A METAL GATE SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD BACKGROUND

[ 0001] This disclosure relates generally to sem conductor manufacturing,
and nore particularly to a nethod for manufacturing a netal gate. [0002] A
gate dielectric integrity of netal--oxide- sem conductor field effect
transistor (MOSFET) is associated with reliability and lifetime of MOSFET
devices. As the gate dielectric thickness is reduced in technol ogy
scal i ng- down, gate | eakage |s i nduced, increasing power_ consunption and
reduci ng deV|ce performance. '.[0003] Hi gh K materials, which include
materials wth K values larger than. approximately 5, such as Si ON,

Hf O ,Siy, or HHO2, are inplenmented to realize thicker gate dielectric

| ayers for mnimzed | eakage current and:- equi val ent oxi de thickness (EOT).
Al so, a netal gate electrode can be used to reduce gate resistance. In

addi ti on; the netal eAuce that is induced by
bor on pen.etrat'i on fr ﬁﬁiﬁgﬁﬁl & 1%‘3@@5" ﬁ&?@ooq On netal gate
f ormation,> probl ems incl AéBBB&Nﬁ; @D such as chenical .
mechani cal polishing ending point detection, spacer and liner |oss, and
poly gate | gss. On source and drain contact formati-on, problens include
shal | oBACEGROUND| at i on | 0ss and spacer oxide |liner loss. In general, the
process i-nvol ves conpl ex steps that increase cost. [0005] Accordingly; it -
woul d be desirable to provide an inproved nethod for manufacturing a netal
gate aBE C}Q s%@ﬁ%&&%lﬁﬁ?%’ cPME}% beibdiRuebt AEmTERNMLS afd Ao sed above. -

BRI EF SCRI PTI ON OF THE DRA 00061 Figure 1 is a ¢ross sectional view
i |1 ust rpam_cuigrlﬁtogmahmhfoemmnfacmﬂng einetzl gite. and a gate .

[0002] A gate dielectric integrity of metal-oxide-semiconductor field effect transistor )
- (MOSFET) is associated with reliability and ]ifetime of MOSFET devices. As the gate dielcétric_
\‘hlckness 1s reduced in technology sca]mg—down, gate leakage is mduced, increasing power

consumptlon and reducing device performance.

- [0003]  High K materials, which inctude maiéri,als with K values larger than_approxirﬁatc_ly 5,
such as SiON, HfO,Si,, or HfO,, are implemented to realizg thicker gate dielectric layers for -
mmmnzed leakage current and equivalent oxide thickness (EOT). Also, 2 metal gate electrode
can be used to reduce gate resistance. In ad&ition, the metal gate can also reduce gate léakagé

" thatis induced by boron penetration from polysilicon gate electrodes. ‘.
[0004]  On metal gate formation, ﬁroblems include 1ﬁany pi'oces;ing issues such as chemical =
mechanical polishing énding point detection, spacer and liner Joss, and poly gate loss. On source
-and drain contact formauon problems include shallow trench isolation loss and spacer ox:de

liner loss. In general the process mvolves complex steps that increase cost.



el ectrode | ocated on the substrate; [0007] Figure 2 is a cross sectional

view illustrating an offset spacer adjacent the gate electrode and a |ight
doping drain inplanted in the substrate; [0008] Figure 3 is a cross
sectional view illustrating a first spacer adjacent the gate el ectrode and

a second spacer adj acent the first spacer; [00091 Figure 4 is a cross

ti d a . d
subst r 020, ochesp gL 8RB 2 BR B B har P Bl AR E L Pl e 1 1 st
spacer zﬁh@tﬁpgaté@bsfcﬂﬁhe Hisﬁdvtaﬁﬂages%ﬁﬂdqﬁ%é Oﬁto?MoﬁE‘Hfs@ctsée)d BB W th the
bottom surface of the second spacer; 11] Figure 6 Is a cross sectional

view illustrating a metal |ayer dep05|ted on the device and in the space
left afte [ - [00121 Figure 7 is a cross sectional
vi ew i [BAEEY B tthe o¥dNGYy the netal layer with the device
to forma netal gate and a contact for the source and the drain, and then
etching the wunreacted netal |ayer; [0013] Figure 8 is a cross secti onal

vi ew i l[opsd]r atFtQﬂ"eé} 1§Qﬂfo§§§ecﬁc§&|ﬂv§§vqﬂu§tt%ﬁ§$ Fﬁsﬁﬁ@uﬂﬁ%rdlél%c 2
[0014] Figure 97is a cross sectional view ? ustrating a plura of gates
made ofelelitbfie ioeated omdlieegubsttae;f or med on a substrate, each gate haV| ng
substantially the sane dielectric thickness; [0015] Figure 10 is a cross
sectional viewillustrating a plurality of first gates made of different

et ecr PP AvR%s T U0 Bt GL BRE AR Enallo B Rl sl S or

the firgécnaat 88d & AERRIbpRB drdif implanted in the substrate;

[0008]  Figure 3 is a cross sectional view illustrating a first spacer adjacent the gate electrode

and a second spacer adjacent the first spacer;

[6009]  Figure 4 is a cross sectional view illustrating a source and a drain implanted in the

substrate;

[0010]  Figure 5 is a cross sectional view illustrating the first spacer etched so that its top

surface is substantially even with the bottom surface of the second spacer;

[0011]  Figure 6 is a cross sectional view illustrating a metal layer deposited on the device and
in the space left after etching the first spacer;

[0012]  Figure 7 is a cross sectional view illustrating the result of reacting the metal layer with
the device to form a metal gate and a contact for the source and the drain, and then etching the

unreacted metal layer;

[0013]  Figure 8 is a cross sectional view illustrating a contact etch stop layer formed over the

device;



substrate, the second gate have a dielectric thickness different than that
of the first gates; [0016] Figure 11 is a cross sectional viewillustrating
a plurality of first gates nade of different materials fornmed on a
substrate, each gate having substantially the sane dielectric thickness,
and a second gate nade of a different material than either one of the first

gates f d _on the substrate, the second gate have a di.el ectric thickness
di 1 1 or ST hSFiEER S o Fropprecanabyi o ARSI ESERTPIF AL | 1 one
enbodi 3 ' M. | : - | lLiS; ture with
o substrarais TSNS 48 YE Rl syt o SRRl B RS 1 B ng
but not limted to bulk silicon and silicon on insulator (501, SiGe, and
ot her proper sem conductor materials. A gate dielectric 104 and a gate

el ect r OS] 06Fgne 005 redssomctsubbviewtibustoing aplaratifyeifdcstrgates Idleodn be of a
variety.of materials, includjing but not limted tao oxjdes and high K

mat er i AUSTeRhAAERals RO 2 FRPUIIC FACh RIEMAKDG SY t@élﬂqﬂgyrtb%ﬁa% 11648 Bt oxi mat el y

5, suchy;: ' S r 0 : i ' e gate

el ectr g%@?%%@%@dag%\%ﬂﬁ&e%toi |t_g)ef S%P?ae%a}%aall g&&*&%ﬁgﬁg}%&ﬁ@@ﬁ%{m E{él mted to .
pol ysi lsiserte. {he s&hf@ERe bR a9RdIect8t ekhad Qifldht ndhebetlerfiret ghdd; on

substrate 102 configuration shown in FIG 1, the gate el ectrode 106 and
dielectric 104 are patterned using conventional photolithographic and

et chi ng[p&rocessi ng, of suitabl e nmethaods known jn the art. For _exanple, one

met hod | Iﬁiby B?ﬂlf%lrlriﬁagrolﬁhfﬁé@m# ﬁi@é’ iBystigtieged PN Frefirel gasgs wqeﬂ?fa_ ]
ti. t {. {4 t 19,
oot or gt e A Ay Bkl S B B R A SR Smbe RS 200 g

steps qhicRiked heS tbnd 8Ad b ofSfitibali Mfer ATk cBthérdAE BYtheABkL Eidd fertRa¥si Ny,
phot or esi st devel opment, and hard baking. 3 [0018] Once the date el ectrode

106 andrtthesuistedte cherseconi@4tedraee £ dreteettic thiokwdst didferenpthemthal 6Bthe first gates;

DETAILED DESCRIPTION

{00177 Inm one.embodiment, a semiconductor device 100, FIG. 1, begins its manufacture with
a substrate 102, Substrate 102 can be of a variety of materials, including but not himited to bulk
silicon and silicon on insulator (SOI), SiGe, and other proper semiconductor materjals. A gate
dielectric 104 and a gate electrode 106 are formed on substrate 102. The dielectric 104 can be of
a variety of materials, including but not limited to oxides and high K materials, which include
materials with K values larger than approximately 5, such as SiON, HfO,Siy, or HfO, or a
combination thereof. The gate electrode 106 may be a variety of materials, including but not
limited to polysilicon. To create the gate electrode 106 on dielectrié 104 on substrate 102
configuration shown in FIG. 1, the gate electrode 106 and dielectric 104 are patterned using
conventional photolithographic and etching processing of suitable methods known in the art. For
example, one method is by patterning the surface of underlying material with 2 sequential
process, including photoresist patterning, dry etching, and photoresist stripping. Further,
photoresist patterning includes processing steps of photoresist coating, softbaking, mask

aligning, pattern exposing, photoresist development, and hard baking.



FIG 2, is formed. O fset spacer 108 can be of a variety of materials,
including but not limted to oxides such as Si02, Ofset spacer 108 can be
formed using suitable methods known in the art, such as chem cal vapor
deposition followed by etching. Follow ng the formation of offset spacer
108, an inplantation may be used to formlight doping drain (LDD) 110 in

subst rag@OIBQ)Z Odcb@ibt%ati%dﬂﬁd@[(% eihdjtﬂé)dﬂeﬁc@f F198bre Rymfed! SN < gécerﬁdj@m gate

el ectrode 106 and dielectric 104 due to offset spacer 108. For clarity
li ght dEiﬁnfé i@rfermed) (MTsetsspeeeir tl0& darf becofiasuhisgpfenteriblsguciading bAOkO limAed pacer
112, FI d on tgﬁ%substrate 102 adj acent gate el ectrode

106 anE gafes %’icﬁ Iaég'cdz' bﬁg@pa@ﬁ pantbefopped ‘H@gfsﬁﬂﬂb&ﬁnét\h@ lgpwaén thspacer
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i ncluding but not limted to Si ON or a conposit

conbi naligh dopihg dwin 610 mffeetwfy at lveg g fAq feome pate eleetebdea 06 e chdislectBo #0Lduckd 2 and
114 can fornme S bI e, met hods known in the art, such as

cheni caPpﬁg%{ﬁB?‘ceHiB% #CF CBWW b@%&lgb?alarlﬁfoé‘t @itied)Tomeuzeyuems figoes. ng spacer
formation, a source 116, FIG 4, and a drain 118 may be formed by doping
such as inplantation in substrate 102 and then anneal i ng device 100. [0021]

Spacer J(A91S mMoMpaesrahe TGRS Gs tien 815k 5 Bf?:'éttrdté)ﬂ? agi e f@t were

adj acent to gate el ecttode 106 and spacer 114, an spacer

this enbodigatediclectmatid Spabzr1Hasmﬂ)eémaﬂ©hadoffs@tslpecesm@$tr@mtmgl1ﬂl yffRyen V\Hh
a bottom surface 120 of_ spacer 114. [00221. A netal |ayer 122, FIG 6, is
then dePRFSFY ResoBTIng RAT YsPasp! IMépacpﬁylélﬂs farmegadjagsat spacerdilal Spacerl Ret al

'l oy, to Ta,or other,.simlar
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deposition. The anmount of netal |ayer deposite

of two or more of the aforementioned materials. Spacer 112 and 114 can be formed using

suitable methods known in the art, such as chemical vapor deposition followed by dry etching.

[0020]  Following spacer formation, a source 116, FIG. 4, and a drain 118 may be formed by

doping such as implantation in substrate 102 and then annealing device 100.

[0021] Spaéer 112 is now etched, FIG. 5, removing portions of spacer 112 that were adjacent
to gate electrode 106 and spacer 114, and forming spacer 112", In this embodiment, spacer 112
has been etched to be substantially even with a bottom surface 120 of spacer 114.

[0022] A metal layer 122, FIG. 6, is then deposited on device 100. Metal layer 122 may be a
metal or a metal alloy, including but not limited to Ni, Co, Mo, W, T1, Ta or other similar alloys,
Metal layer 122 can be deposited using suitable methods known in'the art, such as chemical
vapor deposition or physical vapor deposition. The amount of metal layer 122 deposited on

device 100 must be sufficient to react with the gate electrode 106 in order to form a metal gate.

{0023]  The temperature of device 100 is then raised for a period of time, which causes metal

layer 122 to react with gate electrode 106 to form a metal silicide gate (“metal gate™) 106°, FIG.



device 100 nmust be sufficient to react with the gate el ectrode 106 in order
to forma netal gate. [0023] The tenperature of device 100 is then raised

for a period of time, which causes netal layer 122 to react with gate

el ectrode 106 to forma netal silicide gate ("netal gate") 106', FIG 4 7.
Tenperature and tinme requirenents will depend on the netal |ayer 122 and
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106", a layer 128, FIG 8, is forned on device 100. Layer 128 can be nade

of a vaisteaty 1 @¥todferrer iatest 126rfot smbireeg] 1und dain 118nThehnreacidangal I82O0E or a
conposite | ayer made of a conbination of the aforenentioned materials, and
can be®GRddYWA¥. a contact etch stop layer. Layer 128 is formed using

sui tabl e met hods known in the art, such as chem cal vapor deposition.
[0025] Wth netal gate 106" and | ayer 128 fornmed, FIG 8, device 100

i ncl udemAp!t akfiG3b@natisP6f métCat L@ lap e a6, §.G2foried bndatiee di®l ectric

104 between netal gate 106" and substrate 102, and spacer 112' |ocated on
t he subsayeral®carbd needp afewdriched frhatgatle 1d0@ling I8 acelimitditoi S;NadjGdenta spacer

112", surrounds netal gate 106', and is spaced apara_tl ;rrd:{)m t al igLate 106’
so as °cempasde e malgioda casbinginaidhe Hetemenipned matwialsy dsed 393 | ayer

128 is |l qcated inside.reqgi - 430 and out.si.de i erd t he
devi co o051 SRbBBTH e ap biv Bl B TP e R Rk B PR G

el ect rodescAhvalirlabggRh materials with different gate dielectric

t hi.cknesses to be Torned. This allows high performance core

[0025]  With metal gate 106’ and layer 128 formed, FIG. 8, device 100 includes metal gate
106’ located on substrate 102, with gate dielectric 104 between metal gate 106’ and substrate
102, and spacer 112’ located on the substrate and adjacent metal gate 106°. Spacer 114 is
adjacent spacer 112°, surrounds metal gate 106, and is spaced apart from metal gate 106 so as
to form a region 130 between metal gate 106’ and spacer 114. Layer 128 is located inside region
130 and outside region 130, covering the device 100,

{0026] Thé metal gate manufacturing method allows gate electrodes of different materials
with different gate dielectric thicknesses to be formed. This allows high peffOnnance core
devices, which can use thinner gate dielectrics to increase the performance, to be manufactured
with other core devices and input/output devices, which can use thicker gate dielectrics that
reduce gate leakage. A combination of different gate electrode materials and different gate

dielectric thickness may be tuned to optimize the performance of NMOS and PMOS.

[0027]  Inone embodiment, FIG. 9, a substrate 200 has a gate electrode 202 and a gate
electrode 204 located on its surface. ‘Substratc 200 can be made of a variety of materials,
including but not limited to silicon or silicon on insulator, Each gate electrode 202 and 204 has a
corresponding source 116 and drain 118 in the substrate 200. Gate electrode 202 has a dielectric
206a located between the gate electrode 202 and substrate 200. Gate electrode 204 has a



devi ces, which can use thinner gate dielectrics to increase the

performance, to be manufactured wth other core devices and i nput/output
devi ces, which can use thicker gate dielectrics that reduce gate |eakage.
A conbination of different gate electrode materials and different gate

di el ectric thickness maybe tuned to optim ze the performance of NIVDS and
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net al

netal alloy, a nmetal silicide, or a conposite |ayer nmade of a conbi nation

of two or nore of the aforenentioned material s. [00281 In anot her
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electrode 204, and a gate electrode 206 located on its surface. Substrate 200 can be made of a

variety of materials, including but not limited to silicon or silicon on insulator. Each gate

electrode 202, 204, and 206 has a corresponding source 116 and drain 118 implanted in the

substrate 200. Gate electrode 202 has a dielectric 208a located between the gate electrode 202

and substrate 200. Gate electrode 204 has a dielectric 208b located between the gate electrode

204 and substrate 200. Gate electrode 206 has a dielectric 210 located between the gate

electrode 206 and substrate 200. Dielectrics 2082, 208b, and 210 can be made of a variety of

materials, including but not limited to oxides and high K. materials, which include materials with

K values larger than approximately 5, such as SiON, HfO,Si,, or HfO,. For clarity spacers,

contacts, and other structures on the device have been omitted. Dielectrics 2082 and 208b have

substantially the same gate dielectric thickness H. Dielectric 210 has a gate dielectric thickness I

- that is greater than that of gate dielectric thickness H. Alternatively, gate dielectric thickness

may be less than that of gate dielectric thickness H. Gate electrode 202 is made of a material A,

X - which includes but is not limited to a variety of materials such as polysilicon, metal, a metal

alloy, a metal silicide, or a composite layer made of a combination of two or more of the

aforementioned materials. Gate electrode 204 is made of a material B, which is different from

that of material A, and includes but is not limited to a variety of materials such as polysilicon,

e

a

a



el ectrode 204, and a gate electrode 206 | ocated on its surface. Substrate
200 can be made of a variety of materials, including but not limted to
silicon or silicon on insulator. Each gate electrode 202, 204, and 206 has
a correspondi ng source 116 and drain 118 inplanted in the substrate 200.
Gate el ectrode 202 has a dielectric 208a | ocated between the gate el ectrode

202 and ubs e 200, ted
bet weoMcind o N dps S8 Bechr HehlBY s deye A0S Bt BN S B P &
di el echying a%%&nénae@édeﬁataemrﬂc él@cﬁrcﬁ@tz% isehfetof etier 206rAhd @ubstiaBe 200.
Dielectrics 208a, 208b, and 210 can be nmade of a variety of materials,

including but not limted to oxides and high K materials, which incl ude

materials with K val ues | arger than apprOX| ely 5, suc , Hf OxSiy,
or Hf OP0028by T@ma@lih@w@@émng IGcUntaé@?%rﬂtee%Q %é%fe %k?%{gﬂzs €t he device
have been omitted, Diel and e sane
gate d¥ EF%%CHZB% Btnﬂ i ﬁeegeg{r?_éecéﬁg getd ngts%ﬁ%gc}eag‘)\ﬁgstaazet e ?[ltmjrd%éc%? hi ckness
| tha ®Bo iliBLEE! Sl to'ﬂllﬁs}ﬁm&s Ed h Ahteer nati vel y,
gate dﬁgﬁlit)étgfrellﬁ%&?l’ nesiﬁsgmn&fhrﬂﬁé 0ess tharll tﬁat of gate gl g%ectrl C
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but is not limted to a variety of materials such as t%(él ySi Ilcon tal, a

netal sabsieip 208, G@@@l%@deﬂ@ﬂ@és a diclegiriec aRPolorated peryesn gateslecHodoMA nat i on

of two or fore i on e tr I s made
of a mapest irate%%ﬁ%ﬁ R TRE it et DbSetard Rl 6F gixt%%gef’ﬁg.é%m udes
but S Rlnd m&ﬁ@zgm Gt ALY 208 bAFY GULALS ) FRRaBPbaRYS IegaRn, © metal,

a netal” Y, net al si or a conposite |ayer nade of a conbi nati on
of tWo eictrBly 26 aaf sibigata D00 ehRikirze 208 aR08Y, bad 310 Gabe neddeof acrdnetg@@ i's rrade
of either material A or material B. [0029] In another_ enbodi nent,

a substmeitrial200luding bat g@tth@ll'@lié%@)ﬁld@ﬁeaﬁéégh K myptanals, whish apcdigde @@ﬁnalawat a gat e

el ectr OIg%ahzlgs arlggrc g.neadpp(rjor;{nlnétsly%u uc% 810%1' tilsﬁtd 8 1y, orz}?f%p_.c O agm%ggce?sf, a
contacts, and other structures on the device have been omitted. Dielectrics 208a and 208b have
substantially the same gate dielectric thickness H. Dielectric 210 has a gate dielectric thickness [
that is greater than that of gate dielectric thickness H. Alternatively, gate dielectric thickness I
may be less than that of gate dielectric thickness H. Gate electrode 202 is made of a material A,
which includes but is not limited to a variety of materials such as polysilicon, metal, a metal
alloy, 2 metal silicide, or a composite layer made of a combination of two or more ef the
aforementioned materials. Gate electrode 204 is made of a material B, which is different from
that of material A, and includes but is not limited to a variety of materials such as polysilicon,

| metal, a metal alloy, a metal silicide, or & composite layer made of a combination of two or more
of the aforementioned materials. Gate electrode 206 is made of a material C, which is different
from that of material A or B, and includes but is not limited to a variety of materials such as
polysilicon, metal, a metal alloy, & metal silicide, or a composite layer made of a combination of

two or more of the aforementioned materials.

{0030]  Although only a few exemplary embodiments of this invention have been described in
detail above, those skilled in the art will readily appreciate that many modifications are possible

in the exemplary embodiments without materially departing from the novel teachings and



variety of materials, including but not limted to silicon or silicon on

i nsul ator. Each gate electrode 202, 204, and 206 has a correspondi ng
source 116 and drain 118 inplanted in the substrate 200. Gate el ectrode
202 has a dielectric 208a | ocated between the gate el ectrode 202 and
substrate 200. Gate el ectrode 204 has a dielectric 208b | ocated between the
gate el gg¢ i :Sub : . a dpel ectric
210 Iocapg?ﬁggia%gﬁlﬁﬁﬁhggfﬁ&%gﬁ§¥ﬁg@ gagﬁgdg%gﬁ%%%g%yéggdg%%?ﬁﬂﬁ%%%ctrics
208a, 208Min hadcptef tasinbentivndedefined Ly teifellotiag clait eri al s, includi ng but
not limted to oxides and high K materials, which include materials with K
val ues | arger than approximately 5, such as SION, HHO tSiy, or Hf Q2. For
clarity spacers, contacts, and other structures on the device have been
omtted. Dielectrics 208a and 208b have substantially the sane gate
dielectric thickness H Dielectric 210 has a gate dielectric thickness I
that is greater than that of gate dielectric thickness H Alternatively,
gate dielectric thickness | may be |less than that of gate dielectric

t hi ckness H Gate electrode 202 is made of a material A, which includes
but is not limted to a variety of materials such as polysilicon, netal,
a*netal alloy, a netal silicide, or a conposite |ayer nmade of a

conbi nation of two or nore of the aforenentioned naterials. Gate el ectrode
204 is nade of a material- B, which is different from that of material A,
and includes but is not limted to a variety of materials such as
polysilicon, netal, a netal alloy, a netal silicide, or a conposite |ayer
made of a conbination of two or nore of the aforementioned naterials. Gate
el ectrode 206 is made of a material C, which is different fromthat of
material A or B, and includes but is not limted to a variety of materials
such as polysilicon, netal, a netal alloy, a netal silicide, or a conposite
| ayer made of a conbination of two or nore of the aforenentioned
materials. [00301 Although only a few exenplary enbodi nents of this
i nvention have been described in



detail above, those skilled in the art will readily appreciate that many
nodi fi cations are possible in the exenplary enbodi nents without materially
departing fromthe novel teachings and 7 advantages of this invention.
Accordingly, all such nodifications are intended to be included wthin the
scope of this invention 'as defined in the followng clains. 8 WHAT | S
CLAIMED I'S: 1. A sem conductor device conprising: a substrate; a plurality
of gate electrodes |located on the substrate; a gate dielectric |ocated

bet weeWIREL IS OBAEVEDELS: r ode and the substrate, the gate dielectrics being
substantially the same thickness; at |east one of the gate el ectrodes nade
of a first material; and at |east one of the gate el ectrodes nade of a
secong]nmaterial whi gh is different from the first material. 2. The

sem conduct or’™ FEGOBENCAIT deYiSe FTAPIERE ei n the substrate is silicon on
insulator. 3. ggngﬁesem' conductor device of claim1l wherein the first
material is po‘lys icon. 4. The semiconductor device of claim1 wherein the
second nat er iaglurility sfpetiedrodetiordtborgthosybsgaesi sting of a nmetal, a netal
alloy, a netal silicide, and a conbination thereof. 5. The sem conductor
devi ce of cl aigatediaieicdoeatedHeetwrenmach gase dedtipide andihggelstiatepthgrzalei ty  of

materials. _ 6, ..The senqi conductor deyice of claim1l wherein at |east one
gate di el ect ,dpe,};ec;rgcsgf:}ngﬁq o trﬂﬂz theSartc tﬁcmegs,

at least one of the gate electrodes made of a first material; and

at least one of the gate electrodes made of a second material which is different from

the first material.

2. The semiconductor device of claim 1 wherein the substrate is silicon on insulator.

3. The semiconductor device of claim 1 wherein the first mate:ial 1s polysilicon.

4, The semiconductor device of claim 1 wherein the second material is selected from the

group consisting of a metal, a metal alloy, a metal silicide, and a combination thereof.

5. * The semiconductor device of claim 1 wherein the second material includes a plurality
of matenals.
6. The semiconductor device of claim 1 wherein at least one gate dielectric is an oxide.
7. The semiconductor device of claim 1 wherein at least one gate dielectric isahigh K
material.
8. A semiconductor device comprising:

a substrate;

a plurality of first gate electrodes located on the substrate;



7. The sem conductor device of claiml wherein at |east one gate dielectric
Is a high K material. 8. A sem conductor device conprising: a substrate;
a plurality of first gate el ectrodes |ocated on the substrate; 9 a first
gate dielectric | ocated between each first gate el ectrode and the
substrate, the first gate dielectrics being substantially the sane

thi ckness; at béasgatodizictrid1beatéd ededtiadach BlsCEdid Se@DdemciEthe kubdtrdte 1tisd
material; at |east one of the first gate el ectrodes nade of a second
mat er i afirshBpteiglesinsbeagenstantipyibelseme thickmessat eri al ; at | east one second
gate el ectrode_l,ocated h ubstrate, the | east .one second gate

el ectrode bei n§ lﬁ@ggneocffng ﬁ’ﬁﬁg'ﬁ? ﬁgc’nfq FEd "Efé‘raﬁrglm"g?mﬂ’he second material ;
and a second ggtigafh& SoLd F&t &P DBE: nd gate
el ectrode and thaeS substratle,étﬁéé‘&@%ggﬁ%@%\eg ea%g%dgéﬁtérﬁgg&%g\gsﬁ%g&gﬂ

t hi cknefismthé fiest enterfatom t hat of the first gate dielectrics. 9. The

sem conduct or device of claim8 wherein the substrate is silicon on

i nsul ator. 102t lyaséorseserenshgitrcalentrodelacated oft thelsubstnats, b et leish onesecdridrgate
material,is |ysiligon..11. The sem.conductor device of claim8 wherein

t he secSlr?ﬁtr(?'Fﬁﬁ’gyr}gdm@s&%]Peé& SkIPRREIRL0E ¢ eg“P%ﬂES“E?&%F@ﬁEng of a netal; a
netal alloy, a L LG~ fE., QE{Q i

sem conduct or gﬁo g%g%# 'dié:?églﬂﬁ:]lg@a\?\ﬂlel%g? nt %é@%ﬂ@@%@ﬁ@ g%%%ﬁeﬁ%—%é{e’% a

pl ur al i the subdtrate tiesseedrd. gate dielectrics having a thickness different from that of the first gate

dielectrics.

9. The semiconductor device of claim 8 wherein the substrate is silicon on insulator.

10. The semiconductor device of claim 8 wherein the first material is polysilicon.

1. The serﬁiconductor device of claim 8 wherein the second material is selected from the

group consisting of a metal; a metal allo_y, a metal silicide, and a combination thereof:

12. The semiconductor device of claim 8 wherein the second material includes a plurality -
of materials,
13. The semiconductor device of claim 8 wherein at least one gate dielectric is an oxide.
14. * The semiconductor device of claim 8 wherein at least one gate-dielectric is a high K
material.
15. A semiconductor device comprising:

a substrate;

a plurality of first gate electrodes located on the substrate;
a first gate dielectric located between each first gate electrode and the substrate, the

first gate dielectrics being substantially the same thickness;
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13. The sem conductor device of claim8 wherein at | east one gate
dielectric is an oxide. 14. The sem conductor device of claim8 wherein at

| east one gate-dielectric is a high K material. 15. A sem conductor device
conprising: a substrate; a plurality of first gate el ectrodes |ocated on
the substrate; a first gate dielectric |ocated between each first gate

el ectrode angrEhessdrstd iﬁr&tegﬁtetéP&troHésﬁﬁéde%ﬁQirﬁln@At@ﬁl;rl cs being
substantially the same thickness; 10 at |east one of the.first gate

el ect rodes maideasbbneofither fibt guet dedtmbes madelod asecond enatfial whichis &iffergat e

el ectrodes nade of a second material which is different fromthe first

mat er i &om thedrst expdariabne second gate el ectrode |ocated on the substrate, the

at | east one_second gat | ect r od ' ' j ichis
i 1 oront r BEERaN reR it eeBnienEl BPrERisydls e bLAS FELGEAGLAT Y,
| ocat é’v@eﬁzg ' 1 QRELSES TR r SR Fentthe Gist dscandd mhfggalsubst r at e,
t he sgég%ére]ﬁagat ﬁ?ﬁ%@?ﬁ@%ﬁ%%@gt hi (r:kness diffserent fromthat of the
first gdte dielectrics. 16. The sem conductor device of claim 15 wherein

the substrate is silicon on insulator. 17. The sem cgnduc or g?evi ce of
clai m 15 wherskeend igetetliclastricaeatad betwies epd 4 43a5| Qnsecong Satpreecefs @¥hduct or

devi Cethgfsub%ll.rﬁfe, elsSecg\g]de gra?eI cﬁelgcqgcs%%(\:fl%%% tﬁ%ﬁl‘?ersé gilffe}'e%t %orrﬁﬁaﬁlof ffe ﬁ&tﬁke al l'oy.

dielectrics.
16. The semiconductor device of claim 15 wherein the substrate is silicon on insulator.
17. The semiconductor device of claim 15 wherein the first material is polysilicon.
18. The semiconductor device of claim 15 wherein the second material is a metal or metal
alloy.
19. The semiconductor device of claim 15 wherein the third material is a metal silicide.
20. The semiconductor device of claim 15 further wherein the third material is a plurality
of materals.
21. The semiconductor device of claim 15 wherein at least one gate dielectric 1s an oxide.
22. The semiconductor device of claim 15 wherein at least one gate dielectric 1s ahigh K -
material.
23. A semiconductor device comprising:

a substrate;

a metal gate electrode located on the substrate; and

11



19. The sem conductor device of claim15 wherein the third material is a
nmetal silicide. 20. The sem conductor device of claim15 further wherein
the third material is a plurality of materials. 21. The sem conduct or
device of claim 15 wherein at |east one gate dielectric is an oxide. 22.
The sem conduct or device of claim 15 wherein at | east one gate dielectric

is a high K magehiraity o?@ace?*s,&%@Iﬁﬁﬁ%sﬁﬁce%ﬁ&lﬁtﬁné%?gﬁf spabA%dacdy RURST r at ;
and 11 a plu f

a netal gate el ectrode l'ocated on the substrate; rality o

spacer s metd gafglelackbda andafsceprecpacer adjadenttiorthe first spacxt. spacer adj acent to the
nmetal gate el ectrode and a second spacer adjacent to the first spacer. 24.
The sem conductor device of claim23 wherein the netal gate electrode is a

nmet al klicid : e t or,,devi ce,.of clai.m 23 erein the first
spacer g!rd' SECOE‘ eg%néggl{raﬁ?téﬁgésvg&&gﬁgﬂngﬁ @eﬁ%th&%&g)g%tgﬁépgﬁé%a Wtagi ON,

Si 3N4, §ilicideand a conbination thereof. 26. A sem conductor device
conprising: a substrate; a gate electrode |ocated on the substrate; a

first spacer surrounding the gate el ectrode and spaced apart fromthe gate

el ectrog to é,grm a first region, therebetween; and a second spacer | ocated
both in gde and 16 straiclugipr @Wécerqfﬁbemﬁég‘ﬂ'@rﬁm the first spacer or second spacer is

selected from the group consisting of SiON, Si3N,, SiC, and a combination thereof.

26. A semiconductor device comprising:
a substrate;
a gate electrode located on the substrate;

a first spacer surrounding the gate electrode and spaced apart from the gate electrode

to form a first region therebetween; and

a second spacer located both inside and outside of the first region.
27. The semiconductor device of claim 26 wherein the gate electrode is a metal silicide.

28. The semiconductor device of claim 26 wherein the first spacer or second spacer is

selected from the group consisting of SION, SizNy, SiC, and a combination thereof.

29. A semiconductor device comprising:

a substrate; "

a gate electrode located on the substrate;

a first spacer located on the substrate and adjacent to the gate electrode; 7

a second spacer located adjacent the first spacer, which surrounds the gate electrode
and is spaced apart from the gate electrode to form a first region therebetween; and

a third spacer located both inside and outside of the first region.

30. The semiconductor device of claim 29 wherein the gate electrode is a meta] silicide.

12



27. The sem conductor device of claim?26 wherein the gate electrode is a
nmetal silicide. 28. The sem conductor device of claim?26 wherein the first
spacer or second spacer is selected fromthe group consisting of SiON,
Si3M4, SiC, and a conbination thereof. 29. A sem conductor device
conprising: a substrate; a gate electrode |ocated on the substrate; a
first acer : POk gate electrode; a
second§§pacerﬂhfgg§-glt%gndﬁgt8fg%é%’tg??%{eﬁ?lg@?ﬁspacg?ﬁ ac?lgﬁggzr'rounds the gate
el ectrode and is spaced apart fromthe gate electrode to forma first
regi.on therebetween; and a third spacer |ocated both inside and qutside of
the fid3t redilonsmzondiTioedesdss ofshadn P ovherriyihe seapnd pagprTAbIdBBEEI1H t he gate
el ectrode i.s a pgetal silicide,.. 1.. The sem conduct or. devi ce of claim 29
wher ei ?P??"FF@%M“P@E BOpR Censishias %f%ﬂb%lg@Nﬂéﬂ@’ @'@E@&ﬁﬁ’&?&’%ﬁe ice of claim29
wherein the second spacer or third spacer is selected fromthe group
consisting of SION, Si3M, SiC, and a conbination thereof. 33. A nethod for
nmanuf agg uri ngA enctidt dbr B ScARn a%ﬂl%@ﬁé@ﬁ@s@ﬁﬁdﬂ»ﬁ&ﬁcﬁ@d@@ﬁ@b@rﬁpﬂ@ng: provi di ng
a substrate including a gate electrode |ocated on the substrate; formng a
plurality of prewiding a sibstrhtedichelieg £ gatselettendedodatsd andler syhstraie substrate and

the gate electrode and. a second | ayer adjacent the first er . .etching

the |ayers tofompﬁﬁﬁ?%ﬁm’ Qﬁi‘ﬁfidl?‘d‘é@é?%%g?# flaéfﬁr%%art‘%d%q th’c’: F%L% and fher o

spacer-__located on_the tr jacent the gate electrode and a

cbcona cab SERIH afla bend O plpL e AL SRS, |
etching the layers to form a plurality of adjacent spacers, including a first spacer

located on the substrate and adjacent the gate electrode and a second spacer adjacent the first

spacer;

etching the first spacer;

forming a metal layer on the device immediately adjacent to the gate electrode; and

- reacting the metal layer with the gate electrode.

34, The method of claim 33 wherein the gate electrode is polysilicon.
35. The method of claim 33 wherein the first layer and first spacer are Si0,.
36. The method of claim 33 wherein the second layer and the second spacer are SizNa.
37. The method of claim 33 wherein the plurality of layers are formed by chemical vapor
deposition.
38. The method of claim 33 wherein the first spacer is eiched so that its top surface is

substantially the same height as the bottom surface of the second spacer.

39. The method of claim 33 wherein metal layer is Ni.
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etching the first spacer; formng a netal |ayer on the device imediately
adj acent to the gate electrode; and reacting the netal layer with the gate
el ectrode. 34. The nethod of claim 33 wherein the gate el ectrode is
polysilicon. 35. The nethod of claim 33 wherein the first layer and first
spacer are Si 2. 36. The nethod of claim 33 wherein the second | ayer and
the secgpd spaggsmahsd sf ANk 33 @Eerel-ﬁt}ﬁacﬁﬁgflﬁqnéﬁl 1&/cPlith 3R MRQIRIS e he
plurality of layers are forned by chemc vapor ~ deposi tion. 38. The

met hod odsultd imiaNi8Bgath eleetiodet he first spacer is etched so that its top
surface is substantially the sane height as the bottom surface of the
second spacer 39. The nethod of claim33 wherein netal layer is N . 13 40.

The net hod o r e act i the netal |ayer with the gate

el ectrogg' sﬁ’ gg}‘ﬂfi ég%‘ﬁgere%‘) %8e. ' 41. The method of claim 33
further corrprr@tbmg the8h¢ 3G AN Bt Xpose the substrate; and

dopi ng the substra eeto ormxg sourcgggartr%%ggdrar n. 42. The nethod of claim
41 further comepisg thg sulfseaetis fgmtdwuretaal aldeser Wi th the substrate to form

contacts for the source and the drain, 43. The nethod of claim 33 further
conprising: etching the unreacted netal | ayer;

42. The method of claim 41 further comprising:
reacting the metal layer with the substrate to form contacts for the source and the
drain, '
43, The method of claim 33 further comprising:
etching the unreacted metal layer,
forming a contact etch stop layer on the device.
44, The method of claim 43 wherein the contact etch stop layer is selected from the group

consisting of SiON, Si3Ny, and a combination thereof.

45, A method for manufacturing a metal gate on a semiconductor device comprising:
providing a substrate including a gate electrode located on the substrate;
forming an offset layer;
etching the offset layer to form an offset spacer adjacent to the gate electrode;
forming a plurality of layers, including a first layer located on the substrate and the
gate electrode and a second layer adjacent the first layer; |
etching the layers to form a plurality of adjacent spacers, including a first spacer
located on the substrate and adjacent the gate electrode and a second spacer adjacent the first
Spacer;
| etching the first spacer;
forming a metal layer on the device that is immediately adjacent to the gate electrode;
and

reacting the metal layer with the gate electrode.
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formng a contact etch stop |ayer on the device. 44. The nethod of claim43
wherein the contact etch stop layer is selected fromthe group consisting
of SiON, Si3N4, and a conbination thereof. 45. A nethod for nmanufacturing a
nmetal gate on a sem conductor device conprising: providing a substrate
including a gate el ectrode |ocated on the substrate; formng an offset

| ayer; etching the offset layer to forman offset spacer adjacent to the
gate electrode; formng a plurality of layers, including a first |ayer

| ocat efh, on t NG HdhSH batlemPdwhérein tigadaee dbande ddelwidon second | ayer
adj acent the first layer; etching the layers to forma plurality of
adj acent spacers, including a first spacer | ocated on the substrate and

adj acent the _gate ele rod adj acent..the first spacer;
et chi nly-t he ﬁ%?&eﬂ@ﬂé’g E%Wﬁ?rﬁ’é‘ ¢ ’i Vﬁrlaﬁgg#“é#c?haéeg@ﬁce that is

i mredi ately adj acent to the gate el ectrode; and reacting the netal |ayer
with the gate electrode. 14 46. The nethod of claim 45 wherein the gate

el ectrgde i s THeheRddicteRim 47 whiks Hetdies Rijercnditie sttondispacer aretHigNA i r st
| ayer and first spacer are Si 2. 48. The method of claim45 wherein the

second | ayer and the second spacer are Si 3M. 49 The net hod of cl aim45

\é\ﬂgkel;gﬁ.t Cgp&l lér e y Of l ag( erhgre?nnt epﬂ?ah%];g 1ayers dthe & setflayer are fonﬁled

by chemical vapor deposmon.

50. The method of claim 45 wherein the first spacer is etched so that its top surface is

substantially the same height as the bottom surface of the second spacer.
51 The method of claim 45 wherein metal layer is Ni.

52. The method of claim 45 wherein reacting the metal layer with the gate electrode

results in a NiSi gate electrode.

53. The method of claim 45 further comprising:
etching the layers to expose the substrate; and

doping the substrate to form a source and a drain.

54, The method of claim 53 further comprising:

~ reacting the metal layer with the substrate to form contacts for the source and the
drain.
55, The method.of claim 45 further comprising:

etching the unreacted metal layer;

forming a contact etch stop layer on the device.
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50. The nethod of claim45 wherein the first spacer is etched so that its
top surface is substantially the sanme height as the bottom surface of the
second spacer. 51. The nethod of claim45 wherein netal layer is Ni. 52.
The net hod of claim45 wherein reacting the netal |ayer with the gate

el ectrode results in a NSi gate electrode. 53. The nmethod of claim45
further sgonpri Thoghetho@of Hlbidg53 RRerkRWBE SoritRt GXP AL 12 ESs SIRM RIrnethe@fdlp
dopi ng the substrate to forma source and a drain. 54. The nethod of claim
53 . f ur t hersistiogpef SEIM G Nupanta sognbidedionttieagof] ayer with the substrate to form
contacts for the source and the drain. 55. The nmethod of claim45 further
conprising: etching the unreacted netal l|ayer; formng a contact etch stop
| ayer on the device. 15 56. The nmethod of claim55 wherein the contact etch
stop layer is selected fromthe group consisting of SiON, Si3N4, and a
conbi nation thereof. 16
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