SELECTI VE FORVATI ON OF DI ELECTRI C ETCH STOP LAYERS TECHNI CAL FI ELD [ 0001]
Enbodi nents of the present invention are in the field of sem conductor

devi ces, wonelpe®ifically pertaining to the sel ective PormsLeon48586
dielectric etch stop | ayers. BACKGROUND [ 0002] Conventional transistor gate

el ectrodes ma I rd k_0 tch_s I ch_a ilicon
nitride |ayer§E§$EP%§”§EE@€Wﬁﬁ§§H“éiEi“%&@éh%ﬁ6£E%g%ééﬁ%ﬂh&AéaﬁS§|ayer
during a subsequent etch, such as source/drain contact etch which m ght
short the gate electrode if it h§ERAERT FIFLD he conventional subtractive
process, the gate |layer and then the etch stop |ayer are deposited in
successi dA0@Hd et cHadbadgenthef thafpreseninsémigherd inttho eldptisemupadettéron t o
forma gate. el ectrode.stack. [.000 AS eparture fromsuch, subtractive
gat e of odleviste ThvE SRS e BRI A R P P! SFLEHETH Y et hods
of choi caaje@s. advanced transistor fabrication. A replacenent gate process
typically enploys a dummy structure or mandrel around which ot her
transistor features, such as di el BAGKEROINBr s and doped substrate

regi ons, for meq- g : S, I I d wth a
g [ﬁﬁ@lcle Cornk R rﬁﬁsastég%éét‘% , foﬁlles hﬁg egﬁgbégflgaﬁﬂ thaseBt &

gate electro material, such as a avin Ies suitable for a
hi gh per fstopntapaesuchassisdicon nitfidO Bgtr, boeveerlysiliepl gtelapertto gattect ¢hegdte ode
processe bei ng additive, do not |lend thensel ve |l .to i rporati on of
B ot on. T e 08k AostyiiPe ol Bh o SR AR AT F wlichulsBRBaRE | oyer
may be depesilé@bdantit Bl &pasddz eal thedshvértionsl dbfrhdtidlprodess, BR) dasdlabacdnda
dielectric etch stop | ayer deposited as an overburden of the gate |ayer

deposi t i dhen Bgetrhsiapdardase dgnopiteseinspeqession and eichedipeghgrefichysingéxposed.
AIter”atHﬁﬁk%ﬁﬂhéoﬁxggﬁfSQBﬁﬁggE%XQ%nbﬁe gposited after a gate el ectrode
rized, that die

material 1s ana ectric layer then needs to be patterned
such that[0083]pr ovi desa aepastichfrehopch superctoneegatd ¢ectentipreccgat acplhentandde

surface while not extending a signifi,cant.anpunt jnto.other.device regions,
Such ae. chib Pa0Se AL BRI AMSTISRS PhUR e Fovared SR iR e &1 ng ot
the et ch rgplagerhady hte PESRSSIybREBS cdplogsl 6lidhindiadtructur dOgmamtyl LO&IdEkhieR W th
associ ated alignnent tol erances and costs. BRI EF DESCRI PTI ON OF THE

DRAW NGS qtigdsipsisteb Saturensechos didlectyie sraspis anddeprd wlstate rqgiongstteat ed by way
of exanmpl§med. Eventually, the mandrel is removed and replaced with a gate electrode material,

such as a metal, having properties suitable for a high performance transistor.
[0004] However, replacement gate electrode processes, being additive, do not lend
themselves well to incorporation of a stop layer over the gate layer. For example, the
replacement gate layer may be deposited and planarized, but it is difficult to polish back a
dielectric etch stop layer deposited as an overburden of the gate layer deposition. Such
processes will generally leave some gate layer exposed. Alternatively, if a dielectric layer
is deposited after a gate electrode material is planarized, that dielectric layer then needs to
be patterned such that it provides an etch stop layer over the entire gate electrode surface
while not extending a significant amount into other device regions, such as over a source
or drain of the transistor. Any such patterning of the etch stop layer necessitates an
additional lithography operation with associated alignment tolerances and costs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Embodiments of the present invention are illustrated by way of example,
and not limitation, in the figures of the accompanying drawings in which:
[0006] Figure 1 is a flow diagram for forming a dielectric gate etch stop layer, in
accordance with particular embodiments;
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and not limtation, in the figures of the acconpanying draw ngs in which:
[0006] Figure 1 is a flowdiagramfor formng a dielectric gate etch stop
| ayer, irwacoovmasyge with particul ar enbodi ments; [ 0007] PErgise@9248636
illustrates a cross-sectional view of a structure after the formation of a

gate el ec e for ich.g dielectric gate etch stop layer is to be forned,
n acoor UMEAC i T TRt cropoSOaT oK i RuE e Gt el rgeton

Cr 0SS- SeCdfiaQad c1¥d R Fbr vhidh b WEdIdbe Sdtt Bfch kivp 18R) @ClbiéTofrRédyt 1 on of a
nmetal cap on the surface of the gate el ectrode,” in accordance with one

enbodi nmerieeorlaBBoYitiFprAAreb@BBNENt ust rat es a cross-sectional view of a
structur ‘;[{)gﬁtgfrecz PgF&glfﬁJe%%t fll\(lgtraft%{ a{@%s@&cﬁgnaﬁ‘v R &y §t¥u%}l1{r}g?5ﬁ%ﬁgfetl€cﬁiv%”r face

of the g i'n accordance W t'h one enbodl ne gure 4A
i Il ustr atfeenaiotrad@sasn&eaictap @nahe stirtiee of the garsdedaibtierin acsedalce edfh dng sui ci ded
or germani cided, in accordance with one enbodi nent; [0011] Figure 4B

i |1 ust r at®PY B Yss- sectional view of a structure after catalytic growh of

a mesa ovgpogjhe gaﬁfq%ﬁje%@ti'ﬂﬁ&%te%bb{ EB&Rueclibha2C LY SBNGRIcWrE BrQnge &1RedtL ment ;
[0012] Figures 5A ilTustrates a cross-sectional view of a structure after a

di el ect r iferneatin oftamptaldigemetplsorf ihe medaderad theagaseitledtamls, wracgendamasi witldert et al
nmesa over n’gh%irga&te el ectrode, in accordance with one enbodi nent; [0013]
Fi gure 58 itiol USfrates a cross-sectional view of a structure after a

di el ectrijo0Bd|ch st oPiguay®A illstrhes aRebsk-KeutioaalESR o0Y @icsh Btcrgametabtapdt r ode,
in accordance with one enbodi nent; [0014] Figure 6A illustrates a
cr oss- sectiGHsl ongeaneided. dn perordane withgne spRedisicdtar e opened in an

inter-| ay[@Plﬂi el ectlfif?&re@Buﬁhse;a%srae&pgﬁse@ﬁ&ﬁaqf'rvr%ﬂ;% &1 Lstirlcflie gﬁ?}%g{f fr_over

the gate el ectrode, Tn accordance with one enbodi nent; an ' Fi gure 6B
i |1 ustratg@ewth afraonssagwet thogate aldcowdofurfacst inwctardencafwitly onreambadirserdr e opened

in accor dMREI ™ b TiRw e R afi el ¥ Bt Dlekt e fetRe BB nent <
of net hodsciodtors ﬁ?’@lclk iforeded fomn BisiigidRd @ gt@gdnididedahel] BtQVeapRIgatvVer a
D D aettode, in Secordance with ana cmbodimant, P 0C69S€s are descri bed.
[0013] Figure 5B illustrates a cross-sectional view of a structure after a dielectric
etch stop layer is formed from a mesa over the gate electrode, in accordance with one
embodiment;
[0014] Figure 6A illustrates a cross-sectional view of a structure after contacts are
opened in an inter-layer dielectric (ILD) formed on a dielectric etch stop layer over the
gate electrode, in accordance with one embodiment; and
[0015] Figure 6B illustrates a cross-sectional view of a structure after contacts are
opened in an ILD formed on a dielectric etch stop layer over the gate electrode, in
accordance with one embodiment.
DETAILED DESCRIPTION
[0016] Embodiments of methods of selectively forming a dielectric etch stop layer
over a patterned metal feature with an additive processes are described. Transistors
incorporating such an etch stop layer over a gate electrode are also described herein with
reference to figures. In particular embodiments, the selectively formed dielectric etch stop
layer is formed over a patterned gate electrode and not formed over ILD adjacent to the
patterned gate electrode. In accordance with certain embodiments of the present

invention, a metal is selectively formed on the surface of the gate electrode which is then

.



i ncorporating such an etch stop |layer over a gate el ectrode are al so
described herein with reference to figures. In particular enbodi nents, the
sel ecti vew 2bovaveed4di el ectric etch stop layer is fornmedprPorars2apatsser ned
gate el ectrode and not formed over ILD adj acent to the patterned gate

el ectrode. ccorg W th certa:@n E rgg{gts Olfl thelgquesen@ i nvention,

a met al CQ“%@T éPla\§ }erf%r%‘?gaalﬂﬁ he L7y Rty dhGRER! &' FYde which is

t henconvepiRel §:Pthd patdl e%c%d@ SurGRE TRNLAAIYBe nlcth] M cr@bROdicEBRLS orévi@ met al

sel ectlvele/ formed on the gate electrode surface is a catalytic netal which
@

enabl es afeailidoptor gegramiuh meba avasithe gancloptrerdsr ritrPashi pegigney i wilikidyat e
el ectrode,. A ;LAAsE c%n%ésy E’g rgﬁanEJh‘[“r éf‘s‘t &oﬁ&"zg@%tﬁd&%g (}Sr cla#b%ﬂ{}earesa or

ger mani ufnesa 1§ t en oxi |ze carboni zée
di el ectrito fenchdstlwpid aytestoplager dvee tigagaee deaaide@aéy. Cieydicltbreicdichlseqt ri

etch sto | ayer t hen protect t ele rode such that cqnditions
for cont ermmgg‘fararﬁ?t@ﬁ&a@ Sexeds é@@ﬁﬁ Oh o5 FRTIFBRESAIHETr eat er
process Ic'ahtaw&@h Y ve %mefa% pebVIBN SRS ro&@sguaa{tﬁ&et fio® Brifed dﬁhéxﬁfb‘ﬂ@nt of
transi stor contacts. [0017] However, par}?lcu | ar enbodi ments may be

pract i cedegmstrﬁmmandr@égmlemféra@$lstph@cg@ac§89ec| fic details, or in conbination

W th ot hgh ffjown nPI—tI(?gX ; d)g%c%'iar%lq%bd ‘Ets gﬁ@‘g@%ﬁ&d&: u‘?xf'i%’J HorcYH |

descri be t he con the ni ques
descri bedhmrspmﬁcra@taﬂm of &aﬁbnhbmaﬁd)ap/{/lﬁdoth@r latoer mpabdse mesilaﬁwh@d f eat ures,

such as, but not mted to nects I.n th
descri pt .a@ﬁaraﬂﬁﬁ%rﬁ&w@a |W}V1V'%e gfeﬁf%‘igﬁr C%?tiéﬁm?t s%at?ﬁl%rog%éh? fic

mat eri al Steclﬂ'lc{H%Q ARABcARGcBLS) bAcadi®y Qdﬁ?’?e‘ar@ oftef patt@ndd AV ORa@rdshQlcAUIh
under st andi ng of the present i'nvention n ot her instances, well-known

desi gn arfd, fuiet baitbdie vie iegornecale thedpllpwiog d@é@mﬂpbe@rwompwﬁgl ar
detail tQq e?%/ Iage s"é?? g’ﬁli?guc I’a!sls eq?ﬁ? ﬁl%{engg Ei%%n&oﬁ; %[11({ mat%}[lﬁlﬁ& Ira?rﬂetellg ce I:[oe nce

t hr oughou i'S 'specifica artl cul ar
feature, mbvidet ltl’[cﬁ?ougmhﬂlt‘etsaindmgrofalﬁtaplagﬁne[nvsﬁm(m dasthidr lmdmces mﬂnemt;unon

with the enbodi t.is included. in at | east onpe enbodi nent of t he
i nvent | orﬁ%srgﬁﬁgﬁ%a@a%b@ab%@é@m n«fﬂb@%ﬁ?% cd inpagcularylstlie gyeid;

various Rin%@@e%sa{rgfr QHQHHH tHe'}Jréseﬁﬂ%@éﬂtio%atﬂe@&e@ée%hr%ﬂgh%@lﬁ§ gRcidcdtisefer ring
to the sane enbodi nment he invention. Furthernore, the particul ar

f eat ur es, “asembodigreas’ mmséhatal rarticytar derdurg cstenciuge, m@emdyorwata@mmd in any
sui tabl e Jé?é}%%ﬁ Cpn%@tl?t{ wilR thebe%o%ﬂ%%% i V\,Hldred ?1{129[%&%‘[ ua?qﬁp dlr'ﬂelfte It st ood

t hat specitTlic e e CO ned ere not exXcCl usi ve.
[0018] Thie treemion: OMeNR, the apuﬁtdﬁrnpes oflake pmaﬁb “inan (émbedlﬂneaﬁ ’ MS@dolli]eplectdS refer
O B T e L O Sre nor Beesearly reromng i tho Samé MAbOSEar Of the
such, forhoyg s&f‘@ on are not necessarily referring to the same ¢
invention. Furtherrnore, the particular features, structures, materials, or characteristics
may be combined in any suitable manner in one or more embodiments. It should also be
understood that specific embodiments may be combined where not mutually exclusive.
[0018] The terms “over,” “under,” “between,” and “on” as used herein refer to a
relative position of one member with respect to other members. As such, for example, one
member disposed over or under another member may be directly in contact with the other
member or may have one or more intervening members. Moreover, one member disposed
between members may be directly in contact with the two members or may have one or
more intervening members. In contrast, a first member “on” a second member is in
contact with that second member. Additionally, the relative position of one member with

respect to other members is provided assuming operations are performed relative to a

substrate without consideration of the absolute orientation of the substrate.
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menber di sposed over or under another nenber may be directly in contact
with the other nenber or may have one or nore interveni ng nenbers.

Mor eover ,wonelomeedyer di sposed between nenbers nay be di PETUSRoMO48566t act
with the two nmenbers or may have one or nore intervening nenbers. In

contrast irst "0 econd ne i cont act with that
second rre[ﬂ@g‘{] Addi ei%‘i‘i’:&‘glt?/ 1&uﬁ%f’r%PE?rP%1nB@s? VPBNIUGFIYHEAGEA Y& r Wit h
respect tRpelikalin IRARRIR b REQN 1ERa@SS BYTh @mc@ma&tdr%ﬁdﬁen atBldcabaed
relative to a substrate w thout consideration of the absolute orientation

of the sulsPertafe pEotPRcRednépracaty. s opctiee 110, the sapeleatrodaireangh is wor k
function '[{B&%{t a@g ﬂét%d%ﬁ&ﬂf p%ﬁ]ah efa %%%I%USHEH %%ntars%ﬂﬁ&ndﬁ&& E{e%fe”t by a

pl acehol e as
process. QASJI() m)pﬁat albdvera siﬂhﬁratéh(@ gafu:’rtlet daiwmﬁl@gureach is subst antially

filled an hen pl rize eratlon 5 to forma i conduct or devi ce
200 in ar@ﬂ%&love a PpEete gpé ecaglpfb%ﬁdt &Py SRGIR! ?tﬁtaf?fegger ée@coch'@@é]
Subst r at ge2R2 f&B%iéaH@n thm%%ﬂ)oafméﬁysuﬁ?eﬁ% bed 1s~°aUdu111@§11b‘§tr£t@ lco ?HAeﬁQﬁ' duct or
device fabrication. In one enbodi nent, substrate 2 is a bulk substrate

conposed sofglacryblabofer watpselavhich neyriegledd, At mtlhrnrta@/tq, w@bw@eﬂbmlums not
limted ts‘ﬂico%' G M 9ETR n@f‘&a%”d %%Lﬁlﬁ%f&ﬁ%%ﬂ's&%coﬁ UL {%%lb' e or a

[11-V conp oun semnm con strate 202
i ncl udes afmotmf ¥kmbedimient\kiistratct20R iegidedxi tallk lagyxewuh hlﬂopae}ﬁtpml fayer. dataodi ment ,

the bulk |a .0NMpos a sjngle crystal r|aI i ch may
i ncl ude, SBE%Y gp §m§ie§ n}qnmt%eelaﬁ@ &aye§18|°gewﬁse %ﬁysfgf of ac’%&‘ﬁte&mf‘i‘f]&lﬁhum

silicon qasbindRide Buk I oY 1IERAY @ﬁlc%ﬁ”%&f?ﬁgﬂdﬁf Qﬂlc%%%ﬁhurﬁ@ll&ﬂ%raﬂﬁde whi | e
the top epitaxial layer is conposed a single crystal Iayer whi ch may

i ncl ude, #lk-Vicompound pemicertluctor nyitdriat end qepeiznahilathe tep bplmlgaefremm um and a

[11-V conpound duct mat e anot h substrate 202
i ncl udesr%n%pgsedsﬁrgtsmq Frylsgl[ laP' “ ﬁlcgmaéfd{ldu erlréou <'§1tn8{rTp 0 lcOIILi is above a

| ower ulgenhamem silibén-g@maaiiint and alllVagediipduad @ﬁﬁp@ﬁ@;&t@fmaeﬁaln@h En(ﬁh@tst al
llayer which may include, but js not limte silli to f
silicon- cﬁm%q%rmrgtwbs ey Y2 gl@iﬁdewﬁmp&ﬁmg ]Bg?rroé‘tael)mdcdgf‘e‘rnﬁ‘&ﬁioﬂ Hyer which'
silicon- Qﬁﬁm'aq%@f‘shlﬁ la{;Je{ %&@m@u&gaﬁ@ﬁ?@r%&%ﬁ%@& oﬁ@&ﬁ%l'e%kysta{[ her

i nsul ator layer is congose a material” which may inclu IS not
limted twhiclivaycmriuds, bxiidapt lsmitq:ct@nmhpmr Gldetoafndnglsmcom@nanwlatpt SQlg. The

o Ul Bl B SROE e RSB RLLaglfl  TBhpbf ude, But s
not lim te I con, rmani um sl iTon- ger mani um SI con carbide, a

I 11-V conpaivdddsast BaRELC mfe inailaot Al crdntorfpdrct of a Dinstal athéch202 madéur t her

i ncl ude %‘g?snlgot 'hgﬁt%ﬁ'té ysﬂlcon dioxide, silicon nitride and silicon oxy-nitride. The lower
bulk layer is composed of a single crystal which may include, but is not limited to, silicon,
germanium, silicon-germanium, silicon carbide, a I1I-V compound semiconductor material
and quartz. Substrate 202 may further include dopant impurity atoms.
[0021] Gate dielectric layer 208 may be composed of any material suitable to
electrically isolate gate electrode 210 from substrate 202. In one embodiment, gate
dielectric layer 208 is formed by a thermal oxidation process or a chemical vapor
deposition process and is composed of a material such as, but not limited to, silicon
dioxide or silicon oxy-nitride. In another embodiment, gate dielectric layer 208 is formed
by atomic layer deposition and is composed of a high-k dielectric material such as, but not
limited to, hafnium oxide, zirconium oxide, hafnium silicate, hafnium oxy-nitride or
lanthanum oxide.
[0022] Gate electrode 210 may be composed of any material suitable for use as an

electrode in a semiconductor device. In accordance with an embodiment of the present
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[0021] Gate dielectric layer 208 may be conposed of any material suitable
to electrically isolate gate el ectrode 210 from substrate 202. In one
enbodi mrerwQ 2gawm2@iel ectric layer 208 is formed by a thecwalS2aniogsté on
process or a chenical vapor deposition process and is conposed of a

mat eri al .such as, to, sjilicon.dioxide or silicon

oxy- ni t riiBENIPR, ot et A BaRsHEts o angcitle Ia.csqtaéembeg &y algtst PR PiSfaed by
atom ¢ | gygfentiP®SickpORd @Made%f%@%?@@l@ct@cfde%o@é aht- rlsadﬂlyefbﬁﬁfarsﬂf‘eld&trer i al

such as, but not limted to, hafnium oxide, zirconium oxide, hafnium
si i cat e,gehasnirideopsapdity eathlyee piowthaf siieemeraeraaniupode ope cabedialeag grisde 210

may be c er%%?r%892?6 1n%n§ﬁi3§r§hf‘a'{érﬁ s@c‘ﬂ' atsalglt%oI Hﬁntﬁ%ﬁ) dﬁ%eﬁpnﬁ{l@ h'ﬁ?qu ina

sem condu dev n accordance W
pr esent i roaerida, (haﬁmga,tzeroehmﬁt ticcchéur? tenthiued, tadmmmnﬁiﬂadmuﬂl,rpad:ledhhm n

enbodi nent s e ne resent on the e rfa of. the gate
el ect rodé’tl%fH’élgl ﬁslea%@ wwf%ﬁlﬂ nigg; %?Qi]équ)ti‘VegIB?tﬁg @? 48400 w4ty °

cat al yze g&e¥t NnQfspsditit el%o%egfe AR o dd D1 PRLB/IFBA dTRNhultidal@ wdigct r ode
210 includes a material such as, but not limted to a netal nitride, a

met al caﬂ%ﬂﬁendh@ﬂ&Baﬁvkimﬁﬁehpwﬁﬂ2ﬂ06&mﬂ@ﬁ$pﬁﬁhm®%bﬁﬂﬁﬁlun1nun1 rut heni um
pal | adi “ﬁgo phjati nury, ﬁgg%tlbhcéipgé'(r)lf,iﬁ?%leetﬁ?&ﬁéwﬁ# c&’s%zl afe f%ﬁﬂgdjﬁjé' ve metal

oxi de, conblnatlon Specl enbodi e el ectrode
210 i s calwpostn oflickcmid lhyerloazyegubmﬁtalzosmﬂ;kplanelldll@hr@gte&lmrokle fhct i on
I n .one, enbodi electric

metal 210A and a ga I t al 0023] di
si dewal | S@B%?@é?l&lvi&% Qlef‘gqﬁﬁﬂc éyea‘éfaéepﬁp girepieiFih QEGES S Tﬁgys@?m Ger

substr at &R, dclRb@e RRWIRpAREE 18] LEESRASABH SRS RIS nxayet ching the
dielectric layer wth an ani sotropic etch process. In a specifi

enmbodi merincludg, dubistnot Bmeed tonailicos dipaatessiigan latrsiecﬁmdpdyed o5y~ natrldat DD al
whi ch t trid
| ch may,hnel “t% 4 rc%hvénst ﬂ% déiilﬁéﬂ& ugﬁ Q. byt h&t‘il%[ﬁt ! 11%%8 e+lle‘ic°t%(r8{f @g f1ae

and silicon ox) any convent |o such
as, but rmﬁbdudmﬁ&ykﬁ&wsundoped or doped (e.g. carbon doped) gl asses.
[0024] Source and drain regjons 204 are formed by ipnplanting dopant

i mpurity | ﬁ%‘ﬂs i nt og%lmfsétnfiai'ff@nmzonsa@ @F%ng@agw igpl3ntingfnagbimpysity

e'eCtrOd%mﬁﬁgnﬂﬁﬁhﬁﬁ&%&@z%EQﬁﬁﬁkhb§B%&ﬁkﬁﬂ8 auﬁgHﬂﬁ%e%H@dﬂﬂ&Mﬂ:reglons 204
are integrated wth tip extension regions to further define channel region

206. | n atdovadispeeryd th Sovrendnddirae megiofs ZM@r@n@@@t@d mwitheg i ¢x¢gnsiosiour ce and

drain regl 0181315 %gﬁrtﬁerredewng xl?aenndpt%el%nb%gl 1 accorcpangen %nﬁ%%gﬂbng ment 019 tllllr ce and
drain regl are conpose phOS orous or arsenic

present invention, source and draln regions 204 are N-type doped regions. In one
embodiment, source and drain regions 204 are composed of phosphorous or arsenic
dopant impurity atoms with a concentration in the range of 5 x 10'° — 5 x 10"? atoms/cm’.
In accordance with another embodiment of the present invention, source and drain regions
204 are P-type doped regions. In one embodiment, source and drain regions 204 are
composed of boron dopant impurity atoms with a concentration in the range of 5 x 10'° —
5x 10" atoms/cm’. In a further embodiment, source and drain regions 204 are metallized
with a silicidation process.

[0025] As shown in Figure 3A, subsequent to planarizing the gate layer to form the
gate electrode, a metal cap 320 is selectively formed over the exposed surface of gate
electrode 210. In a first embodiment, at operation 120 of Figure 1, the metal selectively
deposited on the gate electrode includes a metal capable of forming a silicide, germanicide
or mixtures thereof more readily than a metal on the exposed surface of gate electrode
210. Exemplary metals capable of forming silicides include cobalt, nickel, titanium,

platinum, tungsten, vanadium, palladium, copper, tantalum and aluminum. Any such
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dopant inpurity atons with a concentration in the range of 5 x 10 16 - 5 X
10 19 atons/cnB. I n accordance w th anot her enbodi nent of the present

i nvent i orwoouwmessand drain regions 204 are P-type dope@Craszanm®486861 one
enbodi ment, source and drain regions 204 are conposed of boron dopant
inmpurity atoms Wi th a concentration.in th aneof} 5 x 10 19

at ons/ cnENCpFG RiFERARCIER 38 ﬁtsoh%mﬁ %a%bt%alﬂs@qm%&re
netal | i Z%cé’fitéﬂw eo@pﬁdc@gsd@fhh&am%s%@s& erfq%l@?e:d] 1A% R4 \WhboBinfdng W BerdA,

subsequent to anarizin e gate | o formthe gate el ectrode, a

met al cadwglzworl%f@én@tmﬁtﬂé%% anheaD- ﬁﬁ@vetqlﬁéOBmmblwf forounpt sigjside,
el ectrode Qlon|150§1e B bre%tml E{{ggm& qh%’s Qﬁ e%lt Pﬂle{.la%? lpgﬁezsd: %%néelf ﬁlth the

net al sefgh vel 05|te e I'nc capabl e
of for m ﬂ;@n@osﬂ:lbﬁ Ioﬂmetageaipﬁm] Blddperﬂentmmhucmpcbdnmm@ﬂthﬂgate clee@@ddd y than a
net al Oft xposed s 5%ace of gate el ectrode 210. Exenplary netals
capabl e dPTRUF#HORGTAE0T ¢l des incl ude cobalt, nickel, titanium platinum

tungst en,joyzg)adi UmInF&ﬁ'alt%’aﬂ‘V@ crRBRRSENL, atadpte?dtfémlésda @a!tél?%@hh@ial fAny suchmet al
and m xtures thereof, as well as other netals known in the art to form

sui ci des satecmféjeémbltgd PPN pxmgt@rfa@ﬁpégai@ aleeisodeadd Oge f@rm)th@y@fdal dn certain
erbodt mensh. WS RRL HB e G0N TR AR ANd,BAR Ll B} 8l BLOB ar e

capabl e of formng-a sui Ci erati oge
Thus, theechaadufoor Mallloyﬁmo&a@acagz theh b naaltohehe:amo@ai gurfane of the%taal cap

320 is de end n._the co S|t|on of te electyod f med, at

oper at i orfE] 86%6@281]“15}’ He£AMROrLPRAS W@E HEhpgaiype 6@3 basrd anthe 5
cat al yti Gofffodikioh 9f &f! Fetélé’c%loYied%?%é‘tﬁdcn@@m%ﬂﬂ@ﬁ?@&a%@bl% wrtassediygat e

el ectrode 210 to forn1 he metal cap 320. The catalytic nmetal fray Conprise

any net alenbaisatg @eiovtl af siligor, ggrmepndum.rordHiGs elloxsonay Yee hapinpleyedas 13:3

al |l oys oy, a a C t

el ect rode gfgs %ér}{plta hée]dt% ny%lgtla Slg%lug? Coeo)éﬁ aﬁlggelbb%]fgm% %Oldg ?‘H %e sel ected
based on gahmnm,cmﬁmkmlr@rthﬁ‘eoft He cgaiie caibedinicntewhdka potieiak-fknaion metalt he ar t

capabl e of catal yti hanci n owth of silico er ITB.I’]I or SiGe
al | oys %@3 fﬁﬁ‘&?é&é@%@%@%@ 3 pHadygng g @%@rawm%é}tlan gerth et al s

i ncl ude %@?a'tﬂ'on 175 %@,Ibe oglﬁ{tg@gptdg&hegol d plati num gallium and m xtures
thereof. I'n certain énbodi ments where both work-function metal 210A and

gap-fill [A82HI 210Elnamaélcuhlpabplen@ﬁtaugmsabgﬁzﬁrwgtlgplatlu@nr dectydesyaitung gr owt h,

oper 2 o2 AP BTSRRI o ST ) BB
subsequently forming a silicide or catalyzing silicon growth) to a thickness of between
approximately 2 nm and approximately 30 nm on the gate electrode surface. Electroless
plating is a process for depositing a layer of material onto a surface by the chemical
reduction of an electrolytic solution in the absence of an external electric current. The
electroless plating is typically performed by immersing the substrate into an electroless
bath solution.
[0028] In one implementation, a cobalt metal cap 320 is electrolessly deposited on
gate electrode 210. The electroless bath solution for the plating of a cobalt layer may
contain cobalt ions provided by cobalt chloride (CoCl,) or cobalt sulfate (CoSQOys), a
complexing agent such as citric acid, a buffer agent such as ammonium chloride (NH4Cl)
or ammonium sulfate ((NH4),S0O,), a reducing agent such as hypophosphite,
dimethylaminoborane (DMAB), borohydrate, or formaldehyde, and a pH adjuster such as
tetramethylammonium hydroxide (TMAH). Thus, in one exemplary implementation
having a metal gate electrode, cobalt and alloys thereof, such as CoW, CoCr, CoRe, or

CoMo, with minor constituents such as phosphorous (P) or boron (B) that may be
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may be enpl oyed to selectively deposit nmetal cap 320 (e.g. for the purposes
of subsequently formng a suicide or catalyzing silicon growh) to a

t hi cknesswof20lvetoeeden approxi mately 2 nm and appr oxi mat elPgTA32009104883¢ he gat e
el ectrode surface. El ectrol ess plating is a process for depositing a |ayer

of materi ant ceb t he chem cal redyctiqn of. an el ctrolytlc

oo uti on ot BicedEinabebR OafmEr o e Aot st Hr MR ol oS

pl ati ng igpbiidld©ald drfaes dorhed cliode MBS Fdieh thgl &pbprate into an

el ectrol ess bath solution. [0028] In one inplenentation, a cobalt netal cap

320 i s ell@82%ol essily adetbosinpdemenatipar, eleefrelessrmele! QllcbaUGIVHéheéqi%f@m ol ess bath
| ut f ded
by cobal Rty B Rl Pl GRS P20 TXFL e BRERAH RIS b BT BT T

such as qubclfdss:may ibd empldyell f Amn agmptaqspl@ﬁn@%lﬁﬂimmfdn!m”ins:ilhi@kéldﬁn(afﬂhhgj ) or

ammoni um sul f at SO4 en as hosphl
di met hy| & HEBY é‘rf ‘(%&ﬂ&@eﬂ %ﬁ&ﬁ@g\ﬁfgbﬁ Wemggﬁagag%{lt j ust er
such as t@tyRBE Ml admra'cwnh{ayaiﬁ@a@laiqa&@meld) or &m,acidna%ﬁeleag%ﬁml@ws

i mpl ement ati on having a netal gate electrode, cobalt and alloys thereof,
such as @owWorGnGrchlapsieando pidbsiystensuch asiTdbAHconst i t uents such as

phosphor P) or h e t e agent s
onto the%ﬁ%(g gat efpogl eE e&%teatﬂgﬁsﬁ ?@@éyggg%gge%ﬁfeeg %?G\Pefl%ﬁ’e‘%%%{%aggggﬁga
surface afepggited t€ Isﬂ;ﬁajhﬁdlﬂey 2R the efprs?etirmifade d?f@;éte&’el&:troh@QZ@];udhrthaﬁbé her

i npl enentation, ;electr i ck a ereof ar sel ective
deposi tecfapsxfﬁaﬂ%ﬁor?elﬁ‘éﬁh@ﬁ 3% P?aﬂﬁ %ﬁ%ﬁf% ighar oy Giplectc sidgwall”

pl ating RpHAGRSS14Teh D& RTQY RN allfBf BXAIPARS0 HE @;qsdggd 594:1%%%0&@@9 af ns a
ni ckel containing corrpound a reduci ng agent such as DVAB or gl yoxylic

acid, a c@aphsedeprmiechigdigurs déh lag fohdyexmpodument; the thacknesscoldbe metahazm)m c
aci d, | act, ¢, oxalic aci ffer
chi or i do i Mo By B DB A A Srod I SHER BRI B Bt

enpl oyi ngo@glﬁﬁiﬂad)bﬁﬁ&hdeB%bfﬂhe Bxpaved ghtee&ptrae@sur&cdemet@daddﬁnent
substanti aIIy cover the expaosed surfacg of gate el ectrode 210 (z t hat the
cap ext erfd®loyng clegtlessiiegpation. pmagial srRAZP SYBEfIpY SoVErsiig CHPQgRS PUafSN
di el ect rigr oafcdem@bolic S PRGRT Sxt&ikd- latgﬁﬁg%fe%ﬁ ,thd Eﬁﬁe\%hlﬁed@a{esel%m%b% (&gp 320
are exposed after operation 120 or 5,7as depicted in Figure 3A. In
further ewbbgatﬁéwdectmmley¢rrﬂ0c8|ané/9$ omr dlﬁectnesldbwelépp@m 214) 0% t o 20%

t hi nner naearOXIm 1 3[ o % £,&%R galga Odel ectrode surface than over
| ongi t udi MR Cent er 'y egii.t 2407 e expopse gate el ectrode surface. In one
enbodi nenno31] In another 1rnplernentat10n, at operation 130 of Figure 1, catalytic metal

dopants present in the bulk of the gate electrode are diffused to the exposed surface of the
gate electrode. Referring to Figure 3B, segregated catalytic metal layer 325 may include
any of the catalytic metals employed in metal cap 320 described elsewhere herein. The
“bulk” of the gate electrode from which the catalytic metal may be segregated includes
work-function metal 210A and gap-fill metal 210B, as well as any gate metal seed layer
that may be employed during the deposition of the gate layer (not depicted).

[0032] In one such embodiment, segregated catalytic metal layer 325 is formed
with an annealing process in which substrate 202 is exposed to an elevated temperature.
For example, the substrate may be exposed to a temperature of between approximately
400 °C and approximately 1000 °C for between 30 seconds and 10 minutes. Due to a
lower surface energy of the catalytic metal, the catalytic metal dopants may diffuse to, and
segregate at, the surface of gate electrode 210 to lower the surface free energy.
Pretreatments enhancing diffusion of the catalytic metal may also be utilized. For

example, in one embodiment, amorphization techniques known in the art are employed to
-7 -



enpl oyi ng el ectrol ess deposition, netal cap 320 substantially covers the
exposed surface of gate electrode 210 and extends l|laterally beyond the

si dewal | swof2ogpatwesoel ect rode 210 (e.g. over gate diel ect PCE/USa§0004868 and/ or
over dielectric sidewall spacers 214) by approxinately t he edge thickness

of metal cap 320. [0031]. | n anot he | enent ati on, oper.ati on 130 of
Figure 1 af%fﬁ?@?% Pé“%to ealisTishpds %}iﬁr&‘@ FIR appEpIpEt 1911 Engis @ Mfect r ode
are di ff usedphifattdha 0sa6h s4iGE %ﬁaﬁff n{ap%eg@é@to%laﬁfagé p@elfa%r'é bRg to

Fi gure BB segregate cat al ytic ne | ayer 325 may i1 ncl ué% any of the

cat al yt i czaeeqlegteode %Ooy‘@@r@ ﬂile ryetfage Q,fxpte@iﬂtr@éséw w@p@éedw@rr@nwgﬁ@ n. The

seqr egat I PaF G Fucfl S P b LATINGIORRR B RRLR L ool B 210 g o
wel | as aliffuged eoaffitiaht, peadtingyeglotieaitionay ntwmlefthmelmb ghtic elngrddee

dep05|t|on f th te |lLa not depi cted I n one such .enbodi nent,
segr egat é&r 3’("1% b&ﬁ 3‘@% |Eea?r%% D@\PP eda Prioh FR AN S (Dcess i n

which s utb‘iéaﬁl%ﬁd@efazeﬂ 8n ExRAFEE: mga@enelsétf‘ow@tz@d floBPAE Brifaflon B whiATPl e, the
substrate be exposed to a tenperature of between approximately 400 0OC
and apprdﬁ@ ﬂéﬂthGGQYOCﬁﬁﬁﬂr%@hm@ém3SEﬁ@@cBh@Bb@ﬁ@U@@Hﬁﬁﬁmﬂﬁgwhﬁhe to a

| ower sur t pants
may i 0o Y8 EE SR el BBt e Nitlor S Rarnu el 0819 BB Bt o

| ower theNSMam@nﬁnﬁmﬁp5©ﬂe®@mofHFpﬁwaﬁtnents enhanci ng diffusion of t he
catal ytic may_al so be utilized. For exanple, i odi

anor phi zdf technT @JE@W% Sqefegafrd caraﬂytgrr@eté%ngé @%9%53% &0

portion qfe g@ﬁcen@alt%torfqgﬁlﬂ&%etmru égﬁttlﬁlm lﬁﬂﬁ%%bé@fe'e@&u%ﬂp% fient s a
preanor phi zation inplant, “such | ant, may be used to damage the
upper | ayenditighs g@ieé“élll@dh?? d@ll@anzn.soilffwvér dn phecsbodiment, vhergans gapdik r ode 210
is anorp VA » af o rphlzed
portion g'kégg%l%ﬁg %glgal%t ec%i%t ﬁg%/egéla%agdwggﬁgdf gésp gﬁ%%ééelglplgicgap% prom)t| ng
agglOﬁer&Eh&mnmbpﬁﬁMﬁM£Bﬁﬁﬂﬁn@ﬁo%hﬁngﬁkﬁnﬁhbﬁﬁ%@ﬁHn@aﬁﬁﬁbﬁenbﬁmhuhﬁher
enbodi nents, a plasm tre nt _is enployed, prior to annealing, to clean
resi dues ¥eeahcRals meﬁagiaevea%2%;E%Sean@icge?%&&@fmpp%}ﬂlﬁ%é PO | on and
whi ch may, BiReRkck B Gt ahy btglyTBhRkal ISAGR ba&ehﬂalmftﬁﬁ%eg%ggecpl asma
treatment nmay include 50- 10000 seem of at |east one of or Nat a
pressur e cfalyiogngtal err325ewlga mhﬂxetb@t\awrldﬁ iandhd 0% VBOL@@@\B&@I‘ RF power .

E)gogg]{ hT[]CE)nEQm%BQ 1? of T 0 sgerctﬁlcﬁ}lé/s%aﬁd otx%%te A exg(gsefi% adependent

concent tic ne of the gate
electrodeﬂamddéhﬁﬁwe
[0034] In particular embodiments, as depicted in Figure 3B, segregated catalytic

metal layer 325 does not form a cap having topography above planarized dielectric
sidewall spacer 214 or ILD, but rather forms metal nanoparticles at the surface of gate
electrode 210. Segregated catalytic metal layer 325 may therefore remain embedded in
dielectric, adjacent to dielectric sidewall spacer 214. Thus, relative to operations 120 and
125 where metal cap 320 is selectively deposited, the substrate surface following
operation 130 may remain advantageously planar.

[0035] Returning to Figure 1, at operation 135, at least a portion of metal cap 320
formed at operation 120 is converted to a metal silicide and/or metal germanicide mesa
335, as depicted in Figure 4A. Generally, any process known in the art to form a silicide
or germanicide of the particular metal selectively deposited at operation 120 may be
utilized at operation 135. The process selected is dependent on both the cap metal
composition and desired thickness of the silicide/germanicide shell to be formed from

metal cap 320. The silicide/germanicide shell thickness may be between 50% and 100% of
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condi tions under which the dopant is diffused. In one enbodi nent, where
just gap-fill netal 210B contains the catalytic netal "as-deposited,"”
gap-fill wetalo/@i®B conpri ses between approxi mately 1% &au/US06Mmoat6aé yt i c
metal dopant. In particular enbodi nents, segregated catalytic netal |ayer

325 has a, thi.ckness. bet wee pproxi.matel y. 1 nm and approxj nate 50 nm The
oatal vt dhe e et R a2 A R Ak bcins iy Th BE s Riskiy £ el o
layer 32%ap8Y0 RecaaRMhebendstaRem: did@Hotd0¥nhitiac thit8a BB SN other

concentrations being of relatively |esser thickness and proximate to the
exposed gabtedanens, mawee eamiilele sonywoad Ho¢shop aequrcthe Hriclaepoefi metel silicils

depi cted j i . : i r forma
cap havi bR Eein SEORRAPL SO R TRk e M E s a0 Y50 o

| LD, but wig tretal fibicids angboactab papainididd @ssadt3 Stthenaiusif batk tlaftop atidacelaadt r ode
210. Segregated catal yti al. |ayer 325 nay. therefore remai.n enbedded in
di el ectriS ,ewgﬁfaﬁaﬁta" tep S Iagteras f&s\ﬁﬁw}%ﬁeé‘aﬁ@@% R e e gTaceandt i e to
oper at i ongrrdRRt @Rdod aR svherg metal cap 320 is selectively deposited, the
substrate surface follow ng operation 130 may remai n advant ageously pl anar.

[ 0035] RdP0FGli ng t dnmnggméodimeat, sdisedetipivgamiascidation|od asatal gapor® ison of net al
cap 320 f . Qp I J r t [.Cl . or
e algernaarde 485 PhbB Rl Lt R USHRHn b i R R Bl F8rEEg
process Khawplirp sbirec gades irelddersituee (Sil0] BenoMcgstSitunt CTrikencttiyl tshanepar t i cul ar

nmet al sel ively deposited. at operation 120 be utiliz t operation
135. The Mji)ége il dgn LMpERERGEnR. we@&aﬂ%?é dewtm@@omﬁ&? 5 on
and desir 21%}@&5 Re&emelal L3 B Witk tidalyaaueBM. ah dRoBelnlpldiRedifidnohmed from

metal cap . The silicide/germanicide shell thickness may be between 50%
and 100%nddsnkecnhhnask(SSld (BECED arocsspis 3aployad telwpriometal ¢ap R0guthetha A, t he

entire t Ol aknessy ol PG RLu AR IAl AN EE LA (RIAI QNS fepandior
met al germani ¢i de hesa I ot HeT  embodi EnL S, Swher e conplrete conversi on
does not fems drcobdlhmetahtak3 s In ahothet @demplirg cadodintthnr niekdcabiligide mava ci de
mesa 335 j.S .S Orrr%\ég%to | ess. than the éhi ckness of netal cap 320 wth netal

sui ci de and/id My Pickeli R Hehe<d 335 for med on both the top surface
Fop SurT AL Tay. bo o e ot bR S peirgpsoen the
enbodi mens pergorniediviat s@nl phaseresacicindethérom agfonmentminalodgpoIaon propssris nsaded vi a
a 9as phage, JUL{ AGSHhERSGHQR Al &h Slklat EQ IV L& A'p 985 IRPLYMDYIrA de gas.

thermal treatment is then performed to react a portion of the amorphous silicon film with

metal cap 320 to form metal silicide and/or metal germanicide mesa 335. The unreacted

amorphous silicon is then stripped off the ILD 212 using a conventional wet or dry

chemical strip process. In one exemplary process, between approximately 5 nm and 10

nm of amorphous silicon is deposited on a cobalt metal cap 320 and annealed at between

500 °C and 850 °C to form a cobalt silicide mesa 335.

[0038] In another embodiment, where the gate layer deposited at operation 115 is

capable of forming a silicide/germanicide, and operation 120 is therefore omitted, a

portion of the gate electrode is converted to a silicide or germanicide at operation 145

using any of the gas phase or solid phase techniques described elsewhere herein for

forming metal silicide and/or metal germanicide mesa 335. The portion of the gate

electrode converted may be of approximately the same thicknesses provided for metal

silicide and/or metal germanicide mesa 335. In certain embodiments, the portion

converted may be anywhere from 10-70% of the total gate electrode thickness (being
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Exenpl ary source gases include silane (SiH ), MnoMthyl Silane, Tri-nethyl
silane (TM5) and the like. In one inplenentation, a chem cal vapor

deposi ti oNmOQQDN2gmocess i s enpl oyed to react netal capP82WS2H0l0486h€
hydri de gas. In another inplenentation, a plasnma enhanced CVD ( PECVD)

process i.s enployed to ct .netal cap 320 with th dride source gas. In
e’ exenmiaigt Brbeane Al SSr Shstr e R bile AL 588 14 St SbPeiva. cobal t

metal ca a?@@ectﬂd"de_Q@Qhﬁ%rreﬁéﬁfﬁﬁbﬁ{ty%e%ﬁﬁ? IdMBPtvithdLDixakel sui cide nesa 335
is formed froma nickel metal cap 320 037] In an alternate enbodi nent,

si 1i ci datl08H]ger marRiaing tokigie efosembadinBad Wherpa eatelytieanaalds a sol i d

Bror phoug b REA T 8 SARIEML AR ERARaheru A PIEiiTn st tieg) " &'

t her mal tapeeitiorriB0), a nah@ncsaendlodingdilicon aebort geampoinin ioRatalytichley @oomnpihous
silicon filmwt tal cap 320 to, form netal suicide. and/ or netal

ger mani cioa’@raﬁlﬁgégé-s .enerﬁliv,&ﬁyé%&q?oof&ﬁ%}bﬁﬁa CRIANFEONIFW YHEFNE PP pped of f
the 1LD ZlgwisthB@b@cmpRYENMI RRAthdElicd andlot ehRRHieA mESh BIPoPFRERSM. I N one
exenpl ary Hrocess, bet ween approximately 5 nm and 10 nm of anorphous

silicon i[804Mposi t dd periicalas erhpdimentsah metgd-ca3tyzahdapmidsmidesplist(Miédween 500
0C and 850 0 f or obal | ci.de S 5. .In r

enbodi merit ,va%r}gerg%esg hserg n%e{&éé%?a\ylenﬁygoet&%g}l@&ﬁlaeg gydgle%lglg%gﬁlsﬁllqgﬁﬁés){@%abl e of
form ng grsidss Bigdaégly mdirstbodto iatlddeopesatingninkROcdtaytiharel cilecoamrt t ed, a
portion of the e electrode js gconyerted to a suicide Q. germanicide at
operat orgemmti&% ARYUTGF Sthel by S%&Qé%f)@&ﬁ@%&?@ dfniyaugh the
descri bed,glgRWISHE WHEHSS B/ iyl Qi i d8 (ABbRceRUERPA8ANL hrdBi@es at

germani ci de mesa 335. The portion of the gate el ectrodé converted nmay be of

appr oxi nehebyfachef gatrelechipdkhlds ddwingrthe grvedh borcesreplaleas piportie afrily or  net al
ger TN Ci I RS RedPRe | B0RS N FIROTITORL o HAS, RRLL SR (PRRYSI Edymmy b

anywher e 0 gate electr ness ernglimted by
t he onsetthofatdelcetredd Didswhipanitisr port@atos thesatoytiemee) (c.d. /3 FB) magrdeodi ment s,

gate el ectrode 210 may remai n advant agequsly planar with 1D 21 [ 0039]
Ret ur ni ngXPected gurman atﬂ%@@ﬁ@%@@%ﬁ%%é}éa@%&%ww@ o aﬂﬁéor
sel ecti veloymfAlABAs6S48: by selective deposition at operation 125 or

surface segregation at operation 130), a nanonesa including silicon and/or
ger mani urtdP4l|cat al yWhdabhy Vibamathed kayyer iatthoart far3he potievlat ¢ajalytagmpetabt hod of

CaaL L Sl R 28 Rl SRR b TR ETBE GV 0 Torm
process includes approximately 50-20,000 sccm of inert, such as He, Ar and Ne, and 1-
1000 scem silicon or germanium source gas, such as SiHa, SizHg, MonoMethylSilane and
GeHy, at a pressure of approximately 0.5-10 Torr and a temperature of approximately 200-
400 °C energized with approximately 5-500 W of RF power. An exemplary CVD process
includes those same conditions in the absence of RF power.

[0042] Both the thickness and the morphology of silicon and/or germanium silicon
and/or germanium mesa 345 grown by VLS are dependent on the process conditions and
the nature of segregated catalytic metal layer 325. In particular embodiments, silicon
and/or germanium mesa 345 is comprised of a plurality of closely spaced wires
substantially covering the surface of gate electrode 210. In certain embodiments, the
thickness of silicon and/or germanium mesa 345 is between approximately 1-10 nm
extending upward from the catalyzed surface of gate electrode 210.

[0043] Returning to Figure 1, subsequent to operation 145, catalytic metal portion
350A remaining on the surface of silicon and/or germanium mesa 345 may be removed at

operation 148. Any wet chemical clean known in the art to be suitable for removal of the
-10 -



[0040] In particular enbodi nents, a netal -catal yzed vapor-1liquid-solid
(VLS) growt h process is enployed. Wile not bound by theory, the nechani sm
of the VDEopnmowe®4i s general |y understood to include diP€TalSeemam43636 t he
catalytic netal, silicon or germaniumfroma source gas. The dissol ved
silicon/germani um then diffuses through.the catal ytic tal, which is
typi cal | a&l%ﬂ?aami% A SR PEOP TP HASC B R STET ¢ he
surface QimtBeds, ptlafse 123 R-onkMed BEl fBRUAN @M AHOGES SlloRbd leRfaind
portion of the catalytic netal (e.g., 350A) "floats" above the

si | i con/ gerthapknasedsuiase af silipen e drgeemapfiumyacsgatte. el ectrode 210 whil e
anot her jjon of tal¥hi Cq- . 0] ted to
remai n aﬁﬁﬂl ]er f ace&}(;ﬁjegag]tog léf)’e%(th%é@cﬂ% sg?deag?r lgéorlﬁn%ﬁiog% tzll)él%lgt%on and/ or
ger mani ural¢oasdc By bonvfedddplip awficlearianylcytS poetidrodt dithommctahsitibide and/of or t he

particular catalytic nmetal utjilized jn aoperation 125 qr operation 130 may
be enpl oyByal %ﬂ%g%lﬁ@ﬁﬂeéﬁ9355@@uﬁr%%eggﬁ?w sgeaﬁmlwae;rﬂeéegr‘é %50- 20, 000
seem of Mgk 4BSURR @St difbodfhe@NbpdNBon BREIidide HRAP3 $LRMoAT QD dRMeclss MaNi UM
source gas, such as SiH, S Hg, noMet hyl Si | ane and GeH4, at a pressure

of appr oxitetaiter layer HB01d®piRted-indnighra Ste pieleatrigratchoftomlapeoddlmatetommeg2 400 0C
ener gi zed;:w roxi. mt el.y. 0 . r . nl ar process
includesq¥ d%gcggﬁg%b%n pr%ﬁga?hgﬁ é8g8§§%§§“§;nﬂé&ﬁ%§gﬂgh?8%ﬁ§¥$%%th t he
t hi cknesssilaod chibeddyor ghichrogyb@f nigide, depenadingd/oarth@proasipdifoshdd 4 @pcratiod or

ger mani um raesa 345 grown by VLS are dependent on the process conditions and
the nat ur'@Vof segregated catalytic netal layer 325. In particular

embodi menpe4s)si | i cap g@ﬁ'é%l?ﬁn}gﬁtroe_@s@ik‘ﬂ%mﬁle%ﬁca%ﬁbl@@mrﬁﬁ?gjatpéle@ri&hw ality
of closely spaced wires substantially coverin he surface of gate

el ect r odengur@ive|lgyer diomasihciderhadphgarmgnicideandshi3é k meg deainpddycidad Aperaiddror

ger mani u a 345 js..between . r oxi mat el -10 ext ending u rd from
The cat al oedt St rabSoinEhG S ERBIOER Sbrphiha et §PReHS #SURGur o T
subsequenhydrof ared dilichle ahdor neadl gbphdnicideindba F83 (g0 BoZHAMididsyas ni ng on t he
surface of silicon and/ or germani um nesa_345 may be repoved at operation

148. Any SRBYCTEdARaIidg diskettikneinsiPn I%YI%3%9-tNttBX%gle?ﬁ‘i”cca%‘FheSt‘PR)]ray?re}?&/al of

theparti giiade fradodhikidtsy FBEA nifMR10P YR RBrild bliB&MindludORGhatdsRital45. 1N
certain other enbodi nents, operation 145 is omtted dand residual catalytic
met al i s miridedwbtalo lr eneiompdaryichbalespode dmbodihwot cobalsiili¢idors mmdednat a
ger mani U 838 te3456fat ro%%%llpré}(imageﬁgl %b o8 tol gI%’VV sal‘lic(:joineolu ok J[’hieccogétllg Qligitd(e)p | ayer
is for I’T'ECP over e gatee

(CoSiy) and form a silicon nitride (SiNy) dielectric etch stop layer 350 as a “shell” or

“crust” surrounding an inner metal core 336 of cobalt or silicon depleted cobalt silicide.

This occurs because cobalt nitride (CoN) is not stable at 400 °C and decomposes to Co

and N,. Similar phenomena may also be observed in the other metal silicides or metal

germanicides described herein. Because of the isotropic dielectric formation, unless the

entire silicide and/or germanicide mesa 335 is converted, the shell structure of dielectric

etch stop layer 350 may be characterized by a greater thickness, T, over an edge 521 of

gate electrode 210 than over a longitudinal centerline 522 of gate electrode 210, as

depicted in Figure SA.

[0046] In one specific implementation, the nitridation of operation 150 may be

performed with a nitrogen source gas, such as, but not limited to, N, or NH3, energized

into a plasma at approximately 200-450 °C to convert approximately 1-10 nm of a metal

silicide mesa 335 to a silicon nitride dielectric etch stop layer. In another implementation,

a plasma nitridation is performed at room temperature to convert approximately 1-5 nm of

a metal silicide mesa 335 to a silicon nitride dielectric etch stop layer. In another
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el ectrode by converting to a dielectric at |east a portion of either netal
sui cide and/or netal germanicide nesa 335 of Figure 4A or silicon and/or
ger mani urwoese/@a®4o0f Figure 4B. In a first enbodi nent, PATAS2400.0#8606
suicide nesa 335 is converted to dielectric etch stop | ayer 350 depicted in
Figure 5A. Dielectric etch stop.layer 350 % a@iﬁ&fCtric such
as. but SOOI {TgELATE RN H TP BT soUE S RO R PO 18 con

oxyni t ri dRrfoshéd @Pf%ﬁﬁrﬁhtél%r ,600L8 591 9d t%QBnG@i‘f %?oﬂhiafe‘l;dﬁals(ﬁ%%mmwe on the

process perforned at operation 150. 5 general , any process known in
the art dﬁ?ﬁﬁ@ﬁé tof Sﬂeﬁmﬁgdeﬁek@m@tm l@yt:rnﬂn stk anethergpahodimenh sui ci de
and/ or n% ﬁq‘?llalgﬁ%&bﬁ?’o% B 1‘8%08{?'84 @b?&lﬁ%te ?%tnnﬁt?f SRGde h{%sa%‘s%
enbodlne tio rocess 1s process,

surface Itayterhocﬁ n[tﬁtiatheeaatrm eeh aapi,{ayer n&txalar pRICEBMBI mheemjﬁwemﬂh ( e. g

cobalt suicide) is c ed t a n|tr |eI sto er 350.
N tr de dPEicG Ry v B ubns ARt stshaonlers T ibe ey s ion
nitride Qk&gﬁkﬁ%ﬁkWﬂthkﬁﬁﬁe but may |nclude sone residual nitrided netal.
In an exenpl ary cobalt suicide enbodinent, cobalt suicide is nitrided at a
process t[@%pHr at ur dnghothpperobadiment gt QPOBIIOT 166, adpastions Pl siieam andtorof t he
cobalt s i etch
stop Iaygt%gggwégﬁghééﬁg?FM£%§Eﬁ?ﬁ%ﬁ&%ﬁgﬂ?p%%%&gge&§ M%hﬁ&:%g§aé@0%gre 336
of cobal tin®iguse bBc @icldepk etchdtapabgdrt35s unasi cdenpribbih 9licdentrid suches diis @aocobal t
nitride ( i S n t sta§%¥§gt 4%0 0C and deco seg. to k@n . Simlar
phenonen “ﬁ’%tai %6‘ 15 B gon fioxKls. Brepgoxyaiafe. stlicen qadidsy orgltican

ger mani ci daspndesie! PEAHBR! BiflemBREAIR WiRkfe éﬂ@atio?lolWSQQbﬁlltFBdeﬁr%prteﬁl'dﬁal
formation, unless the entire suicide and/ or gernmani ci de nesa

conver t eciatalyiie rgptel on the suidaagrad sticoniaad/er germenise mes 5 hayelso B%Odeacyd be
characterlﬁeg Q% a greater thickness, T, over an edge 521 of gate el ectrode
210 than over a 'l ongitudi nal centerline 522 of gate el ectrode 210, as

depi ct ed [0048Fi gur e Ay proO&4 Ghown iMhe astapatile of forplimpnandledaticiily ihdidative

n|tr|dat|on of op ration 150 may be perforned mnth nitrogen source gas,
such as, fmﬁt rt&?ﬂnﬂﬂ%mmms% 48 FEY LAY 9 yRd st PRI Gt For

appr oxi WeéxetntsleZQQltﬁé&o%rto%oﬁ%tse "rﬂaga&gﬂ' PRoHABd. SlnYeeltah®niyBdRherds, et al

suicide mesa 335 to a silicon nitri lelectric etch stop layer. In
anot her ioepinondykeewno n>,<1dat1q;1 Rroogssesi may blatcplayédtogern o didertage ctch siop

tenperat yp crt3g5 511 ertof?‘l I rm‘t el 1utl'n (?5x1(r1]eml?10|ther erntbaI 1n§eu:1§gl ggrbggltszﬁ‘lg335 to
a siliconTitri I el ecC rlce SOp ayer nano erenpoail men

ni t rogen Iﬁtmeatnayl bk _RepioyRY td cgRBri0lage @ason suklicoasantVor germidiBym inesa
345 into a dielectric layer (e.g., silicon carbide). In an exemplary implementation, silicon
and/or germanium mesa 345 is nitrided by at least one of the processes described
elsewhere herein for nitriding the metal silicide and/or metal germanicide mesa 335. For
such an implementation, the thickness of dielectric etch stop layer 355 may be greater than
the thickness of dielectric etch stop layer 350 formed under the same conditions.
Depending on the method of nitriding, the thickness of dielectric etch stop layer 355 may
range from approximately 5-15 nm.
[0049] In embodiments where there is isotropic formation of dielectric etch stop
layer 355, unless the entire silicon and/or germanium mesa 345 is converted, the shell
structure of dielectric etch stop layer 355 may be characterized by a greater thickness, T,
over an gate electrode edge 521 than over a gate electrode longitudinal centerline 522, as
depicted in Figure 5B. In other embodiments, where diclectric etch stop layer 355 is

formed anistropically (e.g., plasma enhanced or beam implant methods), the shell structure
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performed at approxi mately 600-850 OC to convert approximtely 5-15 nm of
suicide nesa 335 to a silicon nitride dielectric etch stop layer. In stil
anot her ewbadiomeedo4 nitrogen is inplanted by i on beam t @CTarse@9048636
approxinately 1-10 nm of suicide mesa 335 to a silicon nitride dielectric
etch stop Iar ed with squrce_gases suitable

to form &fdiﬂ%?%réﬁ Fiefls eg?ﬁ%ﬂ}aaysﬁhgrﬁetg{%dﬁé%&f@afsfm n§iSel eR¥CF 2R

descri bed:1&Jtr%amrgﬁuéﬁﬁaleueﬁteﬂi&%mthéﬂb@m@ﬁ e arhogd spatspiat operation 150,
a portion of silicon and/or germanium nmesa 345 of Figure 4B is converted to

di el ect ril80%ch st dpetiminertodagirdépitopentipn 169.dLPeo@Bnaysihen be fermsdeven st op
| 355 | |
n?{f{ de. d@?@’tgg%{égrs’bo}flgge %‘58 o?%%%'ag ggﬁﬁt{%d%?mg%%‘et 5,620hnd éﬁ"r%s%gctﬁ&el aI | con

sil1con car |con
car bon niao0imkey: cdngirist Ao dleidﬁffl‘[cd{m)mrﬂhlth)&’l&‘t,\&bﬁ’[ & ayarfahoso préd@isiys om tted,

any residpal tal on the surface of silicon and/qr germani um
mesa 345 Jéagflbsa %@D gl%”ﬁn@ BYY &€ depgsited Lmny EW&BTO%EW@P cd8eM&nown in the
art capalyaeiQ@farf :})D«fd%ﬁ'tgge%lﬁs eh®6ditdaalil b 6605&HH@ED\QQ2|b%ﬂ?1'hcﬁ1fi@ﬁla§érialscon and/ or
gernanlun1nesa 4 enpl oyed ‘at operation 150. For exa

ni t ri dat i d#ingt fromy tuwaatf idésteatig ctole stopddyst ABRIor 335, daeviesi ¢9 |0m£m1$
I
Comon Y SRR 00 R SIS ST b T beThelke <

enbodlnenmﬂto@mmakhﬁﬁdaﬁhg process nmay be enployed to convert at least a
portion of l'icon an ernanl mesa 345 i dielectric layer (e.qg.,
si licon d&?ﬁlde) 1 Wpﬁlaw %ﬂ?@ﬁ%ﬁqr&ﬁt% e ol R G T hmni
mesa 345 jhgrnish rshéiﬁtﬂatt&ifféfenée%% Tetcﬁr&l%pt‘l%fbewk%nlflfe%é@%éﬁﬁctﬁ'%?@ LD Bhy gg\/her e
herein for nitriding the metal suicide and/or nmetal germanicide nmesa 335

For such apountgsl lenenthat sctoativelhef th@uconﬁets@clobetwp@l dickerirs atahottorstaper I8y er 355

may be gr.eat Iy ess di.el ectric etch sto 50 forned
anter -t RTRIRR el B 1B RERE: B BN U ShOlpR R et e

t hi cknessngflogdhgtetdciricetet abp $etyep3$5ay1&$ fudthbr di@yctécamgegﬁrre@ AP OB i rrat ely
5-15 nm 0049 I n enbodl nts mhere there is i ropi.c formation of
di el ect ride éQtElﬁ etsh s é%ﬁ%%@l i 8ge H@U%W@éf %lﬁfrtrle SideH Al pRACeer rani um

mesa 345 dognpfQiyehtad gaﬁefwecﬁlaeétl@fnréﬂ@&m BlyQhsultBloerdtliifs Fhidh mdyoR | ayer
355 may be characterized by a greater th %ness % over an gaté€ el ectrode

edge 521 highin resistant &0 thatpertsubae ﬁ&bdmoqeehgnplumdml opcededct LongadsR@70 sl

680. This high etch resistance may be utilized to relax the etch process window and
thereby reduce etch bias, improve profile control, etc. Furthermore, where two separate
masked etches are utilized to form device contact 670 and device contact 680, dielectric
etch stop layer 350 may prevent contact 670, if misaligned to be over gate electrode 210,
from shorting gate electrode 210 to source/drains 204. Such improvements may then be
translated into improved critical dimension and registration budgets.

[0052] As depicted in Figure 6B, depending on the extent of
silicidation/germanicidation performed at operation 135, inner metal core 336 may remain
in the device structure as an artifact and may either be etched through during a step in the
contact etch or may be utilized as a low resistance contact. Similarly, as depicted in
Figure 6B, silicon and/or germanium mesa 345 may remain in the device structure and
may also be etched through during a step in the contact etch. As further depicted, catalytic
metal portion 350B may also remain as a process artifact in the device structure.

[0053] Thus, selective formation of a dielectric etch stop layer has been disclosed.
One or more of the embodiments described in detail may be employed to selectively cover

a gate electrode with a dielectric etch stop layer. Although the present invention has been
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depicted in Figure 5B. In other enbodi nents, where dielectric etch stop

| ayer 355 is fornmed anistropically (e.g., plasm enhanced or beam i npl ant
met hods) ,wonhe1ogloedod structureof dielectric etch stop | aper/u32&9mess3be
characterized by a greater thickness, T, over gate electrode |ongitudinal
centerlin 2 th over an.gate el ectrode edge 521 005 Returning to
Figure 1.0 2&96 PeBREeBaCIT [ TBEH g 61 B egplngtrabuas i i Bt r e et ch
stop | ayand38Roaltha % indéntRRicEih&Minl the Ep@ﬂﬂ@écl%ﬁgﬂoﬁ%cds@ﬁ@qﬁhhé@tby LD
660 may conprise any dielectric known in the art, such as any of those
previ ous Itkle sresHic fisettires oF a¢tp deseniped. gRep smylﬁl@éeai@rﬁ@gnd adds digclaspd agovlent i onal
met hod. l | LD 212
bot h |ncIu gﬁﬁﬁﬁgﬁ%&&%'g %lnc¥%?%%ﬁ§t @%ﬁ%@@ﬂé @%%?#%%hgfgﬁ&g op | ayer
350 or 35hovibDalince ofunt tadllsst@Oraticr day liodnthe pirésom imednalohur gy nmay t hen be
opened to source/drains 204 along with device contact 680 to gate el ectrode
210. [0051] As depicted in Figure 6A, device contact 680 intersects
dielectric etch stop | ayer 350 such that differences in etch depth between
device contacts 670 and 680 may be accounted for with a selectively of the
contact etch between dielectric etch stop |layer 355 and I LD 660 and/or |ILD
212. Figure 6B depicts a simlar condition for enbodi nents enpl oyi ng
dielectric etch stop |l ayer 355. As further depicted in Figures 6A and 6B,
dielectric etch stop | ayers 350 and 355 in conbination with dielectric

si dewal | spacers 214 conpletely encase gate el ectrode 210 in electrically
insulating materials which may be highly resistant to the particular etch
process enpl oyed to open device contacts 670 and 680. This high etch
resistance may be utilized to relax the etch process w ndow and t hereby
reduce etch bias, inprove profile control, etc. Furthernore, where two
separate masked etches are utilized to formdevice contact 670 and devi ce
contact 680, dielectric etch stop |ayer 350 may prevent contact 670, if

m saligned to be over gate electrode 210, fromshorting gate el ectrode 210
to source/drains 204. Such inprovenents may then be translated into

i nproved critical dinmension and registration budgets. [0052] As depicted in
Figure 6B, depending on the extent of silicidation/germanicidation
performed at operation 135, inner netal core 336 nay remain in the device
structure as an artifact and may either be etched through during a step in
the contact etch or nay be utilized as a | ow resi stance contact. Simlarly,
as depicted in Figure 6B, silicon and/ or germani um nesa 345 nay remain in

t he device structure and
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may al so be etched through during a step in the contact etch. As further
depicted, catalytic netal portion 350B may al so remain as a process
artifact wo20tveoekei ce structure. [0053] Thus, sel ecti vectrarsaemioss3of a
dielectric etch stop | ayer has been disclosed. One or nore of the

enbodi nents described in detail may | oyed to selectively cover a gate
electrode with a dielectric etch sto ‘f@%r Al t hough the present invention
has beendggstik BRnhédis! anguage specific to structural features or

met hodol ogi cal acts, it is to be understood that the invention defined in

t he appenided ch aiothpdof splsetivedy s 4 dicleictrictaseh step tabier asee phitan¢dmedt es or
acts desqr&tgleedco }I{l&n%peci fic features and acts disclosed are to be
under st ood nerery as particularly graceful inplenentations of the clained

i nvention prowxgedng asaffacefof dictméetal fichfurst rate rather than Iimt the present
invention.CLAII\/{S \\h tifis.clai med is:.1. A.nethod of selectively formng a

dielectric et RSt UPERE BHePa COPRHNRE HECP RSP V" S pEP9s ng:

exposi ng @rfatd §asenfal theurt®Bi@dl feature; selectively formng a nesa
conprising silicon or germanium over the exposed surface of the netal

feature; and coORVEHRE Aglcadt alperinm of thomesontos diglestriede forinhthe ctchditan ectric to

formthe etch S1QP | ayer. 2. The nmethod as in claiml, wherein selectively
. lsgge . ; . v .

formng the nmesa further conprises: selectively depositing a catalytic

nmetal on 22 surTieaectbdd bdid ohaeinal, whesdin seectanly formingniy mesd farthtrecoegirabyt i ¢

metal, a nesa conprising silicon, germaniumqr a m xture thereof over the

motal |t eatlravely dermsiingch Gty amEal o & pyfase ﬁﬂlﬁrra?tﬁf{eﬁt@rwg is grown by

exposing the C%'i\év%hﬁgt {veth MR @tall e ﬁ‘leﬁl/,(irrﬁék%%ﬁfpﬁgin?isllic@f?,rge%ﬁh'ﬁiﬁﬁl dtas. 4. The
C

met hod as in aim2, wherein the catalytic netal conprises at |east one
of : gal | irawfurp gherendioven thp metdl fieatyrand cobalt. 5. The nethod as in claim 2,

urner corvr g% R AL WLl o LAOSPARS e,
1, wher eimetslebedtyidugieytafedrsiticog sblrec gisa further conprises: diffusing a
F‘;;? Lr gopégzé f"ll:h%rpnétpoed arg) itnacllai}cn(z"Za,l twlflre?eir? 'fillekca%a?yt}chn?etesﬂugofrnab%%eso ;;.t lgar;?ogee éfa |
gallium, palladium, platinum and cobalt.
5. The method as in claim 2, further comprising removing the catalytic metal from
the surface of the mesa with a wet etchant of the catalytic metal.
6. The method as in claim 1, wherein selectively forming the mesa further comprises:
diffusing a metal dopant from the metal feature bulk to the surface of the metal
feature; and
growing, with the metal dopant as a catalyst, a silicon mesa or germanium mesa
over the metal feature.
7. The method as in claim 1, wherein selectively forming the mesa further comprises:
selectively depositing, on the metal feature, a metal cap; and
converting at least a portion of the metal cap to at least one of a silicide,
germanicide or mixture thereof.
8. The method as in claim 7, where the metal cap comprises at least one of: titanium,
tungsten, nickel, platinum, aluminum and cobalt.
9. The method as in claim 1, wherein converting the mesa to a diclectric further

comprises oxidizing, nitridizing or carbonizing at least an outer shell of the mesa with at

least one of an annealing process or plasma process.
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growing, with the nmetal dopant as a catalyst, a silicon nesa or gernani um
nmesa over the netal feature. 7. The nethod as in claim1, wherein

sel ecti vewg 20ovaoResg t he nmesa further conprises: sel ecti PeryusSdepossesé ng, on
the netal feature, a netal cap; and converting at |east a portion of the

nmetal cap to | east , one of. syi ci.de, gerngni ci or m xture thereof. 8.
The neth 25 The re?tﬁms?l}l i “fﬂ‘ﬁ&ﬁll?rﬁ’f%%l & CirglibfeeBus Capi s oo g of -
titani umpabkBGatcRetalNbfdi®d forRl AplaRdiPed ahidbiupu@nd cobalt. 9. The method as
inclaiml, wherein converting the nesa to a dielectric further conprises

oxi di zi ngl1 ni t4 trahsistaigeasmprisgidoni zi ng at | east an outer shell of the nesa

wth at | east gn6.Ply @B BRIRAlNg dy FES0 Rl ALAGAEAO, | The et hod

as in claiml, erelr n exposin ature conp pol i shi ng back
a gat e neivatentayien of ocdtalytiv emcpll ararin adadllgafttee ghteetccode; add. A transi stor
conprising: a netal gate electrode with top . surface thickness conprising
a hi gher concéh lﬁlaf‘rlgﬁt%f#% iaueravgt e el gickrocR, (e e ot hdogat e

el ect r odqay@Rev@indithé fRfptsutfacehidknsdsQRd |c615ﬁ§fisiﬁg’ 8h okide, MBiRlor ateddrect r ode,
the dielectric etch stop | ayer covering the top surface thickness and

conpri si rigficen osgp@Raniyint ri de or carbide of silicon or germanium 12. The
transistop, of gl Al My oms{n? b LGl &i%{)erc{tn% e‘?éhcﬁ?ps fa?gr éuﬂ){& cokyﬁ%sgser
conprisesa gernani umor Silicon region substantially free of oxygen,

ni t r ogen agereaninorordicorecgivinsutdtaatielty frecodhsigbn,anitdodcher vetbah bg@teen the

el ectrode, 13.. Th? traﬂsi stair of claim11, wherein the catal ytic netal
conpri seddiglpctyig sagll gyldhg et &BSICICCUBASt i num gal |ium and pal i adium 14. The

transi stor3 of ©catdikibibr oMBILI D, WhGemNhENASEe Retal BEMBIiRL 8FLhitGnebEN st op
| ayer is greater proximate to the sidewalls of the netal gate el ectrode

than at tdebaleehtenunoialiine sndipalladinme el ectrode to forma shell. 15. The
L anet oy o Slab e MBS 5L FRIBLS SR OB LOvlatplnes
t hi cknesgreftergpropames toahg sidewillstof thdeectl gewvalebtrode thineatntat adntgaifehel ect r ode.
10 A T S el clSMT S F1fh a shell.

15.  The transistor of claim 11, wherein the dielectric etch stop layer extends beyond a

sidewall of the metal gate electrode a distance no greater than a thickness of a spacer

adjacent to the sidewall of the metal gate electrode.

16. A transistor comprising:

a metal gate electrode with a top surface thickness comprising at least one of a
silicide or germanicide of a metal; and
a dielectric shell surrounding the top and sidewalls of the top surface thickness, the

dielectric shell further comprising an oxide, nitride or carbide of the metal silicide or

germanicide.

17. The transistor of claim 16, wherein the silicide or germanicide metal comprises at

least one of: cobalt, nickel, platinum, aluminum, titanium, tungsten and tantalum.

18.  The transistor of claim 16, further comprising an ILD layer on the dielectric shell,

the ILD layer having a different material composition than the dielectric shell.

19.  The transistor of claim 16, wherein the dielectric shell extends beyond a sidewall

of the metal gate electrode a distance no greater than a thickness of a dielectric sidewall

spacer adjacent to the sidewall of the metal gate electrode.

20.  The transistor of claim 16, wherein the silicide or germanicide metal is

substantially absent in a bulk of the gate electrode and the top surface thickness
-16 -



a netal gate electrode with a top surface thickness conprising at |east one
of a suicide or germanicide of a netal; and a dielectric shell surrounding
the top awio2siodeeei| s of the top surface thickness, thePdiraiseawnissishel |
further conprising an oxide, nitride or carbide of the netal suicide or
germanicide. 17. The .transistor.of claim1l16 erein the suicide or

ger mani ci QEPESISINCHHHAF Qbgergran|cuigdias gymieypll Sﬁ“@%ﬁ}tvﬂyrﬁ%»@ Fn SRS num

al um numgitlbdtABip¥er.t ungsten and tantalum 18. The transistor of claim 16,
further conprising an ILD |l ayer on the dielectric shell, the ILD | ayer
having a different material conposition than the dielectric shell. 19. The
transistor of claim 16, wherein the dielectric shell extends beyond a
sidewal | of the netal gate electrode a distance no greater than a thickness
of a dielectric sidewall spacer adjacent to the sidewall of the nmetal gate
el ectrode. 20. The transistor of claim 16, wherein the suicide or

germani cide netal is substantially absent in a bulk of the gate el ectrode
and the top surface thicknessconprising the suicide or gernanicide has a
sidewal | substantially free of an adjacent dielectric spacer.
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