-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
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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



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 with some metal oxides.
The polysilicon can react with the metal oxide and cgntaminate it, thereby negatively affecting its
dielectric constant properties. Metals are an alternative material currently being investigated to replace
polysilicon for use as gate electrodes. Metals offer potential advantages over 10 polysilicon because
of their low shesr fersnartecel nHOdIEosr saading iaalsd gegessiekmdtigyakeonativepliglestiary MOS

(CMOS) designs,ipfaduGRs A6 AR ERTdMaBFAle RN AR RGIME BeiRsH fRmtRGAMPle, current

polysilicon gate CMOS processes can use a combination of doped N+ and P+ polysilicon in
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polysilicon with metal, efforts have focused on selecting those metals™ having work functions that are

close to thedmiBSBEheRYSHI6PRiNRISH 1T AN BINSHRNNE R AP HE (RS tRb S iasy cT RERINBRICRAE M channel

devices to be sggrm@HicRle iEPENRRIGNI EoRerMSORRIBRIY MARNRIY earRdgRYlidN transistor VTs
that are not 20 o&timized for low-voltage, low-power, high-performance devices. -3 Brief Description of

the Drawings THE/§5ESHAHRRHRIORGS M fRistrated by way of example and not limitation in 5 the
accompanying figuresvimaldiehdikel teferencentniitatersiijaetigmesntsiqand i rapigte FIG. | includes

2 ummy stachODIEN SR 458 G RN AP SLN AT T BB S0 6NRate of 10 FIG. 1~

after formitg dpohysifistiubteeeseoiteitdosichdet ptaistanvehid dhevsupsteegeng 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. 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 an%?@ﬁﬁ@&ﬁ&ﬂﬁpmgﬁézﬁamﬁdsa 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 viewtpé KiessHPRHRIRISH iE'iﬁusQrétfé@rbf)QW&'g‘IGfl\é pahatdHiffianesliHansistors;

FIG. I l includes a cross- sectional view of the substraté of FIG. 10 after 30 forming conductive plugs;
and FIG. 1 DinHSResUNBRISAG Sickitspiu0ivyiof {He Selssences didieaie simatar ef%’ﬂﬂﬁfﬁ@ a"diBstantially
completed deviggict¢ Skilled artisans appreciate that elements in the figures are illustrated for
simplicity and clarity and haye not necessarily. been drawn to scale. For example, the dimensions of

some of the elements itk AGHEES ALY HRArAUAR OL ASEPSSERHANE VRN A@HERR Ibhelp to improve
understanding heioupadine rks/idetbgopriaseatér fvanbiga.ddmmy 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.



Detailed Description of the Drawings In accordance with an embodiment of the present invention,
dummy structures 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 replaced with a second
conductive material that is used to form a second gatg- electrode. In an alternative embodiment, the
dummy structures are formed using a 10 first 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 anekibplbaitigpits\eRarecsdedhel etenerisive theafisiisgs e dbattrtiaddanith
embodiments Qf i iigSRaldpRPUAR AV Het edurliyo AR R R SeepRdarpielpEVe
material include at least one different conductive material. 15 An embodiment of the present invention
will now be destrsaeiend et same afithe sleresiie i tdoaceompabsmnagripied BIRIVA 1A FIG. 1is a
cross-sectionahiigw|eiharRett MY BMEs SEMIRAdHHAh IR EmpbIRRAM SPMRYSFasfevice
comprises a p-type semiconductor device substrate 10, an N-well region 12, field isolation regions 14,
and a dumr’ﬁy fiEatH¥k 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 -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 layer of silicon nitride, silicon oxynitride, silicon oxide, or the
like, using other deposition methods, such as low pressure chemical vapor deposition (LPCVD),
plasma enhanced chemical 5 vapor deposition (PEC¥D), or the like. The thickness of the dielectric
layer 162 is typically in a range of approximately 5-25 nanometers (nm). The Polysilicon layer 164 is
typically formed using conventional LPCVD methods. The polysilicon layer 164 can alternatively be
formed as a layer of amorphous silicon, silicon germanium, or any other material that can be
selectively etched with respect to maﬁéﬁﬁ'@dﬁﬂ&&ﬁﬁt% %i}impmiémﬁqgnd oxide. The thickness of the
polysilicon layer 164 is typically in a Tange of approximately 50-300 nm. However, those of ordinary
skill in the art will appreciate, after reviewing embodiments herein, that the thickness of the polysilicon

layer 164 can vary acfopdigdihEaei@sieehibisdingss of Serecurmivelaisned oatey eleriagdes. The

antireflective layer 166 can be formed as a layer of silicon-rich 15 silicon nitride or, alternatively, any

other materval BEHEAATBES ISR SGTHACAE YO LIRMSRSSE A8 afiRgliNR ) ddiist. deEM¥thod of formation

and thickness wﬁcme\@@ﬁﬂﬁabeiﬂ%(ﬂk@vmé@‘Witﬁta‘ﬂ?ék@(bﬁdh@m@aﬁﬁ@?%m Radietgeadausing
conventional reactive.ion etch Rlla)qgocessin to fgrm dumm%ﬁtructures 201 and 202 that include

20 remaining pOHTOALIGH GBI ?%@?ﬁ&%@%ﬂi BIEERN ABATY R UAHFE AL PR INGE 186, The
dummy structurgsi®ed witdl 208cane tisitiectiroaeasddl wairig usedvefionalseohadigaes, to include a
liner layer 22, n-type extension regions 26, p- type extension regions 28, and sidewall spacers 24, as
stratod in FIREOTOREEIE 25 i RIS A R 58 1B BT A Bt P IEh S S8t 25, 1 25
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epitaxial layer 38 can be formed usin erials that.include silicon manium, silicon-germanium,
ot the ke, oG ed B e R ot 0¢ Wi SPIEREYUHET e IR
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



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 -7 embodiment, the silicide lgyer is a cobalt silicide layer. Alternatively, silicide
layer 36 can be formed using other metal materials suitable for forming silicides, such as titanium,
tantalum, tungsten, platinum, palladium, and the like. FIG. 4 illustrates the semiconductor device

substrate of FIEAE@ dihe Asledrianier iHeluweda tapisngydperad iiidivingweriingsaféhe4 overlying
the substrate %&Hi?a?@?(Paﬂlfe‘r'l%rti%mﬁ,otﬂ@r?ﬁé]ﬁc?ﬂ@ﬁ’é?grléé{r%é‘?oﬁr@daa)éei Qlelata&phanced

nitride (PEN). In other embodiments, the capping layer 42 can alternatively include materials, such as
silicon oxynitridél ti@rilieos N iAndeAHSAMPORRIOr thielits urRina g asrenasEins el elker the
capping layer 4gand f&) hredQIroereAs clavgbrlepbsitidh ar perpasefiapestrmbaticPemerfalthat uses

tetraethylorthosilicate (TEOS) as_a reactant gas. Alternatively, insulating layer 44 can be formed using
other matervals/2ROICRERSSHiRIS MM ERPfiAsdike s e faidpresphiifiakegiadaygs P&HS, silicon
oxynitride, polyijpidgl@ilowrkrdietacips oximdaon Binatiandhrienf (may. thep perpsasoiddis

specification, a low-k diggﬁ&ri IS a material havin&ldielectric constant less 15 than approximately 3.5.
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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



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 mn. 30 FIG. 6 illustrates that portions7f 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 -8 protect underlying regions
associated witlribedinestrtiat il 2de layeniseaobal beilitses layehe Allermatiahy cilie deolayer

accomplished 4gipg, GRRRIENAI G RHRITHRHAREALE SERAMLSPTRHMJRIRIRESCERPER o first

remove portions of the capping layer 54 associated with the dummy structure 201, thereby exposing

the 5 polysilicot3aii&n 1eatate, dupesien pling. drPefivcanda)erlikes are then removed using
conventional plasma @fwet BiGRAGPINCSSPROHIGRHP B ARSI ARVTRIEE Aji SN in FIG. 6. If

so desired, an ion implant threshold (VT) adjust is then optionally performed through the feature
opening 66 AnfUpbRIIASI¥Heha CarRABILRYRlyEr ABbaRBsHIRING J&Yes 44 RvhinaANg SeRIEEED using

cggve néional 1@@itﬂﬁﬁﬁﬂﬁ)m§ljmp&§é§§m%ém,a@@%ﬁﬂgg§ﬁewﬂb i@d'a%i;rﬁ]é]hﬁ%m%ﬁﬁi éhﬁaﬁltl%@ﬂfg?z'ayef
162 and portions of the liner layer 22 are removed and replaced with a gate dielectric layer 62, as
i i ARt

shown in FIG.PIfe kBN QMBLeRReAteAt: A0S -aRALIA Leyer 4y &an gbel Yi er 22 are
formed using digstisriddy, Buaresiadsliton cigieiatde layatilbDeiare hd keslkehwideemyed with respect

gate diclectr IUPRB TP goP SPUEIE ARy g GORAt dTves A T HIT 258 BPRhe gate.
dielectric lagerob2\s0ygitadhate depausgedodi Hppraxitately Gs&OtetsasthyddetsshitoatvErEDdseasof
ordinary skill in,the a1t R R AR RANAH T AISERGI8yeR 0.y 80 BSFTIOP UG A0 Bther 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



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 (Ti02), 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 convgntional 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, th@tpéeet endethgtng regienunsodaiedbw fbraiwanisiigielurmiddal Reoaed efuminum (Al),

titanium 30 (Ti}JHesue mH‘MWQtr%%%l(T@acééﬁf@'féﬂwl‘,iE'ﬁinE EbADEhdAgSten (W), tungsten

nitride (WN), molybdenum (Mo), molybdenum nitride (MON), copper (Cu), and the like. Other
materials that é@ﬁtﬁBthgwlﬂytﬁ@jgﬁ@été‘léWbé@hﬂ&t@@reﬂ%@%&tfﬂétrﬁ%'ﬂi‘l@/mlé%ll@%ﬁw@f Whétals that

are capable of dgrminpIgaRdcive MRialdHireR dEARIPSAlthese mswgg@laaaﬂwtﬁet) palladium
(Pd), osmlum (0s), ruthenium IiRU) iridium oxide (IrO2), ruthenjum oxide 02, Re03), and the like.

In addition, °a (BRI @*of@&’o?ﬁa%?&@ﬁg@%ﬂf@é"%@@%'ﬂ%r WetPBde material 5 64,
In FIG. 8, portl@é?ﬁd?feﬂ?@sgg%@i@@ﬁmdﬁmmﬁﬁab%va@t@r@@lgeé@@sb'@z&b QRfirrngfaiiiipe capping layer

54 are removed usi_ncg;’ a conventlonalﬁpollshln to form a metal gate electrode 71. The dimensions and

location of the PREFANG SR BisBRVALY T Gr& sl ARHLAT #e'e8 @Eﬁ%@é‘]&'&%@@%ﬁdéd by the
polysilicon Iayehéeﬁépnohalmmmuqmwg&ﬂmeﬁsaﬂwsmm@&H@qcspéheoasrcﬁaqwz is substantially

planar asare oli cess to define e eI ctrode 7 Aca er 74 is then
Formed over th SHAEA DS o G PR AHR H1E CLLpYAe 188 SoIVEribd using
processeslahddneiﬂellnmlstsh‘rptacessthgzse described prewously to form the capplng Iayer 54,

AIt_ernativ.er, in embo |ments where. %X(')%ae‘tb?nnblsd?rfngﬁp(fﬁé%lé “C fa)PeP Pé;zlaxg ‘%.8%90?9 formed
using rapid thermal C proce

the liner Iayer 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



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 lingr 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 oirts&wr!ﬂr@mme?a@poq/mﬁtﬁiﬁ_]ﬂw@«rqemaml@@_étﬁ%nup@'cor@zpﬁmmﬁ@ Q_w'éeszz is
performed in agpanpRerYMREOTNELABREIMRE @§\IRHSMuIR fPH; SslAif thengiirigle capping

layer 54, polysilicon layer 164, dielectric layer 162, and liner layer 22. Additionally, the deposition and

materials used(fRHeifflitie Qdte GERD o RErBO¥E (ReQatReRarari thedikaallBaddidiaimilar to
those used 30 i IG 4 I i ihed previously
in FIG. 6. Typié&éﬂ@ﬁv@&%ﬁfﬁ%@@?ﬁ%ﬁﬁ@é tgﬁ ﬁ?gﬂ%@%ﬁfﬂ}?&%@ l%é%z}%g ogr%'l%Te gate
structure frdm Bfelectric layer 82 and gate electrode -10 material 84 is selected such that the VT or

some other electrical pagqaeies i iiess e hat éi&ﬁ&ﬁ@ﬁ&éﬁ%%%?&@dﬁ@[@@ﬁ%ﬂ%% gate

dielectric layer 62 and gate electrode material 64. FIG. 10 shows thaf'the gate electrode material 84,
gate dielectric ffeMEIdeGRPPINEIlARS BAFBHTEMENAdSIRE PRGN HARRIRMISHEIB docriTemtional

polishing processingydR MERBRStRl PRk RAHEBIR KR Teabh GReRINadRs ddranceamietion of this

processing step, N-channel and P-channel transistors 94 and 96 have been substantially formed. FIG.

11 illustrates tHEESHPTEBIA M SIeRMMELS NS € UPHILY EHNSA YRS BRI oMY A8 capping
layer 102, gm infigrenedietarsrioiayas (Ikdirded.irmiceengidcivepiunsid Seoiesmp ppeinbie substrate

10. The nitridea%a[j{) %Qlﬂt%%l tef{elpg)o%ishing 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



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 org 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 senfiegerinl sibidialisted sychbaiihe WGorsomaoihen kiaeikical earenier fisreiteranid

patterned to defihe (HYESF NG URIERRE FdMSMAShIE'GRRRRAL tHEAaydrs ARG bhfhare then formed

using a combination of deposition and polish processes. In this particular embodinient, interconnect
112 is the outprle@iredf impertial 84d is connected to the 25 drain regions of the transistors 94 and 96.

Interconnect 114 is cqracqiechisnd Mahe §ar efRdoak shauih 8addadferauradpsien chine

transistor 94. Interconnect 116 is connected to a VDD electrode (not shown) and to the source region

of the transistONHEE ABBHAEEY EoithRoPEERIESIRYRR) S A E YMRNERA FAHENHP PARSSIBIS 94 and
96 provides theofgih torieeigeester. viiliiaual fralsbepshing 6. LaoathshBRirAETigak connections,

insulating layers, and interconnect levels can be in?#lr orated to form additional device circuitry. The
present inventiBPFEEHMEELGRNL ﬁ‘?@?laﬂ{éﬁé?ﬁ@@ BRI e 4/ h a0 BAYEGRAent, selected
portions of polyaihsantitiny éfnean be implanted to change its molecular composition. For example,

approximately IE15 oot AIVAIARS Qe aRHGtar e 0h A G g bR GG Am. The
compositidital shidiesencrsdestayppémyttesy rdd2ilmomenidvbledieeotanilayed(ip€) podysifidon film now
P T B R R R I e e
may not be neaedsheyinBeleréitsislebitc 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.



10 embodiment include requiring fewer deposition and patterning steps to form the dummy structure
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,; pluminum 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 chfphigFpaliktveristonthyeasananthetkeiciiernatjsrembasimenize PooRgeractions

between the o MARHHE - ) dSIHBRRINS Mo 61 ROHSHIRGLBIOSE SEe IS ISNRAIBTRAGORS Of the

capping/polishing stop layer defined by remaining adjacent portions of the insulating layer, such as

insulating layefecHidr SORPIPaKE0R. frtreisainBlindhedrrainrldlemranstisives car sumaaiebtched

with respect to,{i d@jr'ﬁ‘@mlﬂﬁ,%@E‘&Sﬁh@%\i@ﬂéf%‘l'@ﬁ_s%ﬂﬁﬂﬁ%@éi?rlBSQHF@J%F@?L@@OSM portions
of 25 the capping/polishing stop layer, underlying portions of the ARC layer 166, polysilicon layer 164,

dielectric layerCEEEMERI 1190y 808 maRHA tHergd Rphysi YeRrtfilre, thes sy RasHiAgeAn opening similar
to opening 66, gifRvendasswBerfigatR | PHRIE6H hpMRY RiffhaALereRpsade IRRbal AR fBgn formed

within the opening similar t thefgate_di lectric Jayer 62 and gate electrode material 64 described and

shown in 30 FIBaKE HFRASSIeiutE!RCHYEN L R EUHLY SR AR H R iANS 3B %Y ate
electrode 71 desfubedidird sRpulysilictd of gekh&Miingippdis pivlg Joicemoveiie. JRiereferirode

Can again be. JELEP0 BApHEP 1y SION IR B e LR SPAUHORA qaee DIECUIOHS. For example,
after polislidg ¢enbbtkmsnpartialiy cefuiaritéciivet éépom'dde_anuﬂmmaﬁaghmﬁsaaﬁpmgtpe)lishing stop
l?fytiré tchaeprs#nbgs;é@rheén &isgrhs) (t) %%;53@?% b genq% eerggagt% 8Ire§{3rl§aucet.'vely etched to remove the exposed portions
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.



portions of an underlying second dummy structure. Gate dielectric and gate electrode materials can
then be deposited within the opening and polished back to form a second gate electrode, similar to
gate electrode 91 shown and described with respect 10 to FIG. 10. These processing steps can
subsequently be repeated to include different materials and thicknesses of gate dielectrics and gate
electrodes in the formation of multiple transistors, thepeby 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 b&udnmedlissing theamansriae asseleledbpsetmatdiaandgaiekdiplecsicample,

referring to FlG, 1, {he %?ﬂﬁsc’iﬂﬂﬁ'},’tega&@%l@&%&e fIRPLARRh O &ilkith G 6, AISJECHAR IRég-pENe first

gate dielectric Iayer can include high-k gate dielectric materials such as silicon nitride, titanium

dioxide, tantaldﬁ?%éﬁﬁ)RRﬁhmgaﬁ?PoiWeWé|@€Bﬁ’4t0Fh%lftéﬂﬁlt&nﬁb%&ﬁ&ﬁﬁﬁghﬂh@ééﬁmﬁﬁaIe for use
as a gate dielegffis. th%iﬁgtte%qu%@Cﬁéﬂ%|mﬁﬁ@{rf@ﬁr§h€ﬁaﬁ)9§aﬁ§'é%oé@ flace of the polysilicon

layer 164, using metals, metal nitrides, or combinations of materials prewousB/ described for gate

electrode rmat&RRAEE/ HH'ﬁt@%‘t%@é‘?ﬁl@ﬁéeﬁ%qmﬂ%oaé%w e RichedALSEIREHYBY formed

over the 25 gaigipleey @Qﬁd%tﬁé'@kdééw/mvﬁénéléﬁﬂi@'o@ﬂﬁﬁ@/ﬁoﬂﬁﬁm@&mmﬁtﬁdmde material,
the antireflective nature of the metal nitride fjilm mag; be such that th ‘f antireflective Ir%r)( 6nglg(l)not be

necessary, theP@BNPBRAT AR B BIREEC8MHY SBHSLNEsiRRBraIRle S AH OUs form a
semlconductormhmmmambédnﬁam@dtmﬁrﬁhmrmﬁ@ aﬁdmg—tddsmtettsfﬁrﬁnaoohshed, and

the exposed 30 dum ck material |on the lin the u der Iectric
layer are remo@%@?lcg% e ER y%WﬁéfﬂPeg% gjﬂﬁ? ‘ges‘f’rﬂ%eg f& dielectric
layer and déte teletGotie. rﬁausdepirac&cﬁn@stepmemmﬂbnaqtmwtmmgpe:b&dttumtedepnffmgr% as

llustrated n P, 6 20SPRREE M Ons e iRe B AL SRS VB AR s ane
composmon of the secon ate eectr

multiple transistors, thereby formlng 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



second gate electrode material can be the same or different from those of the first gate dielectric and
first gate electrode material. 5 The substrate is then polished to form a structure similar to the one
illustrated 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 cyclgstime 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 prior to depositing the conductive electrode film
84 or 64. In thistielreeppeiendinfersidhsbitatkig dléefectroars yganse vatuene eodpdibamicotapabilities

of the patterning AndGIEHNGMBFEERAPILRASIAACEMBSIIIMATAL AT R dNAEEGRRGIME QRENING. This

can be advantageous because the 15 transistor can be fabricated with dimensions that are smaller

than the size ofaeRNLERIAIPIGCIRAB FeaRERksasT RRANSresBA Olidienient femdeose oéiae dHsbertyes over

the prior art. Amgegribemyineivgednscahiidy Rapgiierm threshold implants at alternative processing
steps durinr%tthe formation of the transistors, For example, referring to. FIG. 1, threshold adjust

implants foPthe N-charifeluRsHate i {IsRdIetisAdtrmAisHIs e sERtRR{adNerRIEHIHsiF&He dielectric
layer 162. Altejpatjeehy, Hswilee shalittad]astgmptagiscanche des aisHallyroerearfaserronligst forming

the respective feature openings in the dummy stacks. This provides added flexibility in that the

P-channel tran:SAtE185Y SRR Qe BURFLL SHYGHYES HI N FoRagReiniie SerREH f2thannel
transistor. Simieyjlg, dosHevehanFeGY.SiRIQG candeclimplartedTteiadjustdtsciiviesimidavaltage
indep_er_ldent of the P- Ihannrel tran i\s/tor. In addition, the ]{ocess integration scheme aIIows_ for the
combining of AT BE S AN G UL RS CRPERIS transistors. The
work functiiihs of the thfistemothatenais diareihe dielectied spachriahthe fimast aldrisiddteg s can be
specifically Ml DAl BANRREDLENAS Errsialiiho FUTLIRIIAIS. Beleogaino e
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



the conventional photolithography and RIE processes, different gate dielectric -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 openingg ghat expose source and drain regions. In
addition, the elevated source and drain regions 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 theaigeinlpgne tdnj@l@@awé wied &@iﬁ&@@@ﬁé@ m@ﬁﬁkaiﬁeqm bﬁﬁk@@tﬁ_@l teiberarta
embodiments Qf i DIRSRIN Y GREPH FarPMAR A VORI e Shtg AT UsF At dhagtbey allow for

silicidation of the source and drain regions either before or after the formation of the gate electrode.

Furthermore, emboditehes Blenfbedrsipe Avkaiion repiannier@tiramed tHaoWRBits currently
associated with|mgtah 38iRRI8RH aFFTPEBALOSHVRRCALSS Hifadd fiahapise P iaeghafter the

potentially damaggg high-temperature source/drain 15 anneal, the risk of damaging the metal gate
C

electrode isre QYEEICINGAHIGRRRD ISHIG MU S IAE LR BIBT IR EXRRSA SPAIGE 880 BRI 679 K01f-aligned

source and draif J6dIgH$- tHa QNeQuRd SENRRCUMEMS PFdGR I asR Vet antierFRlMRIetiier source and
drain regions that are fully aligned to th irsubseczuent{lﬁ/ formed gate electrodes. In addition, exposure

i
of the interfacd USSR AT B e RERL AR BRE A HHE Qe BABAPRHBSIS FGHMEal deiBures i
also minimizecdholhetefotodeyraniionineiitbengatepoxidardushtaingtes actionsyetnthéranetal is also

reduced. Yet another advantage includes that the embodiments described herein can be performed
without using R BHALLCETIY. L SPe RS, o BRIt A BeHE ERAGRIRG specification,
the inventidbd hpo biele mdttiionblegrodtbsiefdatitode Bothattpegifitosntoodilivéteatsooftayapuoce of
o A AR B0 R A A eyt
specification 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



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 -15 occur or becomgsmore pronounced are not to be construed as a
critical, required, 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 dummyeRKliGIIPesOmNe MR IEeprIdoHTCRsiGrelagide beussstitedfasmigrifisaliiegraildPhin regions,
wherein a"gn”&%rﬂfa?%ﬁﬁﬁ’ea&de%ﬁﬂghtr&@ﬂg%li%ﬂ%ie&‘ﬂﬁﬁs.mg 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 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 thickness of the second gate dielectric are different. -17- Replacement Sheet 9
October 2001 5. The method of claim 1, wherein at leagg-one of the first dummy sigpratdrgemishibe
second dummy structure includes a material selected from a group consisting of arn@gbiesi®licon,
polysilicon, germanium, and silicon germanium. 5 6. The method of claim 1, wherein at least one of the
first conductive material and the second conductive material includes a metal selected from a group
consisting of aluminum, copper, titanium, tantalum, tyngaiRAs 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 dielect i(:d1 er to expose portions of the first and second dummy structures; forming
a first capp?ﬁg %yérf[}?}ép g@t‘wﬂﬂ%@ﬁqfﬁﬂ% edﬁyi'&e 1%0'138%0%9 portions of the first dummy
structure; and formind@raaepficscappsagdayeduovey theditsbgatecdastidenpuicntalegiveoving 20
portions of the second dummﬁﬁt%{cture. 9. A method for forming a semiconductor device comprising:

forming first and second dum fuctures over a semiconductor device
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.



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; 18 Replacement Sheet 9 October2001 5 removing surface Restieasat Bheet
semiconductor device substrate to expose a second portion of the stop material; regrastobgr@odions of
the second dummﬁpstructure to define a second opening; filling the second opening with a second

[

conductive makeribneineshemh aheladachhertin gt ikas AL TG finstctemimborH Rkerand ShRiuctive

material; and POHShi@QcH?\_%I %I@ﬁﬂﬁ? ﬁﬂmﬁu@iwlmﬁﬁﬁé&mﬂ%%&%@qmé@r&l %ﬁéﬁ@tiﬂ@- The
method of claim 9, wherein the stop. material includes portions of at least one 10 of the first and

second dummy strufiASROPLo4H I iRaM BANYTIHEAM SETMRRHYT A9 StBROMSEERANHEIudes portions of a

capping layer formed overlying the first and second dummy structures. 15 12. The method of claim
11, wherein _the cappin %%r includes a material selected from a group consisting of silicon nitride,
o oxide o ERFHOSRE! SR SO AT RE S SAHRHLNE SRR alurminum
nitride. 13. The methibd sfooladnochtiuethve eiateeialanbigdpo Himrsbidheetbidstroonalyaiiye 20 material and
removing surface portions are ?%erlformed durin as mer%o{ls mglmlo[oce%s. 14. ﬁ\/lgaethod for forming a

semiconductor devic(‘éoggll%ms éi_umlnum, copper, titaniu antal ungsten, mo enum,

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;



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_gagening with a second gatrepleedradegnaterial;
and -19- Replacement Sheet 9 October 2001 polishing the second gate electrode matgsisdrteoirm a

second gate structure over the semiconductor device substrate, wherein the second gate structure
operates at a threshol@MBHHGSHERCRRAFEIR e FHAmSETRI §RaHUGERE daYIRaSHESIIEta &) XRO3A8thod of

claim 14, further comprising@@mgﬁgmﬁwﬁﬁhﬁawﬁhgate dielectric after removing portions of the
first gate electrode material; and filling the openinF? with a second gate dijelectric prior to filling the

opening 10 with a selSRAVYMPERADAEPR2RGIA0 FBTFNESHIAIGE Brastnh A SCRRL RRRMAG: first gate

electrode material is difiiig e lsosorihosatAGOAte RIES SN MBREIhaMET B FRREORMING A
SEMICONDUCTOR DEVICE Abgtrac First and s.efos:}%gumm%/ structUﬁes %20 and 202) are formed
ShIb DAL AY

over a senficonductor devicge81BSE4 C(tib(ﬁ.qﬁtBH@ ?'Botﬁ?o "sSto QRRUGHYE

material; and

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



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 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 thgn formed by removing thegiisdanduesive
material (164) from dummy structures (202) and replacing it with a second conductivednséeried84). In
accordance with embodiments of the present invention, the first conductive material and the second
conductive material aROWFEGHEHcaNE Bk pheaEpaesMaieril 30 HOAMASEPRE ARG SAMG HRstract.

over the semiconductor device substrate, wherein the second gate
structure operates at a threshold voltage that is different from the first

gate structures.

15. The method of claim 14, further comprising:
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.





