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WD 2006/ 036671 PCT/ 11S2005/ 033698 A METAL GATE
EL ECTRODE SEM CONDUCTOR DEVI CE Background The present
invention relates to sem conductor devices, in
particular, sem conductor devices with netal gate
el ectrodes. 5 Conplenentary nmetal oxide seni conductor
4M6ﬁew ces wth very thin gate dielectrics
romsiticon dioxide may experience unaccepf%ypﬁmﬁsé‘l?’é”s
| eakage currents. Forming the gate dielectric from
certain h| h d| el ectr| C constant k d| el ectr| c
mat er i AlM AT BLEETE Y ONDHS TOR
| eakage. Because such a dlelectrlc nay not be
conpatible with polysi|Badksround nay be desirable to
C t t. wi th netal
B e N e e S L
semd:bﬁdhmairrdlemes willombal gatereleatod®OS and PMOS gate
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dlel%‘?cstrﬁ‘ﬂe ﬁoﬁpﬁﬂéﬁﬁg%d@ﬁgf Qiﬁﬁﬂh&evé@a&%’tﬁﬁﬁe ol léa@cﬁ%et Qfrents.
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1 galr of spacers, is renoved selectively to a second
elec
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subtractive process for form ng netal ggt e transistors

mayferused toflermk metad NSO pad PM&Maée eledieoden o gliffrentimejals.
that Qélcggseg ﬁpﬁ}( gglggl 1%&9112%& %@g}e&%ﬁ?&éﬁg gpa%ta s eﬁ&%&deg gélectlvely
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. I'n addition, the workfunction netal
polysilicon btyenid thenaemevedd, ansl replecegamﬁl aljeedslmetakthat differs from the
ﬁrseX'SISi ng netal gate structures may not neet targeted
YR¥ s hol d vol tages, may have insufficient nobility and

gatg aditReve procdsh for iorating Mol fite RAREEES Wth hith-K fiek.ctric
there is a need for a better structures for netal gate

layers, Shpcdielegtyie layerdp paverqsdycdiffprentonetallayearbandranlyfificopinaking
Iaye}.;) ?ﬁn%sg ?%gszﬁé‘{heﬁ ERfST B AEHALIRICY ardiPMOS Yot S1dchBliesBY D€

With existing metal gate over high-k dielectric structures, the workfunction. metal

dhce gate

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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1 WD 2006/ 036671 PCT/ US2005/ 033698 carrying out an
enbodi nent of the nethod of the present invention.
Features shown in these figures are not intended to be
drawn to scale. Detailed Description Referring to

W(gy,(,@oﬁﬂla stack, forned on a substrate 100,
include a high-k 5 gate dielectric 180, a met Al Barry ere

Iayer 160, a workfunction setting netal Iayer 190 and

t al nbodi ed
C?T@P% utgﬁl"%ﬁ%‘"%ﬂ&?é&% %?hﬂﬁ Og‘?‘ﬂ Séqsg‘glt“r‘n‘%g ‘0‘?: ons t a nt
gr eafgitured Sdwhan (RO HEUrS fe ANAniRIedI6 BB Giawd 18 sBatb K

silicon or silicon-on-insul ator substructure.
Al ternatively, substrate 100 may conprise other
materials -- which rraygééi‘i@ﬁﬁﬂﬂl%e 10 combi ned vvith

sili | |
tell E{?fégm tﬁ u€n§§r%§%{1@ dAﬂfriﬁkp omng%% u%ﬂlk
gate dimhictie, 18@; a gmtaﬂ bamierlaydr dﬁ@l,ladeorkﬁmcmn@mrg rﬁm\t layer 190, and a

cHbPRBLad | S0BGPt BOROEFE. Atiyed IEE: TGk« ryns FRipEAigleeri

c&ﬁ;tétéﬁ%ﬂﬁhﬁq)@ upon which a sem conductor devi ce nmay
be burlt falls within the s 1Elrlt and scope of the

pr es Suhstrate0A maysompesavhbulk siticen arsiliconwp-ibsulajermbstoicture.

Alt%r lative }Gréuﬁs%&‘ﬁfe ﬁﬁtnﬂy cjt %ﬁ)ﬁ%ﬁ gtﬁg' rh lewHQ mél{]ll&lg}znhr may not be

ani-um u n hum — an
cambinydwitk silicon #shied asc gérbiaﬁiaﬁl tddatm amithoidde, 1dabi el Riride, indium

el e af ni,um car i de, .zirconi um.carbj de
AFSPRIGR, i @fﬁvreahaspadq , gaélﬂﬂ%ﬁﬁﬁ?ﬁl & 8F galtiem antimonide,n\Hhoeh a few
e 4% é(rﬁ%vh‘f%tﬁbs&a?eYﬁ &)&efdema Ksb,ng

novvn ysi cal vapor dep05|t|on PVD) or chemca

maamalr thdepqsservem a(f(mt@anpn upmsrda& a mleorglu;:toc dewieerthaydrediuilt

er or ai I 0C sses. N-type netal
f*ﬁﬁ ﬁbl ]a%rgeqpege%titﬁ%pr g ' gate el ectrode
th at MatdtialytBat nﬁdﬁﬂﬁdﬂséﬂ?@tfom’ﬂ@ﬁn-@?&ﬁdtﬂll f 1 9Minkiudé haffium,
bet ween about 3.9 eV and about eV iy‘l‘?he | ayer 190

Zifegpiuse tipHem, tuelunk giumivim and thei allgys, §&./matalicarbides that include

R B RN B OO e o VR Bl Sl blgbn b fium,
c%1daadﬂdadi1mnummhﬂﬂdm uﬂm n-gypel nreed dyenl StOrmabelse fomédmhmgwell

tlta tun ruthenlu ani um
nl?Vﬁ%?PhY"PP OSIFW% @J@ ?mlp%}y@porl qgéVIﬁ)oqrﬂgdses

elés'c&gveﬁﬁluﬂal KR@Por dEofRlc Q4 eMr@é‘e%&%es e. 9 ,
conventional sputter or Yatom ¢ Tayer CVD processes.

P- t yNetypematal laygrdi90 1gy spmvp asametal BMQS gate slectrndeshefaineone

iRt Bosti RO BAHE Boreh dogft By anathyt 42V B
ldyer H0atiy Beddbod It ApiBoréithidk tb faciliiste @Minglﬁﬂ bne éiﬁmﬁuﬁént.

the materials that rm be used to m:ilke hé; gat
di el Materials thatmnay, to form p-type metal layer 19 mclude ruthemum,

palladium, platinum, and metal mtndes 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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haf ni um oxi de, hafnium silicon oxide, |anthanum oxi de,

zi rconi um oxide, zirconium?2 W 2006/ 036671

PCT/ US2005/ 033698 silicon oxide, tantalum oxide,

bari um strontiumtitani um oxi de, bariumtitani um oxide,
QP ANPPAY i t ani um oxi de, yttrium oxide, al unPREHS2005/033698
oxi de, | ead scandi umtantal um oxide, and |ead zinc

ni obate. Particularly preferred are hafni um oxi de,
silicanooxide;tansaluie oxidecbariainstriontivm Gtanihken oxide, baxigrh titanfwnoxide,

S B ! v 336, atteyS o e fhen Rt okice,
AridyieAd 2Ty nibBateBPAtiERINy srefeared AR hefmigh Sxide Hi@BniinOaic, and
dielectric layer 180 may be formed on substrate 100

Yumingmyoxige ndkaugb afew Gé@éfﬂ?st qf mtqfﬁﬂﬂsfihet mgy, g used to form high-k
EACNEDL Rl S  lertaPhl 1829341 07 My g e
pr oc eHigh-lAgaté énehbinp layar lSﬂmagebrt founed oraﬁubmmte n a(yemng}x/D

I Ocess use uch a a et al e .10 . "
Bqnasrmoglafrdsepas@on mefhod 5, SaPusiGoN chRBREL Ay (RRSHER FGYD"),
ﬁ@ésﬁfét(w‘Df éﬁsﬂygleél% drra%posﬁloﬁ‘(@m%&%s Pfeedbly, &
then operated at "a sel ect ed tenperature and pressure to
envenrtional atpmicdaysiCoAD plswc@mdtsbd i Intsuelf 2ipeocesst avmetal oxide

ﬁ%@&%&g g eé gn%tae} Igﬂlopid rlmﬁ s@%?n lf&f it el%c’Jeﬁ}ﬁ?l;v %tgg Intoa CVD

oper ate enoug rma

teayter, whtidhlis tHea oﬁaﬁted %da §dl‘ect3dnﬁﬁperam1|el’anﬂ @P83sure to generate an

;’:‘tg@g ﬁi'%“a%c? GRIFTERS bEYRh GUEFBRON PR gate dileqy ave 150

or P8} YESHrAROYAe éloﬁg%%ﬂﬁa @a{i\#ghg&g dedfed thickness.

Angstroms th| Ck. I'n accorda with on nt of
hfﬂenpra@pleoatlonsa h@htk gate ditlectrit fayer 18Dadaynte/lesscthamatont 60

RRGSio  ciain 5 mPeciRit thevren otk ool R ifdo
Ahgddhdsithibkn ni tride, to mention a few exanples. It may

|nprove 20 adhesi on of the workfunction sefting_ netal
| ay erInpogprdance mathiang gmbodimentafthe presegt/avention, the laysp 0 may be

Em&ijbﬂ’ﬁgﬁ mI ﬁe Ll?%ﬂg;ﬁ]e%ﬁ&tﬁﬁlﬁggg{a?g cﬂeﬁ tifhn Htﬁ&e tanfalum

agal nst di f unc lon setting nét
higrydey ziﬂ@ﬁitmonltrﬁrte bt lpfrikmahiteile ¢6 mientidrea/ few dx@fhples. It may improve

sdhesion AERE iortuageop e i Rl R er S0 e ek dicfgtiniyes 1801n
M&% dnBORAImeE) PRANFer 1160 8164 Hobideey barfied ébgﬂn@f]dlfﬂlﬁoﬂ B6m the

enbodi nent, the netal barrier |ayer is | ess

wekAmgtonsating wete! layerd 99 ayﬂac htggdc dielgctrie layenbilk fAdventagaously,
k) Sl 01 Y A n R RUS) B HR e et

ths 12tyhr 1290 #hooe! gfbffe@t device tiirh@n\Wbi kfielmﬁﬁddﬁﬁent,uhé mietal Barrier layer
f ? &’f‘l § ternlng Finally, the layer 115 is a
@ﬁb %t %3 mﬁmy be between 200 and 1000 30
AngStTBUTEerrID@hia'y‘Ee Q%rﬁﬂﬁ’&ﬁh‘ﬁ%'% oBfimiZ& fH BBE&M-type or p-type

invention. The layer 115 material may
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.
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be chosen so that known dry etchants may be used for
patternability and resistance to wet etchants

typically used in sem conductor processing. In

particular, the layers 115 may be forned of a high
PNEPI66TIt y net al such as al umi num t ungst en PCBAUIS2005/033698
copper. 3 WD 2006/ 036671 PCT/ US2005/ 033698 Thus, in

some enbodi nents of the present invention, the gate

str luctmu@ i Emwexinbodﬁmgm of the pfesend mveﬁtﬁm the gate structure shown in
repl acenent neta te proce In the repl acenen

Fisag 1 Gai be usorioR 8 sSplacoment cugial eaiegroqessy df rspheﬁmq% metl gate
W@is‘ fﬂe chp Hetd MYeP 15mB) 6! al edtéridd Gat SXHiBYS excellent polishing
Charatteristics. In the Teplacenent netal gate process,
charagtenistiont ki the a;p&cemw mefalgategmenesto the oap metal layet Y15¥is om

ioaBlsSiledteiy ot BE bkt Gladi AR ek Wilad B G°

shibbdikleat dXUe presént %Jeﬁﬁon’:l Exafiphe @ﬂﬁﬁfable 118%bLa replacement
rocess i nclude tungsten, titaniummnitri tant al um

mrﬁ SRiGProncss inglade Bigsten ditanim nityidgy faegahgn,fmtahum@mdat aud

nIg&.égtures that may be forned, when carrying out an 10
&ngodi ment of the method of the present invention.

I niti Higuyes 2a101111ybtrate statotures thhtaudyr becfotragde whed C&ryid@dyt aa
R aiedhS Gpgietiod o S strenciALPR o LR hECTe Geieric taer

109, 109 e08icARRAYmERPlak e HbShewS), ﬁﬂtﬁé scAficigllaPera04; 108 are formed
mat'erial s that may be used to nmake high-k gate

endpaternadon syhstrata H¥), genpoating ths Kigere 2t$§’ﬂ¢tmcu m oxi de,
haf ni um, g 'oﬂh%‘iﬂat%léj&xat &%‘Bé‘@sg& t9 1%1 %Q *q?éi%&ﬁyer 105,
oXl de, [ C O Sl

al um num ox fconi u
087 iteludealfaiutnoxids, Hefnivm mhmnmdeolanmenurh akidaytanthanum
strontiumti t.ani um oxi,de, bariumtitani um Qxi de

SRR Qe FIECP A SR Eirconpn SHIEOR GRfc AT g ftanium

Giéidg Ehariufifdronfianditiiinch dRide! %%%it&ﬁum %ﬁﬂie' SefdtidinRanium oxide,

ni obat e. Particularly pre?erred are hafni um oxi de
yitrigmexigde, aluinimim oxide,deadrscandiure taatabma bxidt.ranthleadseingeniobate.

Pu B et 8 AR ofls ZRUR oBigh P ERHRE At} fpminum
bride., AilthﬁtigH afear e)dﬁiﬁipld@ of fatteiak tiima fribe usdtieth €ornphigh-kipate
serve, to reduce gate | eakage. The er has

diclgctric layes aaf'o@réslabﬂd herey Fhat layerapayie mas fromg ﬁﬁhfgn@f@mli that serve

n r t
el SRR T ThE Loy M aRcic ColMB Hidter w0 e BEA5 0
éﬁ)nvmambmihmerd@[ﬁ&mnresontmmnhom e. g a conventi onal

chem gl‘:i‘ bp g &ﬁqe ig%rerdgey CE\P/%«?[(? oexsg%p ’S@ L@ggsazc%nventional

Ré;ﬁfsﬂfoﬁ bﬁéﬂnod‘i e go %Vo%ﬁ{'érﬂﬁﬁdl cBérigAlGapéryRposHIdA (“CAMDD),)low pressure
process iS use rocess, a netal oxide

V&, 9EP su(aé vepor dgposﬁ;@pfﬁ‘P i )dmpc@é} Pyefsrablye aﬁpw@ytlgtyl atomic
iaﬁgrn égE;fAiﬁ’ ?g{dcckéé‘% R ddh %Tg?oc@@a hictf gﬁﬂe gx"é’@ﬁ:‘é& (tk g a

at ed a ect ed t erature an ssure
getad chlbgdgrand steainomdyt e fsdmtxelected 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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interface between substrate 100 and high-k gate
dielectric layer 105, 107. The CvVD 30 reactor shoul d be
operated | ong enough to forma layer with the desired

thi ckness. In nost applications, high-k gate

dV@PWEN3G6E | ayer 105, 107 may be | ess than abd®GH/UB005/033698
Angstronms thick, for exanple, and, in one enbodi nent,

bet ween about 5 Angstrons and about 40 Angst roms

t hi ckA szﬂcﬁﬁh&l&ﬁ&éﬂ%ﬁﬁrlﬁot%ﬂm@% RAnab& eAtiradi¢ledtiic lagkr. The
I aye (not s

fo
e Iaayrémay bhacy wa) ot s AR t%ﬁtgy@pg hig teyaperatures
@%&%ﬂ 430ee lﬁoa%éézioﬁ vﬁ{h cW'eH a5 AatirAg, NsUhe example, the

enper at ures greater t han W t hout reaction
meﬁclyh mgtairiayer nay be foxmed nétltgmnmlmdet Iﬁeonesmquﬁmmtahe layer

g%foﬁ%%?rbytsﬁéﬁbe f %%B%f [ tan%@%tébﬁﬂe&t ﬁaﬂ'&edeqynatonnc

Rp&tdepssigomodi nent, the |ayer may be forned by atomic
ion. After.a hi gh-k gate dielectric

I d | a
i 2 yfe BII%SS gwiléwé% diglestricdayer s forped qn wipsirate Kfbp sacm%lal layer

©) [
165 1061 LR Rl R i gkl [0, LaYRERuCR,
¢malyoslima®0 a haklimask layerrl 36,0i3tesithem farmed e theisherificadl 1ayay €04, 106.

Uisisra ab by U, 25 iz aSmsesBhLisER pdmRpRE Beposited on
sofifibikliraal 1ayet Wing @V&fveﬂwagd@oﬁﬁ&yﬁ%és@nsAcrﬂﬁw sdykid 103, 106
process. Sacrificial |ayer be, fo

wanhp fer, expamip detvss@boutd§o an@ am&,ﬁOQAog@rqmﬁgtbtckm in one

Sy i B0 SO RRPAIEE | coRERNERRR 0L | 30 151

rray dmﬂrmm laydrl 18001 31i thay @lmmse pitieon mﬁaietbeﬂv&&nahoht 106 and

S5t loodgbneskaabOR. s Shamie 608 bert okt A apdaboti o
Rﬂg%meremck ifi8féleriBedimert Hard Ak ek 1@@,\/1&%5%@%%6&@

sacrificial l|ayer. Conventional or dry etch
mnﬁG§§®ECMHy be used to renmove unprotected parts of

har d S i f I

caor 1 et iss BPAEY gt teenthS v et BBovepopotested pars

dfthaed masialagel) e@dmﬁ%m freethl l@wmﬂdcrﬁfmiztl l@fer hinghislentpatienent, after
|eI ectric | ayer is_renov gh exposed, part of

pRprizyers; have brep ctrbed, expp é’Pft ﬁﬁ 1gb§ gelsriclecitie Mygyis geyoved.
or  WethSigh Eé;(?) ?aﬁ‘{ﬁ?’ugﬂ- Mlep:gtrﬁ'l{}fek ﬁfé&/ﬁ:)e 'i‘&n&k@ Rising dry or

that [ayer process adver sel
wétfﬂadlttcclmlqquaxt Ty t@tmiﬁctlln ma@ch that layey ubipg didhf proczeISSes tathout

di el I tivyel t .
6 0e¥ P oBBbech BHGBH P e BBl P BBl b R
Ryériieléstivels baike waderENg Qibsitath 'uﬁiﬁg ¥ dfodieh ﬁb@és@ Ginl iwfet etch
| ayer isotropically - undercutting overly

teghniques Bpay] et%lylghsk mdlelfe@culweawommaélw %srcpﬁ@a o¥eFlying

sacrificial layyers 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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To reduce the lateral renoval of high-k gate dielectric
| ayer, as exposed part of that |ayer is etched,
exposed part of high-k gate dielectric |layer may be
nodified to facilitate its renoval selectively to
NP Ur t of that |ayer. Exposed part may %@T/U52005/033698
nodi fied by 30 adding inpurities to that part of high-k
gate dielectric layer after sacrificial |ayer has been

peioc toestiikivg pphsna. Sihkacectnt shtwddbe eperatagh onded ehpoapptdpoiate conditions

" PECVD! d t dqd .i Lt.ies. t .
oo erTy. e Tgateegent SoPFD STy ERCent firidlomogity
thREGYBsedpaf 6 Sur& tHiR {taRS beemddd fkectvdly (P6thé materials. In one
combi nation of such gases) nay be fed into a reactor

. ] 5
epbodinst, e dew Paver PECIT) pcerssbgsongiakiag plage atlessithaabgut 200
WLt?ssﬁ%edThe reactor shoul d be operated under the
appropriate conditions (e.g., tenperature, pressure,
radi @n buecemimdingeniga hyldrpgevebromfider (“HBs)fahd chlerite (i) gases are fed
.modj f t he exposed part to ensure that it may, bhe
Qi e BBR DB TRV B3P SRR EPLA e gigfiied from those
A5 QA1 Rl fy eRpdsEW pRAMR Ehedesivdd RhRiee SBetwRedlabou® G atPdtiod100
\gl ace at |ess than about 200 5 Watts, is used. In one

atrowaferdries (forednopde: abewni0QVettsHmey be aprliedHbio sufficient time to
) ! . ] a I '
cpriglee cp BEET B SorER ol ¥ St oS e Ebn R AR0E s
abosiene Mindte, #adlpEyhapx posivgt R decords gy bresdetigaie rvansy that
Bet ween about 50 and about 100 Watts wafer bias (for
CORYEHEPP, about 100 Watts) may be applied for a

suf f i,%cfle?ﬁfe ekpd¥Bdlgartifls %Qéﬁ’ﬁnﬁﬁﬁe&,gﬁggfﬁé feffbved. Thei presence of the

transtformation of exposed part. sma exposure |asting
addesintpitities exnbhles thmt expased part toebrecttghed selpativaly tolvoveredipart In one
seconds, nma e adequat e,t o cause .t hat onversi on.
BB h ST B T A LY Rk O ety ShE . o8 2
HaRAOb:RE acld@udH £5 BYdebRimit BEhydasthestici aa1d o phddphtivadeid SWhen a
t hat excﬁfsed part to be etched selectively to covered

halide basedpcihs userls topBRd DFREPEDIY SRplo Y6 ReipigeR Hhautt D Spskaboyt 10%

ARSI oy 2 RS WL ol AR ol an ks o

uses subloapdvid nay tadedpladdiet or acar madrh thenplesatwrd, andilast E‘(ﬂ' betvesin about 5

s gt Do BHLHER AR UG TIPS L eBr et ABhep

pABIHbriOiPIs 18, HRB aciBMinft Sontai BERES JH0at 75% aRPaboie95% MPO,
acid may take place at or near roomtenperature, and

by zetunjep Amheiehpreeesssbattusss sueb an geid apsyyfor s@amnlpmléesplace at
R B! D80 i B I ARG gt e

saktoatt acithiymsaaigitha kexposiitd Ytepiahy4ast bytweoh atout 3¢ secohdsand about 5
) 0Cess chtg)at uses such z%n acid may, for exanple, take

Pues~ and fop dhapk e BBBYE 1aubé) ARESTRBVHCKfIBC,  and, in

one @AM pRkenRlanaR@Hhedif0 Structhts hat f4§ Be #8tnRAIvheh $naking a

used, the exposure step may | ast between about 30
cemplsmentanraetalmiuide 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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25 mnutes - and for about one mnute for a 20 Angstrom
thick film Figure 2 represents an internedi ate
structure that may be forned when naking a

&onﬁ qgman7t ary netal oxide sem conductor (" %,XP
QYWY ncl udes first part 101 and second’( ?20%‘?3698

of substrate 100. Isolation regions 103 separate f| rst

part 101 from second part 102. Isolation region 103
may Adepformingshe Figuig 2tmsiuge, spagerHmpg pe Mtoempav%te sides of

st Bers 1PAIBGT WIS s BREREqriprE shitEn PRALE My spay be

feraded itlihe feltiwing whﬁyﬁrstwhcmninmm of auhstantiellypimifarger
o St 58 500 D LS LSS
eht%é Stricth@Aproditing e Mﬁc%gg @59&3@ Wﬁlgﬁ(é-ri LS Rati OB @%%smon

After formng the Figure 2 structulre, spacers may be
pf@psswn@mbeamgdsa ganemitenthat soructyeri fici al | ayers 104,

106. ; When t | I co

may Bréone 5 ﬁ@yqnﬁ%ﬁ}%}gﬁfn &5(?6 yﬁlS %s de s‘}g{ﬂdfrédtlgr qn sglgsﬁcyatc 100

aﬁd bppodi@e didesedf savrifisiabBiyestl04) 106 u mlﬂmum‘ust mnfnhmsmszei okide
nple, less than about 1000 Angstronms _thick --

l%yewsmbétaat%m andrayess Hidy 106G In sligznative empodimsats, BO‘F‘h"éf’ such a
babrb il dangyed '&&%e 'fshdégq,%ﬂ@fon%y@fﬁ' 1382k HERRS hlttl'ldﬁ%h not

processes may" be use ener a at structure.
siooven mrﬂngm‘c B:;Ba:ﬁepomi dxldmnambd; forded|onylayer 134 prier t@@f;cdnmgt tla@t layer.

ir ubstr 00, and osi t.e.si des ,of
e et aride ) &b e s 8Rend BRAGH HidH L 58] tpaqperateen L-
d epacerxi de | ayer on substrate 100 and |ayers 104,
1 6. In alternative enbodi nents, however, such a 10

buf f SHicew nigrade layes | 34mpy be ctehedusing gicervangona pregess 0By er
afsllgcgtg) ﬁ)d%aﬂk Efgflfnﬁgﬂi@hﬁ Hl;ﬁgr rre éate fﬂg‘ﬂgxr& % Z?Ejbl?t?i%er. %oa fesult of that

eteh st&pmcmﬂimil laiycy &04 is bkécketsdd:y wpaax’mfa;rdewalldpaaa:esylﬁ%n &0, end
nt silicqn nitri eet hste nerate an
sqchTcRutT 10B At brpcketsti by i ot Sdartalt spesrs 1165 176y e

et chad jghibsllyaddne v ey b@H&indB!é’t%fb‘éﬁ‘oﬁﬁ knul@ple masking and ion
ani sotropi cal'ly etchlng ilicon nitride to create the

implgutptonsteps tqereale élght}asma)lmdu regigts 13Aatl 38anagn laéfp@d 04, 106 (that

I by Srvd A s B’ AR Ebull RaRBih rélions), par to
forﬁqnig spadetd £08, 099, 1Qai11 oafsastificiuklbyers pod;d06. Aldd, asid thpically

is typically, done, it may be desirable to perform
depg, fheﬁ%rc A regiens - 131%@%% fqrmesd, afieg Jorming snagers 408,

1h9 th? Emh@%@iﬁg i} ﬁ’cﬂgaﬂr]ﬁm AR GRILbURYEI S0, Iiibwed by

106 y serve as tip regions for
apniwngewapmblmmmc@lsmpd drain regions), prior to

f ] 108, .10 110, 111 f | .
o s ok RSB S
regivhs d\ﬁmin’patmil @i subkfate 180 Sndyedopesadrificial dayeall 0£h-tjper atkiGame

spager.
tun% imilar y, 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

7
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109, 110, 111, by inplanting ions into parts 101 and

102 of substrate 100, foll owed by applying an

appropri ate anneal step. 25 An ion inplantation and
anneal quence used to formn-type source and drain
%?08?{23 thin part 201 of substrate 100 may BE6H&S2005/033698
sacrificial layer 104 n-type at the sane tine.

Simlarly, an ion inplantation and anneal sequence used
ahd) dfainr regions ypktipsegioosamsidto sderificial laygiro b4, 06 h Ima praferred

2 .0f sub 00 d i ficial 106
ofDpgifient g g A Bhis PR B ks afach gt = e RRerdie et
ekEalls ARUET, 00070 £hd, mimul@, eslpmsrﬁt 180808C 3 addition to

sufficient concentration to ensure that a subsequent

agfiating tie dopenss such angnneal msy imngify thepelecyiar sapeturn of high-k gate
SRR B9 D181 U Pl sl 1808 g A mproved

perfoimeates t he dopants that were previously |ntroduced

una At o rcerall, f% TG 3T, deicriieae 148 e dengsied
olvéwtﬁé aevl&4 e&%n ke 1 Estﬁ'ﬁJtﬁt@ DRTBORc TR 11 12 miaRlothprise

t her nal annea |s applied that takes place at a
sﬂ@mp dioxideras atlhwtk maigdae @selmlayqr ldzauay bedeped with phosphorus,

bgg f %di‘%é’ le%’ﬂ% dopan lPé 1?uc daﬁSl dehﬁﬁo#‘# géhoé?mn

pdtesC Byathisstapel of the @rmésshs@kcelan@ ataen fégiorsl 86t 136, lBa,yEsrsswhlch
105, 107 to &reate gat e. di il ectric Iai/rg;%fthat

AP yakeidedargiontil 39p MG At hrdfediavae laﬁemfﬂ@wd Those
sélﬁ‘égﬁ{cfsdr%lg‘%e 1&%%#&&8nﬁéd]by1 ﬁnﬁﬁ% [ ih tﬁé sdbsratEBtheR®

deposite er t vice? génera Ing t e Figure 5
agtivatiog them. Altemmebri an dpatpinl gmwthmgcﬁ:ss mpayi teeused itd formrthe

di oxi d ow k.materi a 112 may
sRsCR i reionm R BbacSty o o LA f 4BARL Sront

and Oaphnivaly We&ﬁﬁnél@épﬁ@sr Asolitcgidr4e Rad tsylidid e foffation techniques to
deposi tion r ocess. this st a%e of the process,

mpke thed'igiie S giructhrey é@a@ﬁgcwam ude; giher fepguresrinoh shoxyng so as
nﬁf‘tB %up%eg lrﬂeflfdd%?g? i HeRNRvehitn - ALk 13&% be forftfed WiYe

n ose source and drain regiofis
cnmenbmalpnonesdstepm nplanting ions into the substrat e,

or owPiFg e T Eponsthin Bl 1300 Lot fgyin .

réth@led ﬁroﬁglbe@t@ﬁmed agcrifical la?&s Q@P 61’06 Prod-@cih BRerigideld @fictufe. A
the art. Comonly used nitrid Eacer Sour cé/ drai n,

cemientional ehemical menham®hpql§bmg |(‘<‘f€M "haperafidiemeayy be amlwdéo Bmove
RSP Reo EE AP UG AR A VI8 PR el P S o
r¢gme@sa Id e:ipbv?epmtﬁemed sacrifioial layery 104 lf)?r Fexd m:shsgmo, %3 12may be
venti opa SS S 20 Dielectric er i S
pPHES Bmhe srefaas of ek L0k 06, Shen diejg e layen 117 15 Rolisppd - as

they will have served the1r 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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renoved from patterned sacrificial |ayers 104, 106,
produci ng the Figure 6 structure. A conventi onal
chem cal nechani cal polishing ("CMP") operation may be

g‘ﬁglied to renove that part of dielectric Inger 112
2RsP6Tmsks 130, 131. Hard masks 130, 131 nB¢T/H82005/033698

renoved to expose patterned sacrificial |ayers 104, 106.
Hard masks 130, 131 maybe 25 polished fromthe surface
dqfedlpaype . g.,om,th Hr6n), suvbia wiit elck ptacess mayyaempiise@ exposing sacrificial

A0S aiER sol i comBies & EONER of G P G oRtent e

atSd fuRdistt GompSerstireltd fdndve sabseintialhOAl flayed B04Ar Ehdt FTRMRGDIt O
generate trenches 113, producing the structure shown in

hydrgxideny camprisg, bebyeeniabent drangbout 3G pereen emanrmytydrexide or a

g R R R R e L e

velnmerin) demmmi wattc Ay remeiming sharificial layet &t muyebé selebtageéy s

104 er |layers 106, i.s applied t v ers
ARV BY CXREPGIIg AR B 1 S BEL adempersiape bfsen about
199 shdSR6ht 9‘o°el(ﬁ4r ek;ﬂ%gﬂé bl-va dbdutd@PEY it bomprised Bétween about 2
sacrificial Iayer 6 8 WO 2006/036671
amztahoutsmwcm @mmum@mxpﬂqw@hme ig.deiopized wisésrTo yyring that

ac e gteﬁe&@%ﬁ ﬁnefé%gb%i ga}tz amst %g%ﬂu?e 1t%%°$é Jl:g.lr?Rlaetto apply

ayer a(g ueous "so 1 ONn
s@ﬁcﬂﬁ’fer@e:ﬁ adregoeticy of bétwbe;mhbw meld{mndabsutfz‘ 000 1¢lE, white

a sufficient tenperature to renpve substanti al | y all
d@‘F‘P?tWé‘f betyygen ahoyt | ard ghout D Walky/eiRoxi de may conprise
bet b
o e Py b e iy ek DERLEIR G750
Aagstromisymai el seimtnrely(rérﬁmﬂrby expgsmgubatwheut|25°ﬁ doroaboug 30 mmutes

f
e Gfofision St ot EteD oS Seseis infroni Y Feaide P ¥ oBfine in
SRR ”
di“ﬁ%@%%ﬁ‘fﬂ?é‘?f bl Sinialchg F?ﬁgfgﬁffffgi?sg?ﬁg‘?g atlibbut 5

s 8uchpmy 0%?@%%11011@ remave byantially afof ag prtype sacrificial

A ST e A G

one As athis] emltodnngnt (sacrifecsl daybt B4t ma;alp:qmejectmai}n remeovet loyy

of between .about , 1 about 2,000
ftasie 174 okt o e 0 ® SqIogiEs Yol INmRTEIedR g EBaHRIAe
bbeéSAHei60°Crhint RBowt ©0 AT Gh EHASHISRE BétwesPabouf 20 1l aba 80

104, with a thickness of abou 1,350 Angstrons, may be
peregns dMAM |by vphime.ia deionizedyatet, rq@ulp applying Sonie exBEyf demoving

gﬁyital | ger%ﬂ %ﬁhs a th}é(ﬁn of al?ogllt 51%56) An oS I.IUtHISf(,: ﬁy%[élos%?gzﬁgp Atout

r OXI
300t ﬁbr abomhiz lnﬁnwtﬁ{ﬂo)al sbhltlsm fhatcc&n}ﬁfs@lalﬁht Zopastent IMAH(HdZvolume

- - . dissi bout 5 Watts/cn2, Such an_et
i feiftiZ0 a1 1S AP L S SnsY PLaYoyt LOJO iz 2 fissinglpeg at about
5 smt%;cfﬂz C raéy rehR¥%6 §uB§'¢ahm}j'tallrcﬁ'Iﬁ3¥f 1® RithGRA RntBAHE a3 ant

of a P pe sacrificial Y
amount o layer 106. First high-k gate dle ectric layer 105 should be suffficiently 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

9



10

15

20

As a third enbodi nent, sacrificial |layer 104 may be
sel ectively renoved by 20 exposing it for at |east one
mnute to a solution, which is maintained at a
Bg erature bet ween about 60C and about 90C, that

Qg PP het ween about 20 and about 30 perc@ﬁ?“$mmwnm”8
by volune in deionized water, while applying sonic
energy. Renovi ng sacrificial | ayer 104, with a
layler. clk nayg prevéntabantionslhedbéen/Aighsk gaerdielebtrice X pRdi0Agnd bvalying

“@%ﬁ?ggg Et?}{rﬁy g%ué‘g}%églﬁ it %E%Hgoggp%\féq tbﬁé g%g( ﬁalhl%ctnc Next, the

i P90 ﬁ%‘zjbé’\@ég@&ted\w hdt@s A RRHRfMSos &hgbﬁ 1B 54t B tRhsiAbPlEesh old
000 k ssi pating at about Watts/cn2 -- may

Vp@ﬁ@ve substantlally all of layer 104 w thout renoving

a si t

i o) S EAP TiBEY sBler RimpepHSl et iyer 1003 obhdedh A be

ipplemented b Epp&ymg ambttérthap sipercopfolringldfilling (sapcrﬁci), indicated at 115a.
[ fici ayer, 104 fr n1reach t he channel region

The, ﬁlmggnay 0B U ElsptFPMIAE ALD g‘ﬁ » GAlumpg) Elpy; © mention

'féW %ia:%;ﬁor i %149 fﬁ%erﬁa‘l@ﬁ%’ 1E{€lﬁﬁéh1gﬂ cslﬁcﬁllcﬁﬁw in@taisf(i/@ lthose

be renoved before formng
w@pﬂ reletiveesrmdnesivity og greater than 28, a¢lativesto copperat HIO, @ba(lﬁ@) such as

at.e di.electric 180 0 ram.n
it oobi. TR st Srop pg G Yof bt base,
stich ds TMAHYe NHLOM oeicid) suciap Bis$0, o niethydsulfonie agidBMMIA)as

and adhesjon 9 WD 2006/ 036671 PCT/ US2005/ 033698
proyideelectrolyig.conduciiyiths and ageeleraiprs sueh apaaisulida, - Theggeclerator may
bQ h@éuﬁﬁﬁd’t cﬁﬁ tﬂ@énalléﬂz?tu&@ gt Y Bt Hﬁ’facérﬁﬁﬁ rh}ﬁl}i ?id%c%&ﬁ

may a rovi de a nltrogen source ftor thne I gh-

snhf@b ersh rdur.mg plaﬁmg prowiding] taitem upg‘ﬂl. rBapichBortmpy bé ulizetl o aid in

I h
oB PR P06 Afper s B gt B0 P (o s B By L . Aceer
cﬁamaatm&ﬁarﬁéalbhﬁaﬂxz%ﬁsﬁ (G¥1D), e s&ﬁéthﬁCdf/F@g’iﬂe flirdsult&an be
i npl enent ed by ap op%aa bot t om u super conf or mal

fil | Whilethepresent 1n|vsnt1 5 begh depceibe wglarequqﬁéo 3 jimitpgpmber of
o BEnE NG IR P8 SR sk ile nithfon il cBht i U
vanztions thesefiony It i3dhtenttizd lthag the@ppnirded chaintsycowed &l sick imodifications

those . wt o |ve conductivity of greater fhan 28,
anderions asde L pfsfirthe. gt i soopest eimeSsst mgentionn nonm
tungsten, or copper. The electroplatlng sol uti ons can
contain netal ions, base, such as TMAH or NH4OH or
acid, such as H2S04 or nethylsulfonic acid (MSA) to
provi de el ectrolyte conductivity, and accel erators such
as a disulfide. The accelerator may be accunulated in
the small features at the bottom surface due to rapid
reduction in surface area during plating providing
bottomup fill. Sonication may be utilized to aid in

15 gap fill. The conpleted superfill is shown in Figure
10 with cap netal layer 115. Amer chem cal nechanica
pl anari zation (CVMP), the structure of Figure 1 results.

D
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VWil e the present invention has been described with
respect to a limted nunber of enbodi nents, those
skilled in the art will appreciate numerous

nodi fications and variations therefrom It is intended
that the appended cl ains cover all such nodifications
20 and variations as fall within the true spirit and
scope of this present invention. 10 What is clained
is: 1. An integrated circuit conprising: a substrate;
Whdtiggtiaomed isct ri ¢ constant gate dielectric over said
substrate; a netal barrier |ayer over said gate

di el ectric; a U shaped workfunction setting netal |ayer
1OVerAﬁ%t@gl‘ﬁé@blr&ﬂ(f&drﬁénélﬁg’er a cap nmetal |ayer over
said workfunction setting netal |ayer; wherein said
asubsliate; i s a conpl enentary netal oxide seni conduct or

Sher BPian g BRCH R R Sa R el &Rl s Bty
conpé efatal arsier ﬁyéuadavemadfg@te@@leaﬁuct or circuit
i ncl ude the cap netal }/ter over the workfunction

set t @ Mgshanred WP'é!@lé’lCt'@O settinganatal layepayer said mejalbasjesrlayer;

t h f wh
SRR ChEEL S Ry SRR SR B el e

nret awhémin egudacmmrtké anoimplemieatane eretdl Sxide derhicbneMcromatircuit

thic s qf t 100 Angstrons. 3. The circuit of
"@f%"?ﬂ NW@@H#@@% 'gﬂéi stor includes a
wor ki Hedin %tmﬁé"ng\S 36d @M@@‘iﬂﬁ%toﬁ’é‘ d?fsé}d %o%blém%ntary
eV and a thickness about 0 Angstrons. 4.

msitalc gixideofsepliednduttath eireiih maludermlueal cararmetai Iay;eer over the
contain he circui,t

woPGiRR, Sefbhbr GRFAL 1987 it 'AE? faiy%%r"ﬁa Ber, hhsik e gate
diefdcen 200 and 1000 Angstrons.

2. The circuit of claim 1 wherein said NMOS transistor includes a
workfunction setting metal having a workfunction between 3.9 and 4.2 eV and a
thickness of about 100 Angstroms.

3. The circuit of claim 1 wherein said PMOS transistor includes a
workfunction metal having a workfunction of 4.9 to 5.2 eV and a thickness of

about 100 Angstroms.

4. The circuit of claim 1 wherein said metal barrier layer includes a nitrogen

containing metal.

5. The circuit of claim 1 wherein said cap metal layer has a thickness
between 200 and 1000 Angstroms.
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