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but are not limted to: 2- or 3-tetrahydrofuranyl, 2-

or 3- tetrahydrothienyl, 2-, 3- or 4-piperidinyl, 2-

~




represents ,NH Crepresents and CHC' \ HCHC,
represents Those skilled in the art will appreciate

WO bas/orde2 f or mul a: can represent one or nore i BOIERRI04/025085
sel ected fromthe group consisting of:\ 1 <-A VWK

é\i@ﬁlee- lpbiyﬁikco-ﬁhﬁac@énefl@lr bl tHaf %n?e&)aﬂab%d TS tra@for gate oxide 62.

mbodi ment of this invention iS directed to conpounds
%qm?—/dmrh iregiansr ) ¢ fourechinaopposing® siglesl of Muansistor gate 140. To

Ee[l.]@'&lg s%r %ﬂea&gnfs%%)q‘ lat% i tl‘bﬁ arcer‘g’ q'SU agvee‘?’ tﬁehs%egzgfjls of

reln: rom oup gongistin
ﬁbﬁmam@rg@é R9 ' X n |s 1to 6; X i's selected fron1the

RS penaer 1 SRBH R phie GRSED EREE fRyoBEd vt

tkerdats toQG. Wlé RefeRirgSnowelbagten stibsaaetéDeis %E&Hﬁed to the point
consisting of a H Cto C al kyl group, ato

whee gandkyirolafion isgionts 6 b haverieen ferpcd 4R qqconéld@we p-type silicon

éuﬂgﬁ&e&ﬂ eOdeX 1§y%} Sﬁtw%ic}f &ﬁmxlehﬁalw QééQmQ %ﬂ?&n&&tbﬁ%t@ﬁmde is
(1) (2) Calkyl, and (3) ‘a Cto Ccyclo

forrneg ndsomsian mglqna 61 oyl SRBstrecbORNexiogptlfrdicondays Mieformed on

h
02 e eq%egé ?JH a t?e ﬁmisglg%(tn r%%teor%ai ?18?%}%%9 ]p(fé% go@%hcci‘xll aye'r_|70 1’Ehe
dmclf Boljior( fi%lal@blal (nday(l)e e(nﬁerOs)hdaﬁ dl(ﬁldseir eitit@dnitridernd hethis first

O u@&i% I?)Ire%%’i} n Srg}okly%corh(aega%lé g%?cg E’g?tores%/t 72 is patterned to

ﬁryﬁh@@ekﬁﬁk ap kytich Wit B6@ oGl soelfochdrdhth to be etched into underlying
alkenﬁ al kynyl , arylal kyl, aryl heteroal kyl,
Espeh o %ﬁ@#?ﬁh7ﬁeteroalkenyl het er oal kyl , and

fag3Ar oal kk@ﬁéhmg%wFig g@ 85{%&1%1? k6% ddreM gt gm@onl dioxide 71

consi sting of group, aryl, heteroar
wyit lunderliking pOIYelilecrroberW@alb IcyposecbbebUabmvmal kili¢on 81 (epi-Si) is

heteroc Ioa k K al kyn he Ia Kk
%{ow? )eﬁ?lo aﬂef(s %1‘] apé)r(x( mat?qul %bomnéftre(%f%% B%{ om o¥ trench 80
ﬁkﬁtgafndalyﬁ(rggl silicand0 heheﬂmai kcmrcy,l by maﬁcﬁlmw]t@ ti®ad skilRa in the

ar er oar cIo het er oc
& sl Bty ont i OBt Sy akREof epi-Si 81 wil
@pkdaoH the @Es’{rle@|t1’h&44nessaeff3ﬂllehﬁ5t§lrﬂiﬂld%ychat Wil PeFaInke@NYAn epitaxial

het er oal kenyl , heteroal kyl, and heteroal kynyl groups
silicen s 8 sthickpse Pfniproimpisly3 480 BRAngsomSs TePRIEIE Nl aietpryed

ot gyp consisting of: -OH halo
%@Og@e%Brteg%or d%)El alkyl (e.g., to C alkyl),

I938l0al ky Refegring. nowCiot FIGCY, a fretal éayem], euahyas| mwghebpyy prpferably

-NH ., -NH(C.to C al kyl . “NHCH ), -N(Cto C

Pl byl s ik esg Pl S o 00 Ag o ind s Adbtieh o A eonformal

Iﬁﬁineﬁéx%ﬂ tl(e&olg surfabl Q‘Erénc)l siliabrk @isyidé 21 ,Qlang IR hﬂé(%)ls ofifitlcon
4 wherein R14 is selected fron1the ro

‘?:‘E?H%‘? & fimgerpp. SO anhaves theyipp pwTage of epinSe 8 I s exa‘f“B’F of the

ﬁr&%ﬂﬂh@emﬁ&{ éb‘f)lﬂt ANdie8ENI0r InetaP (9 JBE Folifiihg HREnA BRRition, a

atom
conductlve layer 91 such as titanium or titanium nitride, having a thickness of

approximately 100Angstroms is deposited in a conformal manner on the metal layer.
Metal layer 90 and conductive layer 91 are deposited by methods know to those skilled in
the art.

[0039] Referring now to FIG. 10 and using titanium and cobalt as the preferred

example, titanium layer 91 and cobalt layer 90 now overlie epi-Si 81. The semiconductor



said RO group is bonded to the X substituent, is not
substituted with a -OH, -NH, -NH(C to C al kyl) or

wo bifpSor@sC al kyl ) group; and (2) said RO C to BUHUK3004/025085
group is substituted with 1 to 3 substituents

ds!;c’]%ﬁﬂﬁﬁlg Flgﬂické‘i 5@ & ﬁﬁl&ﬁ Qtef) Eﬁﬂ.%rgﬂ)aﬁbﬁrawldoﬁﬁﬁhﬁ tPEcg,gssgl (RTP)

D, atffoﬁerrwm &gy @If @ppre;gwayely 5%—1500°C Kb @Prairgtely 13)| tp %0
|

ol n 2 Aribiabes el Bl b ANt i

HIOKGRYix (vhers. X vanies framyl)2). @ chis ©O1tRI the\phers) npdRidh ¢fspi-Si 81

3 GFHRE SERRRT PR SRR R e

qicaraticie dy tﬂﬂ@/bnttrlgethe afnbér[yl@t eobalt by aghlofbraa |“ﬂ|110'Rgls gifsoh@ural
is bonded to. the X _ substituent, is not substitu

tshdepcy, 1 tamum_?ssentlm(f@qtlanscis gfﬂ ggxfh)ng ol[ayerN( the tsgls@hat it helps
@Ky EIsiDE@MRietatich 585261 Bitlisf hOPedN @AUMRiERBSLS lay& i e.,
of: alky and arylalkyl; R1O is selected fromthe group
@atien of Filwglugr nitrigelyis prefiested ewety push dijenivmm|axsr 91 is optional and if

kyl al kyl ,

el g’?%ﬁ@@‘? i@éf tﬁ%ﬁ’& ‘kenyl , al kynyl ,
Hog0lhet er Bafekjdg nog/to IFd@! Ke nyde, thdw;are\eomaihk@hyg step is completed

et eroal kyl ,. an e roalk or R1O i.s se

F b ored ptiord <0 snel P Ry i o e Sphey Frgk D Senticonductor
suyfadedd| Acnoni eérexla@ymtﬁxal (XKD OICHﬁ‘dr(ﬁbaldﬁy tPadokivle Mixture (HPM),
het er ocycl oal kyl al al kenyl , al kyny
fa\lwwwamw&x k&ﬂéﬂéﬁ ARy remaﬁéregelpgmeeﬁw
fe4Ar oal Kithe s@ihni&li&' a@W\Mé}b thi Y eib cté@fo%%]sgonal second
groups are substituted wth 1to 3 substl tuents
ammekdipe sidp préfgrald g e BB citep rabanpthenagfrly)&(ﬁﬂ (s fas apprgxiofately 30

to SF{&nJis tO(l Suld:t at %o? s 19 100, % &og&tgct \&ﬁﬂl ]%" i-Si %? h%s inldg%ad rgac%d with

cyc oaI
tthy alndgrtyingy kpi;Si - thH‘oxm W(o@er‘ald) CSa kaybr) 1((!3 ligvmg NH@HERness of

?P.R&JC tQ %Cﬁ&} %g ) g%h@?% SI eac %1 %()'E'?/-%l)l%)vmgélltbﬁwss( %rezﬁer than

ﬂKEHEL‘iRS&’ Ihickaérd of @QslBia{;reﬁ/her @ﬂﬁbhFisl theicaseSe RIr&ent ikl ehe
%roup consi sting of: H and al ky ge ., Cto C alkyl,

tsknesx ghpsbalt A@éf%% desprapinss 9ver4ﬂ1t ickaess, of Gefiedpyer bih It is
(ﬁegﬁe(ﬂﬁlﬁlé@telctﬂg ?drﬁltaﬂl&xgof%o&z( 1%}61‘ qll(KX;po&lgI)l oﬁy;h% ig{ %n?ﬁns in the

kyl 3) unsubstituted aryl substituted aryl
lqcsfpmmfwb@t T3 andeioytbé ongikal [surface pf salypdlicon leyend70 to ensure that

unsubstitute r.paryl, (8)
Sfl %/ ‘%%Cgersérgr éeﬂ%”é’fpgl&ler oggcl oaI kyl, and (10)
[s)uhat itut ﬁdhehétb&i{ ey almaddky Ericrosbie in€d uhderitink }ﬁtﬂ)}bﬂicbﬁ layedo,
al kyl , substituted c cl. oal k}/S and substit

RALHSeT BRIy I R C Dt o8 sSR! and

lﬂfrlzmﬁl%l‘é&rogs) and fhe Yidti bf Y §§t$ ét&dl{exﬂtl %rdvﬂgﬁs@(fé‘}ﬂ@ﬂidltﬁ’of trench
sel ected fromthe group consisting

$): Swis gavging thetfeaiire pize plbthe gite stagkyte be E@Pﬁe @1 the GHICQ]( @opgnsion
éo ﬁﬁur? 3 Ble gwgl_lpl%rcgsnghl% éﬁ‘%ﬁgﬁj le%(% 8 IO%EH tg'ftl%ﬁgin‘ﬁé{sl%grlontrol,
atom und to a

can
asahcb@m&zataom@t be été?})edfulsmga szlca]rmhe(s&):k atikgtlemisnyd wher ei n

id substituted aryl_.and. suhstituted het ryl. R11..
BB S o Beletirerob e gl cRomatrd. 20! ik R piicon
Mirids b &Ilbdnttﬁ&h&e is mg}ﬁﬂﬂéuj@%}n leﬁ:gJ iR derhdifify biRE ofr€eR 80.
consi stin rovi ded that when there is

Hsrtwra X é‘iﬁ’?a&}%mtemli d@PQ?G?jP qdeperds @ g type ofjisglatierpmaterial gapddor
to a different carbon atom (i.e., only one - OH group
can be bound to a carbon aton), (2) halogen (e.g. Br,

ad or F), and (3) alkyl; Rlla Vs sel ect ed fron1the
group consisting of: (1) H (2) OH (3) alkyl, (4)
substituted al kyl, (5) aryl, (6) substituted aryl, (7)
unsubstituted cycl oal kyl, (8) substituted cycl oal kyl,
(9) unsubstituted heteroaryl, (10) substituted
heteroaryl, ( ) heterocycloal kyl, (12) substituted
heterocycloalkyl and (13) -OR ; wherein said

L T 1



wherein R44 is defined bel ow, R21, R22 and R46 are
i ndependently selected fromthe group consisting of:

w@ 2905800282) al kyl (e.g., nmethyl, ethyl, propylpPChus3o4/as5085

t-butyl), (3) unsubstituted aryl, (e.g. phenyl), (4)

BLER forindhiGd B e pREQS kil C{hé’\’rr&l&h QiMfatidh nfHMrRl used is silicon
substituents i ndependent 'y selected fromthe group

diexids, ghup ﬁg 1Q§>ﬂat101am5epal 136 p@@@d to @jttlgﬁr@n@qvﬂl(bgp icon nitride, for
cycl ohexyl), (6)
%%Pﬂat%éggﬁgs a%%ﬁ%éﬁ?ﬁ 1{&)!%1 Oévﬁgt%b ed W th one or nore
@ubﬂt it uerRle@mngdwpetdeIﬁft g, Bcﬂhtmtczad nfatepial 120e(sticoupitride) is

t hal
et e PreBpia fe st cinons) tesph Abe A bu T o french
616684 rBater{dl 7€ (silidoh ARSxidd). NEhiReed 1s\/9e1eahﬁ=rrersn1c844mkﬂe material
sel ected fromthe group consistin

a
A, me?%th@ etch i} :ﬁ% oncréftﬁeﬂches ﬁ}hamq%omgejwqerl% 71t 14 F?M)tx?pyle a
((h%)mcﬁi JﬁX&IﬁﬁEQ Whrlzfaﬁorgetch 95&7 gé h1izkd tHablWill stop on s1hcon dioxide
a kyl oxycar bonyl (e.g., - CMCH, -C(OQCC H and
@BIOCH ), (e) hanaIkyI (eg trlfluoromethyl) and
O - f
“"’%él L0 ko Bl AN 50000y R s
pﬁi'foﬁﬁ&l thi2@moeen ddedifion srenchiMhrhtdrieg ﬁll tthe pasrarxaohpqimlg;om lgysr 70

are not ovr d that. o 0 1
RO Bororeleeat 5 Eum b vndepis St Byl d e Rart i tym »
SaBisef g dkackR38., Tlﬁlﬂaﬂﬁﬁot Shack n@térifahﬁﬁ bt Behddeimg BhIRG dry etch
groups are not - and (_al kyl substituted wth one
¢Jra ¢psphinatign g% ¢ pvg’rerﬁflgm(r@m@ve the trgnch 6lpate_[1ab followegd by a dry etch to
r%rn%@@rh@ Bl)rrmﬁaonsaeh g5t 8¢al OMsIsIE o HE Qhdk 0 Q&hﬁﬁée@ gat®fap 120,
and provi ded that ?here Is only one -
6r>Slé rpertlon NH) gplo‘il potien 41 sodpelysilios goian B fvhigl @embing g form
{;212 con CPo]lﬁlon 14 ga%‘d%?tre o%dg Eorttl&? 70! a{&ﬁgrn%akost 126] 1stfla§1¥eda£ R- -type

g selec rom
mphasit Btpleﬂ@maﬂ to fbﬂh hgl'n]srlalbﬁddl stlfralghed y(nir@&lrdﬂy reg(oes g42,

I opr op cI obut ycl a en and cl qhex ,
@; leyel o f&r/rll S 19 %ﬁg‘t é@ HRoHO ﬁ% %ﬂacei%}%yare W ohtne
SRS bPed sadkndepandenh Nltyﬁ@inﬂﬂin@ii ;ferfamadhe f@frOdéPree/drain
consi sting of: alkyl, hal oglg s o and

Y

@E@Gﬁbéﬂ t ufleed selyeqnéaqmerﬁyrm e(ruyorwgle%arl effyy [appropriate
éahbx'i g‘%ﬁgf Momo(ﬂ{b@e %‘il A% e §1lt|b3t i tuents

ependently sel ecte romt e group consisting of:

EQIOKX/]I haIFd@eh’a depietsaando\GHead 51)ewhe°tae¢omp}at¢®1a¢nklyﬂor steucglre of

[ d f t R44

B BT e8P L B S B e v
@L’%@yé }Kklfhln@ trang[ﬁ&ir Brydch isdlatigh regra,hs)@yI ?3; yl | lc(> It butyl),

C) a car no a 0).¢

e fgonyly ( seﬁonc%/ meggj e&lbcélrp.f:nt d &wse@t lnvgﬁt&% Ité%lsfﬁiaq with
YeferdiRd tAGOALKY 17 é@ I@efemh% héd HPFI@”? tdﬂwh}aﬁe ANH pkdchssed to the

-C(O NH(R 51), unsubstituted (e.qg., phenyl),
poiipt velreyd tr@dbeolramcmregiow &l thayseeen fo etcsmﬂmqtlwemt@e silicon

t

51%%%? 561 € 'Hx d 1 ne%ﬁ %?,) ‘%ﬁ% l(vgg]g%ﬂ?la% B&BB% ’oan%lrn&gﬂﬁg g?._tg ’OXIde is
foﬁhbd erﬁEolanoEﬂrbmﬂ 6@ bkabsupstfaee . Neweh haysilicon dayer 7083 formed on

RROCHEF ] SoGEh Selbtr FPBH 7 0& GPutip eonbPLErig5r0. me

261dh &okadibn fnBtefal mayBE Biher siitdtydioxidy @ @ﬂlhon rlﬂtﬂd)i |andiiﬂdhls second
t-butyl). For the conmpounds of formula

envEnPRf decreseitinyertion silicen apEdede seleaeds é’lhetereélér 7tst P%sremed to
an unsubstituted (i.e., R2 to R5 are H), or a

monohal o, dihalo, or trihalo sybstituted ring system
wherein halo is selected from the groupconsi sting of:

Br, d and F. Exanples of such hal o substitutions are:
8-ha|o (e.g., 8 d), 3,8-dihalo (e.g., 3-Br-8-C),
3,7,8-trihalo (e.g., 3-Br-7-Br-8-Cl) and

3,8,10-trihalo (e.g., 3-Br-8-Cl-10-Br). A nono hal o
substituted ring systemis preferred, with 8-halo

be| ng nore preferred and 8 CI be| ng nost preferred

o r



- (I1'1) The conmpound of fornmula | is nore preferably a
conpound of fornmula A R- NH Nl and even nore

w@e@soe@it y a conpound of formula A R - NH N PCES2004/025085
Compounds of fornula | include conpounds of fornula

I%rywdg‘)oﬁeniﬂ%l 7Bl V(JEJM) will B (B LB réhck VBRUAEM Bifo underlying
ornula Vi R 6 \ (tm N Conpounds of formula | include

evapgilieraitste Tor nul a | VARY XMO) (| VA) R and preferably
ounds r

ORI o) el 8 PHE 17, kb, (A TE RS rph g i

TMinitil Roderlgling rpelfyshtaml lyyec mem:ked oNeitoa ecanfamet 1Byer Of isblation

N/ 0 rrualaso cl ude

Paetial T Fored P e e ioh R B D A e, PR Sdewlls o

franciNiogativh lﬁqate‘ﬁa( M kéidihg inkide neaHPION dﬁd oh ah @kpwécapdmon of

exanpl es of A include, but are not limted t

P%XSHVPH laéiehw Ir %HF’E?H?‘? thah dpolafien gfesial 171FBY tf@oﬁ%ﬁ’édﬁ%"f

@biediRé MaleRial as tréﬂclﬁ soRti& fRRRLMY 1R fadibdidlon dedrihr ARL béﬂ be
bei ng nost preferred. For conmpounds of formula I

Ismeresk ghﬁrxytrench:@pla@@hliij@tgmﬁ] J13¢ selestivaly efched. In this example smce
Ign% glfegé’hapl)lxu glg{erl ODJ;[QQEQ gss {i/)cfon {mﬁy' 1cjfon ni %?sngsﬂsed for

&rabl yoin epen ently Selected fromthe group
is«zim&jnsrnatergﬂdﬁl H, nethyl and the cycl opropyl ring

@g%@e R6 and R7 ﬂ(ré aken tog:therrfvvlt tt r}e i

on at OHTEETER Fhey % AcPREHEEGR T Perigigied to torm silicon

HitrR @fefdl dpaddes BMNChIIRE taS @ddwadememhemw Neltepitedal fsiiiesn 180
e ﬁroup consi sting of H an Most preferably

Sihés gowate aphickngps %fo%wmelbﬁoa -600ANEsiroms, inpthe P%ttom of
Reh ?7@@115@ &n‘aengn?é [L%Y}lsﬂlcém‘ib £EDJ oulek, SheaiRlay kﬁ[ﬁ& Wilose EQfled

conmpounds of formula | is preferably sel ected
mrthmart Hes witlbagrreecapparet urn@e btter stages lobtik kypcesa,ribe presence of inner

pr e %?2! lér% 177 Wﬂ?&l Rvgt% ﬁjle \Mb%l Lt%n tb? a ﬁ‘LrQ/s or %t?l%g‘l’allggga?ures than

y'se rom e group consis
Gyl @blalogd bard ceijicll diadekiyidn ssthits bkt gden\/prbdﬁ:sm Wl gs provide

oskhuiel ehabl vSplect ed e the oroup consisting of:
[0051] Referring now to FIG. 19, a metal layer 190, such as nickel or preferably
cobalt, having a thickness of approximately 40-100Angtroms, is deposited in a conformal
manner over the top surface of trench silicon nitride 71, along the trench sidewalls of
silicon nitride 71 and over the top surface of epi-Si 180. In this example of the present
invention cobalt is selected for metal layer 190. Following the metal deposition, an
optional conductive layer 191, such as titanium or titanium nitride, having a thickness of
approximately 100Angstroms is deposited in a conformal manner on metal layer 190.
Metal layer 190 and conductive layer 191 are deposited by methods know to those skilled
in the art.

[0052] Referring now to FIG. 20 and using titanium and cobalt as the preferred
example, titanium layer 191 and cobalt layer 190 now overlie epi-Si 180. The
semiconductor assembly is subjected to an anneal step and preferably a Rapid Thermal
Processing (RTP) step at a temperature range of approximately 500-600°C for

approximately 30 to 60 seconds in order cause the cobalt to initially react with the epi-Si



cycl opropyl substituted wth a nmethyl group, and even
nore preferably R10 is: zy\ CH . For conpounds of

wo eoosob@si, when RL is RLO then R8 is preferabP@r/US2004/025085
wherein the substituent is the sane as the
PYGs (l,()tbsﬂggﬁlmiié: oSk’ @ﬁ@é}?varl@%mﬁh)‘ 2@)0 &Xt QllstMIIR&e bfvcess,

preferably v or conpounds of fornul

ppasfiay oflspiy$illBO Etll%mam@mﬁhﬁmgw trfsmhriﬂo aTlltamurrF@yeré 91 helps
el.ect

(!B?l%ﬁl F}R%: %&gﬁ:&%é&%ﬂ@lmq ?ﬂu? orll%&g]aghlg b? plevent 1ag the {yE’\glcobalt

tamgglsmb&tel, M]nicﬁdis Gty ehioel ke}'ltiench dthe pitzﬁlﬂL&lli akslegqallﬁidnctlms as a

selec d fromthe gr cansij std. K

e Fiiph Hers 4tk PR i Eotpirieenithy Rl fie, rus, he
ﬁr@éeﬁ@et 6fth fitaiti-B¥CedIlaf i€ Ofehithi dﬂgmﬂflum |n&ﬁ@d) Q@)ﬁefen@@ @ven
cycl opropyl substituted with neth e. gr oup
tﬁe?ghél&w@m% 181 isroptiong| apdif usedyyll é"r’ ﬁrwd .1%errlzsthe Proggss- X
[0653] N i S Refel¥thedRY BFIGI A, bitd Bisl hnSEhe &E&Q cfo&smed
the group consisting of H neth yl and the cyclopropyl
the nep-feantare gporiioan dRecahald RP ance titankem 1 geteheirippdd: fromh ghe
car t t i . e
SRR S ol Noilorh B BEENBSAETRPLD of MBI peroniae
Wireurg (IORIY), clas $dasing naly GoSti2ehahdrept-Hiylld) renmdninginghe trench

r ef.erabl R6 and i C alk
BOFAT o1 abi e pepignd-ciors by, &1 GPhaYyeRice fhapdd sesand
Arﬁedl’l'hgfst@ﬁ agbéfyram& Isu lRT(’fmb at @pﬁfxﬁﬁa&& 800 SOURC @cﬂm@mxﬁﬁfely 30
onpounds of fornula | , wherein

@eﬁoéectoe@s £q e fat e 60 éethén %‘inFaﬁkaS‘f eplc%/ é&b%ﬂs Rl}qee%ected
%h(!ﬁ%{pﬂ%%??él tB %n%da (\MS%ﬁaﬁr Eﬁ) ﬂ%vﬁ'l kﬂthlcﬁ{e% approx1mfately

pre er ab 0 selected fromthe gr up consi sting o
tﬁﬁe%@éhmbman d?Vrsly em&allfw?ﬂ 18wy ingt aithisdiness reatvetiaythe dasiged

tg;;:[éll‘lesg Ofeé(% %% Zzglc gldr?o yr(%rsré L IIE ?rr ienpln%\e(?’l?ﬁlll %Bé &%ﬁgﬁss of

cgibﬁlu myerarm dvashinps ﬂlfee)lva'blll yhidRhEksio COBR 1638r 280. phad earsam that
s n 311 1 is. select romthe grou

%ft?ﬁ §1e§95nﬁgora,$@8a§g E’éﬁ%rt%]i?u% Rt ¢ B4 kV{O Tahgns m the Botfom of

$4 170 Mdedory/ mb 0akiky lsufRE of Edl?dilic)én 14986170 & RS b iét €shi,

cycl oal kyl, and nore_pref erabl 11 i's cycl opropyl

egtoaehies inendailying pRYSHIPPI 7Q-. e, "t he group The compounds

@g%g]or mul %% f%ﬂ\]lgﬁl tg% ﬁrst anﬂo%g‘%nt 'ONhe Iyresg‘ht ]T%néo‘?ilf the CoSi,

were allowed to encroach into underlying polysilicon layer 70, as discussed in the prior

art, the CoSi, will also form isotropically (in both the vertical and horizontal directions)
and the width of the gate stack will grow outside the width of trench 170, making the
feature size of the gate stack greater than the critical dimension constraint of the given
process. This situation leads to loss of critical dimension control; as the CoSiz cannot be
etched using a typical gate stack etch chemistry.

[0056] Referring now to FIG. 22, an isolation cap material 220, such as silicon
nitride or silicon dioxide is deposited to completely fill the remaining area of trench 170.
The type of isolation material deposited depends on the type of isolation material used for

trench formation. In the present example, the trench isolation material used is silicon

10



.N. NH N\ 121 122 125 126130METHODS OF FORM NG A

TRANSI STOR W TH AN | NTEGRATED METAL SI LI Cl DE GATE
WERESHRABE Rel at ed Applications [0001] This apptT/vatoiemsoss

clainms priority to U S. Patent Application Seri al

RHID Shus HY 186t kiR Raterdal iﬁ)‘%el@ﬂ&pt%tﬁll]tﬁe trePRill t;:e' sﬁicgn 8bxiHE Gor

I nvention [0002] This invention relates to fabrication

Eplie@ﬁ@eﬁglelsect)@esfavpm@elmheMldwut‘;@tepdew ces. The invention

i cul agl, | at e s to fabr
{6657‘ SI st 0?2 Iér{/nl%nnotwat?]) IitIn t &9 rlSé) agian cdp m tersl,all}%lb gsﬂacon dioxide) is
@thed adkde rémoveeteailamﬁtcha»ﬁtpamndmwemeat orBsdeg rhetsnﬁadefof tnhﬁch

R it o R B K 5 Py S e PR 71 méaning

thé 5 isSioPpedIALES radkiRs PlieHQtidant. | Bor BRADIOH cRkiYE nlebitaral
and an overlying conductive | ayer, such as titanium

lgegizaiien gich pigr hevtdired Grioyill top P sicanitide Ast en sui ci de
DSkt i { ANy aiEhAE PS04l A lscfil bt hatzz

l?ont]rl bute t rough sil |agl| de/ gll ﬁ%gonﬁlant é%‘?{éﬁ’a%e Ois

pebfonhed; theremses lttOhmom %m@tmel @1, thdportiermopaysdicony &yer 70
R porh P G BT R S 1L EODIHCL L ARLLE SO TEVIRYS o

ave been 5 op e 0 |ncorpora e other ty

tremkiator atd Cacll €40. smzahraasstmk tna&ﬁalcnaﬁi Be étﬁhddlu@llng bnly a dry etch

swm%e which are snall er %ralF terials than th

9T QAP IATRLAT @i Vet o6 1A TETG S B g Ajatpeial AR 8 dnggieh to femove the

HaPRNEE andl e bRidk. herrahistsiot gb’tle tsbécl@ﬁ4@5&hlbrﬁgs sar@lch£220, Cosi2
grained sized nmetal suici t hese netal suicides can

pstion; 41P; epirPt portéen; 130 @t«bmlﬁtleov perBoR ([} (vdiph cpabing éosfiorme plicon
r (0] t

i T i T e R

spage@r 1s710f111rmteﬁ¢qt adduteghdy tﬂatucb szetof drestrapsiotor gpde gackthaghickness

c?tr treflch sl%%(%?rs ]?HI l%(’glv\%lag rhe% Segcgqh sr %(%gs tl Qabtnﬁate ?Erar% %or gate st,racq( will

mbtw:‘elﬁ dlioefol gigsrer ﬂtﬁr,tcafld)ﬂ: Adxiibikay OAfict pA6 btadk 2H0tis faided, a N-

T|/T| Iaer | ayer |I|c | ayer
tlmpé?é' %toatﬂraﬂ E@ﬁ%ndp déelﬁéf&ne 8 Gkious 2427
@@@QG] ASR%teamg Ho¥ fol G, 25, tARsi®bChhtd $HalBd mr 48 Qortred on the

egin formng the transistor gate stack by patternin

sidemiallgief gage St@kl 248 oNexts am NotyRa BIpinhig ReFioTEtsH 4 formeppuee/drain
ShlicC [ h., y

Ve oy Mo RIS RoLRIF s Mimoaliar A ET pifoprioe

fabricat @bpbd¢esshiowi td éhosedgilled irBilBe as seen in FIG 3.

W5bor n FIE Sefplelof Heresbrrs ot aomale e NG sbure of
FIGD 24 havirgl teanSiSiof @@ fdtk 296 tRagdse gatéts?hdéﬁ b esobes B @fions

the original gate stack pattern (defined by nitride
2.L5é)and131§“S§F?6WthﬁS°ht‘@r%loaﬁ@1 5, two additional etches

b6 equi fgd éx@m?ﬁ@'eﬁﬁo@dlhﬁﬁtstﬁa@@%eﬁh Ofis@@dc8 Hl A&ence to

one wet etch eriove the cobalt nmaterial outside the
tg»atnegsat tmarigiston gtragteretfor p@t mesemléﬁmﬂﬂhtqn atsaayréwheaauch as memory

con 12 and a
Semc\ésl, d%ovyeevger (1)1}1 \ﬁgslatfx plar ({n‘n?r?]ts ma&oo% ultlllzed
gt efe Fhoedtha skidSn el ﬁocfomo lmh etaﬁsﬁthestltubﬂf‘ESIfSIt tme ng aib&t all

stack and thﬁ jncreases tEF wi dth of the 5
FouAfuciHAPBRGHEDS t hY FBBY Ht?t?t??&ntrlé&"tﬁ“?‘e Red to a
Kbfddhfios ts ?s%n UK a8 AL Snet MPictedi thirga! 271 BB RSN o@éraﬂid?leof
devi ce feature sizes and possibly increases the

Vhish iskaewetosne shildedip figitst or gate stack as the nethod
requires sufficient silicon to ensure that all of the
cobalt is converted to cobalt suicide during the
reaction step, which in all li¥elihood results in a
smal | amount of silicon to remain in the gate stack

and thus increases the resistance of any contact to
this stack. [0008] Currently, in sem conductor
fabrication, there is a need for a nethod to forma
net al suicide conponent of a transistor gate, w thout
|ncrea3|ng the contact reS|stance or feature S|ze of

1. i o o o o o, . Y



silicon substrate. The transistor gate is partially
fabricated by reacting the netal with epitaxia
waRlosooesnhi l e residing in a trench to form nepel/us2004/025085

suicide. The preferred netal suicide is cobalt suicide

II@f)Gi]' ckel FRYli G deresehtstd ?éﬁéﬂaﬁ bREk ERk&Mm §f04 Qéml%dﬁé&péyﬁtgm
ayer is forned i1n the trench and on the netal

eipciside 2 pessonal0 andathm@wai@éms 2¢kaphopdngaidie desi¢ eections of a
reduc

DT el el 38 P R B SRR e B oy

caahsﬁfaldb@derﬁ em5umei 87 esebdeaamytlifiersC277, Irﬂmﬁor}dlmsﬂﬂ& rand data

Brl on of th aw ng [ 0Q10]. re
P Gped 27 PINRRGEe CROREHEET 401 RO U St oy Be PrcSesso
&gﬂ@m&@hm@nznethod to forma tran3|stor gate st ack
g§r|3|n% cobalt suicide.[0011l] FIG 6 is
i

s- sectli Bn&l b, padgrdrodathate H{tbish bt Grese b‘§Yer“8f"é has been
&@&;ﬂe@ Rith r}é’f@ﬂeﬂ& 8 wE %%Hﬁhﬁy Qinbémﬁeﬂ? t\’ﬁﬁgjs%odlmtlons known

present invention to fabricate a transistor having a
toethede skilled iind the it enag|begnadede thendisdesed iregre ard process herein
Wﬁl?ou’%leggl% g f gx%'tﬁ&n!'e%}{g# as rLcth&'ﬁ‘x]thé: %%raﬂclduﬁs %)g)ended hereto.
uctor substrate
section show ng the early stages of sem conduct or
fabrication where the substrate is processed to the
poi nt where trench isolation regions are forned into a
conductive p-type silicon substrate and an oxi de | ayer
is formed thereon. A polysilicon layer is fornmed on
the oxide layer and a trench isolation material is
formed over the polysilicon |ayer. A patterned
photoresist is then formed over the trench isolation
material, according to a first enbodi nent of the
present invention. [0013] FIG 8 is a subsequent
cross-sectional view taken fromFIG 7 follow ng the
etching of a trench into the trench isolation
material, followed by growing epitaxial silicon into
the bottomof the trench. [0014] FIG 9 is a
subsequent cross-sectional view taken fromFIG 8
followi ng the deposition of a netal [ayer on the
sem conduct or assenbly and the deposition of a
conductive |layer on the netal layer. [0015] FIG 10 is
a subsequent cross-sectional view taken fromFIG 9
foll ow ng an anneal step to cause the netal |ayer to
react wwth the underlying epitaxial silicon to form
metal suicide. [0016] FIG 11 is a subsequent
cross-sectional view taken fromFIG 10 follow ng the
renoval of any un-reacted netal |ayer and conductive
| ayer and an optional second anneal step to continue
the formati on of netal suicide. [0017] FIG 12 is a
subsequent cross-sectional view taken fromFIG
followi ng the deposition of an isolation capping
material for a transistor gate. [0018] FIG 13 is a
subsequent cross-sectional view taken fromFI G 12
following a selective etch to renove the latera
conponent of the isolation capping material. [0019]
FIG 14 is a subsequent cross-sectional view taken
fromFIG 13 following an etch selective to the
i sol ation capping material to forma transistor gate
stack, which is then followed by a self-aligned
inplant to formlightly doped source/drain regions of
the transistor. [0020] FIG 15 is a subsequent
cross-sectional view taken frofMFIG 14 foll owi ng the
formati on of transistor gate sidewall isolation
spacers and a subsequent source/drain inplant.[0021]
FIG 16 is an overhead plan view of FIG 15 showi ng a
conpl eted transi stor having a netal suicide gate and
an overlying integrated transistor isolation cap as
fabrlcated in the first enbodlnent of the present
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[0025] FIG 20 is a subsequent cross-sectional view

taken fromFIG 19 followi ng an anneal step to cause
wo b@soei2at | ayer to react with the underlyi ng BPEI/US2008025085

silicon to formnmetal suicide. [0026] FIG 21 is a
Whseatghder oss-sectional view taken fromFI G 20
folTow ng the renoval of any un-reacted netal |ayer

and conductive |layer and an optional second annea

tep [ . i.0 I pcide. .o
Foog 7 e oL BHfink deah B0 AR lon IR T b Phprang
t aken f fooming la@encéhlinfaolidobmibm ghaterial cveqhyisg 4 siicondéyegra transistor
i solation ca hn materi.al for a transjstor gate.

[0028] I &t 3507 Byet ndnlicppent-uae el BE L onal vi ew
t aken f foamiink kiiconlehd hetd @iidB gheares@) ecti ve etch to

renove the | ateral q%qggnent of the isolation capping

mat er i aTe_act'{ne @ggﬂletz’:]: e siligon o @E‘Bé@éﬁy giljgide inside the confines of
Cross-sec tcﬂe%l:h %ﬁé"’plte%ﬁﬂg ft}{e%ﬁ:étigh _012 hefaP Lili&&@ [19th&Kilicon
etch selective to the isolation capping naterial to
form a t r daysi etside thpagonfings g€ the trgebech i s then fol | owed

by a self-ali ' 0 .olt . y. doped

oY f ool i a?‘g‘gﬁ%ééﬁ TRIA0h e %Vrﬁrgﬁg%“%'{ag@%‘%ooso] FIG 25

I S a sukaegingiie iwloies naecitl and ahdevlymg/régidos nf the sitivdrl 16yer and

24 followi ng the formation qf transi.stor te sidewal l
ol at i on RDEISREr S1A o398 |BURLAERLYe BT ks Gompron the
i mpl ant . [ G@aldorfoftion? Bap, the aittad vieiting athopioa bf th 8ic layer and
FIG 25 show ng a conpleted transistor having a neta
sui ci de gdtedraamgiogiteridel 31dng i nt egrated transi stor

i sol at i i E3Ro@S/dARTESRSF tetrah i80S SRNGSHRALEAE Raterial
of the presént invention. [0032] FIG 27

IS a

si npl i fi ednbdredpotingsideaiof i transistarigetosdekct or syst em
conprising a processor and nenory device to which the
present invention nay be applied. Detail ed Description
af t HEhelnmgiexdtolf olain] 0 @3Bjeinlthefokmink ofhinaigl slichdeflustey comprises:

i npl enmeptations are i.p reference to the fornation of

- ChannBmine 3R 8p x5 Seandalcril a the Rise by Pyl Hisf St the
may be formesh iajer] | ke manner by changing the

conductive dopants using techniques well know by those
ski | | edforpingganeial layemm%@tten@ 198 disrepitaial siljeonypgerikt

| nvent | gaﬁlmﬂxg%ti@a%?msé/ a§e?d1tréc‘a?§h &%%etaﬂa?&%ﬂdr es for

sem conduct or nmenory devi ces, the concepts taught

her ei n ampaling tzgmemicedducr esskivbly d@eruscothel etablayead end the silicon
t hat woul d IkkgyﬁsetggggLi Léﬁ ﬁﬁ@e use of the

process di SR R AT erefore, the depictions of
the present invention in reference to transistor
structures for senjconductor, nenory devices are not

freant Thegnedhpd|of glaim 1 frthet ¢OmRrisg whi ch one skilled in
the art pfigYioaBihife HReme@NSAALS idsRd AR trhRheiMAlnzShner trench
[ 0034] Fn t he fO|%0MAng description, the terms "wafer"
and " substspagers on gidewalls ob e ipalpEpsmaterpl saymgd by the trench.

sem conduct or - based material including silicon,
silicon-on-insulator (SAO) or silicon-on-sapphire
4.SOS) Theandtinel adglajim d oplssieiatie: roetal dgyecospnisa ookehlior oicksl.

epi taxial layers of silicon supported by a base

sem conduct or foundation, and other sem conduct or

51 I UCTHe B&hod b dIHRI TR einMhe Nitdn@in bBBE Malefial BAIGrifed titinium
“wafer” or "substrate" in the foll ow ng description,

pr evi BlBIHEEKS st eps may have been utilized to form
regions or junctions in or over the base sem conductor
structure or foundation. In addition, the

sem conduct or need not be silitbn-based, but could be
based on silicongermani um silicon-on-insul ator,
silicon-on-saphire, germanium or gallium arsenide,
anong others. [0035] FIG 6 is a cross-sectional view
of a sem conductor substrate section show ng an
exanpl e enbodi ment of a field effect transistor having
a netal suicide gate with an integrated isolation

o s o, n I o 1 o~ o L .



substrate 60. Oxide |ayer 62, which will eventually
becone a transistor gate oxide is forned on isolation

wo e@isonestl and substrate 60. Next, a polysil i BONUBZW€025085
70 is formed on oxide |layer 62 and a trench isol ation
material 71 is fornmed over polysilicon |ayer 70. The
trench isolation material may be either silicon

@i oxiTde wethed pf elgin Ai Whergim thadndta sillsids domprges Goghp Where x
of t . t, invention silicon dioxide is selected.
Photggggﬁgﬁﬁgg'is patterned to provi de opening 73,

which will allow for a subsequent trench to be etched

o o R PO Bl R e Y i o
t r enalicksi dilicg@n di oxi de 71 until underlying polysilicon

| ayer 70 is exposed. Next, epitaxial silicon 81

(epi-Si) is grown to a thickness of approximately
§.00- 500488 bf RMinzR thah8stBSH LR ontii BN GEABIy S IPbsing:
underlying silicon 70 as a silicon source, by nethods
know t oPohiding asibstrpte favipg iselatiogregionsdorgief jinig) @ eendiuctive silicon

evi dent igg%ngﬂgghggwﬁﬁghg%ggﬁggg%kggs, the thickness

of epi-Si w Il depend sired thickness of
t he et &rmigiapplyalitdndéyendd the beidé oyared. An epit axi a

silicon,81.thickness of approxi mately.400-500Angstrons

represeﬁW§m§aﬂ?@#@?ﬁ%ﬁngﬁgggfﬁﬁﬁ egyy?%@nﬁvgéent

I nvent i fiminlgQOpdterne fpRstbtesier MOWet M bpefmng Ineréin @E@ihe trench

| ayer 90, such as nickel or preferably cobalt, having

a thipkne§§k@Pn%BEP@kinately 40- 100Angtroms, is

deposi t gehihd a Greh @R R ireABNREKLHQY Rbhtetifl @hloOh BUIJpBRf: and

of trench silicon dioxide 71, along the sidewalls of

si li con diespasie apertion af the urderlyiggpolgsileronlarer; t he t op

surface .epl-Si. 081, 10 thi e_of .

nvent | Bav gt Hheen Sl oA ity il e BhRET horion

Fol | owi ng of the undetiging gelpsildonilayar; a conductive |ayer 91,

e LA Bl B AL P e

in a conf@puiel;, manner on the netal [ayer. Metal |ayer

90 and conductive | ayer are deposited by nethods know

to t hoseeriorming dofirsiannend o the sepugeadiciarasiemblyiig A thometal

FIG 10 ang.usidg: Jit OB 60 RAbokm ARtal ffcidy: ef erred

exanpl e, trtaniumlayer and cobalt |ayer 90 now

over | i eregpvingiangun-regdies mesakilayonduct or assenbly is

subj ected. tO. | st and.. ferabl. (s Py

Ther mal Pe5s2dsRIRT Bpes P f ARt ooty B beR e

of appr @eposiahe bry isbRflert Ppiag frodierap fite Xienidneth ynd Over theblhetal

seconds in_order to cause the cobalt to initially

react mﬁtﬁﬂPﬂé epi-Si to formcobalt suicide 100 (CoSi
wher erefnoVi iR 3atbraliBimporent ofthe kdlhfonRabig thiterddne

process, a portion of epi-Si 81 still remains. )

Qpt i onaftclipg seecivaly i e isglptipe Fappingapaterisl tor foem @Veentitian gate

CoSi 2 gr a'sﬁcﬁ‘%&fpr@ﬂg aq{ahﬁﬁ&aigélgfbnt&é JREENEAT éilﬁ@de‘f!\] ortion of

under | yi ng cobalt td aggl onerate, ich1s Its natura

t endency. thehslicon tageriandrihe semittorghiepxfdenct i ons as a

"guiding” layer in the sense that i el di rect
oS 2 oPaiE FaiPaiecpa et R conrsd s shEbius g form

of a titanréeatdaaskghtly Ay sGircddraintrédi@Rofihie @finsistdrani um
nitride} is preferred even though titaniumlayer 91 is
opt i onal°raig t‘ia\‘“ﬁf&r@ﬁte\ﬁdle‘f’alb‘é"léttqniSB%?@@ dier in the
process. [0040] Referring nowto FIG 11, once the
previ ous annealing step is conpleted, the un-reacted
portions of cobalt 90 and titatfiumare stripped from

t he sem conductor surface by Ammoni a Peroxi de M xture
(APM or Hydrochloric Peroxide Mxture (HPM, thus

| eaving only the CoSi 110 and epi-Si 81 renmaining in
the trench. [0041] The sem conductor assenbly nmay then
be subjected to an optional second anneal i ng step,
preferably an RTP step at approxi mately 800-900 C for

o, ~N ~ o~ o s a o, ey




as the cannot be etched using a typical gate stack
etch chem stry. [0043] Referring nowto FIG 12, an

WO s@sari2zen cap material 120, such as silicon nPCT/US®0©025085
silicon dioxide is deposited to conpletely fill the
remai ni Reh1AiRe HdubivetoPar®Ointo e cbyRRHRY sifiRR! sAb@R to form
mat eri al "deposited depends on the type of isolation
mat eri al §ewce/drainregiave bf thefrgmistoon. I n the present
exanple, the trench isolation material used is silicon
di oxi de, thus the isolation material 120 selected to
9. | | Theendthieindlolaim B] wieeis kHeingapdl laykit dohgheises icotraltar niekd.on
t hat becones apparent in the follow ng step. [0044]
Referring nowto FIG 13, isolation cap material 120
(®i | ITHRAneMddrof digim 8, FuticEtiepridaek to renove the | ateral
conponent thereof, at or_ _below the surface of trench,
i sol at i BPrARewing epiaxigl silico gp e bRifope pf the fprchfopping gmer
sel ect I ve trtegchséplaée?socfh SleMsider fiBE&lch "igolaZiam FeAi by fﬂlgnetdh)? the
etch will stop once it reaches silicon d de

I OXI
mat eri al TenchFor exanpl e, a chemi cal - mechani ca

pl anari zation etch may be utilized that will stop on
silicon dioxide material 71. [0045] Referring now to
H.G Thé meshodet clains §), &cthenm@nipdsihgol ati on cap materi al

120 is performed.that renoves jsolation trench. . .
at er i o[PS T3 FongR St G i ERoYeL e isopgion cappins
the porti emui®fal.gat e oxi de | ayer that underlies
isolation trench material 71, to forma transistor

gate stack 140. The transistor stack material can be

4. CNefheilid P Blin 8 eibinér EhERisAE 8 combination of a vet
etch to renove the trench material, followed by a dry

et ch t odepesitinga cdndugsivt Yeyérl dnghmmetaldayea teecopipldaetal silicide grain
Transisto%m%%he,stgck 140 conprises gate cap 120,

CoSi 2 portion Tr 6" epi -Si portion 81 and polysilicon

por t i onreffdvingtthe bondaatibe hget duringnima iroviag f poy tni-eactddthptal
and gate oxjde portion 70. After gate stack 140 is

f or med, aSﬁLCWpe implant is performed to formlightly
doped sel f-aligned source/drain regions 142. [0046]
Referring nowto FIG 15, transistor gate spacers 150
bte forpgbodRf deraning delratioadystorgaemonyt device]myingh\g ¥tansistor
an N- Lpplant is performed to form source/drain
regiéﬁﬁﬁﬁgknghe sem conduct or assenbly is then

conpl et povidingh sabstrate ppong iselbt@nfredierisderried mtp p oorelgdivk nidiven
to those skilled.in the art.. [0047] FIG 16 depicts an
over head 5ﬁgﬁﬂgﬁm%a%8ﬁ§?%¥%§"%?§ﬁ§%§?br structure of

FI G 15fcsimiglapglybilieshd byt of thegatige Byack 140, transistor
gate spacers 150, source drain regions, 151 and

transi stgPngadireh fd¥ioamaialaygy Brrolglicop soars) A

second fRLRGA: pARARE Pabioredikt RdvhgPiesRAing | tRUEATdvENthe Srench
described wth reference to FIG™ 7 and 1726,

Ref erri ng isetaiion gaerid;, 7, substrate 60, is processed to

t he poi - r [ LOf '

formed |t & bl FRE Mo RANFLLAR] R Snib bl B pfRE and
Oxi de | ayerp@ihg awhitioh ofahe bindexlging palydifcobéyeone a

61 ana SONEE BB O CRRE PEDTEP)S b B paher 68 forion

formed on opie@Bddriameg pol§dlic@ndayar;t rench i sol ation
material 71 is forned over polysilicon |ayer 70. The
trench isolation material may be either silicon

di oxide or silicon nitride and in this second exanpl e
of the present invention silicon nitride is sel ected.
Photoresist 72 is patterned tobrovide opening 73,
which will allow for a subsequent trench to be etched
into underlying trench silicon nitride 71. [0049]
Referring nowto FIG 17, trench 170 is etched into
trench silicon nitride 71 until underlying polysilicon
| ayer 70 is exposed. Next, a conformal |ayer of
isolation material 171 is formed on trench isolation
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[0051] Referring nowto FIG 19, a netal |ayer 190,
such as nickel or preferably cobalt, having a

wo boosloness of approxi mately 40- 100Angt roms, i SPCT/US2004/025085
deposited in a conformal nanner over the top surface
of tre k). Lb i : taxi
oi devl 1 pied allelor R GEsigfh ARG HoGehipaRn the cpitxia
surface ofiligm -Si 180. In this exanple of the present
i nvention cabalt.is selected for al |ayer 190,
Fol | owi B¥GOTHES At anaeeaL 8% ?}{ei SSW}C%%EESE)P?SS%%‘S R 8%“&66 S el
| ayer 191lay&ueé Fea@Svithi theadpitabttal Qilichr fodorinuietal silididde,
having a thickness of approxi mately | OOAngstrons is
depositréﬂloY‘Hg%}WdﬁlﬁF%fFeﬁlé‘Petﬂ%ﬂ?fér on netal [layer 190.
Metal | Q¥BfmihdQ s@Bsh SO NEH io\eBndirdY e fdrdhtiad 6f @R asicided
by nmet hods know to those skilled in the art. [0052]
Ref er r i ¢egosiidng apisplpipn ppiag natesiahinte the dren oVeE disanetal
as the pretenred exanple, titaniumlayer 191 and
cobalt layer 190 now overlie epi-Si 180. The
seni condmotiog thedaeniroypprensefithededl@idn ceppang aaterédl st ep

and prefer.abl id Ther.mal Processi RTP),..st.

at a te ?gaf%ﬁp@ve%:ﬁ’gtge & l%é%np?agk’linﬁﬁ?az rl)'?lp%()%?%@dr a%ﬁ%rgate
appr oxi mak@élycodtprising @Qrasggaristtation cay, dier mealusiesidene portion of -
cobalt to initially react with the epi-Sito form

cobal t sut ﬁd@OQ@ﬁg@nqmﬁﬂgﬁgkﬁg@ﬁPpg' from 1-2) 200.

At thi Sinfinithg !cghcﬁlaﬁvemo?&@ssﬁlto fhe ROAducORe Flicof Rubstate k8 @orm
still remains in the bottomof trench 170. Titani um

| ayer 191 sti&plignedbghtly dppediseures/dspin (egioneaBhe trgfisiioR si ze
and orign L.on. P ying cobalt to
R L R

tit ani ulnpstiegcomlutiyvef dopats mirsthasordutine diiqeg substrgigrto iferm
t he sense thatdil hel ps %j&ect CoSi 2 grain orientation
and si ze. SYAERAraipReEions QLR TASEIT, t it ani um based | ayer
(i.e., titaniumor titaniumnitride) is preferred even
t hough titanium |l ayer 191 i.s optional and if Psed,

i | e raathqti s ST A8 Y herein el lpeeieemppitsp goppl or kel
Referring now to FIG 21, once the previous annealing
step is conpleted, the un-reacted portions of cobalt
190 it nhathoglreif olaim 931 ferther compripipgd from t he

sem conductor su e -y ' ' u o
ey or s dREBcTRI @ DAL bf g o fofning nner
| eavi ng omeychGpedss @0Gdemnatls efthe Bench 8®latiemmiareriplgfoimedttyehe
trench. [0054] The sem conductor assenbly is then
subj ect ed H8Man opti onal second annealing step,
preferably an RTP step at approxi nately 800-900 C for
approximately 30 to 60 seconds, to insure that the

Si %ar,lethqslyoéehtnaéi fifghercosprisiag: 180 has i ndeed
react ed i d.hhotd€ i fuFimd AR kAR Agfin
havi ng ae%Jﬁ?hgktﬂgéﬂsll‘@Ig?&lggS?%il??g?% 9%%8%-9%50Angst r orrval.319 s
Wt h epi- Snatérmker 180 having a thickness greater than
the desired thickness of layer 210, (which is the case
in the present invention) the thickness of cobalt
hay er TH9Rethlel Echimes, firkter @neriaing: t hi ckness of | ayer

210. It is desired that after the formation of |aye .
210, a fepositiBga a?nd@ﬁfteé?ye&%b%? Bivt {?ié,er 5 cqnal ek sdidserain
trench 17G.ghsoskaye the original surface of
polysilicon layer 70 to ensure that no encroaches into
underlying polysilicon 70. [0055] As nention in the
first enbodi ment of the present invention, if the were
al l owed to encroach into underlying polysilicon |ayer
70, as discussed in the prior &t, the will also form
isotropically (in both the vertical and horizontal
directions) and the width of the gate stack will grow
outside the wdth of trench 170, nmaking the feature
size of the gate stack greater than the critica

di mensi on constraint of the given process. This
situation leads to loss of critical dinmension control;

o " e I . . I



transi stor gate stack 240. The transistor stack

material can be etched using only a dry etch or a
wa@eoobiozeBl on of a wet etch to renopve the trenchCT/US2004/025085

material and a dry etch to renove the polysilicon and

gat e OXiefRwing tR&dndlidive Eledlﬁﬁlgqlfe r%ﬂ’lgvi?xg@pﬁh}sﬁ'ﬁreﬁ&&@metal

cap 220, CoS|2 portion 2 epr-Si portron 180 and

ponS|I|céﬁm§%ft|on 70 (mhlch conmbine to formsilicon

portion 241), and gate oxide portion 70. The presence

and subsequent renoval trench spacers 171 wll in

&8.f ech methgd oéfarimmgfasaminordusior esserhbly hevitg atralhsssttmrcogam&ing

stack b t.rench. spa

The t r cHHrEARER TR el B PR RSP i cqigpi¥ siicon
st ack mnIkm@ﬁmeemhwﬁbmdahVQWr&edﬂ@kﬁﬁter fabrication
erX|b|% ¥ Af ehgglte stack 240 is fornmed, a Ntype
i.mpl ant "FEMEEPPYP! %??%Wﬁ??ﬁ%ﬁ??y doped

sel f - al aRRY aHRHINGEIISHoR N8I vertBe BotysilidoR P&

Referring nowto FIG 25, transistor gate spacers 250
are for fEENgR pasrnefl phgialepist bvingaanconeping Kherain ovieste rench
an N'typelkﬂﬁhﬁﬁﬁmhﬁ performed to form source/drain

regi ons 251 e seni conductor assenbly is then

conpl et eching tahrea¢h aytrpﬂmprenat solhdr matatial ghropglo the speking wnd
to those Skl|| R hart ﬂkgoqg}.FICﬁ 26 depi cts an
over head Vi pecwngta PEeB %t”éd& FaRs S§1{°8P &t ucture of

FI G 25ghaitighegitixiaARBicsd mfo tBab@iost @ake i2ehoh of FRREPpSEDPortion

gate spacers 25 source draln regi ons 251 and
transi st ot PEERERYINESPEIOR [¥ei ons 61. [0061] The
exenpl agyofiRos BN ertmg HRRRwWHlSEFURSESch Bnd & B E01GSial
to formng a transistor sfructure for use in

sem conduéiligem;assenbl i es, such as nenory devi ces.

However QH?

enbodi rﬁogrﬁ ‘“%-g‘%geg‘“ﬁt 4 ?)#glé%se Ogﬁlgctogé gor %rcﬁusg kth&i P]etal
in the arﬂ@ennﬁ@mmwﬂumhemmambmmbmnybnnum&&nh@déor use
in nost_all. sem conduct or |ications. For exanple,

t he pre§%ﬁ?mﬁﬁ$%WtFﬂﬁaﬁﬂvdggpappl|ed to a

sem conpliiing 3 ¥edofdinnsalGlep &scohtiue Afofiiliof befethlkillclde;
27, the general operation of which is known to one

ski | | eddsPRsitipgeany fsplafierp gapping regteripl it feclecaph and; o sy mptal
bl ock di agjfigpp.of a sem conductor system conprising a
processor 270 and a nmenory device 271 showing the

basi ¢ seotoving shedfteral qpmponapt ®fﬁheelg¢1§toe@ampmgmat@rlal,such as
row and S 7

col um SR £ e 3R SopplindR) £/t 2 YhB06: gare
nmenory ar rsayk Sohtpriaing adeihsstomipalition whyy uhe &7191, silididec b patien of
mani pul at ntrol /tim signals fromthe

processor ' ‘ﬁ$%ﬂ@ﬁW?6ﬂ?ﬂﬁmm%?%”gﬁgﬁﬁéf It is to be

under st pgfarnkiig condatAdQieghhtd e e @SRRIV WRIShI sOFkiraRS0 form
been described with reference to two exenpl ary

enbodi mene¥i-aligged bhdly dpprdmpwes/drain segiqos ohie transistds e

ski'l | edidnflink Renddr ol Rtelal SN Pack Rl sC! 0Sed
structure and procé% erein wth departing from

t he i nvertanting a@duetmetmantwntméle semcmcme glinrsgbstrate to form
appended rged‘rget/ rain region; oftge ganms%r s: 1. A method of
formng a PrEns| {d% 8 sem conduct or assenbly
conpri si ng: forntng a trench in an isolation materi al
ver| |ng a siljcon_l a trapsistor gate oxide
f%yer he aptipd lags dS-ovsei the aneh Basricamprivds el gr mickel.
silicon and netal inside the trench; reacting the
metal with the silicon to forntnetal sui ci de inside
the confines of the trench whil’% preventing the
formation of nmetal suicide in the silicon |ayer
outside the confines of the trench; formng a
transistor isolation cap over the netal suicide;
renmoving the isolation material and underlying regions
of the silicon layer and the transistor gate oxide to
forn1a tranS|stor gate stack conpr|3|ng the tran3|stor

o, . . o a1



prior to formng the netal suicide inside the trench,
formng inner trench spacers on sidewalls of the

wo s@sarizen material formed by the trench. 4. TheT/mstoe0s5085
of claim1l, wherein the nmetal |ayer conprises cobalt
or nickel. 5. The nethod of claim1l, wherein the
titani um based material conprises titaniumor titanium
#)- t r i'ldhe nthotlgbclaipt Rothribér comaiisimet, wherein the net al

sui ci de ' TRTY 7= ies. froml-2. .7..
The et Pioa oot suE dfe MAaPSs b G gimit nner
conpr i ses tre@habiceswnciddealty of nhectkakh SuiatodMateBal fémed by the
nmet hod of form ng a transistor on a sem conduct or
assenbl y gS‘h%ri sing: providing a substrate having

i solation regions fornmed into a conductive silicon
substrate with an oxide |ayer forned thereon; form ng
- pol'pemethog At ¢V Brthensempsisinge | ayer: forming a
trench jesgliak HRNnAB RLLRALpaLYS burdbEinP Unsial Ih 914X Rhpping
form ng a patterned photoresist having an opening

t herei n oWeferithe trench isolation material; etching a
trench into the trench isolation material through the
openi ng and exposing a portion of the underlying

320! y dlihk inethod biglam; 18gfunheregmeyikitgaxi al silicon into the

bottom of the trench on the exposed portion of the )
under | yTREHH @‘?P?‘fc%‘?}ﬂ?'eé)? Bfhe rgeéégg’ﬁe{)ﬁor?ﬁméoq stal FlﬂFlﬂﬁ/ gpm
al ong t hef@ina@mhdds of the trench and on the epitaxial
silicon; performng a first anneal on the

sem condReysg ﬂ%&s@é%ﬂly/e tagerurias theemppang Pl gy reacipd metal
react wtly;the epitaxial silicon to form netal

sui cide; renoving any un-reacted netal |ayer;
performng a second anneal step to continue the

o0 ol el RN ML SLA S50A%L 08 A0 A0 RE e
Sui ci degrovidin®w subgtrité Bavirgtieialon eapiqne fremed info 4 dv@ductive silicon
i sol ation Lg)a in L mat e ial , etc({;t'bqn% sel ectively to the

i sol ation® 5%8‘?1’\'8 AL layer fosmeihEeA ¢ r ansi st or gat e
stack cafmig & pdlgsilicoh :ABSInthOxideIBept i ON cap, the netal
suicide, a portion of the silicon [ayer and the

transi sPBRINgaFenchysolfEon mairial av e Robistigen Y dopant s
into t : ' ] t . :

ol - ol Brh TR T PO S e B HHE oh ke wiefiTlover o opnch
t ransi st omolafigrmiteriplit r ansi st or gate sidewal | isolation
spacers;, .andi opl antin onductive dopants into the.
conduct $%Es3 1 %anmggu ST %Cgels%l%uop onrl%géagttﬂr%ueg?’ots%f’ﬂemng and
regi ons oéxpokifg i paticd &ftitby undSlyindg@lysitichodyef cl ai m 8,
wherein the netal . |l.ayer, conprises cobalt or_ nickel.
10. TheSEPH sRitaztel eﬁ%ﬁnm ,“%PQ?F?‘HQF the Jspeh < they eXRepsdertion

t o grow ngr RPitdediad piidilice@ydnt 0 the bottom of the
trench, formng inner trench spacers on sidewalls of

t he tr edepositing magtrldayenaloes tha sidewalkyed the yrendheant og wlegrepitaxial
The met hogd;0f.. cl ai m 10, further conprising: renoving
the inner trenhch spacers during the renoval the

i sol at i mrfomzEpph digst mateal dathe séBicoiduetormadsérolly 0 caisa ihen rigtal

et CRBLSL0G SRR AR, GRS ST o

f or mat iremoviadshyriaieiietd anetdRiyeonduct i ve | ayer during
the renmoving of any un-reacted petal suicide. 13. A
net hod RSFOMER? $550nd anned semiqGeitiue e fmptienesfinestal silicieig
a transistor conprising: providing a substrate having
isolation regions fornmed into a conductive silicon
substrate with an oxide | ayer Bormed thereon; forning
a polysilicon |ayer on the oxide layer; formng a
trench isolation material over the polysilicon |ayer;



form ng a patterned photoresist having an opening
therein over the trench isolation material; etching a

wo ec@ioko2snt o the trench isolation material thrpOLOSt00€025085
openi ng and exposing a portion of the underlying
pol ysi | - : O j i il '
Dot om SR st Wofile FRUCAIIA) 1F epGRlhd Biep eVt
under | yi ngilipdé;sysi | i con | ayer; depositing a netal |ayer

2 019, g ShpbhSy RN Ao (o1

sem coneltiigselaattdil e isolation SppinB enat@iabto foay @rtrabgstor gate
react wwth the epjtaxial silicon to form netal .

sui ci de; FRDTATRTSEAY THRsiTer-aqlaten faR: 4re Pgglayiicide, a portion of
per f or m NgnedilREE ARG 2ANME Bhnskkd? Rat Bxi@@nt i nue the
formati on of netal suicide; depositing an isolation

cappi nginpianERg §pnduefive dopwnts ENBR carfciXpeiliqon subsiratg|to form
sui ci de; a0 HAG dbiSERty GAARAAET b AL kil tor;
isolationscap |ngI%a?er$3I; é%c%?ﬁg selective i”io t he
i sol at i fomming ppnsmtprigeit eidewdll isdatfoprspacarstandnsi st or gate
stack conpri.sin transi stor jsolation cap, th tal
sutoi de B frfietse MR Pl B oAb REn jgaallh Fom
transi st osoged/draifxdgitas of iptradistong conducti ve dopants
into the conductive silicon substrate to form
sel f-aligned lightly doped source/drain regions of the
b4.ansiitiihod @RI 93,WHRASH Sk et B8 cSMP@WRLIbait SPhidkL.ON
spacers; and inplanting conductive dopants into the
conductive silicon substrate to form source/drain

gi [ . The method of claim13,
&ﬁergﬂ%’%ﬁgh%§9%#??§§§%%§€ ?Pg's cobalt or nickel.
15. Theprietth gedbwirfg apitasiahsili8pn fntr thh bottano pipthe gemel); fopning inner
to growing epitaxial silicon into the bottom.of. th
Lrench t gemmg e m Herefic bf b SRuROL MR Gy e
the trenchreh@ol ation material fornmed by the trench.
16. The nethod of claim 15, further conprising:
removing the inner trench spacers during the renpval
bhie I BRladddans RRPLA) et @hlpRbing:17. The nethod of
claim13, further conprising: depositing a conductive
| ayer oremolingrieg iner Eapel spagers gutingihe ferpeyal Hgiigqlation capping
grain forqaﬁ&gp; andrenovi ng the conductive | ayer
during the renoving of any un-reacted netal suicide.
18. A nmethod of form ng a sem conductor assenbly

Vi a transisto opprising: providing a substrate
Ezviﬁ%@qﬁWé%$8ﬁm?%ﬁ%ﬂﬁg“ngﬁgaginto a conductive
si |'i condspabifibd Abdhdudtivh 1axer XhélRetaPyfst td @hiFBIindtiisNnRe grain
form ng a polysilicon [ayer on the oxide |ayer;
forning afePBHeN adol ation material over the
polysi | | &R al?(@édnd{;]&irvmlﬁgr AurPRhErRRIinR RO LAY Gistedlied metal
havi ng an opgnlng therein over the trench isolation
mat eri al ; sédkctlhi ng a trench into the trench isolation
materi al through the opening and exposing a portion of
the underlying polysilicon |ayer; grow ng epitaxia
88. i cAmethvd@f fdimirgat itansistof gdtdifer b fieldeffeanrahdigoraoppsisidg:
portion of the underlying, polysil.icaon |ayer; S
deposi t P’f?ﬁ‘dél‘gr?'e*f"éﬁtra'ieé‘ﬂ@?g 5&6%%‘ regignsdp tp & cggpdugtjyg silicon
trench andugaik RehaRn bkidiagdr fSinlel @RFsonper forming a
first anneal on the sem conductor assenbly to cause
t he net &rmingaeelysibcendayer opthe RXidpBYEpi t axi al silicon to
formnmetal suicide; renoving any un-reacted netal
| ayer; perform ng a second anneal step to continue the
formati on of metal suicide; depdsiting an isolation
capping material into the trench and over the netal
sui cide; renoving the |ateral conponent of the
i sol ati on capping material;




etching selectively to the isolation capping nmateri al
to forma transistor gate stack conprising a
WO c@ss@snr i sol ati on cap, the netal suicide, BCPUR1000025085
of the silicon layer and the transistor gate oxide;
i npl antfoﬂﬁngQﬁ%ﬁsgomao%e@ﬁm%vérmﬁeopoﬁﬁﬁlc&ga ctive
silicon substrate to formself-aligned |ight tly doped
sour ce/lgraing ar agfbroers Plrftoresiss haviaa on sipering fherai nyer the trench
transi st of; Ak gma s;vval | isolation spacers; and
i npl anting conductive dopants into the conductive
si | i coretchirtgst trantle intotht ormhswiatioe heitesiklthroeg)i the spatngttd éorm

t istor. 19.. The.nmethod of cla 18 t h
e al | ay B GHEVTELE P gBa R AT 5 R LpRteD o
of cl ai m &8 undelying @blysiO&dANAYBEH;NG: prior to grow ng

epitaxial silicon into the bottomof the trenc

f or mi ngPYREr CRIEEAE Fliac Bidngort Shigarad 196 afpr%@ately 400-
trench i sebrs@RbnibBLE iheotbALIRE rbicht £48 oh rtl?eﬂﬁbose@pomon of
The nmet hod of cI aim 20, further conprising: renoving
the i nnertfl@wéﬁﬂtlhlngpaldﬁh@ndWLng the renmoval the

i sol ati [ t Lal m.. .
15" L PRaRS aBRECI Gl 3 IS BRANA, l 1l B
on the nestilitont ayer to control metal suici de grain

formati and renov ctive layer during
the r en%??shtﬁjgc?fmaéﬁvn [?Pigrrogé 85%3(% suicide. 23. A
met hod fofntingrianistSQikA UACHE tsethicontRitBMadIaMbIRGit & temperature

transi stor congr i sing: providing a substrate having

i sol at i onTaneyPLIRPIPYPREY S0P, fop ARRIEXIMgielys3] Foc‘ghto cause
substrat emintchl Berd F& WitMRS epﬁt%él%ﬁlc&hf%ff&%{‘cobﬁl@EIH&&Q

a polysilicon |ayer on the oxide layer; formng a

t r ench rergoving dlgamy n&f@ﬁfﬁéme@lﬂe}‘ertnhbc@dt lﬂﬁf! i con | ayer;
formn [ [

ther el RYRR0Y RSO TARAR | Eorid iR Her S p MREP skl 1o o
trench i ntapidt therntal @rehssing Gltept aton tempbetura tangd od ugdrotimetely

openi ng a aof. the underlyjn .

pol ysi l'i cgﬂ) f@g@?‘” aEIPwaPFHbe ye% g& isefonds; tf’?ﬂfﬁy ?‘Bmtaﬂ%n of
bot t om of cdvaR $in@de Ru@ thidd ethe Xppaie dilR@let is0RpbxikaRly 100-
under | yi n:c;;%d)ol ysilicon |ayer; depositing a netal |ayer

al ong t he3&jAmeftEamss inothigkness thub dess BYIEnSRashh Bheepairtion ph fhe
silicon; Qﬁ{eﬁﬁfléfggigsﬂ%omaryg anneal on the

sem conduct or 'y to cause the netal |ayer to
react wiepbsitingeaneipdletioni abpisg hiategal ity the tremalrednd|over the cobalt
sui ci de; LRI ving any un-reacted netal |ayer;

performng a %econd anneal step to continue the

f or mat i eahirgf seleetivaly ®ukmbetethe @@sli dopgneanof e lislation capping
capping material into the trench and over the netal

sui ci de; PafH f5Heh ng the | ateral conponent of the

| sol at | hifpARRLMSBIYBUES isallamor%a?ﬁhg chafeBhIO® tbMiEh YrahsBtdrBte
i solation capping material to forma transistor gate
stack c or‘rﬁiﬁqksqoﬁ@ﬂ%ing p HARsisiar dgolatiembap: the gokaliisilicidgea pastieq of
sui ci de, 891515111&?1 lﬁfer &rﬂ%h thgtg alteac}fc .and the

transi stor e OXi ant| n conduct i ve dopant s

i nto t henpbotuenincEve dd>panf@m bubs¢li-aigped lightly daped source/drain
self-aligned lightly doped source/drain regions of the
transi st ofeglof’%? %té%ls‘lstgﬁsi stor gate sidewall isolation
spacer Sforofifgltran¥Rion pité Sigeweainsblktion vigacetQpamt s i nto the
conductjive silicon substrate to form source/drain

r egi onsMBfantigeropductys dapgnts tofarm seyeceideairsgions of dhefragpistar.
wherein the nmetal |ayer conprises cobalt or nickel.

25. The nethod of claim 23, further conprising: prior
to growing epitaxial silicon i4%t o the bottom of the
trench, formng inner trench spacers on sidewalls of
the trench isolation material forned by the trench.

26. The nethod of claim25, further conprising:
renmoving the inner trench spacers during the renoval
the isol ation capping



material. 27. The nethod of claim 23, further

conprising: depositing a conductive |layer on the netal
wo agosn2a6282 cont rol netal suicide grain fornmati oPCT/ERIN04/025085

removi ng the conductive | ayer during the renoving of

any un-reacted netal suicide. 28. A nethod of form ng

a transistor gate for a field effect transistor

28onpihesnethod qfrckpitn @8 rfgriker sommsisingt e havi ng i sol ati on

re |on fo

Wi ?h a T10T {oﬁavrmgéﬁgt gfr:%f;%w}r&g \rtll'gob%'ttlj g)? %e%%{ rf(ﬁ‘lin?ng mner

pol ysi | i cmemCh speeers on sitlévealls xf the tﬂeaglssqlﬁtmnrrnate;:rlaafdrmshb)hthe

i sol ation terial over the polysilicon |ayer; formng

a patter nE¥bhot or esi st having an opening therein over

the trench isolation material; etching a trench into

the trench isolation material . through the opening to
Por mlhe Beibed o i) rthes copRrisinganch i sol ati on materi al
and to EXRRRLHR iRRE el Pheels RirMB IR JeiioRd tROI¥Rlibd %Bmg
| ayer; growng epitaxial silicon having a thickness of
apprOX|namakyﬂ4OO 500Angstrons into the bottom of the
trench and on the exposed portion of the underlying
polysilicon |layer; depositing a cobalt |ayer along the
sidewal | s of the trench and on the epitaxial silicon;
depositing a titanium | ayer on the cobalt |ayer;
performng a first anneal on the sem conduct or
assenbly at a tenperature range of approximtely
500-600 C, for approximately 30 to 60 to cause the
netal layer to react with the epitaxial silicon to
formcobalt suicide; renoving of any un-reacted netal

| ayer and cobalt |ayer; perform ng a second anneal by
subj ecting the sem conductor assenbly to a rapid
thermal processing step at a tenperature range of
approxi mately 800-900 C for approximately 30 to 60
seconds to further the formation of cobalt suicide
such that the cobalt suicide is approxi mtely 100-
350Angstrons in thickness but does not encroach the
portion of the underlying polysilicon |ayer;
depositing an isolation capping material into the
trench and over the cobalt suicide; etching

sel ectively to renove the | ateral conponent of the

i sol ation capping material; etching selectively to the
i sol ation capping material to forma transistor gate
stack conprising a transistor isolation cap, the
cobalt suicide, a portion of the polysilicon |ayer and
the transistor gate oxide; inplanting conductive
dopants to formself-aligned Iightly doped
source/drain regions of the transistor; formng
transistor gate sidewall isolation spacers; and

i mpl anti ng conductive dopants to form source/drain
regions of the transistor.29. The nethod of claim 28,
further conprising: prior to grow ng epitaxial silicon
into the bottomof the trench, formng inner trench
spacers on sidewalls of the trench isolation nmateria
formed by the trench. 30. The nethod of claim 29,
further conprising: renoving the inner trench spacers
during the renoval the isolation capping material.
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