layer 166, shown in FIG. 4, may then be formed over the

25 gate electrode material. If however, a metal nitride is used as the gate electrode
material, the antireflective nature of the metal nitride film may be such that the
antireflective layer may not be necessary, thereby eliminating this processing step.
Processing of the substrate continues to form a semiconductor device substrate
similar to that shown in FIG. 4. The substrate is then polished, and the exposed

30 dummy stack material and, optionally, the liner layer and the underlying dielectric
layer are removed from the dummy structure to form the feature opening. The second

gate dielectric layer and gate electrode material are then formed within the dummy



multiple transistors, thereby forming a number of transistors having different physical, operational, and
performance characteristics. In yet another embodiment, instead of forming the first dummy structure
and 15 then filling it with the first gate electrode material, the first gate electrode may be formed using
the material used to form the dummy stack. For example, referring to FIG. 1, the dielectric layer 162
may be replaced by a first gate dielectric layer. The -igst gate dielectric layer can include high-k gate
dielectric materials such as silicon nitride, titanium dioxide, tantalum pentoxide, or any other dielectric
material or 20 combination thereof suitable for use as a gate dielectric. The first gate electrode
material can th#fIBRIEREsIRGIOMH adastbted ipdiailicohnagerrdaaca iwiviy ene emhodieentsifrides, or

combinations %éﬂﬁ’e‘%@ﬁﬁr{?féﬁIBHS{Me‘jmw}%‘Q 4Rl BBYHBIEELIPIP IR LEHAY G QiEIR . At

antireflective layer 166, shown in FIG. 4, may then be formed over the 25 gate electrode material. If
however, a me‘i&‘PQﬂﬂﬂ@%%H@%m@@&'téaé‘@éﬁ%éafﬁ@dﬁéﬂbﬂf efqatdramreinosa v MatlirstgptRe metal

nitride film mayReesyrhathptiteey apiiiefiestivenlaygpimay not be necessary, thereby eliminating this
processing step. Processing of the substrate continues to form a semiconductor device substrate

similar to that shown iRNERE0SratR &s JipRakisnect e FPHdI R FEHCH SN Rk ISEE P20 iHURHRI Stack

material and, oty aeviner, et wislgitsp dietesttre Ry fataemaued drgniithe
dummy structure to form the feature o ate dielectrjc la ate electrode

ning. The second er and
aterial are -BRAGAR A H OB AR Ao BB FRABE U SEEPACEARTES & 1

accordance witepsea€shbaaliinerIGy. Shadiesenn inyenitonattte hitknerpeans)clertiprsiian of the
second gate dleltfct iC nd secon ate ele('@jtrode mq{geort_7 can be the same or different from those of
I

the first gate di® sl AFHEES ViSE ARt AeRH e ABLEPAS ORRE Bished to form a

structure sinilar to thénoyet dhesbertechbodiment, dielectric spacers can be formed along sidewalls
within either of the openings 86 or 66 prior to depositing the conductive electrode
film 84 or 64. In this manner, the dimensions of the gate electrode can be reduced
beyond the capabilities of the patterning and etching processes used to define the
dimensions of the respective opening. This can be advantageous because the
15 transistor can be fabricated with dimensions that are smaller than the size of the
opening.

Embodiments of the present invention include several advantages over the
prior art. Among them include the ability to perform threshold implants at alternative
processing steps during the formation of the transistors. For example, referring to
FIG. 1, threshold adjust implants for the N-channel and P-channel regions can
initially be performed after forming the dielectric layer 162. Alternatively, the
threshold adjust implants can be individually be performed after forming the
respective feature openings in the dummy stacks. This provides added flexibility in
that the P-channel transistor can be implanted to adjust its threshold voltage
independent of the N-channel transistor. Similarly, the N-channel transistors can be
implanted to adjust its threshold voltage independent of the P-channel transistor.

In addition, the process integration scheme allows for the combining of
different metals and metal-containing gates for both NMOS and PMOS transistors.
The work functions of the different materials can be selected such that the threshold

20 voltages can be specifically matched to each of the NMOS and PMOS transistors.
Furthermore, by repeating the selective removal of polish stop/capping layers with

the conventional photolithography and RIE processes, different gate dielectric



in FIG. 8. However, unlike FIG. 8, two gate electrodes are now formed instead of just one gate
electrode and one dummy structure. In this manner, the second sequence of steps, as shown in FIGs.
9 and 10, can be eliminated. This reduces cycle time and potentially increases device yield as a result
of fewer processing operations. 10 In yet another embodiment, dielectric spacers can be formed along
sidewalls within either of the openings 86 or 66 priorjip depositing the conductive electrode film 84 or
64. In this manner, the dimensions of the gate electrode can be reduced beyond the capabilities of the
patterning and etching processes used to define the dimensions of the respective opening. This can
be advantageoustgidalaied thickeseaassitas shffssenititamateighs dandissielestasiodassmaller than

the size of the \QReINg, S IRPHIHEF R RERIEHR WH%‘@@%&B%HQ&WEF@F&%&&?@QGS over the

prior art. Among them include the ability to perform threshold implants at alternative processing steps
during the formation d¥aefeAptae soUres andeiple reafenmiyne reagiradtHiewRYRY dbfust implants for

the N-channel gagRafSairee RPN ER SaglotyirlyiBe REAIRARRYAHRh RN SR diglectric layer 162.

AIternativeIé the threshold adjust implants can be individually be performed after forming the

respective feattiYe"BiSBRTYd TGESHORTRERaRS. OPS K1 AL RARRPHESE B HRIRHEE IS P-channel

tSranSI’iStlor Chan e é\ﬂlﬂiﬂﬂﬁ%é@l@dﬂﬂéﬂ %Wymﬁg@@@nmg@%%@@&ﬁé %ﬁ%bﬁ@bﬁ@!@ﬁ' tran;istor.f )
imilarly, the N-channel transistors can be implanted to adjust its threshold voltage independent of the
PG ar R i

P-channel tran¥1SH5EA ARAGJA R dT5iaLbeies d & ANRRENBISHR RO MBIRIEBF different
metals and mefialacoieiolns:Beiep i patbsid Qspnst MO} iragsistiassourbeaneidedimctions of the

cach of the NV GBS TR KE T SHRLAToFE 50 FE5UA g e EBLIVEPUbval of polsh
stop/cappih@ |qyrevsdeitdditienadpuesessingl |ptitviddiihdbaatiey aldvirfér pildcidates, differsnirgate
dielectric and drain regions either before or after the formation of the gate electrode.
Furthermore, embodiments of the present invention circumvent many of the
problems currently associated with metal gate electrode technology. Because the
metal gate is formed after the potentially damaging high-temperature source/drain
15 anneal, the risk of damaging the metal gate electrode is reduced. Additionally, prior
art metal gate processes generally result in non self-aligned source and drain regions.
However, embodiments of the present invention can produce source and drain regions
that are fully aligned to their subsequently formed gate electrodes. In addition,
exposure of the interface between the metal gate electrode and the gate dielectric to
20 high temperatures is also minimized. Therefore degradation of the gate oxide due to
interactions with the metal is also reduced. Yet another advantage includes that the
embodiments described herein can be performed without using marginal processing
steps or unusual or exotic materials.
In the foregoing specification, the invention has been described with reference
25 to specific embodiments. However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without departing from the scope of
the present invention as set forth in the claims below. Accordingly, the specification
and figures are to be regarded in an illustrative rather than a restrictive sense, and all
such modifications are intended to be included within the scope of present invention.
30 Benefits, other advantages, and solutions to problems have been described with
regard to specific embodiments. However, the benefits, advantages, solutions to

problems, and any element(s) that may cause any benefit, advantage, or solution to



-14 materials and thickness as well as different gate materials can be selected to form a various
transistors with different threshold voltages and operating characteristics. Use of elevated source and
drain regions is not required. However, the elevated source and drain regions provide an advantage in
that they reduce the 5 overetch requirements for forming the openings that expose source and drain
regions. In addition, the elevated source and drain rggions also reduce the amount of etch induced
damage to the metal gates because the depth of an opening to the metal gate now more closely
approximates the depth of the opening to the source and drain regions. Additionally, unlike the prior
art, embodimefESWTaAhBasAs_e MArR/ RGN HAsVIRE Edeetkamatprsrsssigrifiicaltuieieuireth&t they allow
for silicidation @gstaﬂiﬁpfgﬁﬁr@&dew&iéhf?ﬂiwcﬁimPfhl@ecfﬁF%Qr after the formation of the gate
electrode. Furthermore, embodiments of the present invention circumvent many of the problems
currently associated with metal gate electrode technology. Because the metal gate is formed after the
potentially damaging high-temperature source/drain 15 anneal, the risk of damaging the metal gate
electrode is reduced. Additionally, prior art metal gate processes generally result in non self-aligned
source and drain regions. However, embodiments of the present invention can produce source and
drain regions that are fully aligned to their subsequently formed gate electrodes. In addition, exposure
of the interface between the metal gate electrode and the gate dielectric to 20 high temperatures is
also minimized. Therefore degradation of the gate oxide due to interactions with the metal is also
reduced. Yet another advantage includes that the embodiments described herein can be performed
without using marginal processing steps or unusual or exotic materials. In the foregoing specification,
the invention has been described with reference 25 to specific embodiments. However, one of
ordinary skill in the art appreciates that various modifications and changes can be made without
departing from the scope of



the present invention as set forth in the claims below. Accordingly, the specification and figures are to
be regarded in an illustrative rather than a restrictive sense, and all such modifications are intended to
be included within the scope of present invention. 30 Benefits, other advantages, and solutions to
problems have been described with regard to specific embodiments. However, the benefits,
advantages, solutions to problems, and any element(gthat may cause any bengéibiReyamtagsst or
solution to -15 occur or become more pronounced are not to be construed as a critio@cteguizeat, or
essential feature or element of any or all the claims. -16- Replacement Sheet 9 October 2001 CLAIMS
5 1. A method for forming a semiconductor device comprising: forming first and second dummy
structures over a semiconductor device substrate, fongggeurce and drain regions, wherein
alignment of source and drain regions is obtained using the first and second dummy structures; 10
removing portions of the first dummy structure to form a first opening; filling the first opening with a first
conductive material, wherein portions of the first conductive material form a first gate electrode;
removing partigns of the second dummy structure to form a second.o&_ening; and 15 filling the second

opening wit a]se'é‘dﬂat%%g??&ﬂ@m%%fﬂﬂ' HGIT SEMIGHEOGRAE' & cond conductive material forms

a second gate electréoleniagdivebendisctvaditimoydiiaibterssaiesial serditbadietondbvienductive
material are different conductB/? r’?aterials. 20 2. The method of claim 1, wherein the source and drain
regions include elevated substrate,

forming source and drain regions, wherein alignment of source and drain

regions is obtained using the first and second dummy structures;
10 removing portions of the first dummy structure to form a first opening;
filling the first opening with a first conductive material, wherein portions of
the first conductive material form a first gate electrode;
removing portions of the second dummy structure to form a second opening;
and
15 filling the second opening with a second conductive material, wherein
portions of the second conductive material forms a second gate
electrode, and wherein the first conductive material and the second

conductive material are different conductive materials.

20 2. The method of claim 1, wherein the source and drain regions include elevated

source and drain regions.

3. The method of claim 2, wherein the source and drain regions include silicided

source and drain regions.

25
4. The method of claim 1 further comprising:
forming a first gate dielectric between the first gate electrode and the
semiconductor device substrate; and
forming a second gate dielectric between the second gate electrode and the
30 semiconductor device substrate, wherein a thickness of the first gate

dielectric and a thickness of the second gate dielectric are different.



source and drain regions. 3. The method of claim 2, wherein the source and drain regions include
silicided source and drain regions. 25 30 4. The method of claim | further comprising: forming a first
gate dielectric between the first gate electrode and the semiconductor device substrate; and forming a
second gate dielectric between the second gate electrode and the semiconductor device substrate,
wherein a thickness of the first gate dielectric and a thigkness of the second gatedhrteaisit 8heet
different. -17- Replacement Sheet 9 October 2001 5. The method of claim 1, wherameablzasbone of
the first dummy structure and the second dummy structure includes a material selected from a group

consisting of amdithBIEEem &b BIVkindsReigetirasiane ahtheifics AyBImAsiuius 8Ne Hee method of
claim 1, wherein at leassanaaitesHiRiGRURNG MalREakpRbdRa RORORG RRACSiYRIRAterial

includes a metal selected from a group consisting of aluminum, copper, titanium, tantalum, tungsten,
molybdenum, platinGhA PRI ESRiBR1Y HHEAM IS HBAUHBAIhSHIGOR GBI of claim 1,

further comprising forming an interconnect layer and a passivation layer over the semiconductor

device substrate. 8. The method of claim 1, further comprising: forming a dielectric layer qverlying the

firet and socond dLIRE CRAGK FAT L PREFIR G5 UANEHE E Ef ADBAHEE SOTASI Shde hrat and

second dummy strugtiergspferounduatfirsheappaninelyee oy eretab sseauettifesrmanyrstipicture prior to
consisting of aluminum, copper, titanium, tantalum, tungsten, molybdenum,

platinum, palladium, osmium, iridium, and ruthenium.

10 7. The method of claim 1, further comprising forming an interconnect layer and a

passivation layer over the semiconductor device substrate.

8. The method of claim 1, further comprising:
forming a dielectric layer overlying the first and second dummy structures;
15 polishing the dielectric layer to expose portions of the first and second dummy
structures;
forming a first capping layer over the second dummy structure prior to
removing portions of the first dummy structure; and
forming a second capping layer over the first gate electrode prior to removing

20 portions of the second dummy structure.

9. A method for forming a semiconductor device comprising:
forming first and second dummy structures over a semiconductor device
substrate;
25 forming a dielectric layer overlying the first and second dummy structures;
polishing the dielectric layer to expose a first portion of a stop material
underlying a portion of the dielectric layer;
removing portions of the first dummy structure to define a first opening;
filling the first opening with a first conductive material;
30 removing portions of the first conductive material to at least partially form a

first gate electrode;



removing portions of the first dummy structure; and forming a second capping layer over the first gate
electrode prior to removing 20 portions of the second dummy structure. 9. A method for forming a
semiconductor device comprising: forming first and second dummy structures over a semiconductor
device substrate; 25 forming a dielectric layer overlying the first and second dummy structures;
polishing the dielectric layer to expose a first portion afig-stop material underlyingegiRQrigh sHdde
dielectric layer; removing portions of the first dummy structure to define a first openmggtéitléngotue first
opening with a first conductive material; 30 removing portions of the first conductive material to at least

partially form a first gREQMEEBHERCE D RHPNS HntegHernducOr IBdroBRBIEA IR FAGKPRFS Arface

portions of the semiconductatglyiss sibet e JogxRasgar second portion of the stop material;
removing portions of the second dummy structure to define a second opening; filling the second

opening with a seconf EYIVRRROEINXEFidIe RARAM MY SLBICH B btive hiatandiaeedifigrent from
the first conductive nigigiiplh@sstondishiargrigevracoad sanchitigi veatRitiaiip iaisemsaeond gate

electrode. 10. The method of cla{iin 9,§Nherein thegtfog(&{%%terial incluﬂe?_ ortio&s{ of at least one 10 of
the first anc®second dummf%‘i?ﬂ GPOSUGHVermatRTiaHa &' 5?:5\%@?\/\1} efli 68 Btbvﬁ]aterial includes
portions of a capping layerrfaitered: awdrlying the first and second dummy structures.

polishing the second conductive material to form a second gate electrode.

10. The method of claim 9, wherein the stop material includes portions of at least one

10 of the first and second dummy structures.

11. The method of claim 9, wherein the stop material includes portions of a capping

layer formed overlying the first and second dummy structures.

15 12. The method of claim 11, wherein the capping layer includes a material selected
from a group consisting of silicon nitride, titanium oxide, tantalum oxide,

aluminum oxide, zirconium oxide, germanium nitride, and aluminum nitride.

13. The method of claim 11, wherein removing portions of the first conductive
20 material and removing surface portions are performed during a same polishing

process.

14. A method for forming a semiconductor device comprising:
forming first gate structures over a semiconductor device substrate, wherein the
25 first gate structures include a first gate dielectric and a first gate
electrode material;

forming an insulating layer over the first gate structures;

removing portions of the insulating layer;

exposing portions of the first gate electrode material,
30 removing portions of the first gate electrode material from at least one of the

first gate structures to form an opening;

filling the opening with a second gate electrode material; and



15 12. The method of claim 11, wherein the capping layer includes a material selected from a group
consisting of silicon nitride, titanium oxide, tantalum oxide, aluminum oxide, zirconium oxide,
germanium nitride, and aluminum nitride. 13. The method of claim 11, wherein removing portions of
the first conductive 20 material and removing surface portions are performed during a same polishing
process. 14. A method for forming a semiconductor deyice comprising: forming figspicdm&irgaberes
over a semiconductor device substrate, wherein the 25 first gate structures includeeditsbgatenl
dielectric and a first gate electrode material, forming an insulating layer over the first gate structures;

removing portions of fHlifhéNghAaagRy: ke elSHELEB Mmatesial hEofms e gaeensl SelRoRiER YR rial; 30
removing portions of the firgjgpiaeiesiQnribiesalitonRisasthwreepf ﬂlﬁ@s&r@ﬁ(ggg@estructures to

form an opening; filling the opening with a second gate electrode material; and -19- Replacement
Sheet 9 October 2001 poliSHiHJUePBERFR PG A RIS ve! e dbal e dibiereat SevBibBedie structure

over the semiconductor de\yge stthstiaée, wherein the second gate structure operates at a threshold
voltage that is different from the first gate structures. 5 15. The method of claim 14, further comprising:
removing pértions of the first gate dielectric after removing portions of the first gate electrode material,
and filling the deriithg witthedssfoclaihrgp4efdieiectenprisin filling the opening

removing portions of the first gate dielectric after removing portions of the first
gate electrode material; and
filling the opening with a second gate dielectric prior to filling the opening

10 with a second gate electrode material.

16. The method of claim 15, wherein the first gate electrode material is different

from the second gate electrode material.



10 with a second gate electrode material. 16. The method of claim 15, wherein the first gate electrode
material is different from the second gate electrode material. METHOD FOR FORMING A
SEMICONDUCTOR DEVICE Abstract First and second dummy structures (201 and 202) are formed
over a semiconductor device substrate (10). In one embodiment, portions of the first dummy structure
(201) are removed and replaced with a first conductivepmaterial (64) to form a firgggaiaeleciede (71)
and portions of second dummy structure (202) are removed and replaced with a seeamdobenghoative
material (84) to form a second gate electrode (91). In an alternate embodiment, the dummy structures
(201 and 202) are formed using a first conductive material (164) that is used to form the first electrode

(71). The second electrodggsrihen fporeedve e vAnge e dokendreivomaierial (164) from
dummy structures (202) and replacing it with a second conductive material (84). In accordance with

embodiments of the present invention, the first conductive material and the second conductive
material are different conductive materials. Fig's. Ap6t@iel 8 to accompany abstract.

5
First and second dummy structures (201 and 202) are formed over a

semiconductor device substrate (10). In one embodiment, portions of the first
dummy structure (201) are removed and replaced with a first conductive material (64)
to form a first gate electrode (71) and portions of second dummy structure (202) are

10 removed and replaced with a second conductive material (84) to form a second gate
electrode (91). In an alternate embodiment, the dummy structures (201 and 202) are
formed using a first conductive material (164) that is used to form the first electrode
(71). The second electrode is then formed by removing the first conductive material
(164) from dummy structures (202) and replacing it with a second conductive

15 material (84). In accordance with embodiments of the present invention, the first
conductive material and the second conductive material are different conductive

materials.

Fig’s. 3, 6 and 8 to accompany abstract.
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