Sem conductor Device with Hi gh-k Gate Dielectric and
Quasi - Metal Gate, and Method of Form ng Ther eof
[ 0001]. This application clains the benefit of U S.
Provi si onal Application No. 60/590,060, filed on July
21, 2004, entitled "Sem conductor Device wth H gh-k

. Gate Dielectric and Quasi Metal Gate," which
application is hereby incorporated herein by

Sewﬁgiéiv%@%%%‘@eﬁ%ﬁégéﬁ% JEie i At AN Gate,
the fabricatiaRddYlethod of dtaraning Fhoreads, and nor e

particularly to transistors having high rk gat e
di el ectrics. BACKGROUND [0003] In the sem conduct or

[000112{/;;]1"11533 ppgcaq o3 <R ab' @gkgn%tﬂ’éﬁ e B a’rs‘;;f’a'ga ggpdj&cg ggn%g%%% 060,

. -Reduced devy on ent .
filed O’a aray elibont seneﬁ%fg{%gniﬂngmf@ e Wth il aﬁeﬁi} g Quasi
MOS transistors, including short channel effects

Metal Gaieg)whigh applicatipimharebst ineorperatse haein kyorelenchi gh- k

: dielectric materials as the gate dielectric material
to inmprove device performance. For purposes of this

TECHNRSAY Fptfifpn, a high-k dielectric is a material having
a dielectric constant k greater than that of silicon
di oxi de, the traditional dielectric material, which

/. 10002] has Thisdivedngon pithe yageusrembolinags dssirihet gkyerallorelate t6 the

Materials with a dielectric constant of greater than
fabricafio® ofdemigmidactbroddyized, land Imdié pattiebladty toi temsistdrghdving highk gate
di el ectrics provide a simlar equivalent oxide
dielecttidd, ckness (EQOT) to | arger scal ed devices while using a
' reduced actual dielectric thickness, which neets the
reduced scaling requirenents of advanced CMOS

ses. The use of such materials creates
BACKg%ﬁﬁﬁSBnal probl enms, however, in the 1

{0003] In the semiconductor art, it is desirable to improve transistor performance even as

. devices become smaller due to ongoing scaling. Reduced device scaling with conventional gate

dielectrics creates problems in manufacturing reliable MOS transistors, including short channel

effects (SCE). It is known in the prior art to use high-k dielectric materials as the gate dielectric

‘material to improve device performance. For purposes of this description, a highk dielectric is a

material having a dielectric constant k greater than that of silicon dioxide, the traditional

 dielectric material, which has a dielectric constant of approximately 3.9. Materials with a

dielectric constant of greater than 3.9 are said to be “high-k” dielectrics. Highk dielectrics

provide a similar equivalent oxide thickness (EOT) to larger scaled devices while using a
reduced actual dielectric thickness, which meets the reduced scaling requirements of advanced

CMOS processes. The use of such materials creates additional problems, however, in the



manufacturing and reliability of the transistor
devices, including a threshold voltage (V)
variability in the MOS transistors, particularly of
p-type MOS transistors, which makes commerci al
devi ces using the high-k dielectric materials |ess
desirable. Further, reduction in scale and the use of
certain desirable high-k dielectric naterials on
silicon substrates is believed to contribute to a
manufagiygng anf rgbyriay af therranpistondevicss, ingbiling v yhrestioidyoltags (V)
anegative effect on the perfornmance of transistors
variabititp uf the MOS ttanssstorg patteskariyal grtipd MO t006idjorsAwhighanakes
entitled "A H ghly Manufacturable Low Power and Hi gh
comm&e detHSiueing GMISIEE dietdctiiv hbtatialPidsy ddsiraial Burther, reduction in
El ectrodes,"” by Iwanoto et al, Internationa

scale &HdaRE hRIF E&rtaiDEAIrEIIS hipal dl@l@dﬁf: ﬂa%als’%%%ﬂ(éoﬁ@%s&ates is believed
Decenber 2003, describes a MOSFET of the p type which
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descri bes the threshold voltage shift probl em

[0004]par t A paper ehtitiedyBeHichl, MamiTadtyfable [MIEP WG $TigH Spdell #fSio
are fabricated using high-k dielectric materials.
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Pol ySi / Metal Oxide Interface", bs et al
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et al 2004 Synposi um on VLSl Technol og i
effecfs\tl)\%zl&sqapaf deyeatbr fhe shreshnbd yeltaze sl profdem prgicHiay Sbiaved in piype
transi stor performance obtained for a pMOS transi stor

MOS faapsiopatheidrafbriepted Gingchighdniwd¢ctnameterials. gr own by
epi t axi al dep05|t|on of a conpressively strained Si Ge

[000:3]I ay&{ pap‘@f E:ﬁxtl%d hF &nu kegg}tPe drllgeéttqﬁet ﬁcLI%Si?N/Iet'é'[ %de ?r?tgrfgce", by

Hobbs et al., 2003 Symposium on VLSI Technology Digest of Technical Papers, describes the

role of the poly Si/metal oxide interface on threshold voltage and how it influences poly Si

depletion.

[0b06] A paper entitled “55 nm High Mobility SiGE(:C) pMOSFETS with HfO, Gate
Dielectric and TiN Metal Gate for Advanced CMOS,” by Weber et al., 2004 Symposium on
VLSI Technology, Digest of Technical Papers, describes the improved transistor performance
obtained for a pMOS transistor fabricated using a SiGe channel material grown by epitaxial
deposition of a compressively strained SiGe layer, with a high-k gate dielec.:tric of HfO,, and a

metal gate electrode of TiN, having improved carrier mobility and improved V,




metal gate electrode of TiN, having inproved carrier
mobility and inproved V, 2 [0007] A paper entitled
“Mobi l ity Enhancenent in Surface Channel Si Ge PMOSFETs
with HO2 Gate Dielectrics”, by Shi et al., |IEEE
El ectron Device Letters, Vol. 24, No. 1, January
2003, describes PMOS transistors fabricated using
strained Si Ge as the channel |ayer and HHQ2 as the
i el [ C, . ' [ ri . ne koLt g
fovo7f &1 Bk S NP ARR AR A SRR e X OSFETs with
I .describes i.al int t hreshol d vaql.tages.
1r0; B a6 of of AL R Bredion ool ToRes Lol finTfomuary
p MOSFET with Enhanced Hole Mbility and Lower
2003, deserbes PNMORdepgstgrsdabricatpyd usimg srained, $iGeqs thichaped laysgand HIO,
Technol ogy Journal 39, Vol. 1, pp. 78-83 (June 2003),
as the dislestiid & paperdeseribgberdioneed mebilitarfer the derdsisidvenconventional silicon
experinments with strained SiGe as a channel nmaterial
devicdsuPNEBddenbes evarip@Ra9 theTheshndé dolages.a process and
apparatus for a produci bl e, enhancedperformance,

cal abl e MOS transj.stor.w.th a_high - dielectri
10005 | & & g it S030R sty o d sl ST Wk pRBuked rote
Jinvention. 3 [0010] Various enbodi nents disclosed : -
Mobilpiy prd Lowsrd agashis fasistinge'e b Shippp, Suilse Soieace ad Techpolegyy Journal 39,
MOS transistor using a hi?h-k gate dielectric o
Vol. hriiper -8B (e 28030 ofrseribps remlte Pianred tecarmar endtality ekpa@ngwys with
In a fast aspect, there is provided a sem conduct or
strainedefiGe es ¢ olmpnelgnatgrialan PMQS dévi@ssi st or  conprising a
first-transistor n-type channel, a first-transistor

o009 O 88 B b i Ea SR Y S . obancedperfomance,
' %hgst-transistor n-type do?ed_gate el ectrode formed )
scalabig, MEPSitrasistor with adigink gade grclosimghns ¢aste Hpcse aeqds are adgfgsed in
. a second transistor conprising a second-transistor
.the prgseptypeentiethannel , a second-transi stor high-k gate
dielectric forned over the second-transistor p-type




 chanmebpindp sesopd-trinysistor tphigpe W

channel, and a second-transistor n-type doped gate
el ectrode forned over the second-transistor high-k
gate dielectric. [0010b] In a second. aspect, there is
provi ded. a sem conductor device conprising: a first
transistor conprising a first-transistor p-type
channel, a. first-transistor high-k gate dielectric
formed over the first-transistor p-type channel, and
a first-transi stor p-type doped gate el ectrode forned
over the first-transistor high- k gate dielectric;
and a second transistor conprising a second-transistor
n-type channel, a second-transistor high-k gate
di el ectric forned over the second-transistor n-type
[0¢18hnn Mariousrahbedipents didelosed heremtans a pote) peceto RAd) stgﬁh@c for a planar MOS
el ectrode forned over the second-transistor high-k
tragsistar usingd leigh-k pare dialetrivnareri] Bnde dbpbdet@RidiBode material.
concentration is different for the n-channel device

and for the p-channel device. [0010c] Inathird
(00483  {n a firpf@ppect, %xermw%é @emwémmmwp cqmpnsmg a first transistor
coF PHAfiukiplp SHAREL S s SHIMG| S0 Ay o over e

firstrtrinsigor-n-type shanhely aﬂai agﬁimt-kaxgatoe netiypd d?:ipfeﬂ lg@tefetewadie forBéd over the
si,S nd a first- tranS|stor
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- chahhd) e dec@rt @arlisfr ﬁfgﬁ[ﬂ £ate ﬁl@ﬁcﬁefﬁﬂﬂeﬂm@ B %COE&"EI%DSISYOI‘ p-type

el ectrode havi ng first-type of doping;
- chaggel.omd atSF%éTt@{@Ft%WMQP%S‘# dleqtrode forme S)IVSlt tbv: second-transistor

higl RanRchialayi ng a second-type of doping, the
seébngﬁ%ype of - doping being different fromthe

first-type of doping, a second-transistor high-k gate
[()OIWIeI &4 secandfagpaoe the\ieprovitial. 8 @&ﬁi&dnddc&ﬂii‘eﬁib@ Eorﬁﬁ@dﬁi“bﬁ la first transistor

. com gaa ga '*r'g%é I%gl?gg' Eﬁanngla B q]d% hgcta]{stgg glggll? Irkcgatet &xgleecmc formed over

second-
. the fg‘gtctgmglstgr privpesehannel, yuk @ fa‘stetcansxstbe pHape dopadhmte electrode formed over

the ﬂtﬁtftﬁihsﬁ;l‘ép Righ! kAR difectiBelifal 1 s%%ﬁldfﬂ‘d}ﬁfsig} \é&ﬁgﬁin?éj QRO d-transistor

t {
n-typa SB%IV §ei9%mgs%q%r ,gnh ! %ela g\gpcﬁqc forraed cp\fegthetspp@ddtanslstor n-type

, $Blgclfrddéefoﬁﬁecﬂ 8Pdr"fle IsScond-transistor
high- ?ﬁta%otﬁlﬁleét?ig bha vailerem rasgt;attta 3&85"1113 concantration s glt{"ergnt for the n-channel

device and for the p-channel device.

[0010c]. Ina third aspect, there-is provided a semiconductor device comprising; a first

- _transistor compnsmg a first-transistor channel having a first-type of doping, a first-transistor high-
k gate dielectric formed over the first-transistor channel, and a first-transistor gate electrode

formed over the first-transistor high-k gate dielectric, the first-transistor gate electrode having the
first-type of doping; and a second transistor comprising a second-transistor channel having a

second-type of doping, the second-type of doping being different from the first-type of doping, a
second-transistor high-k gate dielectric formed over the second-transistor channel, and 2 second-

- transistor gate electrode formed over the second-transistor high-k gate dielectric, the second-



second-type is p-type, and wherein the first-type gate
dopi ng concentration of the first-transistor gate
el ectrode is greater than that of the
second-transi stor gate el ectrode. [0011) A process and
apparatus for a sem conductor device is provided. A
preferred sem conductor device conprises a first and _
tragugergite dlatodshaving fdrsi-typs bf UbHRS, widlin h@sﬁrgt-%ir)é 8t doping is p-type

rein the first transi st

| ve .channel , e
or i g%ﬂér&g mwﬁﬂy@g}goapg IS PP er Atibeabitiif the firsdoyechf doping is p-

cgﬁ%Tlses a
typel that the siondtypé of @pn is hitgpd Lﬁcﬁf‘fﬂ&%ﬁ'ak%- | yeghanne!
secSQIRLL ses, one of p-t I)éﬁe and n-type an %%e OEfnlgslf n-type, then the
d‘g ped’ SiPsPe 88&”@%@}5‘ %ﬁ_@t‘bﬁé s&fe eping forpentygtimnaif the first-transistor
‘gateeletpde isTreatd BeANEht bf ﬁl@%b&h@fuag%igt?f%aéégl‘écg%ﬁlgf onductive

channel opposite the first con
the second transistor conprises the

Preferably,
[003 £l gh- 1A pratess andappenatus or ssethicondedandbvitepeproeided! Aqeeferred
wherein the second doped el ectrode conprises the
Semwn@mtqyfdepctt sqmeprizexch first yrpksecdrdQiadbis®dh Fhd ffst@dsior tns a first
sem conductor conprises at |east one n-channel device
conduativendhamnd eHercik (188 tdinSbBE ddvigis98 hih. 1 GRS HieRBic and a firs
: p- channel device having a high-k gate dielectric. R
dopeRicRkR6@D | PrcfelBl), tH T bAGcuHeM ; - GRapnel
devi ce have thg same dg%@gggfiﬂrﬁ&é?%ﬁ%%gggwgmandn—typeand~
the figh @bsdgadid, lﬁg% ChdRiPge concentration.is_ different
~ for l[gJ &Oﬁé% evgggleléﬁfop' 6’8? a?éﬁg' . cﬁéﬁﬁ‘é@ﬂdmg?fhm

he n-chann

secongtLahAi? sBlnB b The Gikeonihgive bt ralerabiohasesend
ON

m.nitri ded otyi]ie e such as SION. In another preferred
b U ¢ kipals digloetric, andagysscouchiqpeil slestrode) wdarein the second
di el ectric, preferably a hafiniumor an al um num based !
- dopedfleqtzode eompriseptheottete of ptiperand In-tipedi el ectric stacks may
be used as the dielectric including Si, 0, and N
al um_nat es

Al ant Ta) or .l ant hanum (La) oxides, . .
(o012, 1% A iR iR icla ommses at kst s nateniel dovios having a high-
k eate St cked dielectrics and other known high-k dielectrics

X8 e?i’h“%@‘i‘@?oﬂﬁ <t qug @ channe] dewiee having @ highdi gasedieltrssicl Fsefcrably, the

herei n conprises an n-channel transistor having a
n-channel device and the pchannel] device have the same doping type of the gate. Preferably, -

- the gate doping concentration is different for the nchannel device aﬁd for the p-channel device.

' [0013] . Inpreferred embodiments, there is provided the dielectric layer comprises an oxide

such as SiO; or a nitrided oxide such as SION: In another preferred embodiment, the diclectric

- layer comprises a highk dielectric, preferably a hafnium or an. aluminum-based dielectric. |
Nitrides and high-k diefectric-stacks may be used as the dielectric including Si, O,and N.

- Tantalum (Ta) or lanthanum (La) oxides, aluminates, aluminum oﬁde Iandlbr nitrides,

. combination or stacked dielectrics and other known highk dielectrics may be used.

4a .



hi gh-k gate dielectric and a p+

haf ni um based,
Anot her preferred

pol ysilicon gate el ectrode.
enbodi ment conprises a p-channel transistor having an
al um num based, high-k gate dielectric and an n+ poly
gate. In other enbodi nents, an NMOS and PMOS devi ce

may i ndependently include an n+ or p+ doped poly

100041 &4 frifesd bbb @R dﬁlﬁfggailéggp nplts WP 00 b ar having o

device may I ndepende
nitrided silicon

oxi deﬁ% ghl_ﬁ o) Jri%{elé%lﬁ smf?ﬁ@ r 88 ys?’ﬁ@igafe elspisedereisagher Pfefef‘fed
d too large a threshold voltage

L gsed herel VO
emﬁ&ﬁr% v e s pase b aHhin e bRMIOC g fspidiclectric

oped % e. A net concentration of n-type poly
and B Roly gdte ef smBpdipsptaHANNMOS and PMOSdeticensy independently

snmal l er than a net concentration of n-type dopants in
cipfigm nispiat depadpoly gatee Bustdbothérenttodzndnel, dn KMOB @8d PRIOS device
PMOS with an n+ doped poly gate. For the sane reason,
maygindependaptly éndudataigate diflegirit y@ep %’Hﬂ M afkisor SkiddVefRide silicon
preferably at least two tines s ler than a nef
‘oxide podlepinbhiations théredr: t Ype dopants in PMOS. [00161
_Anot her nethod for threshold voltage reduction

i ncludes formng a counter-dopi ng channel.

[001SFbBelbednbss HBModell Bhiiivaidthd ﬂ*g&%%ﬁﬁ»ﬁ‘@dltagéﬁir PRIOS with n+
_ beneath the dielectric nateri tionall
doped palyrgate andifor INBIOSwith pe doprdiioty gate p&ﬁhet @)nﬁéﬂt}d%h of n-type poly
provi de enhanced transistor -performance. For exanple,

- dopanis imPMOStis picfigralily at Repdt#mb Gitrie® S ller Hia68 1R YoRentrati
introduced if the threshold voltage for e(l)thléra oh]}(%n‘type

-dopants iFNM® I estich @ O ,
' an int egratced g%)fngurl t chsgi\i/:?ﬁge% t{'ﬁ‘%g gfoé?yfper r“zjfldoPed :
ly @dt€ g ubsts gt e rein
poly B ocesé*?é’nsgaﬁ%fg%%‘%% RBneclrBay ekt el apacty 2 aMpgys
ri.c. The sypstrate may conprise a
preferdy Aol es PR s 5ot araebicien vy Repaats in PMOS.
substrate nay conprise SiGe, Ge, strained Si,

 [0016pt r aAReMeTaethbd eormemcﬂ@%l& Peduehi ement of . .
Si/SiGe layers. In another ge GFHiERaR fo HeBtnt@r-doping
-channel. Embodiments may include a strained channel region beneath the dielectric material.

inc

Cptionally this channel material may be counter doped to further provide enhaneed transistor
performance. For example, counter doping by implantation or SiGe may be introduced if the
Fhreshold voltage for either NMOS or PMOS devices is too large. In another embodiment, an
integrated circuit having both core and peripheral areas may be defined on a st;bsh'ate, wilérein
. processing steps in the core and peripheral areas may be %ﬂmeﬁc. The substrate may
comprisé a silicon-on-insulator (S‘OI), alternatively the substrate may comprise SiGe, Ge,

strained Si, strained Ge or a combination or stacked arrangement of Si/SiGe léyers'. In another



enbodi nent, a netal gate el ectrode or a conbination
material including a netal nmay be used for the gate
el ectrode. [0017] Preferred enbodi nents discl osed

Such

herei n advantageously limt poly gate depletion.
advant ages achi eve thinner EOT and hi gher perfornmance

such as are normally achieved wth netal gates. In
gate properties are achieved

this , .desjred netal ep ie:
em"*‘."a’%eﬁg%ﬁffﬂ SR clegirad s esqmbimatipmmatepigl 8t luduidiattnasahay be used for
feat ures and advantages of enbodi nents of the

the g3i0,Qleatiode will be described hereinafter, which form

the subject of the -clains of the invention. It should
killed in the art that the

ap i af ed, by thosge )
1008 . 2P il Shdimema disclased Bomingritvepestssle gt poly gate depletion.
S utilized asléa basis for nodifying or. designing other )
uch pdyAntages achipvenihinnes 0 aush higherr parfagmende sk aspue pomealy achieved
..of the present invention. It should also be realized
withyypetal, gatess iy [this gvada desisedhmetal hgate puopertieqaievadhievied in embodiments
constructions and variations on; the exanple

disclasgddwgraiient s descri bed do not depart fromthe spirit
and scope of the invention as set .forth in the

o01gRPPe ok G TBx 2 EE. DESCRI PTI.ON OF ,THE DRAW NGS
: 01?00159&‘](2l Fggiha nor eg%‘gar?ﬁﬁ%‘?%“&gg@&%%a?ﬁéﬂ@rmm@n will be
4 i nventian, and the advantages thereof,
dm“?é‘f@‘*?@%% 4 Kﬁﬁ% ?V%Pg%mlbm ﬂ’g'gF slamanwirhe swsationptlt sheuld be
~t.ak ,h cqQnjunction with the acconpanying draw ngs,
?pre‘f‘%%b}??e %]%‘]éﬁby e 35t that the shepifistembadunagsdisdoted aright be readily

... view of a substrate prior to isolation trench

- utilizefl g5 arhpsisfor modifyio: oy desighingoathératucntied or prdefesiRPOSHIRELOUt the

nitride layer; [0021] Figure 2 depicts a
purposss ofbe psernt duechtion. cltskvhild 416 BareakiZeats thelelsRitled th D81t that such

trench isolation formation and oxi dé deposition;

~ equivalent constructions and variations on the example embodiments described do not depart

from the spirit and scope of the invention as set forth in the appended claims.
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[0022] Figure 3 depicts a cross-sectional view of the
substrate following the trench isolation formation
and .subsequent pl anarization and fol | owi ng deposi tion
of the high-k gate dielectric; [0023] Figure 4
depicts the substrate follomnng deposition of a gate
electrode material over the high-k gate dielectric
and following the formati on of a pattern mask
material; [0024] Figure 5 depicts the substrate
BRIEF BESCMPEONGF Rl BRAWINIGS the gate el ectrode
material by etching the gate el ectrode material and
the high-k gate dielectric using the nmask materi al ;
[001%]and Fdr ajm@2 spmpictpumdentaddipt of thetpiesertuysniion and ghie E@Wﬁrﬁgges
the completion of transistors having source and drain
thereof, egferense Blnognedietto thetfollgwing desceiptivdelsenof cénjgantion Svith the
[ 0026] Correspondi ng nuneral s and synbols in the
;mcmngmﬁﬁ@g@ﬁﬁugggﬁmﬂﬁjgeneraIIy refer to corresponding
parts unl ess otherw se indicated. The figures are
rawn to clearly illustrate the relevant aspects of
Iﬂﬂlﬂlt he Higwrd deptsarsouissaiingl Way of peubibeteieior sigplpiip trench
drawn to scal e. 7 DETAILED DESCRI PTI ON OF | LLUSTRATI VE
formatEnBEEINNERT Scp@iied pxith endpdeppsiteinitiidd l4ygtir i cati on of
the presently preferred enmbodinents are discussed in
[0021] d :g gf*l; lg%reg <£ glrctes‘,ha{gcylflsr\é—:srczct1qngf wg%%%e%génsa]te%ﬂ?&ﬁ?ﬁpé fFéhch isolation
JSes con#(gglated for the invention. The specific
F'&%ssed are merely illustrative of
speC|f|c ways to nake and use the invention, and do

[0022]N0t Hipite 3 dePRtsSCRBR-LtionhFiek B 8t suBftra@d follbR ingRRe fteRMh isolation
cl ai ns. [OO 8] Figure 1 depicts a cross sectional view

formatgfn zﬁld%ﬁme Pf%}x%zaqgﬂ hﬁ@forl?lg&n{égd giaM ofhe Bighk Satedtblectric;

rawn as ustration o conductor substrate
101 will prOV|de the basic material for the

[0023]man Figee drdepists thhsubdieati dalowihg depmsition nfia gato elesibds matesal over
101 includes silicon,

the high-k gate dielectric and following the formation of a pattern mask material;

{0024] Figure 5 depicts the substrate following the pattemming of the gate electrode material

by eiching the gate electrode material and the high-k gate dielectric using the mask material; and

[0025] Figure 6 depicts the substrate following the completion of transistors having source

and drain regions aligned to the gate electrodes of Figure 5.

[0026] Corresponding numerals and symbols in the different figures generally refer to
correspondmg parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale.




germani um strained silicon, strained germni um
silicon germaniumor SO substrate, or their

conbi nation substrate. Silicon substrate can be
epitaxial silicon on silicon and SO . Germani um
substrate includes epitaxial silicon germanium on
silicon. The substrate 101 is shown with a pad oxide
| ayer 103 and a nitride |ayer 105 deposited over it
using typical deposition processes, for exanple the

pET ARG DR RT BB B8R iSFENiTur YREROoDRRET ol anket
deposition known in the art, such as reduced pressure

[002GVD ahe@pBatisn aldd@%Rhiibh S8LE ?esgrﬁﬁz' cf%i%n&i‘@mg&iﬂn@ﬁ’ts 1 W0discussed

after the nitride |ayer 105 and oxi de layer 1

in de@{l DR RSRGL: %nﬂ;oﬁﬁng%ééﬁdkr&alﬁﬁﬁg ﬁééch[}%&g@?g B¥%re not the only

t echni ques to rm a en an e
oot TS Ao B ko, EARYEe K3 25 e
eSS APt o enchop S0 imybe

exanple t he conpleted STl trenches were 2000
the inxgpfions the apeesied THENSTI oxi de 108 may be deposi ted
usi ng hlgh density plasma (HDP) or 8 other techniques,

[0028? o £ e;%&?a gl déeEF%ié 8]&%)“ s%ﬁhcg‘ﬁgw?c%r %@f&%ﬁ@b 90 drawn ©

epi c

scale q)%}’gr%%n]ag g.n 18.18{1'&10 " XI e ;rrglg?tfoi s%%(a lgﬁgﬁggréﬁ%%ﬂ%egbasic
103
e A R BB b SE] b scon,

pollshlng (CWP) processes are used to chemcally and
germapg, Shptngdl Fiicets fpiiaed gremanigne Rliexn ersmapivmor §O1 suhitrajsaer their
oxi de | ayers to conplete the oxide filled shall ow
combinpbpTe s abiliorn substrase sarligE7cpiakiehsiboonamdsilicon and SOLe fFermanium
. above, the surface i of the substrate. Follow ng the
substr@ivRncludts &pitdeal silicpn gtra@pivnnomsilicdrs (Thp kethsatteal®] is shown with a pad
enbodi ment of the nethod of the invention, a high-k

oxide §8/eL108 @ldeciitride 1P 105dpenesl Jvefit diihe %&Jlldél @éﬁoﬁ’mbﬁ Processes, for
substrate 101

cxample the depositions may be a chemical vapor deposition, a plasma enhanced deposition, or

"3

any other blanket deposition known in the art, such as reduced pressure CVD or others.

[0029] Figure 2 depicts the de\}i(;e 100 after the nitride layer 105 and pad oxide layer 103
are patterned and etched using photoiithogréphy techniques to form a hardmask, then an etch is
performed and the hardmask is removed; the etch may be for example an HF or piranha etch, an
STI oxide 108 is then conformally deposited. The trenches 107 may be about 1000-5000
Angstroms deep or more or less, in an example the completed STI trenches were 2000

Angstroms deep. The STI oxide 108 may be deposited using high density plasma (HDP) or



and the STl regions 107. In a second preferred

enbodi nent of the nmethod of the invention, an
interfacial layer 111 is thermally grown onto the
substrate 101 and then the high-k gate dielectric 110
I's deposited onto the interfacial layer 111. [0031]
Deposition of the dielectric material may be perforned
by conventional nethods including renote plasna CVD

other RIS R BTy TPBROET ey IR (R may be.

used nmet hods known in the art. High-k dielectrics are
"those dielectrics that have a dielectric constant k of
greater  than silicon dioxide, about 3.9. Possible ‘
[0030hi ghFikurdizalepity the devitd Bitafotlbwlnthd feedovdienfsid ¢x¢eds trench oxide, the
nitride, tantalum pentoxide, hafnium oxide, hafnium
nitrideSdid CI9Per A9 Bhd tHeGRd ofide MyaH 00 4hd e depdtion DY Mokt didsotric layer
and other high-k  dielectric materials known in the

10, bR LA R P T Y2 ot

or “exanp
-hi-gh- ate .dielectric my . include oxy-nitrid e
chemig i pREREFF BB H e Tl i Wi Al e 158 W bmpict

- djelectrics, copbinations of these and nultiple |a S

the Oxzﬁfﬁ?{l‘ﬁ‘@ §1réa.1ﬁ’rﬂo'reqeﬁgs<>&t'@? e 0L grEad o pr et %P&ag’iﬁ?ﬁuﬁace
of HFQ HfSI O, zirconium oxide such as ZrQ2 .

of the gyhstpteu Felbwviae the (EMPA8d ATiRas upstepain afifsowrigaed gahodiment of the
Ti @2, tantal um pentoxide, 9 |anthanum oxi de such as

- methofl 9P 0@ intsatipmy m lgh-b gate dinletmp bidiid deprsdtd disccBB Patol theghbstrate 101
based conpounds such as PbTi 3, simlar conpounds

and ths 8T hregponBalT. (3, a ScdididefeRbd eoBodiRSHt of BNmethBd of thehN;ention, an
nmet al oxides, netal silicates, netal nitrides,

| interfaRARiyBaL 11190 theansliygibivh ph® thayt®eGate101 kiteeen tHe@dRR gdtd dielectric
- preferred enbodi ments, the high-k dielectric includes

110 isldeRisidli ot B Eihbla¥ial BYTNIRROUS Hf Si ON. The dielectric
region may further include Si, G, F, C, B, 0, A, Ti,

. Ta, La, Ce, Bi, and W for exanple. The dielectric
[0031) ay ePepositionof el digledta¢ materiahinay b¢ perfaymsdply sonvengonal methods
including remote plasma CVD (RPCVD), plasma enhanced CVD (PECVD), atomic layer
deposition (ALD), MOCVD, PVD, sputtering or other methods known in the art. High-k
dielectrics are those dielectrics that ﬁave a dielectric constant k of greater than silicon dioxide,
about 3.9. Possible high-k dielectrics substantially include silipon nitride, tantalum .pentoxide,
hafnium oxide, haﬁlium silicon oxynitride,. alurrljnﬁm oxide, lanthanum oxides, and other high-k
" dielectric materia_.ls known in the art.‘ A range of dielectric cor_lstant materials is known, for
example for the range of 3.9<k<9, the high-k gate dielectric may ‘include oxy-nitride, oxygen
containing dielectrics, nitrogen containing dielectrics, combiﬁations of these and multiple layers

of these. For k > 9.0, the dielectrics may include any of HfQ,, HfSiO,, zirconium oxide such as

ZrQ,, aluminum oxide such as :AL,Os, titanium oxide such as Ti0,, tantalum pentoxide,



Angstronms. I n one exanple a high-k dielectric |ayer of

Hf Si ON was deposited to about 40 Angstrons thickness

and havi ng an equi val ent oxide thickness (EOT) of |ess

than about 2.0 nanoneters. [0033] Figure 4 depicts

the device 100 followi ng the deposition of gate

el ectrode material 112 over the high-k gate

dielectric 110 and the formation of a patterned mask

114 for use in _etching the gate el ectrodes, The, gat
Tanthagya s B AP oD SW‘“B’eC%‘FP%‘Bﬂ?%‘F]P PEBRT. le%ﬁo*ﬁ’ésde

pol ysilicon, nmetal conpositions such as titanium
compqyings sugh ag FHNP;, similprdompeundsrsueh prlpaTiRy, S Tiat BZ10s, PST, PZN,

el ectrode materials used in the art. A netal gate with
PZT, RMiNpmietaf oxides, mretadfiligaten imestal nftaidespcomalgjnationt end thultgle lpgers of

used. [0034] In a preferred enbodi nent, the gate
‘these.el ectrode material 112 is a doped polysilicon gate

el ectrode material. The el ectrode nay be deposited,

or exanple, b conventional. CVD  process.to a
100321 rieeenrenbediarmaBubie Iogis inebes ﬁfﬁabbfp Brelreidy
enbodi nents, the gate _electrode includes a _dopant of
amorpoys HSiONon ¢logtrig regyqremaiAirther npladeiel GeeF ol € Adndi T2, La,
drain regions include a dopant having a second
Ce, BicamblW¢ farekangpley fbe diclecpicdfyear ietpealotiinpethins forteample 1100
second conductivity type is opposite to the first
Angstoatyd e bhe/éxayhpleyprigh katiclestaayer of HiSiGN ROBemrsiipd to about 40
channel device, the PMOS gate electrode is preferably
AngstidmsARieRhss W Ra@irfgQin 0iviIMEQde thickBess (BOTEL 19@Mh&Labout 2.0
the NMOS gate electrode is preferably p+ doped. The n+
nanonR@ry Sl gate or n-type gate is preferably doped with a
25 keV, 1x1015 cm 2 inplant dose of phosphorus. The p+
poly--Si gate or p-type gate is preferably doped with
[0033]a 10 Figaxe 8dpidt® s demice 200 hploamng Ho depasitiopof gafe clketrode material
_ spi ke activation anneal is done at approxi mately at
112 ovkD 8@ High-k patt dictecwiid Lkt dndnhie foomatiet of\aepattednad nekls 1 Bf for use in
NMOS and PMOS transistors in the substrate are counter

etchingl @Rt HEIHDIEL MR HateON & trode material 112 may be of polysilicon, doped

polysilicon, metal compositions such as titanium nitride (TIN), silicides, or other metal gate
electrode materials used in the art. A metal gate with a work function of greater than or equal to

1 may be used. .

[0034] Ina prefe;réd erﬁbodhnent,' the gate electrode material 112 isa doped polysilicon
gate eleqtrode material. The elébtrode may be deposited, for example, by a conventional CVD
process to a thickness less than about 1000 Angstroms. In preferred embodiments, the gate
electrode includes a dopant of a first conductivity type, while the device source and drain regions
include a dopant having a second conductivity type. In preferred embodiments, the second
conductivity type is opposite to the first conductivity tyi)e. For example, for a PMOS or p-

channel device, the PMOS gate electrode is preferably n+ doped, while for an NMOS or n-

10



met hods, such as ion inplantation. Typically a boron
dopant is used to counter dope the channel for a PMOS
transi stor. Ot her dopants that can be used are A, G,
and In for p-channels. On the other hand, typically a
phosphorus dopant is used to counter dope the channe
for al NMOS transistor. O her dopants that can be
used are N, As, and Sb for n-channels. [0035] In
channal deiceathic FEMOS %ﬁ&re[&d-owﬁgﬁéf@ﬁmysp+ ddped NTENRNPEk:Si gate or n-type
devi ce and the p-channel device have the sane doping
ate i§ pleferatly HbjRdGAtS: 2PV tiRep'OaLe i | AR | .S
£ 0? t he %-@ﬁ%nnel and ’thgopaghgﬁg@?ﬂgggicesggﬁgﬁiQﬂEP+pmybl
i - i o] ist.he . e [
gate ogg-tfq%' B is rp?e?@rg@& déﬁé&’n Yv%tg géo gé‘t@ @Péx“io tCHl 1gﬁiant ?s% dt¥oron. A

ncentration até’i'n an n-channe
- ige 1s hi.gher than that of -&hannpel .devi ce. .
spike el it 85 0 BB gp g o oD BB Ronguctve
- channgl‘_s toﬁﬁliﬁ_%‘ t&%e #Mn Q% tgaél§- Cg%gshi?%tbggwew t%%p Ié%tcggggl 2 hgcrlqutg hu@@a_n gtcgr?xtrentional

conventional ly doped in situ with conventi onal ‘

methogg, syeh 4 ion prplprtptiend RyRigaly afepemdenant webedde camtendopg the
phosphoirous, or arsenic, for exanple. Exanples of

.channgirief 2PMES tpansisipe. Otipadosanitsthbiucie beasainare All WG, andnn for p-channels.
gallium or indium [0037] The hard mask 114 defi nes

On theothashahd,typicallyi ayghokplastss ddpant i aterl 16 ke@itéraidps tRMbanid €or an
substrate, and areas for making connectivity at the

NMOP ahyssdtdrl Caer dRplts BEEaniliCus&T kreME KOS I0%Hr n-chihels.
formation of the gate electrode nmaterial 112 will not

create an active device over the STI -regions 107 (as
[0035 herls altsrmgivepreforsd smbpdigtents e nrahanneb deies angl the p-channel device
- subsequent source and drain diffusions) but instead
have thy swicdlopingdpipa ofdhagate.omddet gatd dopingy @asertimtiviragehe n-channel and
portions of the gate 11 el ectrodes, which nay in fact
the p-ahasne Yeitdsere diffefenerapaaivelynFoheatiphs theah® dopirge@né@ifiration of
that are not visible in the cross section of the )

an n-tyipe@Ufen ab BRB&IcFidiESs RighPingh that B8 HleNIna& dLORe! AllARtively, the
sane cross sectional view as in the prior
gate doping concentration of a p-type gate in a p-channel device is higher than that of an n-

channel device.

[0036] Electrodes may be conventionally doped in sifu with conventional dopants.
Preferred n-type dopants, include antimony, phosphorous, or arsenic, for example. Examples of

preferred p-type dopants include boron, aluminum, gallium, or indium.

- [0037) | The hard mask 114 defines areas for forming transistor gate electrodes over the
substrate, and areés for making connectivity at the polysilicon level over the STI regions 107.
The formation of the gate electrode materjal 112 will not create an active device over the STI
regions 107 (as there is no active silicon area for receiving subsequent source and drain

diffusions) but instead provides additional connectivity areas to those portions of the gate

11



figures follow ng an etch step which patterns the gate
el ectrode material 112, the higlrk gate dielectric

- 110 and the interfacial layer 111. The etch is then
allowed to continue into the substrate 101 and into
the STI regions 107, to extend the etched region to a
depth which lies below the bottom of the high-k gate
dielectric 110. In figure 5 the substrate 101 is shown

‘electr&?egD\Vﬁgh Lﬂy %%@gév%glg ?r)ell;lﬂ:Wa&R% ape%% Erpfﬂ]e gﬁms'irgfé iH gf:%?%n% é?aggalee not

dielectric anount, e etc use

-2 highly selective for the STl oxide and renoves
Vmﬂﬂ@F%ﬂ???%%%??vl%ﬁp%g%wethe STl oxide 108 than it does
of the silicon substrate 101. [00391 Figure 6 depicts

[0038] he Bighsty ddpietslBe deficé DE akd SeneldBssisBetRBEICHERARSE R the bhor

apreferred enbodi nent of the present invention after

figurcS FSlRMA] & 40 enitnasdhedoand RIS ASLRN 19] B BlehL gare

side of the gate el eCtrodes I12 and gate dielectric

' dielecé?c& 10[399 ﬁ%]mé}fgﬁmh%‘;gﬁgﬁg?%% %tc isitﬁendﬁlggf%h 'ioegonﬁ?iil?%é@the

ectric to provi Ive Sspacer ove

' I L d, ext ending. b h,t -
s s P P S B0 cRPR B9 B PSSt s
belowfhebind b hieh B e epen et HOBBSs o Bt BYTGs01 is shown
t enperat ure deposition techni ques including PECVD and
removeg fhd denth beo tvipyttoprpdthpishkreatesdielesisir Il 16 prsumpeamomt, the etch

may conprise silicon nitride or silicon oxynitrides.

 used is plsahighlyestlertiwdortho ST nride andeenowesisgaificaitiyrate of the STI oxide

sidewal | spacer may be some 40 Angstrons wide. In an
108 thex érjpbeoftthesiicaewbittats péicer is Si OXNY. A lightly doped
drain (LDD) may be formed in the substrate areas

usi i on j npl apt at.i on is . known in the cqnvent.iona
100398, "t "eeg,d depleisibe Staerlaild! ol paderics dh wrrcrdee yfp apreferred

descri bed here 12 [0041] Figure 6 further depicts the
embodigentafithsprefentigyenton afgr dduyadlsdPe pecdeppsted 325 B#Eemepipn either

which are fornmed in the substrate areas using ion

- side of thp patnekecirodes dhd aphgaterdicleatrivedll0. procedur es as

S

[0040] Sidewall spacer 120 is deposited using a diclectric to provide a protective spacer
over the sidewalls of the electrode and extending beneath the bottom of the highk dielectric 110.
The sidewall is preferably nitrogen containing oxide or silicon nitride material, and may be

deposited by low temperature deposition techniques including PECVD and remote plasma CVD

(RPCVD). The sidewall spacers 120 may comprise silicon nitride or silicon oxynitrides. Ina

preferred embodiment the oxide or nitride sidewall spacer may be some 40 Angstroms wide. In
an example the sidewall spacer is Si(),(Ny. A lightly doped drain (LDD) may be formed in the
substrate areas using ion implantation as is known in the conventional art prior to the sidewall

spacer region formation described here.
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are known in the conventional art. In this figure
source and drain diffusions 122 and 124 wth a
lightly doped drain structure are shown. The gate
el ectrode 112, gate dielectric 110, and the source
and drain diffusions 122, 124 together form a planar
MOS transi stor. Depending on the type of dopants used
in the source and drain and the substrate, the
[0041] r anFighteof furtidyddpictOihe FompaktivR Of sdde dnd@RGh SifRfsioRs 12Mand 124
n-type MOS transistor. In CMOS device 100, the

whicH &r8 RSl f e FW6tRR arRNERY idbDin¥RAdtatfinlahH #lePS! 44 procedures as
shown) that were perforned prior to the STl region
1.be SFs - .
are ol QTR Smu AR a2 o D6 Fru®Sqh®: K00 it wd D wit o
- refoore.. the sem conductor devjc 0 co I Ses
tightly 0 P sclcfs BRTHGRAG Th Bfte SRS Kidokio Bolsh g, and the
the first_transistor conprises a high-k gate .
Sourceng ‘L’%‘Pr‘ff‘fé"%%’a 193¢ {2adpesibipderm %Pl@&fr%ﬂ@é,trapﬁé@r-i Pgjrending on the
caonducti ve channel coqujses one conductive typeof
type of dpRAREs uspd)inhe yoracapnd draigan ithestubsiente dhestransisioptimay be of a ptype
conprises the other conductive type of p-type and
MOS fransygter, orah attypsMQSigansisiars {n ChHaRideviiaee] 00hthe @hsistond thdyebe
first doped el ectrode have different conductive types
formed rewel diffusione (it siiovels)\that velOferfrmad pABPD itiEeSTIdegiof Bdtthation
' transi stor having a second conductive channe
describgIast, (a6 id iR whi ih Sie £ MEIEIMRIHENANARYH by HRETISEAHSS.
: transi stor conprises the high-kK gate dielectric, and
a second doped el ectrode, the second doped el ectrode
{0042 g - Thpaetors e sqmpremdegtarcdavisgd 00 wamprisasa fyglrieansistor having a first
conductive type. At |east one of the first and second
‘condugtivgrphimnebrthe Hrap rasdstorcompoiser ehightbgateglidentduedd o frst doped
channel. In this situation, the conductive channels of
electrddv0Be dind coMOGv¢ clamaelsdoaipBisésbrichendudist typk 6f @Epe and n-type and
counter doped using conventional nethods, such as ion.

the firstiBp&Nd1adticdn cohBAsGEANGIBEr HRBLAE. o) t*’@éea EandRRPE lthat is, th
for a PMOS trangistor i's p-type.e ypicgf y a bdron o e

first cHRBARL dhintés Qﬁagi? fg&l{f(‘) & elgﬂtg)t%ethg*?e i %@«l:od{dgétg%@% The

transistor. O opants t can pe use
se@cc%a%t?g?e\{ii%p{dr?gﬂ%}%&ﬂbg}%%é s'ei%d ttrahnesis%tr rﬁ%‘?m@ %ggdonh ré(emductive
channel opposite thg first conductive cﬁaunel, the second transistor comprises the high—k gate
dielectric, and a second doped electrode, the sécond doped electrode and the first doped electrode
~ have the same conductive type. At least one of the first and second transistor comprises a
counter doping conductive channel. In this situation, the conductive channels of NMOS and
PMOS transistors in the substrate are counter doped using conventional methods such as ion
mmplantation. The counter doping coﬁductive channel for aPMOS transistor is p-type. Typically

a boron dopant is used to counter dope the channel for aPMOS transistor. Other dopants that-

can be used are Al, Ga, and In for p-channels. On the other hand, the counter doping conductive
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channel for anNMOS transistor-is n-type. Typically a
phosphorus dopant is used to counter dope the channe
for a NMOS transistor. Qther dopants that can be used
are N, As, and Sb for n- channels. [0043] Foll ow ng
the steps described so far to formthe cross section
shown in Figure 6, the integrated circuit is
conpl et ed usi ng conventional sem conductor processing

o PR ERO ST5,0 P AEAA Le
dop B L 0, PR BRE Pk OBR S8 B8R s

112, the source and drain regions 122, 124, and ot her

channglSeas to provide a | ower resistance and i nprove
devi ce performance, however this step is optional

[0043f0! | BYARENG 18 sBBL HGLHB SR tol thrnt' 88 Lrosk BLc@ibh 8YGhm in Figure 6, the
Insulation |ayers are forned above the substrate u5|%%

, integrgt@@ Onddid i@ E]oxfl 1ERY u%ﬁtg 9819\% libn één%?@ncﬂ'c OF Pr%%essﬁ{g o Q%g ae known

conventional” Insulation tayers, typicalty SiTrco

. Loxide is f.or.ned. t act,.areas.are aj t eyned and

in the Q0468 Sfamigle SRTIE Riay TP R 1916RR% Bl Al 5h AL BB or cobat
drain,.and gate electrodes, the resulting vias are

and then frpaied Ritpw selfadine sWCHdsr drpifide OV PR the 2dp gleptrpden) 12, the
connectivity from netallization |ayers above the

sourcq gdalrgin rgions 43y 124 angl athgrarens Grinavide a daveer gegistance and improve

~electrodes, the source and the drain regions.

deviceNterfatthingatiogrevertisrstepd$ optiamal. fatowingdbe pdiciderstap, Haised, interlevel
formed over the interlevel insulation |ayers using

insulafiorolapers erefomtpdebostithh salsstrate Wingrdepositiorestesltd dgidsPRxide, nitride
process or a dual damascene copper netallization

or othgicopessioh) iaRYbA BiyeReypRallP SUESAdioxitk {5 fHEnd B Y EIrSact Bbs are
" may contact the vias and nake el ectrical connections

patterdc@ ahll 8tcHeH SitPhe GlshRHRS tolekgo e SdqifceS QAL %n@g&e eﬁ:‘éﬁb&s, the
I ¢ pa

regions 122, 124. Conventiona ean up, st vation,
ol 8 A0 0 LRI AP g SRR s BpE 7 o
metallldzgt\{cimcl%sr’erg Hove %eoi?ltetrfgsel iﬁsu asfltnrg ?gy%rslé?)%én tcl) %he gate electrodes, the source
and the dl;ain regions. Metallization layers of aluminum or copper, may be formed over the
mnterlevel jnsulation layers using known techniques such as an aluminum metallization process or
a dual damascene copper metallization process to provide one, or several, wiring layers that may
contact the vias and make electrical connections to the gate electrodes 112 and the source and
drain regions 122, 124. Conventional clean up, passivation, die saw, singulation, packaging,

assembly and test steps are used to complete the integrated circuit devices formed on the

~ substrate 101.
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[ 00441 The enbodi nents of the invention described
above are exenplary and not |limting and variations
that are apparent to those skilled in the art that
include the features of the invention are within the
scope of the invention and the appended clains. [00451
Al t hough enbodi nents of the present invention and

t heir advantages have been described in detail, it

10044) sh O’f‘lg?ef-rgt?odﬁﬂ&% &Jﬁg ﬁvkﬁ% 684 1vRY ﬁb&\%ga?%a Smplary and not limiting

subs I ons an erati ons can

and vary Sl ok Bl P B R B s B B Ry e

. .example, jt wll e.readil nder st oqd. hy t hose
- mventl%f??fétﬁmi $RRS fa@‘fw Wﬁ?ﬁwyfeﬁlwpﬁwgi%ﬁ@a%a-r es,

functions, processes, and nmaterials described herein

- {0045] MRYARROWEA LGOIl R f (HeGFBICR iRGntioh Rhd HeFadPaRRSs Rive tien

present i nvention. Mreover, the scope of the present

) Li cati . . U _ _
descnbc%g?tdbﬁﬁ it Q{&ulﬁo NedsbE gl%???.]rﬁedﬁs Qﬁﬁgggsﬁﬁéglg{]tﬁ% Ql?d alterations can

Icular e Iment's roc
v L P bRl S o A A

a0 b e S N RBES 4 o Bl

machi nes, manufacture, conpositions of matter, .neans,

- of the fegiuFesoactions. HpeHEes. angraafenils Jesenibesk hepgn giay barvaricd white

devel oped, that perform substantially the sane

~remainirfg wighin ghe soppe efdhe presens ilysnteom iMotegverfibe seope of euiresents

t he correspondi ng enbodi nents descri bed herein may be

- applicatioh itd nct éderaled o bl gittdtot thepptiadendmbaditeaits offithe process, machine,

Accordingly, the appended clains are intended to

manufachité,| dedpo¥itibbMmbthe| tef@OREthoG 4 SRS deREiBSd inthe Kol ation.
manuf acture, conpositions of matter, neans, methods,

 Asone dg rdhSP Skill hp tWEA T l1Se £ Mpfdciaf frdm 1 ARIPDLANGURS Blesent

evice conprising: a frrst transistor conprising

- invention, processes, machines, manufacture, compositions of matter, means, methods, or steps,

presently existing or later to be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding embodiments described herein may be

utilized.according to the present invention. - Accordingly, the appended claims are intended to

- include within their scope.such processes, machines, manufacture, compositions of matter,

means, methods, or steps.
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a first-transistor n-type channel, a first-transistor

hi gh-k gate dielectric formed over the

first-transistor n-type channel, and a

first-transistor n-type doped gate el ectrode forned

over the first-transistor high- k gate dielectric; and

a second transistor conprising a second-transi stor

%18 cat i{s:a second-transistor high-k gate

dielectric forned over the second-transi stor p-type

lc hanAedemicmductorsdsy sadompaging:st or n-type doped gate

el ec%[gfﬁosg?r f ortmsd over the second-transistor high-k

gat e PR ISR PLCOMPI e seni conduct or devi ce accor di ng

t o clafim-tansish@haype thamtl, r st -transi stor high-k gate

di el ectric conprises a high-k gate dielectric materi al

havi rigfiEst-dregder kigh-kegme dighctriqfamed ovents Jirg;tragggior n-type
cﬂﬁﬁ{eﬁiaﬂdt he second-transi stor high-k gate dielectric
conprises the high-k gate dielectric material. 3. The
sem edisittansistodestymaloptd gitakelecttgdevthenai over the fhistghankistor high-
'k?g%*e .%i l.ectric material conprises al um num oxi de,

en‘?l i %’ia&g, or combi nations thereof. 16 4. The

sem @eashud tahsisevdodgrigingCl ai m 2, wherein an effective

oxi de thickness for the high-k gate dielectric

mat erd §roRdtransistor pHypE ABBL 2 nm 5. The seni conduct or
devi - ‘ . . . .
it e e g ol e B Fr b R SR pvve
cbansl,etd ng of silicon, silicon nitride,

a second-transistor n-type doped gate electrode formed over the second-transistor
high-k gate dielectric.

2. The semiconductor device according to claim I, wherein the first-transistor high-k
gate dielectric comprises a high-k gate dielectric material having a dielectric constant
gfeat_er than 3.9, and wherein the second-transistor high-k gate dielectric comprises the

high-k gate dielectric material.

3. The semiconductor device of claim 2, wherein the high-k gate dielectric material

comprises aluminum oxide, hafnium oxide, or combinations thereof.
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tantal um | ant hanum hafnium alum num oxides, and
conbi nati ons thereof. 6. The sem conductor device of
claim11l, wherein the first and second transi stor

doped el ectrodes conprise a material selected fromthe
group consisting of silicon, germanium polysilicon,
anor phous silicon, and conbinations thereof. 7. The

4.5 e M Ty dhdopfucit \deGiBe BEAMIN, Rehekdin Gh 8ffdBtite oXiNE HRdkRedsF8r the
first-transistor n- type channel conprises a materia

cehicleqtgernatesialgs lbspthenplasus2 PRy of sili con,

germani um carbon, strained silicon, strained carbon,
strained germanium strained silicon gernmanium and
conbi nations thereof. 8. The sem conductor device of
- <Claim1l, wherein an n-type gate doping. concentratjon
ot ¢ e Sempapegdt i ar Kaie JpuReate Giebdd Bt ileps Tageril
cEfifRbeh mbRAalt fidctedl fibhCthe SR6GN Qodsisting | HF Afliddn! ¥illBon nitride,
‘doped gate electrode. 17 9. The sem conductor device
tagialugn, danthagumy e piaimg alymem, ekidep and compbigatipms ghemnbi ng
concentration for the second-transistor n-type doped

gate electrode is at least two tinmes smaller than
6.t hat Thef sdnkieorfductst devian sl statn In-whapein dhe digkt gmtl esecond  transistor
el ectrode. 10. The sem.conductor deyice of claim1l, ..
A TP e IRTE 2 RAHRC PO e GRPGEOnSRHEY opf silion
gdrREniSRC PAYsiliE RN ShSipRusGHTBn A GBI GRTRG L et al .

11. A sem conductor device conprising: a first

transi stor conprising a first-transistor p-type

channel, a first-transistor high-k gate dielectric

formed over the first-transistor p-type channel, and
7. The semiconductor device according to claim 1, wherein the first-transistor n-

type channel comprises a material selected from the group consisting of silicon,
germanium, carbon, strained silicon, strained carbon, strained germanium, strained

silicon germanium, and combinations thereof.

8. The semiconductor device of claim 1, wherein an n-type gate doping
concentration of the first-transistor n-type doped gate electrode is greater than that of the

second-transistor n-type doped gate electrode.
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a first-transistor p-type doped gate el ectrode forned
over the first-transistor high- k gate dielectric; and
a second transistor conprising a second-transistor
n-type channel, a second-transi stor high-k gate
dielectric forned over the second-transistor n-type
channel, and a second-transistor p-type doped gate

9.el eeﬁh@%@eﬁoﬁ&ﬁw& RIRE dr i es Aitlidif %r}%t ?F e n-Bp8Nsake doping

.gate dielectric; and wherein a gate doping
cooeﬁm@'emrr for itlensecenddirdnisistos mt Lypodorer ate- clévtode s ddedstvo times

s e el o S LB Gorm e Fompd B R i g kg e

di el ectric conprises a material having a gate

dleleftrlc constant _greater than 3.9, wherein
Wi r skhersemiropuctr devigh ok clpamel ofrheredr thei frsiclepmsistos @éteaﬁlectrode

anh}oghaége&ﬁh.qmﬂgl%eﬁg a&m&%& ghse haying a dielectric

constant greater wherein the
second- transistor hlgh k gate di el ectric conprises

the éﬁﬁ égg e ectri.c material. 18 13. The
senlc Vleds FOHQVF P8P 28 m 12, wherein the hi gh- k

. gat e filstat@eikot Comitisafd al  conpri ses al um num oxi de,
haf ni um oxi de, or conbinations thereof. 14. The
sem%ﬁ%ﬂﬂﬁ?@?“deVP%@“@PecIain112 wherein an effective

oxi defthaiiess higlk éatke dﬁlegﬂxckfogtﬁé@ ogérehjgcﬁrﬁﬂ transistor p-type

‘ material 1s | ess thann about nm
cheenel,c@Aduct or - devi ce of cla|n111 mhereln an p-type
flr t-tra

Gt & 9B IS5 R P K b o v

k gdredielectric; and

a second transistor comprising

a second-transistor n-type channel,

a second-transistor high-k gate dielectric formed over the second-transistor n-type
channel, and

a second-transistor p-type doped gate electrode formed over the second-transistor
high-k gate dielectric;

and wherein a gate doping concentration is different for the n-channel device and

for the p-channel device.

12, The semiconductor device according to claim 11, wherein the high-k gate
dielectric comprises a material having a gate dielectric constant greater than 3.9, wherein
the first-transistor high-k gate dielectric comprises a high-k gate dielectric material
having a dielectric constant greater than 3.9, and wherein the second-transistor high-k

gate dielectric comprises the high-k gate dielectric material.
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second-transi stor p-type doped gate el ectrode. 16. The
sem conduct or device of claim15, wherein a net of the
p-type gate doping concentration for the
second-transi stor p-type doped gate el ectrode is at
| east two tinmes - smaller than that of the
first-transistor p-type doped gate el ectrode. 17. The
1Zf£ en Tigndtiddontudendeore of lclaina ] mdvilﬁk:reiﬂ\g?:ﬂﬁg}ﬂ% e dielectric material
irst-transistqr gate electrode  and/or, t
CQRRTISAYAIPANG St %a%%n e¥idetor serabipgtinpe ihseedtet al . 19
18. A sem conductor device conprising: a first
transi stor conprising a first-transi stor channe
Ihavi e senficondnctoy geviesf ofddpimty, vehetdin gn effeciivsiogidsrihickness for

hi. gh-k te. djelectric forned,ov t he

th’reihr i gggﬁlg}e’g{%r’na@%ﬂf\ ﬁseliesfs ‘gﬁ‘oab"ﬁ MPst-transistor gate
el ectrode formed over the first-transistor high-k gate
dielectric, the first-transistor gate el ectrode havin

13:he The semicppdnctr dsyirnge! &Hamalbe dBiSER rdiingriype gate doping
: -~ [
O L el B b g B S cob Y Wl than that of the
sdgeidriyanistdrgrtone dépedigaterelectrodst - t ype of doping, a
second-transistor high-k gate dielectric forned over
the second-transi stor channel, and a
1&ecoTit dndosmidatior dgateordiapt 1 HAehdreih Bttt o @e p-He gate doping
second-transi stor high-k gate _dielectric,  the i
CPEEFOR e steonddmpastar ByReglapeh g3t sipeirde siaf Last tyjgeimes
mﬁ&kﬂﬁﬁh@&ﬁo%ﬁ@@ﬁﬁﬂn&ﬁﬁmfbﬁf&f Efgﬁédgﬁﬂhﬁg I's p-type
or n-type, wherein the second-type of doping is p-type
or n-type, but if the first-type of

17. The semiconductor deviee of claim 11, wherein the first-transistor gate electrode

and/or the second-transistor gate electrode comprise metal.
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doping is p-type, then the second-type of doping is
n-type, and if the first-type of doping is n-type,
then the second-type is p-type, and wherein the
first-type gate doping concentration of the
first-transistor gate electrode is greater than that
of the second-transistor gate el ectrode. 19. The
lgsemggag;dgﬁd%wggwlg@cogrﬁ rgir%Lm 18, wherein a net of the
first-type gate doping centration for the
secohiist rapsstos compgan® el ectrode is at | east two times
2In2|04 ﬁlrosiaég}%%&)r cﬁanne avgnngea tfirs{ tsype 0 or}]_:)%llgs,t or ga_t €

a first-transistor high-k gate dielectric formed over the first-transistor channel, and

a first-transistor gate electrode formed over the first-transistor high-k gate

- dielectric, the first-transistor gate electrode having the first-type of doping; and

a second transistor comprising

a second-transistor channel having a second-type of doping, the second-type of

-doping being different from the first-type of doping,

a second-transistor high-k gate dielectric formed over the second-transistor
channel, and

a second-iransistor gate electrode formed over the second-transistor high-k gate
dielectric, the second-transistor gate electrode having the first-type of doping,

wherein the first-type of doping is p-type or n-type,

wherein the second-type of doping is p-type or n-type, but if the first-type of
doping is p-type, then the sebond«fypc of doping is n-type,

and if the first-type of doping is n-type, then the second-type is p-type, and

wherein the first-type gate doping concentration of the first-transistor gate

clectrode is greater than that of the second-transistor gate electrode.
19.  The semiconductor device of claim 18, wherein a net of the first-type gate doping

concentration for the second-transistor gate clectrode is at least two times smaller than

that of the first-transistor gate electrode.
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