: 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 nmetal gate. [0002]
A gate dielectric integrity of netal-oxi de-sem conductor field effect
transi stor (MOSFET) is associated with reliability and lifetinme of MOSFET
devices. As the gate dielectric thickness is reduced in technol ogy
scal i ng-down, gate | eakage is induced, increasing power, consunption and
reduci ng deV|ce per formance. [0003] ngh K materials, whi'ch include
materials with K values |arger than approximately 5, such as SiON, HfD
Siy, or HHO2, are inplenented to realize thicker gate dielectric |ayers
for mnimi.e | eakage current and equival ent oxide thickness (EOT). Also,
a netal gate electrode can be used to reduce gate resistance. In
addition, the netal gate-can also reduce gate |eakage that is induced by

boron penetration fOMPPAYGATESEMICONDIRSLGRINEVIEB004] On netal gate
formation, problens 'nleWﬁl\ﬂﬂﬁI@r T such as chemical -
mechani cal polishing ending por nt éet e! :cfrligg‘@spacer and liner loss,. and °
poly gate |l oss. On source and.drain contact formation, problens include
shal | q;_q&_@@ﬁwmol ation |l oss and spacer oxide Iliner loss. In general,

t he process ves conpl ex steps that increase cost. -1 [0005] -
Accordingly, it would be desirable to provide an inproved nmethod for
manuf act urin a_net al glate absent the di sadvantages found in the prior .
ot hodd0M] s c dtisclasainas a@@@@ﬁﬂ@wmcummﬁcmmmmmm -

- particularly to. 2 method for mannfacturing a mefal gate.

[0002] A gate dielectric integfity of metal-oxide-semiconductor field effect transistor __
(MOSFET) is associated with reliability and lifetime of MOSFET doviccs. As the gate dielectic
t‘mckness 1s reduced i technology scalmg-down, gate leakage is mdnccd, Increasing power
consumption and reducmg device performance.

{0003] - High K materials, which include maimais with K values larger than,approxin‘mtqu 5,
such as SiON, HfO,Si,, or HfO,, are implemented to realize thicker gﬁe dzelectric layers for -
lmmmmed leakage current and equivalent oxide thickness (BOT). Also, a metal gate electrodc
can be nsed to reduce gate resistance. In addmon, the metal gate can also reduce gate leakage

" thatis mducegl by boron penetration from polysilicon gate electrodes.

[0004])  On metal pate formation, ﬁmblemé include many processing issues such as chemical =
mechanical polishing ending point detection, spacer and liner loss, and poly gate loss. On source
-and drain contact formation, problems include shallow trench isolation loss and spacer oxzde

liner loss. In gcneral, the process involves complex steps thal' Increase cosL



{00061 Figure 1 is a cross sectional viewillustrating a substrate with a
dielectric and a gate electrode |ocated on the substrate; [00071 Figure 2

is a cross sectional viewillustrating an of fset spacer adjacent the gate
el ectrode and a light doping drain inplanted in the substrate; [0008]
Figure 3 is a cross sectional viewillustrating a first spacer adjacent

the gate el ectrode; and a second, spacer adjacent the first spacer; [0009]

. F: gu .{@dﬂé] is Aﬁec‘érﬂ@gtv, éféféqﬁld)h%qi%wgm wrpwéjfs AR emprgved mehpdcler @ﬁ@fi%?ﬁmﬂ&i n
i i . - 101, . Fi . i . i i
1P uet Ptk oo MR R B e 4T R el PR AR o s o

substantially even with the bottom surface of the second spacer; [0011]

Figure 6 is a cross sectional viewillustrating a netal |ayer deposited on
t he deBRIEFDESCRAPTHONIPERIEH PRAWINGS etching the first spacer; [0012]
Figure 7 is a cross sectional viewillustrating the result of reacting the

nmetal layer with the device to forma netal gate and a contact for the
source the.drajn, and then et.chi the unreact al. layer: [0013]
7 our o [ AFighEL Rua B0 srelione i iRkt R ke BRI ke R kg | ayor
f or med .puebdd 10€at cg@ﬂ’%hﬁ%ﬁbs%r {0014] Figure 9 is a cross sectional view
illustrating a p?ura Ity 01‘El dates made of different materials formed on a
substrate, each gate having substantially the sanme dielectric thickness;

[0015] Figure 10 is a cross sectional view i IIustratigﬁg a plurality of -
first ¢RRAEE mitRare? is arissedimnahac illusiratingameifeoipace adiecenbthe gateach gate

h aV 'ng afeléggéeaanrfdl aaﬁéh¥ dépqgg aram%emgﬁlgte%c 1}1 rtklzecsubstrate; '

[0008]  Figure 3 1s a cross sectional.view illustrating a first spacer adjacent the gate electrode

and a second spacer adjacent the first spacer;

[0009] . Figure 4 is a cross sectional view illustrating a source and a drain implanted in the

substrate;

[0010] ,7 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;



«t hi ckness, and a second gate nmade of the sane material one of the first
gates fornmed on the substrate, the second gate have a dielectric

t hi ckness different than that of the first gates; [0016] Figure 11 is a
cross sectional viewillustrating a plurality of first gates nade of '
different materials formed on a substrate, each gate having substantially
the sane dielectric thickness, and a second gate made of a different

mat er ifed14] hamigaid high ceResfiohN @ik mgérgabephirdiredoar@mideoflilistpat e, the
second gate have a dielectric thickness different than that of the first

gat es;maiDERAbIHED DESCRItRTY, M GGIEyingrsubstentat S srpa diclestrsriickoassuct or
device 100, FIG 1, begins its manufacture with a substrate 102.
Substrate 102 can be of a variety of materials, including but not Iimted

to bulk il L] R.i.0AS: : fes O o pr oper
sem ch%ltjsit o?fgﬁgﬁ I(?,*drﬁ'ilgﬁl %03& %%Q%I?%deg’slﬂllg%:a?&gé?%%}ﬂ%&dﬁ t %9@41&1 rode 106
are fquﬁ&@lm%t&w@ssfofﬁé&eonla%bsﬁﬂ@ & tgga@&ﬁmﬁg sligﬁalﬁﬁll%ﬁﬁ @fne @elvafitety of
materials, including but not limted to oxides and high K materials, which
i ncl uct]mckmmﬁ end abes;oml gdne iﬂa&aﬂaﬁrhssdmmmnalmm ofitherfost igates &drynel,ongbeh as
SION, HO SiY, or combi nation thereof. The gate el ectrode-106
may besubstiates thewgooad gﬁfﬁbé\fﬁi %qhglecmh@llﬂﬁ]eﬁbd@meﬂ%@ the qf.thc@fgrslt §algB| ysi | i con.
To create the gate electrode 106 on dielectric 104 on substrate 102
configuration shown in FIG 1, the gate electrode 106 and dielectric 104
are p ne WP [ processi ng
of suﬂ?bﬁ]e ?}:E#Eé gﬂm a%%%ﬁbtﬂgkeart E@%@%Qgﬂéﬁpw&ﬁ%@ at%ﬁﬁggglfs by

pat t erdiffergnttohaeriuly foaael @f a sibeedtt \aclggamherih@dubriktitinllg tisecumenditiattricpr oces s
includi ng photoresist patternin dry etching, and photoresist stri pg
Fur t hethickngsh enda essosd gpamade of znglfﬂe { wetssialtharater ons ofttbpErsdeaiphBirpeds| st

coat| g, S0hL0aki N0, Tesk 3L 90100, PaLLSLD SRR8H i RO HRN bats

DETAILED DESCRIPTION

[0017] Im onelembodimcnt, a semiconductor device 100, FIG. 1, begins its manufactufe with
a substrate 102. Substrate 102 can be of a variety of materials, including but not limited to bulk
silicon and silicon on insulator (SOI), SiGe, and other proper semiconductor materials. A gate
dielectric 104 and a gate electrode 106 are formed on substrate 102. The dielectric 104 can be of
a variety of materials, iqcluding but not limited to oxades and high K materials, which inclﬁde
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 n the art. For
example, one method is by patterning the surface of underlying material with 2 sequential
process, including photoresist pattermning, dry etching, and photoresist stripping. Further,
photoresist patterning includes processing steps of photoresist coating, softbaking, mask

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



{ 0018] Once the gate electrode 106 and the dielectric 104 are forned, an
of fset spacer 108, FIG 2, is fornmed. O fset spacer 108 can be of a
variety of materials, including but not limted to oxides such as Si Q2.
O fset spacer 108 can be fornmed using suitable nmethods known in the art,
such as chem cal vapor deposition foll owed by etching. Follow ng the

f ' f 0 I pl at.i d f l'i gh
dopi n GRaph (Dess oy £BR 2 Skarsclli P vesbeRoie gl Sa Jitg. anctet spes (& of f Sot
b | epgt 3, ; | IR of f set
pacer 1% porrtjoaT DRk SpR O] B t? 8 ARGy M eREE, o hhe Ptil B qon:

fi gur esto @k )ickhaspiaeeOfid 2padet B8 &in beFoth@Iusin@fsiiROfethb® leURE il ake 102
adj acent gate el ectrode 106 and gate dielectric 104. Spacer 112 can be

f or ned @hStches chemieadsepor demsitiondelidwedy dtehing. f Bdlowingdbe frmblamarfioffset par t
of spacer 112 A spacer.114 is fornmed adj acent spac 112. Spacer 112 can
be a va?HaB‘f’rgﬁ)& a’i‘rﬁﬁﬂ?ﬁ%ﬁc’é‘,mﬁm ‘E‘?Hé ngggﬁ ﬁ’l@gg g@!ﬁ*ﬁfﬁ'ﬁg ?@Bil 1Gjpsulstraterlf2c an

be a vafi : L ocludi L LN, - S o SIC,
or a coplsElofhe S S10iGblict LYEIHIENISL Bty DR ol 06 llie Ritdiie oo
mat er i abffset fpRectos] Fr shgiyl dhtcRBinRerfion M8k saitbdiron Yikeiat fBlkods known
in the art, such as chem cal vapor deposition followed by dry etching.
[0020] Foll owi ng spacer formation, a source 116, FIG 4, and a drain 118

may be (ped by dopi uch as inplantation in substrate 102 and then
anneal i {legﬁvi gépiﬁé&lg%ééﬁ’ 1%‘%‘5% g}rmgigni%ge Hosirals HHed)acent gatesiectredeohiong
portio Cel: r | te.e trogde 106..and
pacer T SBERehic b Siagk 1490 BPRARER by MR IR BRI " 1o
been etgaes YeBomb partTbpibd B2l YA ¥a88 Midtih fdrR@bdivhShERq82 1 f1i1gpacer
114. [0022]. A net aIIﬁMI ay%ir(1 122, Flg%x 6, ils t hen epo?iﬁt ed on %%\ei&cleﬁloo.
Met al | capehe ala@ietmyf theerals, medwdinpoxidesmatinbs 8i0,0$pacenididudh b alvatietnof
limted to.N,. Cp,..My, W Ti, Ta or other simlar alloys. Metal |ayer 122
can be laéﬁsagﬂst@acf%g&&t aefilimilnddo SEMNotsNa Sdvapriasompesita frade gl porehinagioani cal
~ 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] Spacerli2is now etched, FIG. 5, removing portions of spacer 112 that were adjacent
R 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 maybea
metal or a2 metal alloy, including but not limited to Ni, Co, Mo, W, Ti, 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 Iaycr 122 depositeld 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 canses metal

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



.vapor deposition or physical vapor deposition. The anmount of netal |ayer
122 deposited on device 100 nust be sufficient to react with the gate

el ectrode 106 in order to forma nmetal gate. [0023] The tenperature of
device 100 is then raised for a period of time, which causes netal |ayer
122 to react with gate electrode 106 to forma netal suicide gate ("netal
gate") 106', FIG 4 7. Tenperature and tine requi rements will depend on
the Nt alehayefe #A%nty @R A0SR HAfe mﬁé? erFlQD afd Blite WREAbAd BOger and
a polysilicon gate electrode, a te erature of 0 C- 600 Cfor 10
secondsed doba bl mstabhyérand ubbiysilieot gito cleottadecadNieSiperpatre of 3L @l- d08yefor122 may
al so react wwth substrate 102 to fornma contact 126 for source 116 and

- drai n l{sgondyien miansncredcient ol omag bS] gaie Héatala%v 122 mzf@]lSOAWémﬁJor mat i on
f metal gate,10 | 28, F d d L
Sty Calhe %rrha st e HE Romar 16 A riinidRUER g R S 1o

Si 3M i RN 0T conposite layer nmade of a conbination of the
aforenentlon d rraterl als, and can be used as a contact etch stop | ayer.
Layer 128 is forned using suitable nethods known in the art, such as
chem cal vapor deposition. [0025] Wth netal gate 106' and Iayer 128

f or med00X¥| G Afer foovation of 0Btal pete dﬂé’sarh@eau?gﬁig 8, inlerm¢dbadaaceo¥lOsubst r at e
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spacecf Form et ofma reglion ween
net al gah& ABGiopaifr SDAE ferzglléfienﬂeammolsaﬁaﬁlémb%ag v isitteart, @ailos 130
and out si de reg| on 130 covering the devi ce 100. [ 0026] The net al gate
rranufa:htmncalngpmr&tcpmmaml | ows gate el ectrodes of different materials

[0625]  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] The metal gaie 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 dielettrics to increase the perfoimance, 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 pérformancc of NMOS and PMOS.

[0027]  In one embodiment, FIG. 9, a substrate 200 has a gate electrode 202 and a gate
electrode 204 located on its surface, Substrate 200 can be made of a variety of materials,
incloding but not limited to silicon er 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



MW th-different gate dielectric thicknesses to be fornmed. This allows high
performance core devices, which can use thinner gate dielectrics to

i ncrease the performance, to be manufactured wth other core devices and
i nput/ out put devi ces, which can use thicker gate dielectrics that reduce
gate | eakage. A conbination of different gate electrode materials and
different gate dielectric thickness may be tuned to-optimze the

per f or HealasE10} 0GNBSted g VRS fa00ddroln 204 endsybsidita 206t DidlbdBics206@and

I de 202 t I de 204 | t ed
on 206 0 580 05 B e R o i B o b ©
I ncl udi J hm t . bl b 1| Y l.at o . E gate
el oct r ST 98, vARY e Rl Bl KA ral SRR HASY B8R 4 O T e
subst r g1fe, A0 0r N0 P& cefity S5i8erd WAnas ahdtithd8fhdhines orP@BacdiQoRlegkpet ween
the gate el ectrode 202 and substrate 200. Gate electrode 204 has a 5

di el ecomitted2@Bblettvical@d abé L0Geimve hebspatiiellpltectmogee 2@kchriodhiskiestH aGee 200.

Dielectrics a an 06b can be made of a variety of materials, .
i ncl ud P‘%&I %%%Ed% magwftzaeiaatﬁaaaie%ivaw 1nakpdes K 190t hted o wrieiyof aiatarialg| ude

teri i . yal rger. than roximately 5. such as Si O\,
ﬁo? rS: ?/‘L &oa\renphpégl.cgig# e@l %&13%3%06'@13 g}egal? eg]tﬂﬁca?ftascf%ﬁﬂ%tei?ﬁé Fnaiq ‘?%?tt ures on
the deyoiBinfLolaeor mdrd 41186l afolnRinB6hdd Hated O GABdAPRR zfoé}éfinade ofa
substantially the same gate dielectric thickness H Gate electrode 202 i's
made omateriabBewhiah isjiffedeniciorn tigdt uffestetial Aj sdriadludel buttietottlonied ¥@4 valey of

materials such as polysjlicon, nmetal, a nmetal alloy, a netal silicide, or
a conpebmateripls gush aspeeysicon metednpmetad plley, smatalsiliside mareoapositdayer made

afore Loned materials. Gate. el ectrode 4 is.made of a material B,
vihi chnlgfsg %‘?I?ntf%?’téoﬁtopfwgﬁ{ HRK Ofg}f‘e ?ﬁfeg}epgfm%fmaatﬁ%al?ncl udes but is not

limted to a variety of materials such as polysilicon, netal, a netal

alloy, a nmetal silicide, or a conposite |ayer made - of a conbination of

“two or 0638k o dnotheatmbedimighi, BIEd Omiwsstrale 900 has a gate electrode 202, a gate
. 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 'siiicon or silicon on insulator. Each gate
electrode 202, 204, and 206 has a cox_'responding source 116 and drain 118 implanted in the
substrate 200. Gate electrode 202 has a dielectric 2082 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 208a, 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 Iérger than approximately 5, such as SiON, HfO,Si,, or HfO,. For clarity spacers,
contacts, and other structures on the devicc‘_ﬁave been omitted. Dielectrics 208a and 208b have
substantially the same gate dielectric thickness H. Dielectric 210 has a gate dielectric thickness 1
~ 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.matcrial A,
. ._ 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,



.[0028] In another enbodiment, FIG 10, a substrate 200 has a gate

el ectrode 202, a gate electrode 204, and a gate el ectrode 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

el ectrode 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
| ocat egkrdiel weeinlohe BehesiRies bf DeenRARe layatmsdtsitarcatmdi@Gon oGmtosoreheet r ode
204 has a dielectric 208b | ocated between the gate el ectrode 204 and
subst ofithe 2f0ementianed mhigvals.odee 2siredss2 08 1emaneet sither matonilch at waichdi Been t he
gate electrode 206 and substrate 200. Dielectrics 208a, 208b, and 210 can
be nmade of a variety of materials, including but not limted to oxides

L L
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Di el ectrics 208a and 208b have substantially the same gate dielectric

t hi cknesstyldf mBiegiblecihclnding bt nobEmitedytat eliadnatr edicen on mistleloneEachi gate hat i s
greater than that of gate dielectric thickness H. . ernatively, gate

di el eclgcireda H2c ke grd 706 heap cpraesp B&W%ﬂ&mégl%ﬁ{eg BRRPEL ke £ hi ckness
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or nore o t he

aforementioned naterials. Gate el ectrode 204 is made of a
mat er i 74 aBd swwsireb 206, Gtk Eetieste 206 hus a tiehictrnf2 1 fdd@tdd detwigendiigateicl udes but
‘is not limted to a variety of materials such as polysilicon, 6 netal, a
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FIG 1 vaResSHet hal S BmbRs £ s8al & SORCHOLS, PROA KiRlctrity spacers,

contacts, and other structures on the device have been omitted. Dielectrics 208a and ZOSB 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
may be less than that of gate dielectric thickness H. Gate electrode 202 is made of 2 matenal A,
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 pf. 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 polysih'c—oﬁ,
metal, a metal alloy, a metal silicide, or & composite layer made of a combimation of two or more
of the aforcméntioned materials. Gate electrode 206 is made of a material C, which 15 differeﬁt
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, a metal silicide, or a composite layer made bf 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 withoui materially departing from the novel teachings and



.el ectrode 204, and a gate electrode 206 |located 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 electrode 202 has a dielectric 208a | ocated between the gate

el ectrode 202 and substrate 200. Gate el ectrode 204 has a dielectric 208b
| ocat ecAdr@niagss Rt tneingentione Aseqrdipgly, alpeurhaneriBeabensrase wtepdest toGainslvdeéct r ode

206 ha diel r14,:210 | ocat ed.bet. n.the.gate electrode 206 and
substrg‘f"fea”gbt&ﬁﬁ#ee? HQ@E“% Ff%%ﬁgg%ﬁ@OY@ciafﬂs'be made of a variety of

materials, including but not limted to oxides and high K materials, which
include materials with K values |arger than approximtely 5, such as
SiON, H O Siy, or H02. For clarity spacers, contacts, and other
structures on the device have been omtted. D electrics 208a and 208b have
substantially the sane gate dielectric thickness H D electric 210 has a
gate dielectric thickness | that is greater than that of gate dielectric
thickness H Alternatively, gate dielectric thickness | my be |less than
that of gate dielectric thickness H Gate electrode 202 is nade 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 conbination of two or nore of the

aforementioned materials. 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 nmetal silicide, or a conposite |ayer nade of a conbination of two
or nore of the aforementioned materials. Gate electrode 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 nade of a

conbi nation of two or nore of the aforenentioned materials.



[ 00301 Although only a few exenpl ary enbodi nents of this invention have
been described in detail above, those skilled in the art will readily
appreciate that many nodifications are possible in the exenplary

enbodi ments without materially departing fromthe novel teachings and 7
adva vention. Accordingly, all such nodifications are
inte&%@gﬁ%§%§éuﬁh§? ded within the scope of this invention as defined in
the following clains. | 8 WHAT IS CLAIMED |IS: 1. A sem conductor device
conprising: a silicon on insulator; a plurality of first gate el ectrodes
| ocafled orh setricopductardevicacanmmisirgt or, 9 a first gate dielectric |ocated
bet ween each, first gate electrode and the silicon on insulator, the first
gat e di el 8EHIPR 8L BEIPTsubst anti al |y the sane thickness; at |east one of

the first ﬁ%%( gﬁ% mat erial; . at Ieast one of the
first gate% ectfro esé?igle gsa%scgg%% E%“‘P“ﬁ?%ﬂﬁ&%.s different from

the first material; at |east one second gate el ectrode | ocated on the
silicon on insulator, the at | east one second gate el ectrode bei ng nmade
of either the first material or the second material; and a second gate
dielectric | ocated between each at | east one second gate el ectrode and the
silicon on insulator, the second gate dielectrics having a thickness
different fromthat of the




first gate dielectrics. 2. The sem conductor device of claim1 wherein the
first material is polysilicon. 3. The sem conductor device of claiml '
wherein the second material is selected fromthe group consisting of a
metal, a nmetal alloy, a nmetal silicide, and a conbination thereof. 4. The
sem conductor device of claim1l wherein the second material includes a
plurality of materials. 5. The sem conductor device of claiml1l wherein at
| east one Gafify gldRGLdic Idchiod befiehfSach fret TR SEHAORIYHLLEEY L Of
claiml wherein at |east one gate dielectric 1s a high materral. 7. A
sen considaion thedestigate dielspricsbaigg subatantibly tatsameahipknsgl ity of first gate
~electrodes | ocated on the substrate; a first gate dielectric |ocated

bet ween eadlepstoge ofjthe irs |pate clesedes mpdeipd a S material, the first gate
dielectrics, being substantially t sa hi ckness; 10 at .l east one of the
first gate %?@t&S&Z?’enﬁﬁég%? e%w&%%waggtogﬁisﬁ?@gﬂﬁ?@g@%‘ﬂé%ﬁ“%e first
gat e endiftHOReESmARAS; of a second material which is different from the

first material; at |east one second gate el ectrode | ocated on the

substrat e, a leestahe seeast gandectrodolodatedhvre theailzoh ba desubeér e aridet ofe a third
mat eri al ich is different fromthe first and second material; and a

secondetpRd gaigiclerizede heing rgada of g1therthgfnst watenakar thesgsendonaiesaloandd gat e
Thi cknoos S prad Ea GRALER Read diErf Ut GbE: ChSLSh Bl U haThe

silicon on insulator, the second gate dielectrics having a thickness different from that of the

first gate dielectrics.
2. The semiconductor device of claim 1 wherein the first material is polysilicon.

3. 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,

4. The semiconductor device of claim 1 wherein the second material includes a phurality of
materials.. ‘
5 The semiconductor device of claim 1 wherein at least one gate dielectric is an oxide.

6. The semiconductor device of claim 1 wherein at least one gate dielectric is a high K

material.

7. 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;

10



gate dielectrics. 8. The sem conductor device of claim?7 wherein the
substrate is silicon on insulator. 9. The sem conductor device of claim?7
wherein the first material is polysilicon. 10. The sem conduct or device of
claim7 wherein the second material is a netal or netal alloy. 11. The
sem conduchtdeastmei of ¢hedfirstcdate alectoddsanasierof a st mistardlnat erial is a netal

silicide. 12. The semnm conductsrdevice_of claim?7 further, wherein the third
material i & leaspong ofithe {irshgate glgetendpsmade gha soppad @éw%‘%&%isdfﬁ ifpoR of

claim,7 %%nereti n.at | east one gate dielectric is an oxide. 14. The
seni cBSAIRIPACRHAYi ce of claim 7 wherein at | east one gate dielectric is a

high K magaciebhne Ideond gate electrode located on the substrate, the at least one second gate
electrode being made of a third material which is different from the first and second material; and

a second gate dielectric located between each at least one second gate electrode and

the substrate, the second gate dielectrics having a thickness different from that of the first

gate dielectrics.
8. The semiconductor device of claim 7 wherein the substrate is silicon on insulator.
9. The semiconductor device of claim 7 wherein the first material is polysilicon.

10.  The semiconductor device of claim 7 wherein the second materia_l is a metal or metal

alioy.
11. The semiconductor device of claim 7 wherein the third material is a metal silicide.

12.  The semiconducier-device of claim 7 further wherein the third material is a plurality of

materials.
13.  The semiconductor device of claim 7 wherein at least one gate dielectric is an oxide.

14.  The semiconductor device of claim 7 wherein at least one gate dielectric is a high K
material.
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