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Brief Description of the Drawing

[0010] FIG. 1-5 are prior art figures demonsirating a semiconductor fabrication

method to form a transistor gate stack comprising cobalt silicide.



[0011] FIG 6 is a cross-sectional view of a
sem conductor substrate section show ng an exanpl e of
one method of the present invention to fabricate_a
transistor having a netal silicide gate el ect FoagPtgRper 2000
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- a subsequent cross-sectional view taken fromFIG 9
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then followed by a self-aligned implant to form lightly doped source/drain regions of the

transistor.
[0020} FIG. 15 is a subsequent cross-sectional view taken from FIG. 14 following
the formation of transistor gate sidewall isolation spacers and a subsequent, source/drain

implant.



3 13 Septenber 2006 [00211 FIG 16 is an overhead
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integrated transistor isolation cap as fabri cat®dentgmber 2006
the first enbodi mrent of the present invention. [0022]
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[c030] FIG. 25 is a subsequent cross-sectional view taken from FIG. 24 following
the formation of transistor gate sidewall isolation spacers and a subsequent source/drain

implant.



4 13 Septenber 2006 [0031] FIG 26 is an overhead
pl an view of FIG 25 showing a conpleted transistor
having a netal silicide gate and an overlying
integrated transistor isolation cap as fabri cateoeRtgmber 20006
t he second enbodi nent of the present invention. [0032]
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transi stor gate 140 nPI‘I ses_transistor
showing an example embodlment a field effect transistor having a metal silicide gate
with an integrated isolation transistor cap. As shown in FIG. 6, a semiconductor assembly
comprises a p-type conductive silicon substrate 60 into which transistor isolation regions
61 (i.e., trench isolation oxide) are formed. A transistor gate 140, comprises transistor

gate isolating capping layer 120 overlying metal silicide section 110, which in fum



gate isolating capping |layer 120 overlying netal

silicide section 110, which in turn 5 13 Septenber

2006 overlies polysilicon section 141 and that_is
separated fromtransistor gate oxide 62. Sour tePeRtgmRer 2006
regions 151 are formed on opposing sides of transistor
gab&rﬂﬂéQ}oly:ﬁhcorc aapdretl 4 hzhiemhtrﬁrsepamt@!r frgﬁttmxsliwragmé stidy 62.
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An epitaxia I con 81 thickness of approximately
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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



the art. [00391 Referring nowto FIG 10 and using
titaniumand cobalt as the preferred exanple, |
titaniumlayer 91 and cobalt |ayer 90 now over]| ]

epi -Si 81. The semiconductor 6 13 Septenber beiememberm%
assenbly is subjected to an anneal step and preferably

a Raphbly shebjsmdd PaoaRes lst@%a:(d Tdorabt £RaRd TRrh ARG EA N RTP)
ran e of a r oxi mat el 0C for agprom mat el y

30
SEp at g4 TP FANEE @b APRTexiEaEE o 00-A0° ofeaﬁmpr%mately 30 to 60
| n lsécbﬁﬂshry ort@as tautd thdlcdbRie o8 Ritial PireakOnifah R8P fbrm cobalt siticide
SI| cide, 100 (CoSix, where x varies from1l-2). At
t hit Iyt her X asiehirere d=2d. Abthis@pint ighegirosess @ pprtign of epi-Si 81

St kil rer@R®1 OftionSkAnQRR]aydrich FRbLBNIANE evedrud) @loBR: grain size and
control the eventual § grain size and orientation
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an qtaaluaeor tilRikh nikil8 1PPREADE Svel tofiH dithiith WRASE Gorl AN GRd it
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evéﬁdﬂﬁb‘EFgﬁ*FRPF‘i]aﬁilﬂﬁhGIP&?F@?s 91 is optional and if used

d045]e str 'R@ﬂﬁ'glg n%Q5 FTCP 14 *B?.cmé’ pevidus zInQQaﬂQ& step is completed,

Re¥err|ng now to once the previ ous anneal I n
st g up-geaptedrpdraens @f cob@h 80 el titeanen @arp grippedrirpnpthe gappegnguctor

905@@96 ﬂf Amwm@émﬂmm m@p dy ggagga{,kg%pé%g?dg RRdHE 9,

surface Anmoni a Per oxi de
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pr ef RT ap tel

ap%régm na e? mslf% Bmf %g%b?dsneg‘ocﬁ s&tkvg{H [ 'sé{u r8 gq‘[g]cﬁ%g Qago%%{ed with
10093 undertyongt epHSl wb tfhrne pin- Sieral 1C05hﬁ3ayem d&kdhayienct thibkness of

t hroxt n I)hﬂg] #OX ?Hm%kfg epl i layglggpl?}ga)\(r%\égatrt 1f:1|(nes%og§tj:a?er than
1OIBe a&ﬁh?d]@lﬂ:kﬁﬁﬂsf Cdﬂigt layce pio, &hlblﬂiy die c8sk ih eheipgerdt invention) the

| CEERESy HofiRlestr PRt STl Riskt SRS fer 110 R

I ndee:rddl the afiértRe fobratiok I’d»eESS@fayﬁdbahtpoﬂtlaiy ef ¢f#3i 81 remains in the

SO G EBreh T BV BT SR BF ALPIGcBt 020 Pyt

111@) zﬁetﬂ@nfud@amaj‘acr@pimoSmd&iynrgQﬁmm@nl7o the bottom of
tr nch 73 and above the original surface of

VA i conlfithigfei g %‘%Ff%‘ﬁ‘re%“%i‘at“‘“ yderfiedrolysiicondayge?0.
e rm@afsmssn R bRorRORE LYSINGIPMoY ST lgcﬁ;@?mﬂ@ (in[tB0ARd vehifcal and

the CoSi2 were allowed to encroach into underly

pdlopgental diggstipng) and trgvidthpd theisate fackall grow qvasldﬁﬁlveo‘wdtgrof trench
t g, askatsidd Ik fluROsifeQs Me C%a@tsﬁ&m) be ¥ter(thzﬂ] tpé)&rhicﬁlr&lﬁnensmn

vertical and horizontal ections) and the w dt
t Hengaingoisthegikenirpdessy ' surtion adsith @swqurwcaiﬁlmfrn@% FPﬂthl

80as Helt¥Si, %ﬁh‘ﬁ! H&thh&?usfr@%ttﬂﬁcﬁ] SteZbioPlich Bemgabe stack to
greater an the critic di nensi on
0043] Referring now to FIG. 12, an isolation cap material 120, such as silicon

nitride or silicon dioxide is deposited to completely fill the remaining area of trench 80.

The type of isolation material deposited depends on the type of isolation material used for



constraint of the given process. This situation |eads
to loss of critical dinension control; as the CoSi2
cannot be etched using a typical gate stack etch
chemistry. [0043] Referring how to FIG 12, an!3September 2006
isolation cap material 120, such as silicon nitride
trarchgoriiagen Idiho piesat Exsmpepths irted itohtionmptegtlalsyd i silibon hexide,
i P;% isole tlgl’l %51%%31(150 tseg&[[]e%l}o §H T.he t CE& wiIRg sf?i]fpor{ %gid@,tf{mopreason
er deposi t éd depends 1 type of 1solation
thzaweeomalapuaed uﬂhe folmwaaglsﬁ:pSept enber 2006 trench
mat i In t he sent t re ST
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K t h
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ectiv xi de rial ' -
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aiet ghatideponyn 62| Aftea gait yadk 1B ioforreed, a:NFmpmamlaonls (pérftamed to
ethetrench 4 rial, followed by a
“Pthg%ﬁy ?TOPF‘gse ity V& PHESEY %lmﬁalcgn and gate oxi de.
[(ﬂ]nany st Refergag emstoalﬁl@ MGamtmrgats elsacgaﬂéo arraﬁ)rﬂaﬁcﬂ)on the
ortl epi-.Si .porti.on silicon
SRR oF o Chre EAab RN BPbl RPafirr bl B8 s 51
re@mds gﬁt @h@senﬁi:&mfhmdr Ia&samﬁia Jis thért @Imdee& it anclpprbdlate fabrication
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62 and a trench isolation material 71 is formed over polysilicon Jayer 70. The trench isolation
material may be either silicon dioxide or silicon nitride and in this second example of the

present invention silicon nitride is selected. Photoresist 72 is patterned to



reference to FIGS. 7 and 17-26. Referring nowto FIG

7, substrate 60, is processed to the point where

trench isol ation regions 61 have been forned i nt 0 a

conductive p-type silicon substrate 60. Oxi deld3gpegmber 2006

62, which will eventually becone a transistor gate
pltoxiidd epdnngf7dr wisich wiinallow dbrat subrequepgironh tbk ctahdd stdbgideraties
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eer ueonlrt Omeg e% n}mdl icon nitride trench spacers 171
FORG Y AE T FERAFIEISf trench 170. Next, epitaxial
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f f epi-Si. 180..
st Bisa b perowarbt ReeB R Ny SF4EarRbonas

inFeoddr omise1the kblalin® ingtlalld eqaasiith tbaepi-8n opt i onal conduct i ve
| ayer 191, such as titaniumor titaniumnitride,
having a thickness of approximately 100Angstrons is
deposited in a conformal nmanner on netal |ayer 190.
Metal |ayer 190 and



conductive |ayer 191 are deposited by nmethods know to

those skilled in the art. [0052] Referring nowto FIG

20 and using titanium and cobalt as the preferred

exanpl e, tltanlun1layer 191 and cobal t |ayer 1go>SRERRpber 2006

overlie epi-Si 180. The sem conductor assenbly is
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ol 0
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process. This situation |leads to | oss of critical
di rensi on control; as the CoSi2 cannot be etched
using a typical ate stack etch chem str 005
Refe?ringyﬁOMItogFlG. 22, an isolation cgp Latét%%ﬁmn“ﬁ2006
220, such as silicon nitrlde or silicon dioxide is

de pinsde] 6k thedisdl@ivR heteghh22b kdidetell REGI ©OBREHAL R BY s@iRodioxide, for
trench 70 The type, of isolation material deposited
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tremsh for nREfeﬂﬂlg nb® b IFEG. %eﬁ&ﬁﬁoneﬁ@ﬂ‘meﬁal 22D &silidoR ﬂfo@hde) is
material used is silicon 10 13 Septenber
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spage ] ffect educ he feat re.size of
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i #5 PR FRRLP" e K ) ranBHOr Bele SRREPTS 2ol S i tegions
S A8 QhGtraBiStoPERcK REIBRA riffork BE  Si dewal |'s of gate stack
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sd0E/ dr ai Fhe Féf‘g'ilFtBﬁlé obppdimens B3R hegh iepEsFd A8 Sifmnee o

| StolnliRY 2 GRANLE! QM for 3Be FPREARLIRIR asdeRBliésC 86chB memory
process know to those skilled in the art. [0060] FI G,

D Glevises dHoweust, B epncerisl iayship Be exemplavperahadimeniss may B¢ wilized

Stl%'%te WF Brdffary SiilGn R arh 8VHoRH sdcdh 3RSl fr LACH most all
transi stor gate spacers 250, source drain regions
semiconductor applications. For example, the present invention may be applied to a

semiconductor system, such as the one depicted in FIG. 27, the general operation of

which is known to one skilled in the art.
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251 and transistor trench isolation regions 61. [0061]
The exenpl ary enbodi nents have been di scussed in
reference to forming a transistor structure for _use
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mérﬂ@otdusrthmsslathmyattmﬂ 824 delegied to fH{the ﬁéﬂbewﬂd) pelsihepmydiasgde) for a
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pdriptreedthatganpon Enllauwmelomateml 7dn,rth¢)mrtm afielysiliedndexer @f and
0
thk %&ﬂ&bof ég?el xﬁ{e l%ﬂ {EEILEE rlﬂ{::s olgolzﬁcfyﬁ Ihjﬂlll (ﬁqga J}la%fag(?%?gn TRGnsistor
geeet sIzIrck|2§0 stloppedstongaskintaterieb@h bd etsh: hdimomlynd dyietbd o74
I ch
o RER FecsB SR OO0 PRI R ARAN RN &)
p@ﬁﬂ&@ﬂ aiRefatr iidvg Trawista ghp S_ale%O camprics kats edpeldf Gadii portion
| .at . )
21213} b0 0 1l 2580 DRI QR i 0PN
243 0layd gdte cade 1bca§i<GF627 (O hapdsenthaendpobsequent refopd trenchpagers 171
I v/
Y POl ORI S5 LEAL BP0 TR e
'St dbiizimatierticath pasvrdte fabtictic ugimgloopdty stackdriyl ctcivelyrllaw for
gr%zg@llggﬁﬁiogjnrhd&gﬁlg?.%teﬁteg %&:{L‘coa%l?ZIEOe R ﬁ& 'Q%I \%{pfg gllq zlmé 10 Haerfma;ed
todertrelightly deped Felénlsinsd murcgéthen sagwokZ%O conpri ses gate
220, '
80, 220, SRR BRCA) O P21 80 5 RS0 1508
sighowatls @ﬁgatezmaby 24ahexigat §- tmclmhglaptos parformERo fd'mesomce/si:@nt e
b n en
Teg]f)? e%‘it‘l ﬁgg gegré&{nﬁgcq?or a@iemi)f 15S ﬁ‘)z e§(§$pcf$t%ds w1gf 1an glxjvf’sotpl'late @abrlcatlon
pretcacknobyto thvisc ikileegd sn thE attr ench spacers 171, Utili zi ng
[Oé%“jcir \?\IlnICFIGQ' ?? 86&10 ! omfar bTr H& L gf aacotrr{‘ eteidl tfc’a‘il%)l ?s%%g e of FIG.
25 hagiviglviahdidtyr. gaifstaek 24(atr$1sst0agkte M@era 850 mdﬂxalmr@mygﬁ and
rdTRPDbnch SoPRLL AR ot 0 form 11 aht Ly doped
self- (:zii sou e7 dr ain regions 242. [0059]
[OReff]er r i ngThmamptemth&mtﬂJ@mdnrsanm Istodisgated ispécer o REOing a
trdhls f?tRE % JE!%‘%' OP sterﬂesmnsiéo% (e WLLR ?e%t & cﬂsat%éﬁn%gg?» déﬁ%XtHowe\ er,
i'S ormed or m sour
the etg]cqnstaﬁ@t in tha' h:@lesr@ﬁarp emdndu:h@ns ey bertnilixed by breand ordinary skill
m(ﬁ?erg?% et ed s\él\lnglgegzé Sis or ngrcl%Pes fi artuese In?ntl)or& glﬁsteh?c%nd&ﬁog%gﬁlcatlons
For example the present invention may be apphed to a semiconductor system, such as the one

depicted in FIG. 27, the general operation of which is known to one skilled in the art.



[0060] FIG 26 depicts an overhead view of a conpl eted
transi stor structure of FIG 25 having transistor
gate stack 240, transistor gate spacers 250, s C
drain regions 251 and transidstor trench isol égfg&ﬂ%mberm%
regions 61. [0061] The expl enplary enbodi nents have
wheeclginggussed in referece to formng a transistor
structure for use in sem conductor assenblies, such as.
1. rdemaethodeof clermingowe semicondustorc IEEBY sdevagsghaving gplransistor
Coex‘glignpl ary enbodi nents, may be utilixed by one of
‘5P ?n%‘ry skill in the art to form such transistor
St r pedwidifg af abstiBe hivingoslatidhlregiond ondddhtora conductive silicon
applications. For exanple, the present invention nay
subsiraigppith aoxide pvee ek Hises®s system such as the one
depi ' peration of which is
knowgggﬁgfzsﬁc#g&a’% ﬁﬁg‘%gﬁg{re?hyéi% 13 Septenber 2006
Whatfornging h @aicneldisblatiod mafermmb o dhopol johomigyer;

sem conductor nenpry device having a transistor

comp?PIyNa g pafﬁ%mgcg ip)éatoae% Vgt %[9 IPRGTHE ‘iigférfhﬂ"% the trench
iso‘iaﬁﬁ;h%aﬁeﬁﬁ,rm?d into a conductive silicon substrate

w th an oxide |ayer formed thereon; formng a )

pol y&hirigcartrdnal eintoothet renchxisdietibmyesteriglothraush et openiy and

i sol ati on mat.eri al 8lg\/.er tlhe'liﬁm silicon |ayer; formng
eXpOSIgE 4 BYTHAY Op HistBAEdy 28 PRESVRE” B Bpeni ng t herei n over

t he gt4eRgRpith:82l @idoANniTBhEbbtdn oethehidhgh an ticehghsddpdartion of

the trench isolation material through the opening and
theewplodymg pelysdicondavest t he under | ying pol ysilicon

e o I TRl Pl 0 B REROb B oo

silRehysilicon layer; depositing a netal |ayer along the
sidewal I s of the trench and on the epitaxial silicon;
per Merpimigean first sned rsntheosenipendygior @snply §p cause the’ metal

1ay%§§erre':gét%ritt}Pthl%%gist%d%ﬂ?lfjJﬁttglfo YR siligiateact with the
eplﬁ% axial 'silicon to formmetal silicide; renoving any
un- r@actiad anetakedcedanctapleydror m ng a second anneal

step to continue the formation of netal. silici

depdSTIONAS ah s3coBfl ANEH el FYIITEE he 4P3908 ipgetat sitcide:
tr erﬂ%g e QY %Eol&ﬁkﬁ} @?é{ﬁxl: ndtdri G118 tHeeMNERNghd Bfer the metal
Iater? C onent of t e%solatlon cappi ng materi al ;
sileidehi ng sel ectively to the isolation capping nmateri al
to forma transistor gate . . . -
removing the lateral compdnent of the isolation capping material;
etching selectively to the isolation capping material to form a transistor gate
stack comprising a transistor isolation cap, the metal silicide, a portion of the silicon
layer and the transistor gate oxide;
implanting conductive dopants into the conductive silicon substrate to form self-
aligned lightly doped source/drain regions of the transistor;
forming transistor gate sidewall isolation spacers; and

implanting conductive dopants into the conductive silicon substrate to form

source/drain regions of the transistor.

2. The method of claim 1, wherein the metal layer comprises cobalt or nickel.



stack conprising a transistor isolation cap, the neta
silicide, a portion of the silicon layer and the
transi stor gate oxide; inplanting conductive dopants
into the conductive silicon Bubstrate to form Keygptember 2006
aligned lightly doped source/drain regions of the

3. ChEBRUBLUTCAANTHNhS EaRShater gate sidewall isolation
spacers; and 1 nplanting conductive dopants into the

prioofd gotwing epithxiglonlisubta dteebationt of the wenghe é9raving inner trench
regi ons,of the transjstor. 2. Th thad of .claim1,

spiinere vecrals e AEhdiotisngprcad SR B frdkel 14
13 Septenber 2006 3. The nmethod of claim11, further
conprising: prior to growing epitaxial silicon into

4. Eh@ﬁﬁﬂmﬂm%clﬁﬁmﬁa@Ytheéﬂ@fﬁpﬂ$lé$3m ng i nner trench

- i d [l f ' ' ¥ .
7 or oy e e ENEnisheR bk RETE dnt AP JRUERSF capping

mdtgHdlher conprising: renoving the inner trench spacers
during the renoval the isolation capping material. 5.
The nmethod of claim 1, further conprising: depositing

5@%%%@& \éﬁdiIIIlq),/?Srﬂ%?C&gﬁI;igg%:al | ayer to control netal

e graln ormati o d renoving the conductive
| ay elepekitingng coductieamnsiengn dific soetal layer eacerdo] mettall silicide grain
silicide. 6. A nmethod of form ng a sem conduct or
formatioph#id havi ng a transistor conprising: providing a

sub 3&&1@%?1% rﬂé‘é’ lDHAUCHOL Ak{R U ARGl RO SchOVINE bfi dHyOureacted metal

conducti v Il'icon substrate ™w th an oxide l"ayer
silfcotemed t hereon; form ng a polysilicon [ayer on the

oxi de layer; formng a trench isolation naterial over

the polysilicon layer; form ng a patterned photoresist

6. AV AGLRBf IPeNhEG thSicehdhcRY Assdfly tHa@MENa thadiSik@k i@mprising:
material; etching a trench into the trench isolatiaon

mat erewllinghr sbghate heviogasdlaipnaicdions tprawidigloga peiducye silicon
ol T BB R, Y ST ne e ol
por tib@Min®f pol RAicandgfck ¥h AE Bedey/Ridd con | ayer;
depositing a netal layer along the sidewalls of the
t r edenmiagd tench iveladipn takgral oveithe pelysilicon layer;
forming a patterned photoresist having an opening therein over the trench
isolation material;
etching a trench into the trench isolation material through the opening and
exposing a portion of the underlying polysilicon layer;
growing epitaxial silicon into the bottom of the trench on the exposed portion of
the underlying polysilicon layer;
depositing a metal layer along the sidewalls of the trench and on the epitaxial
silicon;
performing a first anneal on the semiconductor assembly to cause the metal
layer to react with the epitaxial silicon to form metal silicide;
removing any un-reacted metal layer;
performing a second anneal step to continue the formation of metal silicide;

depositing an isolation capping material into the trench and over the metal

silicide;



performng a first anneal on the sem conductor
assenbly to cause the netal |ayer to react with the
epitaxial silicon to formnmetal silicide; renoving an
un-reacted metal |ayer; perfb¥ming a second anheafbtem
step to continue the formation of netal silicide;
depagimbt g tRdlat3al c%hip%ﬁerﬁ P Bieﬂgolﬁ%ﬂﬁédfgln i hateridlhe
trench and over the netal silicide; 3 Septenber
2006:tclnmc:,la¢tgfebh ® Ihat igelation oapong mateyfal tt doimg i ansésor gate

st R ARp s Ehp o P RRT £, BR chlfiod i e PebiRiet the icon

ger 20006

nsi S

laf@ARd tHel tRGsidtor zalReixsde@r 1 sol ation cap, the netm
silicide, a portion of the silicon layer and th
t r anBiPkNGRE ganducEys depantsiplodhe P%@%Bﬁ%k}@%@b%ﬁam form self-
S f
g LBy FEREY SO A sy U e it SO g i dsitor gae
sukﬁ@ﬂ&kﬂﬁﬂﬁxqﬁaﬂqnmg tranS|stor gate si dewal
i sol ation spacers; and |nplant|ng conductijve dogan

i nt dMPHBURBRENETGYE damanisoRics diss fongiugliye sigpy substrate” to form
the transistor. formng
Soﬁggﬁgﬁé?%g&ggﬁggiﬁﬂgﬁgﬁl i sol ati on spacers; and
i mplfamting graossidugate seledal anisionspacetdiend onduct i ve

sili.con substrate. to form. source/drain regions, of the
Cr arSPLRORS opndugiive dAnRBa IO icaf AUV EEPR SEiygrate 1o form

soﬁi%&@#mh?é’g%nscdmpﬂr&%%t&*)ba” or nickel. 8. The nethod
claim®, further conprising: prior to grow ng
epltaX|aI silicon into the bottom of the trench,

7 SR RS, R RRSRERASE SRR PeR b e e

met hod of claim@8, further conprising: renoving the
I nner trench spacers during the renoval the isolation
8. dhppiethpd atmwladmi Gfurthiey compesingt hod of claim6, further

lCOn‘ngnlo? i§ 0\d1% %%ﬂg 1Q 51?ccfcn01r11:1 0 ‘t‘ﬁel 1:\)/0%0'11“:jl Xf Eheoﬁ] I{ctﬂe fcg%tngé inner
ay an

I Cide grain orna

trefhEiMepacHg ohrsﬁiemmd UCthe\tﬁ:nbla)s@Iatldﬂ ﬁﬁdﬂ@iaﬂ ﬁﬁnfeam\th@ gedh.
any un-reacted nmetal silicide. 11. A nethod of
form ng sem conductor system having a transistor

9. $REMhRIaNG: clanglrip\fﬁr%e?gorﬂﬁg%}ggt rate having isolation

regions for nto a ive silicon
removing the inner trench spacers during the removal the isolation capping

material.

10. The method of claim 6, further comprising:

depositing a conductive layer on the metal layer to control metal silicide grain
formation; and

removing the conductive layer during the removing of any un-reacted metal

silicide.

11. A method of forming semiconductor system having a transistor comprising:
providing a substrate having isolation regions formed into a conductive silicon
substrate with an oxide layer formed thereon,

forming a polysilicon layer on the oxide layer;



substrate with an oxide |ayer fornmed thereon; formng
a polysilicon |layer on the oxide |layer; 16 13
Sept enber 2006 formng a trench isolation nate%la
over the polysilicon layer; ¥ormng a patterneld September 2006
phot or esi st havi ng an opening therein over the trench
| solfgdnhiap afRhen [s8latiof heNrRg ofertth€pslpsilibddlalie trench
i solation material through the opening and exposing a
por tihmngfa prderpd dhPiEresst ARG PR CsNmgy Bereily oy@f A trench
s GRId a8 @k,Si licon into the bottomof the trench on the
expose& poftion of the underlying polysilicon |ayer;
depaesihinghg teenthtiato ttayeendhl totibhemsttdawairdigshothet bygening and
trench and on the epitaxial, . silicon; performng a
exposiiag 2 porHenof His underl ¥R PeRtiGe? Byehssenbl y to cause
the SR cpliel sifi@n|ERhe Bbdin b rcqRIneRh #he Slob&Phrtion of
to form retal silicl e, renoving any un-reacted netal
thd ayderlyingerol wilivonday@rsecond anneal step to continue the
formation of netal silicide; .  deposi.ting an isolation. .
cappiRY B PPl Ty e oA 0 b B R e epitaxial
silebhi cide; renmoving the |ateral conponent of the
I sol ation capping material; etching selectively to the
i solpatfooningap Pirs anmealeri #le sconitordrcar assendils ttorcagse e metal
stack conprij.sing a transistor isolat.ign cap, the netal
it e P ega SO i EGh BB “hnd (e
t r angh&¥iag afRuB-ré¢tdahethMR@nt i ng conductive dopants
into the conductive silicon substrate to formself-_ |
al i gaefdrmingha Fscord pated glare &Y eondinge ribgifermtign afhaetal silicide;

i stor: f i 1Si : i d (I '
spacsrailg, ah TR aR HHINEL AHEE I ThR SisCEHRY w8 LR e

silie@digluct i ve silicon substrate to form source/drain
regions of the transistor. 12. The nmethod of c¢laim 11,
wher8naving ghapaiczl cpapapené ghiiciigdaipgpapng spateidk el .

13. eyﬂ%%&g@ﬂfaggoﬂh@g?ﬁ?l%ﬂnn Eéﬂﬁ% BRQP S FHiRg: t{?%ﬂé%’ﬁor gate

to grow epi taxi a I con | the bottom o

stack enaiprisihgravirmgsistemsolatidn ens, the paete rsdlicade, si plewah log tof silicon
the(%rench,isolation material formed by the trench.

layep andrihe UpBBIRt9F S8 OKidsi m 13, further conprising: 17 13

Septil%gpiﬁﬁng OQRiuctive dopants into the conductive silicon substrate to form self-
aligned lightly doped source/drain regions of the transistor;
forming transistor gate sidewall isolation spacers; and
implanting conductive dopants into the conductive silicon substrate to form

source/drain regions of the transistor.
12. The method of claim 11, wherein the metal layer comprises cobalt or nickel.
13. The method of claim 11, further comprising:
prior to growing epitaxial silicon into the bottom of the trench, forming inner

trench spacers on sidewalls of the trench isolation material formed by the trench.

14. The method of claim 13, further comprising:



renmoving the inner trench spacers during the renoval
the isolation capping materi al. 15. The nethod of
claim 11, further conprising: depositing a con tiv
| ayer on the netal layer to ldontrol netal sil igi teriber 2006
grain formation; and renoving the conductive | ayer
dur iréiﬁox‘iﬂ% th& Mer NEEnBh spRderdl Aufif@ ke deri@tadl the 9sdlattindeapping
16. A nethod of forming a transistor gate for a field
maggrfabct transi stor conprising: providing a substrate
havi ng isol ation regions forned into conductive
silicon substrate with an oxide |ayer forned thereon;
15f DiidinBBod op Olapts i1l | Rethed @ygrisotp: t he oxi de | ayer;
formng. a trench isolation material over th .
pol &P9siEena FaRAbElive bivRy oy the Hskat &Yﬁl’e&’ iﬂ%liog msgl gflicide grain
foﬂﬂ%‘{iioﬂgaxf‘&ln openi ng therein over the trench isolation
material; etching a trench into the trench isolation
mat eerhaving hho wghdictiee dpenidugng dhé oemoving edcmysintessatet smetal
.in the trench isolation material and to expose a
S‘hﬁ ion of the wunderlying polysilicon |ayer; grow ng
epitaxial silicon having a thickness of approxinately
400-500 Angstronms into the bottomof the trench and .
160 tiethekpbdadiipgrat iramisdr gite fondeh¢lgi eitpet ponyistior icopwrising:

o0 B R e R b B b B D3y MRS siicon
subkeREsSYth B8 oRidk 14,30 Fd#cl @@Eor@n the cobal t |ayer;
performng a first anneal on the sem conductor

ass doiming apolysilisapdavar on eraidpdlaydt appr oxi mat el y

500-.600 C.. far.approxi I se the
oot dng ayrepdl isPRRRR MR pyer e by GHedPaGRISE 10
for meahal 4 patidred Ghotor@MEiaRtheOhn aspyning- theadd exdrenehealtrench

~layer and cobalt |ayer; performng a second anneal by
isodaftsingetend)s t he seni conductor assenbly to a rapid

ther gl |29 15 G cilis Aati SHRGIBL Mol ANBE Pbning to &
appr%%%%% g@ﬁ&g@g@gﬁoﬁ%ﬁf%@m appr gx%rratoe]{ 30 0? omg% o o

treRelC Gitttsvalle ihuthchaendhhésofmiomamiaenabfand abattpose |4 poden of the
such that the 18 13 Septenber 2006 cobalt silicide is

ungdgiby B PRREIEF9N lyer 350 Angstroms in thickness but does
Bglt S(P\ﬁn g%ﬁilt%ﬁygf ;stEfo' ARiRE 4 NBidkRERS loY! Ahroximately 400-500

Angstroms into the bottom of the trench and on the exposed portion of the underlying
polysilicon layer;

depositing a cobalt layer along the sidewalls of the trench and on the epitaxial
silicon;

depositing a titanium layer on the cobalt layer;

performing a first anneal on the semiconductor assembly at a temperature range
of approximately 500-600° C., for approximately 30 to 60 to cause the metal layer to
react with the epitaxial silicon to form cobalt sulicide;

removing of any un-reacted metal layer and cobalt layer;

performing a second anneal by subjecting the semiconductor assembly o a

rapid thermal processing step at a temperature range of approximately 800-900° C. for

approximately 30 to 60 seconds to further the formation of cobalt silicide such that the



depositing an isolation capping material into the

trench and over the cobalt silicide; etching

selectively to renove the | ateral conponent of the

i sol ation capping material:l%tching sel ectivdPyepgmber 2006
the isolation capping material to forma transistor

coB8At 8licidb &Ko ORIatet 100-350 m;g&ir&ﬁgfn hf®nadsi 1R d6@Pnotteibroach
cobalt silicide, a portion of the polysilicon |ayer

thepritiomef theamderdying polasidicoxlager; i npl anting conductive
0030 5by TR S kLAY pAoRS s over he coba
silfci@nsi stor gate sidewal |l isolation spacers; and
i mpl anti ng conductive dopants to form source/drain _
r egicthangopeleqtiyglyi tr gmoverthe Iaigeal popmencrifolcibsisqlagon capping
In&éﬁﬂher conprising: prior to grow ng epitaxial silicon
I'nto the bottomof the trench, formng inner trench
spaeehsngorel&itidelyalo theakolhtien tapghniasolahte dormrat tearisstor gate

s Gt FSPRGOT PG nDe] R FEien s patiensof the
poflificBY 14 RE A ER YRhsibBE AS BkAk! On capping material.
implanting conductive dopants to form self-aligned lightly doped source/drain
regions of the transistor;
forming transistor gate sidewall isolation spacers; and

implanting conductive dopants to form source/drain regions of transistor.

17. The method of claim 16, further comprising:
prior to growing epitaxial silicon into the bottom of the trench, forming inner

trench spacers on sidewalls of the trench isolation material formed by the trench.

18. The method of ¢laim 17, further comprising:
removing the inner trench spacers during the removal the isolation capping

material.



