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A METAL GATE ELECTRODE SEM CONDUCTOR DEVI CE Backgr ound

The present invention relates to sem conduct or
walemicoe®71i n particul ar, sem conductor devi cesP@i/UB2005/033698

netal gate el ectrodes. 5 Conplenentary netal oxide

sem conductor (CMOS) devices with very thin gate

di el ecty g AR PIEETRIOIND SEMROGIEDTRY OR BRRIERCE

unacceptabl € gate | eakage currents. Formng the gate

dielectric fromcertai n i .8y ectric constant (k)

dielectric materi al s, ing‘?‘%%é%@ silicon dioxide, can

r e dligeprgseneinvertkagelatdac acrarosdichoraledices, & particulagy not

he conpatible with polysil]icon, it nay be desirable to
senpigapdyetar S%Wliﬁéiwlfl’c‘é‘ﬁtag&é%Sie@fé?(geso el ectrodes with netal

gat hRAPetal ofiRY s&RR ohdiRor (CMOSEIRI@E WithSRLPthin gat

di e %c#ﬂ??{gs&?}eTga 8rm net aI0 Nl\/[())Sr(and %dos gate Tfthin gate
dieletteict made frotrhsiliconaliexidppay prpaiencevsndctepiehle gats ledkageragrrents.

be necessary ta formthemf different terials .
FormEtpIRa: (etiPe SORn SPUoHER SRS Rraat {R e ssiic pgtorials,
instBAEF SRR 36888, 1caf Godudd Batd NAkheY. Bdtahiseshih afeléiric may not be

accept abl e wor Kfunction for the PMOS gate el ectrode. A

compapibkowitiepelysjticen, prroasebsdwirably theeplase golysilicon hagedigate

N a P ate_ el.ectrodes I .
cleqifoen R graaet e IFeh B S e Mol ek by Bldier
by o Rl méthl NNEOS hisd PMOJ g1 vRersdek @l hyed appidprinte
second polysilicon layer to create a _trench between

workiimctipas dr8ay theecsssenctoifoen sheabiram diffgrephapighals e that

oSSV g AT S LARTIE M SR o
an dc8epithhlk edbrifuhétion for fiRtPMOS 3ate elévgrodec Arrdpl@qménj gifeiptaness

| ayer is then {airmved,ﬂsnd rfgétg%feggycgsf}rq%ﬁﬁfe%&metals- In

mayra¢ ufedtn dermymetee NPR and EHEOS _
LA RSB LI, TR AL AP B Bty

to acev@rdgmblysilicbinflfyper émtreatetadtench petveen it spagrs. yBid sedastive Temoval

maski ng | ayer.. These |l ayers are the tched .to .defin
ma el RS SeIATID SN SUcs SRR SEoG Hdraie
(TMIAHS oPXEL,0H, WithksoflicliGE L ThCir&ich YS i Ewith biRst metal. The s econd
wor kKfunction- netal may exhibit reactivity with
polysihscmreyesnsthes eemaveddanst replapedowish ¢ second sprialithat|djffeve from the
f et 0{1 processes. In addition, the workfunction netal
shR6hot adhere wel | to the gate dielectric. Al so,

exi gmtd iRl preckefor fomahs iRl BRY thakistoRekith Bighat gdle ctric
threshol d vol tages, may have insufficient nobility and

layeyatthe dickdctristlayes 13 oo ve diffaienbmetak laygesiapd a polysilicon masking
layer. These layers are then etched to define NMOS and PMOS gate electrodes.

With existing metal gate over high-k dielectric structures, the workfunction metal
may exhibit reactivity with conventional semiconductor processes, especially wet etch
processes. In addition, the workfunction metal may not adhere well to the gate dielectric.
Also, existing metal gate structures may not meet targeted threshold voltages, may have
insufficient mobility and gate dielectric thickness may be excessive.

Thus, there is a need for a better structures for metal gate transistors.

Brief Description of the Drawings

Figures 1-10 represent cross-sections of structures that may be formed whem
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O Thus, there is a need for a better structures for

metal gate transistors. Brief Description of the
woe@wiosg31 Fi gures 1-10 represent cross-secti onBCDUS2005/033698

structures that may be fornmed whencarrying out an

enbodi nent of the nethod of the present invention.

ended to be

R

Fi dlentmres, shawatimtiese figurneare ont mtedbd ta e dravd0o seads:

include a high-k gate dielectric 180, a netal barrier

| ayer 160, a vvorkfuncbl 0ﬂ zﬁtécl ng netal |ayer 190, and
a cap netal |ayer 1157 i ment. As used
herpeiffirinBit® Pigdtrd "B aktadkaforied an disgbgditd 100, aRpshende a high-k

greater than 10. Substrate 100 nm conprise a bul k
gateli¢leetoin 180, asmpiatbmrignlayersioDaa WPﬂ@%wmﬁétt@génetal layer 190, and a

cap %% Zﬁ%nygtr gﬁe \/\% %é’ ngé/cﬁ%ltreﬁt 109 u%?%ge L1 n%l < g%taﬂse%?ﬁ/mg a dielectric

congthitige@tertBaiC10.as: ger mani um I ndi um anti noni de, | ead
telluride, indium arsenjde, indiumphosphid gallium

ar SwhptErse 100 mgxcomprisem bylksiicas or mlhﬁ%egﬂn lteaubstructre.
SRR By S AP SIL ok 14, B
combined vidugiledn 0 Iluct]mn gerhiantung isdmmcmndonide; lede Wlhlﬁlder,aydlum

be built fall |nthe, irit. _and scope of
arsepidgsi@diun pResR idgrgalipin aroem qrrga%l%yﬁ%glué%&{t oyl few

exaxﬁPleE‘ of YRferER Rim WA su%&paté ng 2%&:*?@511%&’2% d@dcHiBENHhAIR) any
tanium tantalum alumnum and their alloys, e.g.
mateniz] dhat mayksed&sas tarfaundanoh upen whiebe seiméspmdtictor device may be built

rconi um car bi titani um car bi de,

Rl S R BB P ADE PR GHBA e, - An -t ype
”Etl\albtehéw eHat ARG RBEedR orh BRE- t;iﬁé ﬂﬂta\l\/ﬁiylar kowMBlude hafhium,
physi cal vapor "deposition (PVD cheni cal vapor

zircogipws Hitangw, (tovapm, pctswesandghejr all%@‘n@ 8n et ghrbiges thas include

theSﬁggﬁ%t% 3.?%/ ée a@é@ﬁl%?%ﬁr 0% e%ﬁlgﬁl car ltgg,ﬂrﬁ%ﬁ a%ﬂ%lﬁé/ etént&'l%x%

carbedd) afld BRAiinuh a&bfdemwkﬁwtmaml ltajﬂfﬁtl% Snz@elidl\.ﬁﬁﬁecﬁbsmg well
3.9 eV and about 4.2 eV. The | ayer 190 may  be about

knowg @hysieal tvepersdeppsirn (PVlPh@r qheigad V%l%ﬁrtdép‘?ﬁlf#@l (GVIgherocesses,

r ed to formp-type
c8 T@Qgﬂt@%s uligt a%&k&d&jkr ut he fogrgnssg%al | adi um
pl aif-ltﬁjerﬁletalrldyetfﬁﬁe Imayi setviedie @ metal NMiOR)gdte ekoirody that, in one
tungsten, tan rut heni um dt'tani al um
embgiend1es pY E@mﬁ%@hﬁhaﬁ iBpepveEDeboi? eV ABe AkeHt ﬁs% Ay The
laerbed) nla?%%bﬁ’ﬁé%@ Alﬁgﬁ)oi% ﬁéﬁ)eﬁclli@até’gatte?ﬁﬁg bALHRbodiment.
putter or atomc [ayer D processes.
Materials that may be used to form p-type metal layer 190 include ruthenium,

palladium, platinum, and metal nitrides including titanium, tungsten, tantalum, ruthenium,
and titanium aluminum nitride. P-type metal layer 190 may be formed using well known
PVD or CVD processes, e.g., conventional sputter or atomic layer CVD processes.

P-type metal layer 190 may serve as a metal PMOS gate electrode with a
workfunction that is about 4.9 eV and about 5.2 €V in one embodiment. The layer 190
may be about 100 Angstroms thick in one embodiment.

Some of the materials that may be used to make high-k gate dielectric 180 include:

hafnium oxide, hafnium silicon oxide, lanthanum oxide, zirconium oxide, zirconium
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P-type netal |ayer 190 may serve as a netal PMOS gate

el ectrode with a workfunction that is about 4.9 eV and
wa@bwa3d72 eV in one enbodi nent. The | ayer 190PCHYS1965/033698

about 100 Angstrons thick in one enbodi nent. Sone of

the materials that may be used to nmake high-k gate

s1119<!n{943886 rtérfta 18004188 bdm shahtiic Bt 8xidesbarusMitnting 6xide,

anum oxi de, zirconi um oxi de, .
strmtllunnmanumlm biideyrytioiidexide, ahmzumazided kad iseanidiim tantalum oxide,

ntiumtitagni um oxi de, barium.t.it .
andlieh i Binoals: SRFROD et e R B i ride, and
aluffindR oxi %a%lﬁl%agﬁih W ERMRbLEn RxtESAs (R thaly @Rdis&d fcform high-k
niobate. Particularly preferred are hafni um oxi de,

gatg dred:@mmhvciXI &eare desgribedharauthatdsyes mayAernasiagiomn ofepmaterials.
exa
oat ek et st e 10Bhal BY fel DSyl 10T pa ¢

corlvai@énallB¥pdionaaehbd, @p. of ddkentivngl ¢tehcal Maph-depgsitien (“CVD”),

dielectric layer 180 may be formed on substrate ]B?
lowpicagraCydh e nhysewéwam;si@msmw R grocessy Prefgrably, a

con(%rlcégt\{g&tl a %@Ela%? Wérot@s? ¥ ysd§ pﬁgédch%rbr&ceg’y? ré\}%

vapor deposition
prepliee@ s, d:ilheﬁ‘abélﬂbh&e) add ceameandy lonted aate.imt@d ﬂaweateﬁ\ﬂlﬂ) aCVD
process is_used. In such a process, tal oxid

reagﬁo&dﬁhlgla) s then gperatgd AER wlectsd) tsmpﬁréjuf% BiCEHHY H)a%pnslgte an
atofnqgatl LonRfole &t Ib%eréﬁ”s?o%tﬂaﬁ @Q0anFHRH- E%Qﬂe‘?ﬁeled’fﬂé &her 180.

noerate at a se cte t enperat ure and
Th@O&EStHaetor maydnapatateddnng tomigh 4 formemtagertwith therdesized thickness.

in ot SRS Foh kb 4R e sV B i S B
gpp @th'l&{.\/ &hd, VMI bite EdBodifieht, Bétwlebh MS%ésﬁoﬁl@ ARd about 40

cations, high-k gate dielectric | ayer 180 may be
Angsmsmsthmk about 60 Angstrons thick, and, in one

nb di nen bet a t d..abo 4
LBl LSLTER 2RO 2, ARG LEOD AN AROHE 140: 100 may be
a Iﬁe'i‘ﬁ vaffse Tttmh}nyceﬁl hitﬂigen thRaihRigahetdIGRchBY tib@ivtn ARtiéd, tantalum
barri er. ni trogen cont ai ni ng net al such as

niteide, ircenimi rtltm%eor hafpiva nitwida; tormension g fewsxpmplosi Limpeimprove

haf
TR TR 2 1P 8l 5 s
soﬂiﬁ%ﬁgod{ﬁﬁtntso 'It_ll_ﬁﬂa}lkﬁrgbe Kllsg %)ﬁivlﬁadﬁs fai barﬂiaéagainiﬁigfﬁmps o the
enbodi nent s e |ayer a
woglgfanﬁmn saHEBeiaaroro 0 ok diadeatian 26 Hith ;&&f%@wsly’
the %(/tgfn %Iggro% r 448 tlﬁdgg%e t?n gldén%{l?ﬂdé dflﬁ)l“ia% r%orlli%gctlon %f the metal in

thetlbyem 190@bgve ﬁ‘oa:f&bt devideternvear. Kihone einbodimfent,the nEtadl batirigr layer

e | ayer 190 above to effect device turn-on. In one
16%%‘6%"%%% 0 Apgelromis-al barrier layer 160 is |ess than

30 Aqg ?atyrep 180 may be a workfunction metal optimized for either n-type or p-type
devices. The layer 190 may be about 100 Angstroms thick, which is thick enough to set
the workfunction, but thin enough to ease patterning.

Finally, the layer 115 is a capping layer that may be between 200 and 1000
Angstroms thick in one embodiment of the present invention. The layer 115 material may
be chosen so that known dry etchants may be used for patternability and resistance to wet
etchants typically used in semiconductor processing. In particular, the layers 115 may be

formed of a high conductivity metal such as aluminum, tungsten, or copper.

3
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The | ayer 190 may be a workfunction netal optim zed

for either n-type or p-type devices. The |ayer 190 may
wheooaloddsrl 100 Angstrons thick, which is thick PODU§W$/B3698

set the workfunction, but thin enough to ease

patterning. Finally, the layer 115 is a capping | ayer

t hatTh:ITﬁE,yl REnid&MeRMmaiifo e plldBt iMaHbA ARE ghiBisticttft shown in

one e Ogl nent of the present invention. Tﬁe | ayer 115
Figmae érchalbe mesd iner whlasemerg andtilgatekprooass.dfnythe reflagemenhagtal gate

b d f ft bilit .esi st t t o
pregeedin eryaRaay ol ladeey 1% SBNPRE AT eRBp s SielEls noyistine
charAcBASHdsC Uh e replABerthéM @lictal shle prodeshahé eapmetaDlayer 1i5dh

conductivity metal such as al um num tungsten, or

remoyRbés seltntivelyi fom deintarlopen dielaetsic grithngduqed slisbying in one

eryBie BF et b S Ml Bl &85 o EphBement
metf PafCRoBas i@ tuggdten, Pita0@s fitritiéleatslim)yeingdluhayeide, and

115 may use a material that exhibits excellent
Copisti shi ng characteristics. In the replacenent netal

g at e.. 'SP i
T
embedineed of ileehhejod of theeresehioidiertioh. dditiblhg agrigls&mate dielectric layer

Lnventi on, anples of suitable |ayers. 1 for
105 o\¥n 2 EHEHICTHATGR BUEnShDERES a1h & SURIA] eyt ST 106 are formed

and g%%ég{rlwgp it 1 0B BLRMIL: hafBldMiRickirk de, and

gures 2-10 rate structures that may be
f or rSethe ofithe nmteriald that may bansed b ovkerbigh-logate dielenttihiager 105,

f th resent inv ion....Initi.all a_ hi gh-k e
10 gz P papdey Bihudsitiogh s, i Gl 1 Hthum
aldhmSRQNE) zirc S HmPox3 &S irf diihdlsill B @kidb Ontahd oRidE, titanium
formed and patterned on substrate 100, generating the

oxidiegbarai? sgomtiiun titamiunsonisleoharivinetitanivar oxife stroatiumrdijanyen oxide,

used t. ke. hi gh-. ate diglectri,c. |aver 1 107 .
st oG et oty oS S Rt e B g B nicbare
Paftﬁiﬂldﬂw_ﬁfe@éﬂ@@e hdfﬁiﬁhh@ﬂdép ZdcoifumLeRi dbX kikiund ok e Ahd Aluminum

oxi de, zirconiumsilicon oxide, tantalum oxide,

oxidet dvfhonebyifew exaples of Matesials thehrast bawserhio foraehigh-k gate
R AR e 2 SRS DI Aty o

to Rxiuee gata Mehkhga dThHd Rertias halicectfaconscant highyr thaef@anéfrom 15 to
are hafnium oxi de, zirconium oxide, titanium oxide and
25 3n gpe Ak diareab of the DR SERHINEENON exanpl es of material s

t hatyy; r I Of- ' hicGol :
R B (SR A b8 S5 S AR femins
depasitiori mkthothag., aeoweentionaletiemzabedper Hepsiipn. (“TH®”),dywpressure

oV bt morgaue et bY Dt REop s ERCRRYeherBRAtom! atomic
layer CVD (“ALD”) process is used. In such a process, a metal oxide precursor (e.g., a
metal chloride) and steam may be fed at selected flow rates into a CVD reactor, which is
then operated at a selected temperature and pressure to generate an atomically smooth
interface between substrate 100 and high-k gate dielectric layer 105, 107. The CVD
reactor should be operated long enough to form a layer with the desired thickness. In most
applications, high-k gate dielectric layer 105, 107 may be less than about 60 Angstroms
thick, for example, and, in one embodiment, between about 5 Angstroms and about 40

Angstroms thick.
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Hi gh-k gate dielectric |layer may be fornmed on

substrate 100 using a conventional deposition nethod,
we:2@s/03@7convent i onal chem cal vapor depositi oPCT/US2005/033698

("cvw), Iom1pressure CVvD, or physical vapor

deposition ("PVD"') process. Preferably, a conventiona

ato |

or o%‘ggcsnllﬁé'ﬁf %lﬁ)lz%fx éﬁgt %h L) S%yrsbé g)rlléléi? G\éer rgge giéfé&m‘?b layer. The
saciifitiolrmeed] layred mnydmanyemetbbthﬁﬁd canabkecbfemtls(canﬁir@hlghte@@eratures

intg a eactor, which.is operated,at a
(ercalar Qe 0 ey e oy Be AT B, Af ndsample,the
i WA b d BEGtahRhVE esqﬁ%h |
secfthO fRHLIRRED b ShRe] O faRBblRRNS TR oht shosiona s layer
ma)shc) wrmldnbbsoﬂmﬂanag Iroatg)ﬂearmgmdtmem,dhﬁiaezet g be fprmed by atomic
1 dﬁ fl red thickness. In nost applications, high-k
Y 4ROH QP ect ric |ayer 105, 107 may be | ess than about

60 AR&ShhEk iohtetdicletteic l@éaf@ﬂoﬁneca&ﬁsubsﬁat@ﬂﬁo a sacrificial layer
enbodi nent, between about 5 Angstrons and about 40

104Aﬂ1@(s1s®m1ed ipndughskgaty digleetrigilayest H)S, 1 Bjaespeidrelynbivifis

eml% é%l}l?l}et glq'g]rngﬁggl&fe{yleg li]g(g q'ﬁ'l?%ltgfl g&n}lﬂe@ﬁ?{t}le %r%?itﬁmal layer 104, 106.

Thecshpaht@l o C):lewll o4 Slt%rtdaylgorhp@% Iioﬂ?yﬁlﬂ&foatand emy(lgrdepbsted on
t han 45Q0 '

it el AT esingifeeooREHI TR LAGHOS et RIocF Ry Qciagiapiyer 104, 106
ma Bé 'fglde%m%fe ?&Wég% Q%&{tslggta?g ?P(?}lﬁ? W {}Eﬁ‘lts thitB&nd, in one
emlﬁiﬂimelmﬂ]&ietwee'ig?ohayma gmira]@b;hel 500 mgfthynalﬂlmk: c layer
eposition - { t
for Hud BRsk laet 150431 i slobn Brte e Sy About 40 and
abolu® 1008 A gt?&nb tHSk *foﬂész rrggé &he Gbiveen! B&Efz%)o%lﬁé abamso

respect | hi's enbodi nent, a mask
Andstdmsthick m dﬂeenmlfcminmemt dFard sk dayet 130; |1&l maa())c@r oxmad on
§6 The sacrificial layer 104, 106 may conprise
sacy F‘@lsllap’e&on and may be deposited on sacrificial netal

| ay@ém“éﬁtﬂﬁhaﬁw@@ &8%&%50&@&%&}1 beDlseB kO ESSve unprotected parts
Sacrificial |ayer 4, 106 rrlgi/ be, for exanpl e,

of Hsad wesks lmmacmﬁolahmtaémr ad poufisiableyerois thip prkodiment, after

o8 it B STERTSbo BpT ARl H B e

co ”Mthéﬁgl@ ekpozea rEﬁiﬂolf hilh- lbgﬁtwmo&’fimlayeﬂrﬁﬁy Bmdanab/@d tusing dry or
1000 Angstrons thick, for exanp and bet ween about

wetzeaqh tanbnEpon(t BEH bANSICHY ﬁ%etf:h ﬂ@k K layfr bR %mcﬁw without

o RSt TR BT OB

laywﬁctlﬂer}aﬁﬁheumwi)ﬁ@mibeﬂatﬁ ausing aafry b’&hqbrcmmssk ahdywet etch

sacrificial netal r.and sacrific
techipgegirpan etchdpghnk gate (%electrlc layer 1sotrop{caf1y u}/lgercuttmg overfymg

sacrificial layers 104, 106 in an undesirable fashion.

To reduce the lateral removal of high-k gate dielectric layer, as exposed part of that
layer is etched, exposed part of high-k gate dielectric layer may be modified to facilitate
its removal selectively to covered part of that layer. Exposed part may be modified by
adding impurities to that part of high-k gate dielectric layer after sacrificial layer has been
etched. A plasma enhanced chemical vapor deposition (“PECVD”) process may be used
to add impurities to exposed part of high-k gate dielectric layer. In such a PECVD

process, a halogen or halide gas (or a combination of such gases) may be fed into a reactor

5
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those | ayers have been etched, exposed part of high-k
gate dielectric layer is renoved. Although exposed
w@anob/0af67hi gh-k gate dielectric |ayer nay be rPODUSIN0S/033698
using dry or wet etch techniques, it may be difficult
to etch that |ayer using such processes w thout
. . t 1 1 r o, .
priog Y R L TR R SO Y ol indl the Bppoplato conditions
(e.gs edrapdratur, presauteheadio Grenugricy garsiuimstar hfos 2 suffiedend tigheyto modify

T N R TR
embORheDt] NBwsETdd PECHD prxedss e Qdne Lkénd fladdt less than about 200

u_aneS| rabl e fashion. To reduce the |ateral renoval of
Watts, ghusedgat e di el ectric |ayer, as exposed part of that

| ayer is etched xpased : Fhb-gh- L € eeg 2

o dnaee Frofagar RAFORE RRe Lot PRI (Ol gases are fed
into' tBER4Blor BEAMRESP ML Yloworg@veleasurp did: a@lasifagientratedrfrom those

Exposed part may be nodified by adding inpurities tq
gasesriatl] pedify eXpoprdpant ip thedasirad gipnpere Bﬁ‘g‘y@?ﬂ g0 and about 100

Cifici '
W Ghlke B P15 00 bl B Sl B WA e
corrdl;ﬁald tHeCde_aiﬂét} ﬁrmfoh’flhiﬁm d)ﬁra]e)@mp@ism. Riadmaéxpobgk-lastipgtiess than
ielectric er. In PECVI , hal
abogf oG e, PRGB! it PO THILN ARy gt
conv&8iohNt0 a reactorprior to striking a plasma. The

reactor shoul d be operated under the appropriate
c onAlftéri the sxgiosed partthempeemmodifjedpitesayhearemosied. oThe presence of the

TR o XS RS T e v
em‘tl)cd?llilﬁgﬁt! %&Joéeé%g@‘i@%d%ﬁ ®/ickbSsing 1t 188 @elﬁﬂé%rl;f btod acidl e.g., a

I ow power rocess, ée.g., one taki ace at
halide basedliaaid (aipbuss %szomlg or gsdr@sbldrlc peidbeephasplericasid. When a

hydr ogen. br om d "HBr")..and chl ori " .
naid BRREGPIT0 §ndnt oot o Gl Bt Pl bt oyt 5988 gpouc 10%
HBEBSHCEHY Balumd —PhAg iebre pReE@bEhbbuDsNHyosturg@sAa ewhl process that
nodi fy exposed part in the desired nanner. Betwee

n
usegpshtanz0idamay talker12c0T opAERITORRY EMPBTagEe,@nd last e Rstween about 5

about.,~L00 tt ' [Pres] t+
oA I B o s v
phoBglidric aRlds ieds tho atidandyasdritaig betscentabau 2586 and abomt 95% H;PO,

m nut e, and perhaps as short as.5 seconds, e
by vlegaata steh agses hARYSes SHRAASIHh Maxs B FxiRleabicRlage ot

betR8d aHdRt1 @%ﬁl@%&f . 3§0°(i1 LanfBh RR hfyoBMEht, al BBout 160°C. When
presence of the added Inpgurities enables that exposed
suchan tacidds teedethe heeghosureastdp mey jast betwoseatmat pAs¢condnamshabout 5
.enbodi nent, exposed. parf is.,.renmyved b osing it to
mingitgset 3d fg’é?@“&ﬂ“&ﬁ@f“ﬁ@ ff?,r aé_() g@l}gSHOW&F%&Zﬁ%as edgaci d
(s uf“lg'ﬁx% BrepheirPR ANhferRbdiadiRe i Ofilaf ma§ be ordied when making a
phosphoric acid. Wen a
complementary metal oxide semiconductor (“CMOS”). That structure includes first part

101 and second part 102 of substrate 100. Isolation regions 103 separate first part 101

from second part 102. Isolation region 103 may comprise silicon dioxide, or other
materials that may separate the transistor’s active regions. First sacrificial layer 104 is
formed on first high-k gate dielectric layer 105, and second sacrificial layer 106 is formed
on second high-k gate dielectric layer 107. Hard masks 130, 131 are formed on sacrificial

layers 104, 106.
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hal i de based acid is used, the acid preferably

cont ai ns between about 0.5% and about 10% HBr or HC
wbyoosobasne - and nore preferably about 5% by voPCIES200§1033698

etch process that uses such an acid nay take place at

or near roomtenperature, and last for between about 5

an %ﬁ&gyﬁ?iﬁg ¢ mgﬁ&% struhulR0stled thANBE orM%¥A 08 lé)bﬁosﬂ%ymdes of

be use esired. Wen phosphorlc acid is used
sacrifiial layrys L t66.n When s SpBowS CoBYsiansiliatnnitrids thaapaybe

An et t hat
formoy QS fRow ok SR ot e ob AT E o2 S ot ot
thlcﬁ&%b' Itfol 8QmpléNéks thah o6t ENOPANnEBRéms diclabasitlepdsfiéd over the
When such an acid is used, the exposure step aiﬁl ast

entiteestigtine, PrestucingChe struniers shownap dugurs 2niGanvestionah depasgion

52 @ggﬁtromthl ck film Figure
pro‘??%ﬂ?%’seﬁ?é% ene?aeef ﬁnlgle ate structure that may be
f orwde Wb BdifRit, 3Tican ﬁhttﬂ‘ﬂd: anpsntian yis dqioaited)&]lrd:dﬂb/ on substrate 100

sem conduct or "CIVDS hat struc ure in Iudes flfl’
andWp@sﬁg@gieggﬂsggg@gﬁblaygqstlOf@iogf— wijhayt fis om@ga fer oxide

layer%gls Osj s {0%93619%5{ ?Oéﬁ §68" q{l(?iltgfﬂ'aﬁg% BAbbdikihts h@WEver, such a

secon ion region may conprise
buffer bkide tuydi mxy e foratedqiriveto fainting ddyer il Bht Sieijarke pihatgh not

h
showa g FIEVHS soF UK HaY ngpgﬁ% o g 57 B ot hing that layer,
If udeldY ﬁ{ch]agzyxhl Qﬂaf@rﬁgﬁdtﬁ R del hEﬁtasllhécfiWrﬁfnd%Q@cH stef & gﬁgrate an L-

on’ secon gate dielectric layer 107. Hard nasks
shapf@ipa&kdl are formed on sacrificial |ayers 104,

106, . After, f rmn Fi gur structure ace
o it Byngat By Bedbelestudie f pmiemtip I EESs 8
anls%%plcme&cﬁlﬁ §ﬁlc§15’ﬁﬁﬁﬂ§to(‘d¥€ﬁfe| ItBE Fidulré 4 8flutuid. | Alea rdshEY)f that
formed in the Ilowing way. First, a silicon

etchmtcp, |smtar1ﬂcaql dayeol %utkwémtechby ¢ painiof sidewaHispageas 108, 1169, and

10 ~
saofi g g R R AR bt S PR M) e
St rAs czﬂﬁQﬂﬁe | ifrfaly B ldes Rableas perfbin Railtisle mkingcand ion

rocesses be used to generate that structure
implpnéationtsteh ﬁﬁs@f?ate dightly émplantad rggiong ) dpa-13%a near é%’ﬁb%l%é% (that

i AR 8 AR 5 Shony prior o
gfspicefE)(10$$1®%/1&O b @udastrifria 14@0s d0v] 104y edso ds0id typically
In alternative enbodi nents, however 2, uc

donwhﬁ é@urw@edrpwégwﬁw 50@86?%‘66 formse, affsr : 3 i gpacers 108,
109! f‘i/(?ﬁl%,}%ro)@gdgn i i (}Jra Jl‘f%ltlmbétfhtg'l@(wf@ll&ved by

a séco ayer 134 prior
appBlichamagppréyatatd anneal sté. used such an oxi de may enabl e

t h e Subs gg) o E)Ealnd %glrllea? Iset:crplle%%e %tsg toSiIorrB typg Source gr?d drain
regions w1th1n part 201 of substrate 100 may dope sacrificial layer 104 n-type at the same
time. Similarly, an ion implantation and anneal sequence used to form p-type source and
drain regions within part 202 of substrate 100 may dope sacrificial layer 106 p-type.
When doping sacrificial layer 106 with boron, that layer should include that element at a
sufficient concentration to ensure that a subsequent wet etch process, for removing n-type
germanium containing layer 104, will not remove a significant amount of p-type sacrificial
layer 106.

The anneal activates the dopants that were previously introduced into the source
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Silicon nitride |ayer 134 may be etched using a

conventional process for anisotropically etching
w@Rdobodm7nitride to create the Figure 4 structRPCEUSASS/633698

result of that etch step, sacrificial layer 104 is

bracketed by a pair of sidewall spacers 108, 109, and

i i i i i 14 . eferred

o e B B ey Bonl™™"
embodimdne, ahepid theimel ponepbisfappiedithht takdsepleas ki Hitprenegatiesthat

I npl ant atjaopn . steps to creat Lghtly. ] e I
excardBaban 3 000G Fymp el Rl chlice L BpOTr s
actiPRm¥ehAdorahR, SiREI2ARANELD alyhifodIBVihe &1 Sles@lar Steuctind ddthaghnk gate
_regions), prior to formng spacers 108, 109, 110, 111
dieleniris bayeisfi06; H7 ﬂowy@ﬂ%gamdl,elefg& laygrs $hafmay d?‘}lﬁilﬁf’é’ltq Smpmved
e]rt?izl)one the source and drain regions 135-13 8 nay be
p 8?%8‘, after formng spacers 108, 109, 110, 111, by

| A fdRtfbiging @pdeetsi08, PEY, 11$0,1101, disltcthi laykr $ Ubatayateaieposited

100, followed by applying an appropriate anneal step. .
overghe dgvice.rasnerating thed igHe 5&%@5@%@6@9&%?%’%&3@%’& prise

... N-1 2. S -\ . i. i i

G BT A0, DRSSPI 9 by o s
e s, S g et

, ed to formp-t{ype source.a :
progesyi Brigpess of tbaPfocgﬁzswces%?g‘s‘{f%gtf@g%qﬁéy%3391 {38, which
. dopi ot o

are FAEL bl GlIRIRUEEIE0, PaOoIRE, L B Rty R T, PThose
sourk @ne dtaimtegions whdyi ke ferhed o neplanting iomstintoghe sukstrareathen

Ssubseguent wet etch pr f [ - t
s e S s RS B By o
sou§e ARl kSR i GHEDAWilIOe dpphisRetoSA6deiski Bédin thawey 106.
he anneal "activates the dopants that were previously

i ntCaumorly usad vittidespsoers swueeddrainaprd sdigidmBramaton feghniques to

regi ons apd into crificial |ayer I
B i TR L g ik g L s, s
not 8PS’ thdaletHodloEShePiragt Rivetidrenfiertahay Be fdratedaxsageds

about | 50000C - and, optimally, that takes place at

conyerd®MABIProeess &ighs-t i on to activating the dopants, such

an %Eeﬁgicelg?%i 17994 ;e%lowg Sﬂém 1%%&; In?agksc‘ HBHCT I G/Hedh SeOfh-thirn,

gat ! c“layers create dgate
renidiv€d B6inlPattein@yl Saificha layessyl (ele b6 prochneng ther Bigerk 6 structure. A

coneeicgek HeEn A EEhanTea, RIS GLDBR ) OaPH AT BF dhpficlo remove
oo SEBERGE U5 SR BLTHD! 1o ) LASTEAR L8 ey
removed @0dxpbse patgated kadifioial ligerdbpedo6v tHarg sk d3Qsl31 may be
poli%ﬁ%ﬂ,oﬁtr](’)@gﬁ% 1?].{1‘5’1%% ngagngéaégo @%&ﬁng\éie?eectﬁig rle{gf%g 112 iisn gol?shed —as
they will have served their purpose by that stage in the process.

After forming the Figure 6 structure, sacrificial layers 104 or 106 are removed to
generate trenches 113, producing the structure shown in Figure 7. A 1% solution of HF
may be used for 15 to 30 seconds to remove the chemical oxide formed over the remaining
polysilicon.

In a second embodiment (not shown), a wet etch process that is selective for layers

104 over layers 106 is applied to remove layers 104 without removing significant portions

of layers 106. When sacrificial layer 104 is doped n-type, and sacrificial layer 106 is
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process. By this stage of the process, source and

drain regions 135, 136, 137, 138, which are capped by
W@ ioeioskesdl r egi ons 139, 140, 141, 142, have al readyShves 083698

formed. Those source and drain regions nmay be forned

by inplanting ions into the substrate, then activating

e t [ ' i ifici

o o T e O B2 oy porifcil
layeb #04opar aptotssolition ¢has kpnprsksiarsoutee of hydrogisierfoniaysuificent time

oo BG4 S S D 290 o L . ERTEARL o
hydidk{dGhayf Sonif¥se ibREhdsfl abiktRe df#®BhtI08Sercent Binnfh@idh hygRoxide or a

as not ‘to obscure the nethod of the present invention
tetraalklyhammeniunbbydroxidece. gistetrgmethil emmosivan hydresids (“IMpE), by

Dielectric,ayer 112 is.re f
T R
rem&ARAHyf éx@bﬁhiﬁtﬁw arssluliod, wHibP is paiathieidrg a tdiepdratgue defiveen about
structure. conventi onal chem cal nechanica

15°@end ebnun §0TC (pesampebstavorbavhf0te: BabraraRrises bEEHespgabout 2
t hat ,Rpar ' 4 . J
s sl BTl g Vgt B v
expcgbgiid ) Qﬁli&ﬁptlfefd‘rdrt]bljé adfstsl a&‘kﬁﬁﬁon]s@ﬂinufb@ﬁ n;dyllabedieﬂiﬂabka td3Oply
) ma e polishe rom:t 104, .
sonis gBeEiHEM CAMTEE OF PR Biovs 10 KHe 350FPaH 00 K42 Weije
dissga{ghég@’e‘?\x?&f éﬁ%ﬁt I h&d 5bogﬁﬁ@9@ﬁts%zt hat stage in the

roc ter formng the Figure 6 structure,
sadn ilfd etend dmlyetimert)shcaficibDRyer ¥4 with\agticknesg erfcabatel,350

S e S A RS T i
to 2 SEIGART fhat CorhSITRAY Gbbdia 5 %J@Fd&l@ﬁhm@ﬁihﬁ?h}fd?gﬂﬁg bPV¥&lurhb e

_remaini ng polysi I'itcon. "I'n a second enbodi ment (not
deimivediwaterawhide aplying powic esergy htabout 1,660 kbi-vdissipating at about 5

I 104 I 6 i li .
Watt iy, S0P SO RIS S DRl AL A s dtcial
layet QBthod@hoS Al d hbsiliddful ANQt 404 pit§psleptadcit hype, and

sacrificial [fayer 106 isdoped p-type (e.g., Wth

bo f‘“‘ﬂﬁ? ;hnslwfmboahmmt, wehicipklarad 94 maay Reoweiclixdy sRpYIPREY

sacri f.i ci . 104 t . 8
cxo R el B PRoRUERAT: AT Bl

betvdenabself §0°CI b tabb@mveC athb @nippisecbaweersabiagit 201tindlabgut 30
all _of |layer 104. That source of hydroxide ma

peragpipMATE by doluseminglsinnized watr, WhHe PPN SPRIE RRCTEHIRFUATINS

r . i i . .
SRR A B DG et b
80°d e‘bmtl)ioﬁeﬂ lmliﬂmtes to afsvjutioarthitrtionprisescabiofit 23 pércéraYAVIATDHy volume
. may, sel ectjvely renoved by exposj if..to e
in dgiahiges BN UF SRy G PR PRl Sharaut LR ke o Bplertipt dbou
5 WaRQU? -- may remove substantially all of layer 104 without removing a significant

amount of layer 106. First high-k gate dielectric layer 105 should be sufficiently thick to
prevent the etchant that is applied to remove sacrificial layer 104 from reaching the
channel region that is located beneath first high-k gate dielectric layer 105.

In some embodiments, a dielectric layer 105 and/or 107 may be removed before
forming a replacement metal gate. In such case, a metal oxide gate dielectric 180 may be
formed before forming the replacement gate as shown in Figure 8.

Next, in Figure 8, the layer 160 may be deposited to act as a barrier and adhesion
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15C and about 90C (for exanple, below about 400C),

that conprises between about 2 and about 30 percent
wa@eovofsasm hydr oxi de by vol unme in dei oni zed watBP€T/US2005/033698

During that exposure step, which preferably |asts at

| east one mnute, it may be desirable to apply sonic

ener a . .
R N R
meta-?lll@e_ﬁfc)m Illﬁaiay\&l%qﬁgvjde a _hinrogblesaﬁgmlsz tlmﬂiihi—ilqrht;cieqtric. Next, the

sacrificla ayer , WMth a fni.ckness out
layen |45 9g SepasRiEd (0t aba W§é‘&@’&‘ft}°6‘éf‘3§ﬁrr RRERS frgasistor thresh.old
Volt%oosi ng it at about 25C for about 30 minutes to a

[ution that conprises about 15 percent ammoni um
hy Refortidg tdFigurd Y mbter formetioniizbellayer 20, awhhiaet/gapdill aagpe

o B o s SRR e 1150
The W?ﬁ%ﬁ?& baldb¥e &ihg AbctAIpldimkY REDS @D fdr@hahinhAyeflow, to mention
W u

removi ng a meani ngf'ul amount of a p-type
a fewagainplesi The payBH materials mpy ingludathigh ernductigiycpetalsdj @ those

) . 104 . | ectj : ' o
o £G4 ha R of FEL UG 2%, SERRYREMEHERD H00°) e
alurf@hAt ﬁingﬁ@n,ﬁir cOpphe@NIRE alebtr6plaigmiutiond ol céififinamdal ions, base,
about 90C, that conprises between about 20 an% a SoAgt
suctg®s BMAGEat NEWVAH eryacido FupheasithStepgnetizisulfpnie act v(}}{f to

appl.yin oni ) ' L Ci I
proGE R PR By g oERR R RRGE b il Rle, TRBICdOHtor may
be abﬁurﬂﬁla@ﬂ@iﬂthe&mbféﬂﬁrea hotht battomnutfese (t)m: ta rzlspid n¢duotion in

t hat conpri ses about 25 percenf  TNVAH vol u -
surfie 45 SBENEBIEBRE PIRHICHTE LSOy S 1L SRRy DA pilisg e eic in
gap iy Olq'le@gﬁr!%%g(ﬁ ?.}p%ﬁ?l{/ﬁgpﬁ&% re2l Rith SArS Htal IR%r 115. After

renove yer 104 wi't hout renoving
chemical gethianiaibplaamination EMPYthe sth@ure Bf Figurd il gesukis.gat e

Slr gl ﬁ% {k{e&g!a % 'Ee:{qg%fgtls hogﬁlaegl (ffgm uefgl&id?l%r%?é%%{c/c}eg [i$keh Qumber of
embt%ﬁg?&{tés, ‘%ﬁl@ée skt@tin M4 WRBphRARM MEmédes mbatiatiodsegdon

ocated beneath first high-k gate dielectric )
varibtiyresrthdi®froml At sdntendadibatithempended daigiscoves all sugh anodifgptions

and/ or 107 be renoved before formn ement
and Fapafongas dall TG Ion Euagant ey G ulesly bFBhaS

di el ectric 180 may be forned before form ng the

repl acenent gate as shown in Figure 8. Next, in Figure

8, the layer 160 may be deposited to act as a barrier

and adhesionlayer. It nmay prevent reactions between

hi gh-k gate dielectrics 105, 107 and overlying netal

| ayers 190. It may al so provide a nitrogen source for

the high-k dielectric. Next, the layer 190 may be

deposited to act as a workfunction layer. It sets the

transi stor threshold voltage.
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Referring to Figure 9, after formation of the |ayer
190, a contact/gap fill can be inplenented by applying
wa@2wemsem up superconformal filling (superfillPCT/US2005/033698
indicated at 1 15a. The filling may be done using
el ectroplating, ALD, CVD, or alumnumreflow, to
mention a few exanples. The gap fill materials may
i ncl ude high conductivity netals (i.e., those with a
r elVélatveclgioredust i vity of greater than 28, relative to
coqper t 1%% at 20C) sucfci as alum num tungsten,
or Lcoppér MeHQH QMBI at i ng sol uti ons can cont ai n
netal i effeviRes Vumdmedat@sledtMid, or NHAOH or acid, such
as H2SO4 or nethylsulfonic acid (MSA) to provide
el ect r olfguming amiglcdiplgstrip corgtant gateslialpeitip p¥era semigandgctor
b i sul fide. The accel erator may be accunulated in the
SUbSAKP | features at the bottom surface due to rapid
reduct i @ormifg 8 Widtaldandsr ¢ayetl ovdrngidgdasd dingcipicovi di ng
bott om up f.i%l . Sonication may be utilized.to ibd in )
gap fi| forming agvkiuastion sstimehetel layer avgbimd m'?tﬁii giies layer;
le with cap netal |ayer 115. After chem cal nechani cal
pl anari zation (CWMP), the structure of Figure 1
resul t s forhing @ chp enerl éendvdr saidivdrkfunbtien fetting metal layer.
described with respect to a |imted nunber of
enbodi ments, those skilled in the art will appreciate
nURET 0 Uzrh'é‘}f?étﬁbcﬁ@f 1051 Bt foRthin@gn d-Rpk hdtflBatd dtrukture.
i ntended that the appended clains cover "all suc
nodi fications and variations as fall within the true

spirit d sc f this present inventian, t ]
ol & mea Themeiibeiofilo Bk Brme 0 M ARy
gate electrode; formng a high dielectric constant

gate dielectric over a sem conductor substrate; ,
f ormi ng Eherreethod beleinet inchidéng fovamesa nttypsveorkfunction setting

ielectric; .form a wor kf ti0 (ng .
B L it BTy Rel P S A GE} Bhobyetravon
100! BtroMyer said workfunction setting netal layer. 2.

The nmethod of claim 1 including form ng an n-type
netal gate structure. 3. The nethod of claim1

| n¢d udi ng, f o : : ffifictifn metal

the et gy Bre o Baffi | AR R Sl £ nic bt me
layepDbihp AGHdrRfnstod ofgboned.flto 5awVmgd haviog kfthicktése nf about 100

bet ween about 3.9 and 4.2eV and having a thickness of

Angsffems. 100 Angstrons.

an

6. The method of claim 1 including forming said metal barrier of a nitrogen

containing metal.

7. The method of claim 1 including forming said cap metal layer between to

200 and 1000 Angstroms thick.

8. An integrated circuit comprising:
a substrate;

a high dielectric constant gate dielectric over said substrate;

a metal barrier layer over said gate dielectric;
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5. The method of claim1 including formng a p-type
wor kf unction netal |ayer having a workfunction of
WwW@bwat3ek70 to 5.2eV and having a thickness of BUDUS2008033698
Angstronms. 6. The nmethod of claim1 including formng
said netal barrier of a nitrogen containing netal. 7.
The net hogh Rfuncliéh Pitind Meta Rl AhvePsATH RibtA Baftic ii’e%reﬂ%h@'
| ayer between to 200 and 1000 Angstroms thick. 8. An
i nt egr atedp aietal ldyer overpridsierfungtien seitingumetal kayar, gaid cap metal
dhel.ect ri.c. cons%iaqt .tgat e ditﬁl ric over said
layeg ipdng afedativg GoRfuGUViY &yaLe aﬁ% over said gate
di el ectric;a workfunction setting netal |ayer over

said netal barrier layer; and a cap netal |ayer over )
sai9d worTle wirewit oficleio B iwhgrevibsaid cirejbis a complerpenianyaneipl oxide

| ayer having.a.rel ati b Vi eater than 28.
semg:_o}@%orcqnipgﬂ in?d%(fm%f\fg%@ns %8%m$ ﬁ%%slt Scircuit is a
conpl ementary netal oxide sem conductor circuit
i ncl udi ng NMOS and PMOS transi stors. 10. cl rcuit
of 18} ai rhhg cjreit ef plakse? Avherran W%W@‘S/@BJ r’mrr%‘?%ﬁf%fs of
idPonp 341%5} ¥ mico iR L& Bfal 1
Saldcclo}@%%n?en?n tde ak%a% neing{m??a(léyl%?ltggﬂl&g r kf S ng f:roonV er?
workRinttisigsetiigahetabiiger ovees neetaibhaler bger over algatesdielovteic nzaterial.
gate dielectrigc terial. 11. T Lrcuit, of.claim10
el el n IeiceN R e ad G e s RRGRS R igRk G b
| v AwHRFd e beRc RS9 BRIY. 3eP aAdE thickness
Worgﬁ%g*ﬁg%egﬂﬁﬁ?%r@ggs \gf about 100 Ae\ngstrorrs.elz The
of aboutd 00 tAnghtrarth&si m 10 wherein said PMOS transi stor
i ncl udes a workfunction netal having a workfunction of
about 4.9 to 5.2eV and a thickness of about 100

ANgSt I Offiye cirduit b Elafih 16 Whered sl RMOS rwhiadi6r idclhidesh
nmetal barrier layer includes a nitrogen containing

workfinafion hatal awing d modifunefongif abeutah himet-2¢ Vi aBdp ghiglgiess of about
10Omata | ayer has a thickness between 200 and 1000
ATESTP s, 15. A method conpri si ng:

13.  The circuit of claim 8 wherein said metal barrier layer includes a nitrogen

containing metal.

14.  The circuit of claim 8 wherein said cap metal layer has a thickness between

200 and 1000 Angstroms.

15. A method comprising:

forming a gate electrode over a semiconductor substrate;

removing said gate electrode;

forming a high dielectric constant gate dielectric in place of said removed
gate electrode;

forming a metal barrier layer over said gate dielectric;

forming a workfunction setting metal layer over said metal barrier layer;
and

forming a cap metal layer over said workfunction setting metal layer, said

12



10

15

20

form ng a gate el ectrode over a sem conduct or
substrate; renoving said gate electrode; formng a
whe@ha/oskicel ectri c constant gate dielectric in pPEESHNS/033698
said renoved gate el ectrode; formng a netal barrier
| ayer over said gate dielectric; formng a
cap é%?*ﬁ%’%? lhé\ﬁﬂg $ Bl oRBEvity BY&eralyay 283ai d et al

ri ayer; and formng a cap nmetal |ayer over said
wor kfunction setting netal |ayer, saidcap netal |ayer

havi [ ati d i Vi _
9, b S RIS PN e 990 oy g e
netal gate structure. 17. The nmethod of claim 15

including formng a p-type netal gate structure. 18.

The Tmet idhe rofthed of qieiEs1 eIHdNEgTTBHer Inty P& Mol gpfsestiuoture
wor kf unction setting netal |ayer having a workfunction

bet ween about 3.9 and 4. 2eV and having a thickness of
abagt 10theAnghsd onalaind 95 inthelingefohmthgah retypk motkfunction setting

including formng a p-type r kf unct.i o tal layer.
e hon T2 B e K O T Pk b of
abm@ﬁ I;d'(')i ﬁﬁﬁls(’f about 100 Angstroms. 20. The nethod of

I'm rncluding formng said netal barrier |ayer of
a nitrogen containing nmetal. 21. The nmethod of claim

%goll 92?] ld u’l%gg'getkgé g% ag]ﬁi ?% ﬂ}cgﬁiﬁ)ngn%tn%}n gI aa}xgpe%grﬂﬁl%@ti&{) metal
layer having a workfunction of about 4.9 to 5.2¢V and having a thickness of about 100
Angstroms.

20.  The method of claim 15 including forming said metal barrier layer of a

nitrogen containing metal.

21.  The method of claim 15 including forming said cap metal layer between to
200 and 1000 Angstroms thick.
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