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[ 0001] Enbodi nents of the present invention are in the field of

sem conducwonotawi@es, nore specifically pertaining to #drarsealomedess e
formation of dielectric etch stop | ayers. BACKGROUND

or otth otop | HEPCTIREFARMABRIN G EREL LTI PRIt 8,405 o

polysilicon gate |layer to protect the gate |ayer during a subsequent
etch, such as source/drain cont gECcCENEOAMFIELDM ght short the gate
electrode if it is exposed. In the conventjonal subtractive process,
the gate Q00 and Epewdimatsat dy messpt pygsion gredn thedisdd efesgmygenductor
successi orgefads, AlrdGstcirRa] Main%{[ggg ihPscRict SrhitdAQILARRLE ARGk | ON
to forma gate el ectrode stack. 003] As a departure from such
subtracti vaygiat e el ectrode processes, replacenent gate processes are
becom ng nethods of choice for adgal RbiAsi stor fabrication. A
repl acenent gate process typically enploys a dummy structure or
mandr el ar[00@2d whi cKootrdntiondl transstet gute ¢ledtodessnay supby adardingdsk ot ¢ttle
spacers an oped substr.ate regions, are forned. Eventual | he
randrel | SArITeh R PR EEs B ool e n e B R et
as a net allayenautinga pibepmedticed, sich hakbiuecd drainaohtagletgheviicr miphc short the
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| ayer may be deposited and_planarized, but it is difficult to polish

back a di itRegrsn _ ‘_é’cefﬂ‘i‘ogf‘%fﬁ?npé‘@Yﬁ HB@? $t¢k- as an overburden of the
gate | ayerjogE3posi ti aR.a depatlPiOmSaaESbhdtlve g8R_IRIbIE ﬂr@&!@sﬁ‘_@%ﬁc%ﬁ
| ayer exposed. Alternatively, if a dielectric |ayer is deposited
after a oA REPstcs s eppmiaRmethads obhthwirg fpradyanaef fransiften falrication. | Ayer
t hen need i i I
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associ at eduell asgprmetal, htwohgeprapatss sarfeble & tashigh 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 figurcs 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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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] Enbodi nents of the present

I nvention are illustrated by way of exanple, and not limtation, in
t he fi gur ewodbiwdomeacconpanyi ng draw ngs i n which: 100Q&fFiggommisssé S
a flow diagramfor formng a dielectric gate etch stop layer, in
accordance w t h par ]culgg enbodi nent s;

2010/ 002694B Us208862 é@ffftebwmsgaﬁi@\g@iw%wmtgg affer the formation
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el ectrode for which a dielectric gate etch stop layer is to be
forned, irfcaRidigandengicmiodifs®enbodi ment; 100081Fi gure 3A
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formation of a nmetal CTap on the surface o ate el ectrode,
accor danc eforhationeh e meidd gop erethe surface of the gate electrode, in accordance with one

embodiment;
[0009] Figure 3B illustrates a cross-sectional view of a structure after the selective
formation of a catalytic metal on the surface of the gate electrode, in accordance with one
embodiment;
[0010]) Figure 4A illustrates a cross-sectional view of a mesa after a metal cap is
silicided or germanicided, in accordance with one embodiment;
[0011] Figure 4B illustrates a cross-sectional view of a structure after catalytic
growth of a mesa over the gate electrode surface, in accordance with one embodiment;
[0012] Figures 5A illustrates a cross-sectional view of a structure after a dieleciric
etch stop layer is formed from a silicided or germanicided metal mesa over the gate
electrode, in accordance with one embodiment;
[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 diclectric (ILD) formed on a diclectric ctch 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
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[0009] Figure 3B illustrates a cross-sectional view of a structure
after the selective formation of a catalytic netal on the surface of

t he gate elweciimmesosi n accordance wth one enbodi nent; dQOiHddlgssse
4A illustrates a cross-sectional view of a nesa after a netal cap is
silicided or jded, in accordance with one enbodi nment;
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EHET* 1 X e R G TN
[0017] However, particular embodiments may be practiced without one or more of
these specific details, or in combination with other known methods, materials, and
apparatuses. For example, while described in the context of a metal gate electrode, the
techniques described herein may be readily adapted to other patterned metal features, such
as, but not limited to wire interconnects. In the following description, numerous specific
details are set forth, such as specific materials, dimensions and material parameters ctc. to
provide a thorough understanding of the present invention. In other instances, well-known
design and fabrication techniques have not been described in particular detail to avoid
unnecessarily obscuring the present invention. Reference throughout this specification to
“an embodiment” means that a particular feature, structure, material, or characteristic
described in connection with the embodiment is included in at least one embodiment of
the invention. Thus, the appearances of the phrase “in an embodiment” in various places
throughout this specification are not necessarily referring to the same embodiment of the
invention. Furthcrmore, 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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[0015] Figure 6B illustrates a cross-sectional view of a structure
after contacts are opened in an ILD forned on a dielectric etch stop
| ayer overwidmigabt@sel ectrode, in accordance with one erdOd®Aks636
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such an et @dpo§itcdhn h @8 ClcOiSlc thndilcd vatHE by Qgﬁacafofdc%ﬁaaﬂﬁa%{cté%mde
herein with reference to figures. In partlcul ar enbodi nents,
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features, St ructures, materials, or characteristics may be conbi ned
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one nenber, in c9 Wit
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electrode in a semiconductor device. In accordance with an embodiment of the present
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WO 2010/ 002694PCT/ US2009/ 048636 [ 00191Referring to Figure 1, at
operation 101 a work function material is deposited in a gate

el ect rode woemoihnok@hit vacant by a pl acchol dcr or nmandr ebCTyes$2609/048636
el ectrode as part of a gate replacenent process. At operation 110,

A S R R
substrate @@&nt asthte @kpdzed sm@mf thé Faﬁt- gletieode.dob b2 BadUP Sdrinad §licd@PormaYy
be conposed of . r sem conductor device

mat sui tab
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conposed Oflecirodb DO Rrckit¥sSd Rhtei] sAc B Bhtindl iVEEH aRdal MEIL dEmetUt 1S
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car bi de orcasbifiq, haipivm AyseHENsEA RN BOEHSH ahieyn.anthepiimapeiadiam,
ebodi Ment pladihie LhgHenRd, ikl HfRIE, Qet%dﬁu{:t@é%et%ﬂ‘o&ﬁeaarfd Bibilah 2!
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si ngl e crytbegbL. dn aéPM@mlmdlmntmtmwmd@Em cothpascd gf aowlti-lapértneeial
to, silicao i ide, alll-V
compound omiek AR, b onchit fHTHARTTON M SpnERAOE, ° %, i o
| ayer is C[@ﬂ@ﬁ:]sed ofIn anesttrmlg:idenmtyﬁtledtrid: sigewvallphcdns Diedyaré foed by but is

not limte er mani |umadaIII
conpound s&ej 051t1n cmbl er Par Mﬂ{atgr%h% CP ﬂ'ﬁ%%‘a e © 5(6{%1’? F“&q e 202
i ncl udes esubsmuﬁpﬂytewhnr@thé digkeetriofay@r withdh emtsotﬁip[oaettﬂf prbedser Invihwpedifit S

above a Io bulk I he t 0 t axi al IS co s d of a
single cryst mileé’yéi’&%%‘%ﬂ E“@F 4 ar%fﬂmﬁoég‘ﬁ@?a rfl'i‘tﬁ’ilat
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substrate) g_nwg:}%m um sili cr %errranl um gnd a . lll-V conpou

seni conduct'é 1Y SPVeRn fistrrEconch &y P“loéh@éfﬁ%@sé’éﬂo@?dafq?é’ﬁ‘éﬁ&l
whi ch may ddﬂﬁ,hu_[@ged)lgwt,bebs not limted to, silicon dioxide, silicon
nitride and silicon oxy-nitride. The |ower bulk |ayer is conposed of
a single dM&tlal whiPewcragd draw regiens Harg e by imalandias depansimgueion,
ger mani Umyteihy tne‘ocg%g@dtm hk”iblo&éeh'b?%’bt&@ﬁd%éi‘%at %1e'ctrt)de i QF &H-,Ttd

sem conductor material and quartz.”  Substrate 8 furt i ncl ude
dopant i npifieel} spacerss’14] Bomed @k dsaidiregienst20f erd 1a§¢9tate§08thwiaye>tb@lsmn
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el ectr odeq%gmf/t? g{?lnIt @E ﬁﬁeﬁgﬁrgg%gloﬁl(r?ognglc% %ur%ﬁth e %ib%dg&%ﬁft fic
| ayer 208 niresefitgnymatiom\soerce et drain rcgwl@aQtOH@m ]tﬂftqu&ed)regmn&hhlmncal
vapor dep

ot 1 i el Pba SRS ihn 2GR B AR Coliog S TR B R0 8 i BBcner
enbodi rrentd,0pgﬂtlmptdlt9 Iatantsnmth d @peentA8n insthé fangedf Yoy 16 orfi )\Cl(]l%l@taﬂhsfcm
dep05|t|or] &A ah'ﬂgtkt d|e tric. rraterlal?na

but ot 1 Iereeteed RART s P Alon e eRio™. Yol e Teaks,
haf ni um 004 mietr-tyge dopedl ragibiary ﬁn@mﬂwlmbﬁp@a}c@ah@dﬁhﬁ@gioﬁamﬁaw may
be conposed r| al . suitable fotﬁ} use as an el ectrode in

seni condu @@Poﬁg\# B‘éron APATE TR R M afAnesRlRiATIB H1e 3Rt ¢ ’thas ent

5 x 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 capabie of forming silicides include cobalt, nickel, titanium,

platinum, tungsten, vanadium, pailadium, copper, tantalum and aluminum. Any such
-5-



invention, gate electrode 210 includes a netal. In certain

enbodi nents, at |east one netal present on the exposed surface of the
gat e el ect wodwidwesd4not readily forma silicide or ger nsrm/gs20/008636
readily catalyze growth of silicon or germanium |In one enbodi nent,

gate el ectraod 10. i ncl.udes. a erial s as, .but not lim.ted to a
ot ol nt ¢ raar g el B Sareth Sl e g0 e 4P AL ides
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nul ti -1 ayegperiiball 26 iag ke bmgled dithgetiver WOHUK - the' REH 1O m Bt @) 324 OPwansk fe
gap-fill netal 210B, [0023].ln one enbodi nent, dielectric sidewall

spacers 219mpogitipy phpgtalap 3P issdepensigniondhe pesmrasition (of fhegais\ebactrode
substrate RAZ.Pidpaatibrghol der gate el ectrode and subsequently
etching the dielectric layer with an anisotropic etch process. In a
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a material i i ' L il j,0x1 de,
1T con ni ¥ rAEh, Rt ks Sxpdel shfecll oy Bhisie b ool B Indlith
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ar 61 of ek pOR AT SABE Moyl RS R R § BB b e Rbese BBt SPL0 30
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are N-t ed regions. In one nent, source an rain
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atoms W t hpadliveBeEMiNaks Derebf) Inhktertdin B88odinerts whbf IRt work¥uAdibi metal

atons/cnB._1n agcor ance w th another enbodi nent of the present
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5 x 1019 dP®M/ cnB. In prrtcularimpismentationsi elesitolytismlating oapldcterleds platisgi ons
Son o e _ " .
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Figure 3A, sSub nt to planarizing the gate Fayer ormthe gate
el ect r ode,subse fommgBPsli¢ide srdatatyzingsdifcoh@rowett) o\aghickinss eipose

surface of, , oda . oy LIS odiment.,. at. gperatiaon
120 of Fi G OXpIEE EOR8 bodkaf ab bkl STBREHIBR sy P EIRKLRD
el ect r ode platiok ideproeessrédrakpasapaial leycn bf fetenblngtaa sufact betheghemiaali ci de
or m xtur t f more readily than.a nmetal on the, exposed surface
of gate eﬁg%l‘tc{r}%%%oa?f&cgrﬁlﬁelﬁﬁcﬂg?% %@eaefbéerggﬁgﬁrf %"Q%?Qfeberc et 1[11%? des
i ncl ude cebatrblesslatioglis typichiynparformpd By iréfsink WRESbEALe MRAGIdless
pal | adi um ogg‘?rﬁ tantal um and al um num Any such netal and

m xtures PAEr88F°Mas wel|l as other netals known in the art to form

sui ci des goozsgcept ahl gheliPepAGESS atcoPREMBhILE 3 20RYe1Re0RENY 8¥Rdited dh
certain enbodi nents _where both work-function netal 210A and gap-fill
metal 21083%°ectaablle 16f cleaipsigatt solutipg fordhe pigatenfinsnbalbleysrayerbe

om tted alchReRlddBal: ioAHSvidtdBy DsRf cﬁféﬁd@ﬁ?cﬁilﬂ%ﬁ@oﬁ%@u%c Yeldogs the

conposi tion of nmetal cap 320 1s dependent on e conposition of the
gat e el ecttPHEExmgagsY seh a5 sEiGeid e buffsr agegoseh phanamoniimehivaide (8HCI)

embodi menty 3ok AlbhRINIEZF;SHR), S3t R seBhaH as't§pophosphite,
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
-6-



sel ectively deposited on an exposed surface of gate electrode 210 to
formthe netal cap 320. The catalytic nmetal may conprise any netal
capabl e of wandoad/yozémag growt h of silicon, germani um or &fes98dA¥Ss
nore readily than a netal on the exposed surface of the gate

el ectrode 210., Tﬁé’s’ t he, conposition of netal cap 320 may agai n be
sel ect ed bIPRH!GTItheceinseiaeshone therpety) gate clteds wetkice o jelersivaly

known i n t fgogitdd chanabhe dfzakalalidd 2@l Yorfhandapdo@ 9rowt h of
silicon, gernmanium or Ge alloys may al so be enployed as netal cap

S Ge ) s
320. Exenpl®@9) cat allpenetheramalementationy gleciselpssinickehandladlpys theredfade um
gol d, pl at} j ] t : [ ' ts
Sher e bot i Scrapttdt o2t bl (4h 3207 ARE Elihonridhal ALy RRAPRE
capabl e of pregasaimay ibpgmplolyed obn evemplaryplativgrsadutont doptaing @ matke bronk2Gngray
be om tted t, -1,00271.] Q. iy GU i.npl epent ati pns, o
el ectrol yt ?ogﬁﬁﬁpg(?’idﬁg&ug }rlgedgéczftb{rl%l %?% p; a(ltr%#é) Xxng‘i/&g‘g 4 %P%i%‘g aggnt such as
sel ect i vel sarltepbe adid,mistiahcid,apal3@0 agie, lgctiofaoid, bfvexafitiagideatsifiof agent such as

subsequent r si lli cide.or cat al silicon growth) to a
t hi ckness %%ﬁm%ﬁe)lfl%gg’“ BoroRP aﬁéﬁ%ﬁ?“ﬁi‘r?ﬁ%ppr oxi mately 30 rim on
t he gate €f0830]r ode For imytemertitions emblosing pledfrdlog depositicdl MERBEapiIV0 is
depositing,a | r of material onto a surface by the chem ca
reducti on %PO%%X g‘? %‘@fﬁaﬁtﬁ%i °8V9§61F‘iﬁxip8sr?disﬂrf?‘1‘?é’?§ﬁt§ glseieodsi2 18 guedchad bl
el ectric ciapleemhds (dhgeve| BighdrehmSSanatiadd M® 212 ahl Righad thinh Melkhpic BRwRY
imersing the s bstratgﬁi nto .an el ectrol ess bath solution. [0028

I n
one i npl erBATEY 6, Thareiespant sifkrals ot agtabonp 328 2 xpesed |a§§rsqp)¢raéiepé£{? eied
on gate el@st4apicl0n FEIR _ﬁi.eﬁltarfﬁhﬁe?_%nﬂ@&iﬂleﬁf?!tﬁétthféﬁnefsQngB?ﬁleﬁL?%d ng
of a cobalt i_a er mpy contain cobalt ions provided by cobalt c ride
(CoC12) or32dhHi* t%%f? b thienet eesedge 3% of Sippiesicd gaaglmtroduutfagesthai ever ¢
acid, a bqf)r%!)ﬁ%%%%&teﬂﬂfé@Z@%f ﬁi@‘&ﬁﬂs%ﬁ@%ﬁé&&ﬁ st Ch) o enfBARR Y M

sulfate ((N 2 a reduci ng agent “such as hypophosphite,

di et hy| arfinHbGorea¢lectobwng)position orafe cap 320 sbsthntiatip|coedny the cxpaused surfaek
adj ust er el (.de (T T i e
exenpl aryﬁf%gtleg%é%?%e{?gﬁhﬁg%ﬁ ng g{&% g%()%ég?ﬂg%gqeggw gpo%dfe e@%%ﬁgfi? Q%adr)] &
al | oys t hewetdate dislctiriadayCol8 «BdGr pvaCalRdsctrir sideoddl, spadets? 1dh By r
constitue , har ou P)..or ron (B) that may be

deposi ted% rcc)’r§n eé??lége@g?ﬁ‘b&ﬁ%gﬁf‘(s“%‘% ® e netal gate el ectrode
surface ar@0X¢l ect i Urednpticte pogemheadaton, @ opermfiac £3005f Figire 1 edatlfticanteal210
to formnetal ,cap 320. 91l n anot her i npl,. tation, electroless
ni ckel an Ogﬁqt%@gs?ﬁg'rtg%gﬁg?éhg5?@8[@@%4?%@%@? ta fre 3 pesse syttace 8f theap
320|. Ané cgim\bea@trbd)e;ﬁatefe{i?gtqmg@x‘&SFmbdgk@’e_ teglcathjyﬂGnﬁfa@fa?Eﬁb’lMaﬂﬁglude
enpl oyed. An enpl ar. ating solution contains a nickel containing
conpound, & PE%‘E gﬁﬁ@“ﬁg@ﬁfh ‘%‘EPg‘PV"a_é“ BWEC@r”QIdﬁwVF‘? elsethiers, hegein. The
conpl exi ngbelgest the ¢eb cREtréRITRNX Which tCdathlytf théthiGnA e @B QN nEluA&! d.
| actic acid, qr oxalic acid, a buffer agent such as anmoni um

chl ori de, “iEriucHen maial 204 and, gap-TikmataidOB; mromel] Iy izats sl needt liyvens

enpl oyi ng gk GGY HOLAHHySERR T thOfbpoSBLRLS thERat3 7 el hted to
substanti al | Sc[overﬁt P{e expgsed spgrface of E%gfag'elle 8tct ?%gegb?lo such

that the d¥PF2bxt endhr ang such emhodirmngisegregdtedhcapilgtivametaldayer BZS Bfornzdd
D oher 1+ NafndpChRelink frodtd Bablon SARGEE 902 M JURL LU S d\EmELAGKEL | S

of netal cap 3 are-exposed after operatio epi tted
i n Fi gur e Fepexample tHeusnbdtete reapblmdixpesst] to 8 teenpiehinak n&sswedn dphmximedtely cap

320 is 109 % t hinner o 21 t he , ex ed gate_el ectrode

sur f ace H{%Q%%’dr/aqp gé]xérln tﬁla'ﬁ(r?l)gé @g(%ﬁﬁgfwﬁe}@ soronds a"ﬁﬁ@“%’ﬂ 5% glauegt&tae

SI ect rode lmmfsmtﬁ:a:c chergpnéthe nh@lgiﬁmtal,elm)&awjrtmgnﬁtl%pﬁrﬁé ﬁh&%diffus? to, and f
eposition, netal ca 20 substanti,a covers t exposed surface o

gate el ecf?%%@ezai{)tﬁaﬁﬂaéi?%df’%‘iog? éW&? IB‘@?&E?}IS‘FE‘@“: ErP%I%‘%W s of gate

el ect r ode P2Rath@n@ enBatRingGaigsichi aFitiRCdatal icl A A M A0Bs0RA Kb IR

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



[0031] I n anot her inplenentation, at operation 130 of Figure 1,
catalytic netal dopants present in the bulk of the gate el ectrode are
di ffused tWaxH/W¥sed surface of the gate el ectrode. HREFER2HI9¢EBO
Figure 3B, segregated catalytic nmetal |ayer 325 nmay include any of

0 o g b3y R BT o R SRR

met al may deorpkigrtegamebing, sedhud € implakt, fnam bt usad tordtmbhgeaiOprantiyers of

gap-fill S l,,. as at e tal ed |ayer,.that nmay be
aro oyed s e tRE GRS A oA ARbE 28T o G bt Bl R
1003211 n othe cataigtic ewtabatone nithinsthgaregahizeld pation yi gate ¢fedtabde R Byleave 3R5zh S
formed wt n_anneal.i n rocess | n which.supstrate 202 is exposed to
an el evat e‘ﬂf %%‘é‘?egﬁ%?rg’%rg"{)‘?h P’é’}‘at'f)ﬁ@fg’ﬁgi?tf”é’tgét tﬁﬁﬁatﬁgle‘é%gjgsed to
a t enper at uifaced {In b@rthie embedipesy, s pidselaytredibnCisanh RO pridriBhmlelin)@d C
for bet wee(_g 30 s(?con%is atgd 1{%ﬁm PUt es. Due to_.a |lower surface energy
of the cat@FAATPEIUFRICH on hhgirtast ot gAls eloshads 1 bpmrts tRmgption prdwhicho,

and segr egaiehialer thd\ @t QS réfchBiatie KIBEL. Ike) 24 tedtnlcAV\Rhy lRide
surface free energy. Pretreatnments enhancing diffusion of the

catal yti c $et®00geim off af ipaptong of Hp. N oriprat @ pegspreof §.9r18 derresnserizadent |

anor phi zaty,@D.JRShRhENSD- 00 RPpsH&, art are enpl oyed to  anorphize
a portion of gate el ecCtrode 210. Fn certain anor phi zation

enbodi nentl8033 pr earfe Prcknassiod sedregstedrentalygig metal dayee335ip Hependentray botd
used to d : : I e
surface 01% Hgg‘ﬁ‘é&gﬁé%? Bgéfé"hg%c%h%glo%ﬁg{?tﬁﬁhgg gﬁégrﬁ@eg%ﬁéggﬁ%tﬁﬁ éﬁdc%%] alytic
met al at orendifibhd undehehightheplapand o gffused oin afe ayadineng cthemdest2ap-filave

a high diffuysi fficje r td n I ratio tal .atons
2t the garatEl A0p BRI ety KRR P RaBIRAD T Hul a0 R B s
t reat nent tesveenpbpyrithatgy i Brant S0%raebiticmytal tdopait.e npartésiad eebdodigkhts,0n

t he surface of te.el ectrade fro ate. formati on.an i ch

i mor 1 notebufl R G aar hy R EhS PR R b e

may i ncl ud?p@@;rﬁ?gwo |aC ﬁl‘ih@fcat_atytig et dopat @fncﬂﬁsatibl{rﬂ'itg%l s&%r&@ve\llt@if EF
ressure o . 5- on, ergj ze th approxi mt 0- W o

Pover " L oGa R sl Ot ARy b B B b Rh 54 41 100 %stid (F BEBST 305 i s

dependent @ficda@htibns BEing ONERAN/ERUESE tRtkRBS /ldfrbamaRtidthedQpstal citd t he

bul k of th (f:]a e e! ectrode and the conditions under which the dopant
is diffuséecclP Cenbodi nent, where just gap-fill metal 210B

contai ns tihg3agat al Yir farfi®liHembBEnREROS dfegféte'a ig98Ruld I8, sgg&g&eg?cm@ﬁc
conprises between approximately 1% and 50% catalytic ‘netal dopart. In
par ti cul armes#iier Axndass natdgime g atrekpving tapaarinhy sbe v planagiesd ddectrias a
thi ckness (pRLMREMLAPRUGE TIBL Kl ¥atﬂer@6%ﬁfhﬁ§§l%9g%h{@és%l e 3AM

catal ytic nmetal dopant concentration w regat ed cat al ﬁ%{{g
met al | ayetecBod My Soercgatgdvatalptidractaldayer 3% may tikogosewerndin embedvied frer
concentr atg: - bej: . W kekness. and. prox| e to
the- expos i aui SsPlo bl Kt BB o ER TP B o B i
as depi ct d@5 iwhefeimrislea B20 segeagatyattposited) the substrEt alrfdcafidlowd5 does

not forma_cap haying topogra above pl anari zed dielectric sidewall
spacer Zlfpgrrag?l}_g%,/d%%reﬁl%gyg?q%%e%ﬁ%gkagﬁr' nanoparticles at the
surface of[0@s3] e el erttuardes BHgurSegH egahtich 133t atllydsi £pdrabmbf thetylesap 326
may t herefore .remain. eﬁggdded in diel ecair.i C, ag(i{acent to dielectric
si dewal | dpedeet opcatioprgl is qopyertedyjea mstal siliFide prder motal germanioide R e

net al cap 332Qsidspise GCFiMRIM . deRReslly Sty phdtessSIBS iR tR afUb Fk& silicide
follow ng operation 130 may remai n advant ageously pl anar.

[ 0035] Ret §F B¢AENIcHleof femarticulagmetshasleptively deppsitediat operatien 205B#t boon of
metal cap &B%d 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
-8-



formed at operation 120 is converted to a netal silicide and/or netal
germani ci de nesa 335, as depicted in Figure 4A. Cenerally, any
process knB@POLMV0EEE art to forma silicide or gernmani cRGRAUSIPOIOHES36
particul ar netal selectively deposited at operation 120 may be

utilized 3 ARALAL et Sap T? A RORRS iBRIBH 8 dCedFPRIIRNL PRRP!

the cap netal conposition B
silicide/ g@prﬁéﬁﬂémoaieer@deb tnetad)sdleldé @mdﬁmdnétulcgmnande meg 3B201n dthe

silicidel agl ci.de ell thickness 0% apd 0%

The ¢ i ok SRl ES Al ORGSR T34 B o ARE iR el el 3

t hi ckness mfd/umteadl gemmnﬁ:i’c& m&a G m&bmedhitcbesmalth@thickn@e ofunekhbgap 30 al
ger mani ci de. | n,, ot her enbodi. ere co lhﬁée converS|§)n

does ot oRihPe HECHpp Y auEH TR Bl daman ar tgp surface an
ger mani Ci d@dd’\vﬁﬂﬁoﬁﬁ&al nSapSSQUEEbk@ﬁenh&%;‘thé BieiBidt ecknbésCanBS HpehirfaRingly veap
320 vvithn% 41“0'% % g met al germani ci de nesa 33gforrred on
both the t %.a@ﬁtr Adidevdlbval s of netal cap 320. Furthernore, the
silicide tipsgyness @Imoﬁmnﬁdannéiﬂrshmtlaﬁgerﬁﬁnfém‘aﬁ&{ SithethiN@p 388ist he
sidewal | . [00361] n one enbodiment, silicrdation/germanicidation of

metal cap Eiormed ‘ﬁé?gﬁﬁrlﬂ’éép P EcRreauion of a sicenhydside of germenigm hydride gas.

“nel ude. o ehfifarBadel SRR RIAMORMER SIS BHaLARRR
the |ike. (TMSaﬁéd thﬁ?ﬂlkénémmlmbmeatatm@mcbamcalasppor dbpputett (DX BwWDps is
process is 683((?%11&%&9%9# %mht ¢ O%Erpw@%bm‘gem&&%s In

anot her i nplierent ati on asm en Focess i s
enpl oyed t;tbdbrreamhdmed @NQ:@[ECBZD pmcIeISb is hmployelt iodteacs owtat eapd2d withrthene

exenpl ary dj al I|ICI or nme roma
cobalt - met SRS ges R drbey b FFE 8ot shid R o e
silicide rfesaa Bc’ﬂﬁltlrﬁetélcmaprﬁm fImmﬁotaemxeinplar}rmﬁlaidlrﬁap, a3d€kel fiA0dd nesn an
alternate tjon/germani ci dati on of netal cap 320
i s perfor r‘?égbil‘{g J%‘?)‘Pladll%(ﬁla@% L cﬁ&on wherei n a conventi onal

deposi ti oqom(pc ess sarlkf@ehatclerhdithe, saftRfIbOYSRhicidagon bf themioap 3eg al

cap 320 and o %LD 21& é ot depicted). A thermal treatment is then
per f or med Ber g viz a58iid eEﬁﬁ"tﬂq{‘eW%PBﬁ%‘éeng‘i’qail ggnesition Hi’c’\ﬁfstsﬁs wed al

cap 320 t o femanieiorphotis kilidOBinadvhetk] dipt3ad dﬂﬁw@mm@% id&p. AThe
unreacted anorphous silicon is then stripped off the IL u5| ng a

convent i ot cafperd isthemeasosmpd rreacha peidies gfthe |aﬁ10mheu%seb<m fepywit
process, RELNRENIBPRITEH: FRlEliMciBe Mﬂlﬁ%tﬂ%eﬂﬁgn@&dé;r?&ggagu?héhﬂr S0 1S

deposi ted on a cobalt netal cap 320 and anneal ed etween 500 C and
850 C to fomhauegbeantis dicniseipged oft the IBB=212 19088 tonveatienahert or dry

nbodi t
eTo0 T A 601 KEEIRRORIA 0P AL A 8 o 1
therefore nomfta@rémﬂhoas piicen isdeptsitechen gerbelt elced Capdfd dnd anmmledrat b:dwb@ a
si11c1de g e IRELICIE Bl OOSLALIRNIAG, 5L 10 any of the gas phase

or solid ase Ues described &1'Sednere herein for form ng
met al sil |[&036]3 and/ hrannﬂteaém‘qﬁhmmm whedettte@aa 1325 depbbigedrn bpérationof 15tihe

gate electro nvert ed be o I‘OXI b] glge sanme t.hi knesses
rovi ded PO RIATTETS f o1 Ol Ferd orga A P ag et
certain empboibnwe tHepatetditrpos islc@ﬁhre@t@diltc&f§1@ﬁdd@’ygehﬁalﬂﬂ&a\£t%@raf16@m5
10- 70% of the totfal1 el ect ré)dhe t hi ckness (he gl
using any of the gas phase or solid phase techniques descnbed 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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limted by the onset of deleterious inpacts to gate performance). In
such enbodi nents, gate el ectrode 210 may remai n advant ageously pl anar

with I LD 2¥® 20108291 Ret ur ni ng to Figure 1, for enbodi neRfiEURZAI0&8636
catalytic netal is selectively formed (e.g. by selective deposition

at oper at i @R d 2R, Mk ottt bEGRSRAL GHA issqg gt% &@&%P SNl emBodlARAYES2

including silicon and/or germaniu afytica grown at
oper at i on gaseleczade 240 may reapan ﬁdé{ahféﬁequﬁlymll with Hel]’ Ri2.enhanced

silicon ory;ggsnaniu EQEQ e S n
and/ or ger %]um marsl!i a @Eg(f ﬁ%}{m&r’ goqg%b 8?@%2%%113% a{tﬁ@u I%'J'F‘thlcg
embodi ment Elecavaiyefcatneé é&@lbyzseldctm;depes[twqwt opesationd 26 \zﬂ:ﬁ)rfage m@tdfganon at
Process 1S,sefh 1on @ non%sz{]%%luglnunﬂ'cbrYarEchror é-h Tihe' ?ail;,gwaﬁ go at
VLS proces %S gen P AT RGBT ST 088 18" FIEY R HR & HhEPRE
catal ytic spetaion 185.| Gé:malﬂdltyt d@emé’fhdiﬂ offvatalynithily abuice siiasn orlg¥emanium

di ssol ved silj.con/ phen, di Lhr ough, th al yi i
rotal s i SRR S EETPARIP PN LEoR S50 o BRI, Bepser AP0} iy

precipitatj@e4@t theis paﬁlaﬂ@r @iboﬁﬁﬁ@t@h@f‘etal-@ﬁkalyzé&zapalﬁqtﬁmsm@(umvw h
process, at least a portion, of the catal ghl c net al g. P"I)Ixé
"floats" aB8 RrH@“%iSIeP’@MFﬁeWMﬁPG%OQ% thﬁ?rytﬁén?ﬁ?‘%%oﬁfle gate

el ectrode Fd&sy\RideferANOL AUt RS ln@ﬁd@fhs?.chﬁng 34 ﬂie%%faﬁ&l@?ﬁe?dl s(ll‘?coﬁ 94

350B) may be expected to remain at interfacé of gate el ectrod
and/ or gerSPERMUENTON & NI of hydipsolisr Siticoraaimaainm therodi iy ﬂhreugiﬁye

VLS net ho%akﬁ’fﬂ%&tﬁ ‘Rfﬁﬁh ?srtg?lt:ﬁf atg‘\ﬁlcpﬁ’trth L&Et %g)teﬁaln}{'%; a%d@?éc%ﬁtates at

utilized in operation 1 on 1 enpl’oye
exenpl ary thEWBCp phgassdeitiode die sDuye tbs gmﬁleptyocemraz GageQosiimmistic

inert, suc o r r

sour ce gaséata ugh%%%ﬁ\ég @gio,ge?ﬁg@ R}éo %Fgeosﬁ ﬁ%gﬁ@nﬁgldgﬁgﬁ &gﬁ}lg@ Sfrﬁ% cof
pressure dhe gppelostiatat2dd ywhile Bncﬂ;li)er’faomoamﬁ tka caetme mzetal (@g.0350B) may be
appr oxi rratel 400 _C en mat el y. 5- 500W of,, RE
power. An @R gdélotg PSP m{ree(r)cecg%fz Iy cq\{\échg é‘?ﬁj’ 5?%1%8’%?1 O RRdIOR ¢ he
absence ofgeﬁﬁarpmmmeba 34)3042] Both the thickness and the norphol ogy of
silicon a r ger |co nan u mesa 345 qgrown
VLS are d gé‘ﬁéent gﬁﬂf ﬁ@nﬁ %h%‘gﬁ‘m Sartisplar ‘éatag 1c metaly
se?r egat Edlél;klaéﬁh)bﬁ)bl@tIﬁBlm 0r|0@y1@f10132ﬁ1 mil)ﬂbd)@ﬁlilb | ée B Idl f
silicon and/ or gernpani um pes ura ty 0
closely sPa&H agarﬁétr%ﬁﬁfﬁygp% BB e #gn%éu%s#gfe ata@dl-

el ectrode 1280 scch{lsﬂz@mtoa E&nﬁmﬁdsdﬁ%tg%s shétLastdiHg @E@ﬁ%@ﬁoﬁé&&l@ﬁﬁhe and
and/ or germani um mesa 345 i s between aE{pr oxi mat el -10 nm ext endi ng
©

upwar d f r §#RHand agsesary séaprserimaly &i-19dew aad ééftmm@u@péappmmmately 200-
[ 0043] Ret uphee@nkizEd 95th Spgroxi Qﬁ)ﬁ%@@‘w BPRPE(?&&I LA exdfh kdif@{/ﬁ pPfbdeSs

metal portion 350A remaining on e surface of silicon
ger mani umikeudes iose same aditieppindle ebscnsgef BFipeweri48. Any wet cheni cal

clean knOVWMZIP the ﬁB{h tthhl?&néslé'ah@Me%JrBﬁolég%%%ﬁfcor? Imc%]‘ en‘glguum 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 clectrode 210.

[0043] Returning to Figure 1, subsequent to operation 143, 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-



particular catalytic netal enployed may be utilized at operation 145.
In certain other enbodi ments, operation 145 is omtted and residual
catal ytic WexMo/0g69al | owed to remain on the exposed surfERBS2009/048636
silicon and/or germani um nesa 345. [0044] At operation 150, a
dielectric_e nis med, over th ate c rode b
converti ngpatl%cgcuraftaﬁa 8&?&[‘%’6‘?(@ e‘éuplolyg‘;g]tay ke B@ﬁefiéﬁ F% t‘@f‘ﬁﬁg bher
silicide asdbmiimenas a;bergecrrrmrm1@bﬁi&tcﬁ&ﬁ&re@iﬁﬁalafataﬁrt@lxhﬁeﬁal%lrbﬁveaItd fe@fah
and/ or ger um nes f. Fi ure 4B. In a fi réﬁt enbodi ment, a

i
portion ofOI’s{ﬁFF’él?oég ﬂ’ég‘ﬁe 3%119°§ BYRyETRAYURGNGR df2ct ri ¢ etch stop

layer 350 mepd|cted iAr dpbgtise] SAa diiebRdH sﬁolﬁrayé} i$foBRed Meetheaf May
conprise a diel egtrl c such as, but not limted a siliconnitride,

silicon di BsGede DX FevEBmeda§ Aicleeiriget leértrarR%trpn@afrersbfaelet%rslllgrdreraedfﬁr
carbon ni tﬁbﬂﬁgenﬂ@rﬂ@iﬁg iridgh 193 &fwé DL 8P ﬁll&ﬁ{c{ngfogggnﬁhluﬂ‘p[?&s?tSMQ B 150.

[ 0045] I n general ny process known in the art c orm ng an
el ectri cal lgurrsﬁ&rlaﬂrfw cpmhgdimens a pegigh of abmdmpsﬁr 3§ds sranirtddde dindestric
335 may b i

it dat o P Roigct 330 aohEka it 3k, DEICEAE SEINRHIRSS0 Bpy comprisa,
of net al sdwlﬁ@rldeu@ma,/w ncrtémtedgerarmlmoamdedmdlaoxs&ﬁx@e s«grconobmltnde,

N tride 0 ol e, FE B bbb e, BBk o o dhaheRBm R Sptiion

nitri de orl3§er maniumnitri de but may include some residual nitri ded

met al . xenpl cobalt silicide enpodinen bal.t silicid

nitri ded a[?ﬂaﬁprocezlég? TSP E PIRCESS Oyﬁb‘}n@?iaﬁﬁ? ﬁ;i; 3.8?)‘@"[‘%5‘%1%”51 ly

silicon ouhsulﬁtlvbﬂ@eﬁﬁ&ﬁlsﬂmﬁielahd/bd@erﬁﬁ@r&d&)ne@ﬁQBSf mﬁm@erﬁplbye@(woﬁﬁrﬁt[dnde
"shel | " ‘crust”

(SIi Nx) diel ric etc er 350 as. a

sur roundi ng a P H@E@? ac%fr auoRPIages IS REYprmEA. %‘?‘F‘icédﬂrr‘?féiﬁ» apyfpce
cobalt si |1h3€%lrdﬁmef5h$1501@@£ﬂdiﬂ(ﬁ rﬁ&ﬂ%@ﬁﬁan@&@rhésa@% (d. ?%062@95[%&01&@ iyot
stable at 400 C . and Sqi&ocgposes to

henomena
al so be olfSBYSEE tq 0 Ipdric pich étPP %ﬂYF’T Qﬁod e\L}tTtSire diﬁéﬁtcwc ey fr’f%thla?i‘i’fc%g
descri bed Jrgnei [‘bdoﬁ@rﬁxﬁﬂ? §ili8dn ﬁlhﬁie'& QbR ﬁhﬁie%% thh 339 inc RSB thOfsidua

unl ess t he entlre silicide and/ ger mani ci de nesa IS converte
the shel | Mfidegmgib I@faﬂ@reméeﬁr@bal&lhﬁde@r@lppdrlagxércosemlhagie Isenitrided at a

charact er Ip;&@bbbrxmaelgﬁle@sﬁb{nforern%a;%@ od to YK iR &gg);ué%%ba sifah€

el ectrode 210 than over a Tongitudi nal cent er I ne
el ect r ode (208} &g ferapi sitiean mmdsr(gm edislactrif @4 8fop rha)@néﬂl%rsercishelb’ or

i npl enent ad.j o OG G tdﬁl'u‘i’r?err hﬁﬂh %reggﬁ 5?&%9{9 %ggcc{ﬂsc%pggedpﬁ&lpmh%ﬁ%

with a nitrogen sourc gas, suc
ener gi zed This ascers ks sracohalt arltpdm(ﬂoh&)nseioy sta610 a 4ENCC amd clecongdises to Co

7 e oot et § B PhekonPufhgd e SRRy SkphEntifart iR o

pl asma ni tgemaatdides dbs:rlpai Iﬁ@mﬁeﬂea’msc{ ofthe isengmes &ﬁelrtblﬁctf@'nﬁﬁﬁfi @iless the
appr oxi mat e nmesa 3 a Si

a rret
P e aienig s M BredpB R piiss S S SnBEnes ol studip ofRisriic
ni t ][ ogendamefdp It BEO ﬂlajﬂbé élcagﬁfeg é’%@&cbﬁ@g@aﬁr thﬁdkﬁ&qaﬁ oNeér AN NB%} (iﬂS S
performed at to convert approxi rrate nm
of silici & ,;Eegﬁ %gga&andx@f? ougitudingl pender IEﬁ’ A edigpicclostrede %ltogﬁs | ayer .
In still @glg'gﬂa@gn Eghediarent, nit rogen is inplanted by ion beamto
convert ap&r oximately 1-10 nmof silicide nesa 335 to a silicon

nitride dil¥M48ttric @t@ﬁse%fﬁf impjesmentation thepitrisgier eboneeajiond Sempy by ed
Wi th sour gergasaSyit ﬁle&_&eﬁ sbfct gﬂ@ﬁg%&@&f rrfnﬁ ggﬁg%&%ﬁqﬁ' affized

i ncluding the other dielectrics ereil
into a plasma at approximately 200-450 °C to convert approx1mate1y 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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[0047] I n anot her enbodi nent, at operation 150, a portion of silicon
and/ or germani um nesa 345 of Figure 4B is converted to dielectric
etch stop wa8r1/@3@4depicted in Figure 5B. Dielectric en@iusbtopiscayer
355 may corrprise a dielectric such as, but not limted to, a silicon
nitride, s 18 con oxynitride, silicon.carhide,. or

S con’ carpsiifet 0%t 8 FPeHL R fr cdh et ArBrE 300G son 148
i's onitt edperfonyed ﬂ:Sap;imaimatay a0g8 5Ot cdhvanapheximatelly3CES wh o silitidon

and/ or ger mani 0 [ ze at this ti i

[ 0048] Any %F%égg]éoﬁﬁlﬁw ‘?lﬁ%‘i‘ﬁ%f?”‘ig‘jbm Yg1 1§ SPHW‘F&eéﬂ“E?Edé‘EF‘Fi cal ly
i nsul at i venitrbgands iipleitedby o @ealﬂﬂﬁémexgafpﬁ@nm g@ﬁ(ﬁnrﬁ%@sﬁﬁﬁie BRsa 335
enpl oyed at operatian exanple, a nitridation or oxidization

may be per®P3rHisgn n}tﬁd"céFIF%fPﬁ clch5GRil4veht SMilABPMERTH JraK ke fMPIeX IR on

processes ggBelases TRtbrad f$1ﬁ1ef&lél&tﬁc@icﬁ's%ﬁtliyei;m%hgﬂ sﬁ@&hér%uaéctééS of
silicon oxide_and/or germani um oxi de. In other enb gl ment s,

car boni zi rfb’sﬁrlﬁéé§§wh‘ﬁ9hﬁ'élnerrpl oyed to convert at |least a port| on of
silicon anghey ger mapLimIREA &iﬁém!, 911 efttifh %@%ﬁ'}'&tﬁm o%‘ﬁ[’:on(sﬁr

silicon carbide). In an exenp enen atro stl1con an
ger mani um SeEBRNIBY Bndse 3k @ﬁﬁlﬂéd 4ByS aanbIéeiletD dmtrwfetctlfwomlﬁwéﬁ dsplcted

descri bed ;& IF?%\A@% eDﬂe%cgjétgetéhF%?wfagér 45 'ﬁ%. Qﬁgﬁ?g a?élelectn'c (s:l.l%cgn as Uag/ ?(tn ess

met al germaniti de nes ch™an at1on

of diel ectlnmeedeommlmoopnttidy,eﬂicaﬁBlopmiy sblecogroeamle“rdet élmmcbmdehmcéﬂnms
of diel ect | a 35 sane condl ti .
Dependi ng %ﬁb%fl hemrgreet Eh(%?f; 'ﬂ]i’lf'llnl ‘gflthodlsqvfnﬁ %pﬁ]i‘a@% 1283158@%‘? ?‘B’c‘i‘a?lﬁ'ﬂ:ﬁ
etch stop da&jgem 354 omalye suafageoffsilivon apdoogermdighyndsa 345 MBy albd0LEYilined
enbodi rrente ere there is isotropic formation of dielectric etch
stop | ayer §% "l ess the entire silicon and/or gernani um nesa 345

i's conver t[go48] the s el |précessu@buh én Bk aﬁb@ﬂ;@i‘é ¢fif6rnghe€ n a&&ﬁcdlwﬁsma%%
may be ch racé rlzed b greater thickness, T, ov an

el ect r ode 't IQOHéﬁd/BK/%qmém@’é‘t"éeséﬁ&@%é%emblﬁ@?q %I&Pﬁ”fa‘l“’fbesr% &°fi ne

522, as d%ﬂhlﬁpl@% hifidation 61 ox8Mzatiol nfly R peAFRRY TENfin MIRIEnGirE! ectric
etch stop | ayer 355 is fornmed anlstroplcall pl asma enhanced

or beam i EMEWOLHEOMEPxjdatipmprogesass| mefthemnl% tqﬂgo'nmaedl@@qtm etclpstep
stop | ayerld}%?@fiﬁ@%ﬂ%n%ﬂﬁﬂe%ﬁ@/@f %e%ﬁgm{?ﬁﬁ oRidd Bb@Er Moﬁhﬁ@?ﬁs a c:ll;bmﬂ%'lﬁé

gate el ectrode |ongitudinal centerline 522 than over an
el ect r ode PERR§Es BIy1be raplere cenvait ahleas 2 Bpyionef silicent andfos lgamanmrr_i_@@sa

| LD 660 e r 0

355, a5 deg, et oq R Gt GRRD L LEuR ol Py iy fon

conpri se ang/orgasnaninm roesk 3dSvis niimidedby airlegst mmif tispracegses fledchibsk

previ ousl ited an

convent i O?%?&ﬁ&% ﬁ@%& gPﬁﬁlgnJgP ?n eta% %C%Xn@vra%“fetgpg% ”H%“‘%ﬁ%@&?ﬂry@ét F °fLD

660 and | lsﬁ):hZcﬂﬂnipdﬂn’(entauoh uhlethmkhas bﬁﬂmlednnstetdhetopﬂamﬁ531mseb@§reater than
e copntacts 670. of any

dielectri top,.l er %Oor 35 %

convent i o%herr%’tc FeaP g@‘e Jiof gﬁtoBanSbg%o genfl% @‘EPW%?%meﬁﬂ al ong

with devi (IEpétﬁﬁ]ﬁga@i the 8ftHod ogatnedleg ald thxtifesd Pdicle0i8id tcAstop@Bjet 8 £Imby

Fi gure 6A, \ﬁ contact 89 [ nt ersects dielectric etch stop

ange om appr0x1mately 5nm
[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 dielectric etch stop layer 355 is

formed anistropically {e.g., plasma enhanced or beam impiant methods), the shell structure
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| ayer 350 such that differences in etch depth between device contacts
670 and 680 may be accounted for with a selectively of the contact
et ch bet we®® Wid@dri c etch stop | ayer 355 and | LD 660PGMd2009/014655
212. Figure 6B depicts a simlar condition for enbodi nents enpl oyi ng

dielectric f |cte u

5, ai el ect gt Ao Y By i iR Sl e Befusi i e 2™
dielectri celsut@dw&in@t&baa:leerﬁetﬁﬁmmhm eteehy ganeksteodgatige £llect r ode 210
in electri y i ns erlals whi.ch i |st nt to
e part1 P or cn HsPBd O Blafiedy aon Bt T bl el el e 3o Sy
680. This dicightrietreh stop3dyet 3500 3F8)yashiepivict i EigGrel 0ATRY B, fehiR el ILD
process w npdow and thereby reduce etch bias oV I’Ofl l.e control,

pr
etc. Furt hEPBPCompRss an feledBnsp %nﬁ%%%au@taéﬁégOgﬁhgselﬁrm%évd to

form devi casesuet 3GILOD 2041 B8MICRpSIRY egzhn)ﬁ&ﬁwe&ioﬁklt%ﬁétﬁdoc IRbge stop
| ayer 350 may prevent contact, 670, if _msa %4321%13%66 over gate

el ect r ode ZHRrU EFW%V%@CPFW@QW%IIE&@@&@ gclide magarigls 204,
Such i npr Odiﬁﬂr”ef‘fr&n@%éeBh@i@le@tﬁc%fcﬁ@%b@%@%%"&%&’j”ﬁe@%@%rﬁé&édﬁ%ar@é

di mensi on and regi stration budgets epicted In ure
dependi ng @avetien aetadlyrgygnaysthen g wrw%twsg@'ﬁﬁ‘dﬁiftsl?@é?lom Wptbrdﬁtipmt'fm

operation ¢33, (iR ARk IRIAL core 336 may remain in the device
structure as %ﬁ artlfzfr(g%t gnd may either be etched through during a

step in tH@Oi;ldnt act Astdepicsd lmﬁrgull@éﬁutiehcezmt@%@ ihewecte dickraivoech stop
or mani um 336 e 8 AR ol bR P Bl ol B gp0amaesye
etched t hrasogmtedifor wgh aseiemvelly_mf tﬂee:omactteaxﬂ]tbeatf&h dich=:tidtéthedp layer 355
orFiface ieeRR iR p A midl SRge T sl e et BRI i o
a di el ect ranpl@tighdisiectpic leahefopm@%r Eﬁemgﬁlﬁﬁémﬁpﬁlted@ﬂ&gﬁfes BRradeB, t he

" ate of LT FORE firp e artend I n combERu Y iy 4R sy MRT
present i riogipldedcitase BReslectrodd210 feStidaByl insilatidNakea8s SRRG M dydbet O
structural .features or. nethodol ogical acts, it is to be understood

that the i fesisianttertheRaatiGuiar eiel PEqsSE FIRIONSH 49 AN g ViRp FOTRSE It | y

limted tgghhehSMed didiCreliQBidnRS RMutiBSddto IQSE Ik RRY prdl& &19@&# bt
features and acts disclosed are’to_be understood rrerely

par ti cul arthsrelyrragucegtohibigs) emsenearofdln sonjrolidie @@Pmeﬂwhﬁemtw@nparate
provi ded IIﬁ"dbﬁéﬂ @féﬂe@ E‘llte Lftfﬁzéci tlolféﬁﬁ e c@ﬁljaa%'?b had advidd cIon{aE't%SIar &eltic

i nventi on. Is clalne
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
-13-



1. A nethod of selectively formng a dielectric etch stop |ayer over
a patterned netal feature conprising: exposing a surface of the netal
feature; fYHORHYOEItatal ytic netal on a surface of the BEEYE0084H63G e;
perform ng a catalytically enhanced growth of a nmesa over the netal
feature, t 93, £Q b Sk Sth G @i 85 r eof ;
and conver fyameai BRI Shathcb uriatte) RRLIEEE WMo Rl KL Fiend Y ©
form the dingdestooditient teghventiopdéfagd m the appendevieclares frowbt ascepsarity lanitaditp
wherein t e%e% 'f@atgtreg Wﬁacpsydegéﬁagﬁl ﬁlgeé Qaﬁg?‘%aﬁlrgs:[ %{% @Etdgsl l(o%ﬁd to be
hydr ogent at'e SIS Eon csout e apor ?

gr owt h pr ocesstood n&rel;‘r hspamtdhmy gscelﬁﬂ mplamnntzuonthlElctmmérmn@attmhyt ic

I al,l ) | | ad I d
Cobal t oV TR 8 U ratEirsh Y RS i T emovi ng

the catalytic netal fromthe surface of the mesa with a wet etchant
of the catalytic netal. 5. The method as in claim1l1, wherein
selectively formng the catalytic netal on the surface of the netal
feature fbrther conprises: diffusing a netal dopant fromthe netal
feature bulk to the surface of the netal feature; and

-14 -



i with the netal dopant as a catalyst, a silicon nmesa or
g;?ﬁgzghn1nesa over the netal feature. 6. The nmethod as in cla;nlﬁé
wherein selectively formng the catalytic nmetal on the surfaCﬁ o] th
nmetal feature further conprises: selectively depositing, on L e n?had
feature, a nmetal cap conprising the catalytic nmetal. 7. I e_rp g
as in claim6, where the catalytic nmetal catalyzes growth o |5| I con,
germani um or alloys thereof nore readily than does the neta ) oa
feature. 8. The method as in claim1, wherein converting the ne

' ' [ | dizd itridizing or
to a dielectric further conprises Oégk ng, nitr
carboni zing at | east an outer shell id ﬁg’ nmesa with at | east one of

i | ai m
lin roce or ., pl.asma_process. 9. The nethod as in ¢
in aﬂgfgih ngosinéﬁmﬁél funed &t ur e conpri ses polishing back a gate

metal |ayer to fornh.aA prethadicfedlgaivelyefmaiingdedielectfe ofsl od gf
sel ectively for nilagerovtirel patarhed et Rhake kay ris‘?l‘él.ﬁr a Fa]E t a': L"rae'
metal feature Conp&kﬁb&%gé%ﬁﬂ%ﬁég¥ﬁiﬁﬁ&%ﬁP%ﬂr35tnlknfgatheesurfaée
diffusing a metal %ﬁﬁﬂ%& &ﬁ[‘n?& %pﬁ?af R %Fg‘?%@&é awnety featuegial yst, a
of the netal feat uagw%ggt tigalbrenhasced groseiurfa mesasetect i vel y
silicon nmesa or ge ” " _
formthe nmesa over t Hi€ axpdJedtuseythaaress caihpris@igalilit @Rt gbrRia-and
converting at |east anpontrizanixird herdgSanint'o a dielectfic to form
the dielectric etcBofé&@BnbRY Rast a portion of the mesa into a diclectric to
form the dielectric etch stop layer.
2. The method as in claim 1, wherein the mesa is grown by
exposing the catalytic metal to a hydrogentated silicon source
gas in a vapor-liquid-solid (VLS) growth process.
&ThemaMﬁasmchmllﬁmﬂdnﬂwCMMWknmml
comprises at least one of: gallium, palladium, platinum and
cobalt.
4. The method as in claim 2, further comprising renoving
the catalytic metal from the surface of the mesa with a wet
etchant of the catalytic metal.
5. The method as in claim 1, wherein selectively forming
the catalytic metal on the surface of the metal feature further
compriscs:
diffusing a metal dopant from the metal feature bulk (o the
surface of the metal feature; and
gmwm&HMhmcmdeqwmauwmdwuaﬂ&mnm%a
or germanium mesa over the metal feature.
6. The method as in claim 1, wherein sclectively forming
the catalytic metal on the surface of the metal feature further
comprises: selectively depositing, on the metal feature, a
metal cap comprising the catalytic metal,
7. The method as in claim 6, where the catalytic metal
catalyzes growth of silicon, germanium, or alloys thereof
more readily than does the metal feature.
- 8. The method as in claim 1. wherein converting the mesa
to a dielectric further comprises oxidizing, nitridizing or car-
bonizing at least an outer shell of the mesa with at least one of
an annealing process or plasma process.
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11. The nmethod as in claim 10, wherein the mesa is grown by exposing
the catalytic metal dopant to a hydrogentated silicon source gas.

12. The method as in claim 10, wherein the catalytic metal dopant
conprises at |east one of: gallium palladium platinumand cobalt.
13. The method as in claim10, further conprising cleaning the
surface of the nesa with a wet etchant of the catalytic netal dopant.
14. The method as in claim10, wherein the netal feature bul k
conprises any of a work-function netal, a gap-fill netal, or a netal
seed | ayer of the netal feature. 15. The method as in claim10,
wherein diffusing the nmetal dopant fromthe netal feature bulk to the

surface, of he metalo B e nsegeagl%nfr\aﬁsmei%fg? S5 gal ed
| yt I h nes roxi

Cpproxi mat el y 50 riite oblirsehipatingdRek a WAL e Ehéin

formng the segre f"éﬁrl%%i%@tﬁt CUQH% her conpri ses: anor phi zi ng at

| east a portion of tlfe Agatothed efselodnvclyridnﬁnrgeaiﬂiel@ctﬁb cacli efper at ur e

bet ween appr oxi matlay Md\%’ﬁpdlmﬁe@ﬂwﬁweﬁﬁ]@'cﬁ C. 17. The
appr oxi mat el y - 15¢ ?n%? U OAR ;‘S& e (ig"pk' mothod of
a X1 0

sgloect ively forning %Flggé‘clp? d@PﬁWé Pé}}%t?'] fsatire huPaia dened

netal feature conprisbh ﬂc%ﬁf)ﬂhﬂ mgtad feamfeice of the netal feature;
growing, with the metal dopant as a catalyst, a silicon mesa
or germanium mesa over the metal feature to selectively
form the mesa over the exposed surface of the metal
feature; and

converting at least a portion of the mesa into a diclectric to

form the diclectric ctch stop layer.

11. The method as in claim 10, wherein the mesa is grown
by exposing the catalytic metal dopant to a hydrogentated
silicon source gas,

12. The method as in claim 10, wherein the catalytic metal
dopant comprises at least one of: gallium, palladium, plati-
num and cobalt,

13. The method as in claim 10, further comprising cleaning
the surface of the mesa with a wet etchant of the catalytic
metal dopant.

14. The method as in claim 10, wherein the metal feature
bulk comprises any of a work-function metal, a gap-fill metal,
or a metal sced layer of the metal feature.

15. The method as in claim 10, wherein diffusing the metal
dopant from the metal feature bulk to the surface of the metal
feature further comprises forming a segregated catalytic layer
having a thickness between approxunately I nm and approxi-
mately 50 nm.
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sel ectively depositing, on the exposed surface, a netal cap;
converting at |least a portion of the netal cap to at | east one of a
silicide, germanicide or mxture thereof, wherein the converting is
performed via a solid phase reaction further conprising: depositing
an anorphous filmon the netal cap and over a dielectric surrounding
the netal feature; performng a thermal treatnment to react a portion
of the anorphous filmwth the netal cap; and stripping off the

um eact ed anor phous filmfromthe surrounding dielectric to
selectively forma nesa conprising silicon or germanitun over the
exposed surface of the netal feature; and converting at |east a
portion of the mesalénthe mafhed ectin ictainnl 5 onhetehe folineingaheiseget ch

stop | ayer. 19reg-ﬁ|t‘@i ﬁﬁhl}@é ﬁghbﬁ(;@ﬁ ' i¥ed:8, wher ei n the nmetal cap
conpri ses at | east gerfilizigaliibala RAHDAUIIL SHlALLANRAMacoPal T
and wherein the améﬂ‘ea‘l’i?lg za'{:]a E@n%ﬁ&% llrse%sétv%éxll a(a:ppnrbxinmteiy 400° C.

and approximately 1000° C, ,

17. The method as in claim 15, wherein the gap-fill metal
comprises between approximately 1% and 50% catalytic
metal dopant.

18. A method of selectively forming a dielectric etch stop
layer over a patterned metal feature comprising;

exposing a surface of the metal feature;

selectively depositing, on the exposed surface, a metal cap;

converting at least a portion of the metal cap to at least one

of a silicide, germanicide or

mixture thereof, wherein the converting is performed via a

solid phase reaction further comprising:

depositing an amorphous film on the metal cap and over
a dielectric surrounding the metal feature;

performing a thermal treatment to react a portion of the
amorphous film with the

metal cap; and

stripping off the unreacted amorphous film from the
surrounding dielectric to selectively form a mesa
comprising silicon or germanium over the exposed
surface of the metal feature; and

converting at least a portion of the mesa into a dielectric to

form the dielectric etch stop layer.

19. The method as in claim 18, wherein the metal cap
comprises at least one of: gallium, palladium, platinum and
cobalt, and wherein the amorphous film comprises silicon.
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