FULLY SALI Cl DED ( FUSA) MOSFET STRUCTURE FIELD OF THE
I NVENTI ON The present invention relates to a MOSFET
structure design and fabrication process and in
particular to a MOSFET device with planarized gate and
source/drain (SID) regions wherein the gate and SID
regions are self-aligned, fully silicided, and have
silicidation stoppers which are a gate dielectric
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critical gate di nENELBOEdHEBENVIENAKMNDel ow. For
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between the gate and channel . To reduce the high gate .
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dopant density in the polysilicon gate nust be

65 pRanshalew. HORMRP-basad G pragufactering soeolysilicasy gate has been used
nobi l ity degradation. Thus, a 1 considerabl e anmunt of
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identify an alternative gate el ectrode such as a
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miniaturization of MOS Field Effect Transistor (MOSFET) devices and associated
demand for better channel electrostatic control, higher gate capacitance, and higher
drive current means that the gate dielectric thickness needs to be scaled down
aggressively. For the 65 nm technology node and beyond, the equivalent electrical gate
oxide thickness (EOT) must be thinned io below 15 Angstroms. Since poly-depletion
has consistently contributed 4 to 10 Angstroms to the total EQOT, the poly-depletion
effect is no longer acceptable, regardless of advancements made on the high k
dielectric layer between the gate and channel. To reduce the high gate resistance and
poly-depletion problems, the active dopant density in the polysilicon gate must be

increased. However, this practice leads {o carrier mobility degradation. Thus, a
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conventional heavily doped polysilicon gates and is
free of the poly-depletion issue. Many types of netal
el ectrodes and associ ated schenes have been

i nvestigated. Exanples of conductive materials used
in nmetal gate technology are netals such as W and M,
nmetal silicides including nickel silicide and cobalt
silicide, and netallic nitrides such as Ti N and W\
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because an n-type or p-type dopant that is inplante
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veftERBROS Bk RS e tess tarch, Sbtalien sy mamgticely: (e efractive
closer to the conducti on band while p- type doping o
apnreRRisior Kaplementing armetakgater 1B adeansister. demies s taieaploy a silicidation
several exanples of FUSI poly gates but the
proggasHibgbcaypleldly Ronsigaesia conversivsabpslyglican gaje etsstrods which is
effectively seens | acking. Mreover, a better design
converted érdsilicide. dv eretalgats tormadehfaugheihe précess ef siticidation and
enabl e a | ower cost manufacturing process that

refarracblowessa FalheSilisided YFUS ) pole gatet is iangiropigeoveitgnden fdritate electrode
desi gn of transistor devices involves raised source

in zadncat! Richnslegies hecaliss An Ny pe a8 pypd@opdht ehdias fmsthnted into
the source and drain regions available for the

pol?&iilﬁdo‘ﬁi @R rh8uIBfLHBTHaPBY droWRd theSBGSL.,'stth B3R BhrePhickel silicide
he source and drain regions.
without dopant. In other words, a semiconductor has a certain energy level measured
by its Fermi level or Eg. An undoped semiconductor has an Er generally at the middle
of the bandgap. N-type doping adjusts the Eg closer to the conduction band while p-
type doping moves the Er nearer the valence band.

There are several examples of FUSI poly gates but the methodology with regard to
assembling all processes effectively seems lacking. Moreover, a better design is

needed to overcome some performance issues and to enable a lower cost

manufacturing process that involves fewer steps.



An exanpl e of elevated source/drain regions that are
coplanar wwth a netal gate electrode is found in U S
Pat ent 6, 284,609 in which a doped epitaxial growth
serves as a raised source/drain region. A netal gate
I's enclosed on the sides and bottom by oxide |liners
and a gate dielectric |ayer, respectively. However,
sel ective epitaxial growth (SEG requires a separate
ool et and the roc ss itself is not easy
dPFYY ﬁﬁ"PYQVﬁa}e@BVP thﬁ sign %fdrm@rafa@wewv@xg%f@@d source and
Addi tionally, gate formation requires renbving a
drajg repiopg r“mlCh '89'@38% Hecthigkaess Qﬁ%@l sayycaAN@ deain pegicess svailable
whi ch coul d damage the substrate bel ow t he
for tewdlicifadinn ipyogassrand lgwes shaet edstanee ehthess@bee anB drain regions.
transi stor device having fully silicided polysilicon
An granple cdetevaldd souwtee/d&iiDregignotimt Be: dogaharseith a Gnatal gate
drawback is that the gates and S/D regions are

elestrddeds dmohdiin Us 8pRatent 623820609 ihathicky vl dbpea\wpiteiibl 6lowt serves as
t hermal budget all owances and thereby |ead to thernal

a rdiseaf sduirtd/HiairRrshi@n Aﬁﬁétﬁﬁ?ﬁeh@ efIBsé& 6h Thel5iRs and bottom by
Secondly, the gate and S/D regions are not coplanar
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the ¢ ion after silicid
ferf@vmi’%éﬁep R e hahad| . Al e Ehboodisuslieh could damage
0, th gate region could easily occur durlng
the@f’Wﬂ tlle 98“ b formed ateyat e, Since the gate
ion is the nost critical portion of a transistor,
It i Patanienehind. & epesieiondbare brvsadulesiiciosd polysiicon gates
uestlonable in ternms of process margin. 3 U S
andvah@md Afpragiens I@ldlmﬂc)dgﬂ%dmmkas theit sheegates and S/D regions
publication entitled "Issues in N Si-gated FDSO
aredigided in separate step$ that.cokiblzaner diferenté thexmal bldda¥allowances and
2003, describe fully depleted silicon on insulator
the(cBlyDSad Yo tesmaldsstability idSan metedsegat3yd. re¥ibtdnee! ISegondly, the gate

and S/D regions are not coplanar which could lead to complications during a
subsequent etch step that opens contact holes to silicided regions. Moreover, separate
masks are required for patterning two different metal layers on the respective gates.
U.S. Patent 5,960,270 describes a MOS transistor in which a metal gate is deposited
in an opening above the channel region after silicided S/D regions are formed in the
substrate. However, damage to the gate region could easily occur during etching to
remove a sacrificial gate. Since the gate region is the most critical portion of a
transistor, a gate replacement scheme as disclosed here is questionable in terms of

process margin.



approach appears to nore closely resenble a full
integration flow than other prior art exanples, the
fabrication still has the di sadvantages of separate
S/D and gate silicidations, SEGto raise the S/D
regi ons, and non-pl anar gate and raised S/ D regions.
In silicon-on-insulator (SO) technol ogy, the
source/drain regions are forned above an insulator
I Tf’ al lowin a SI nificant reduction in the source
‘A% @t Anplsatian QQR4ROA KR relae dimvblicatinsy entilled, “Issues in
for a thin body SC] case, a high series resistance
NiSikgaiad FRISQ davide inteorgtiosy’) J.dfatkziersiduetoal., ARBNY 2808, describe fully
regions and due to the significantly reduced side
depletent silicornor insulatorsiF DSO h devicesrvith dNiST meBDgatesc hvhilegiis
is inplemented in manufacturing. In sunmary, there

appereehspperd toohsteadbdsrdy taseniié aerfainintegafion Hywshan etée@rior art
gates and S/ D regions in CIVICS technol ogy. Current

examplese fife fabevstion gtillthee the dRlagvanades BESEparad 8D éﬁ’é bate
because S/ D and gate silicidation occur separately.

silichiatieng, /B G 3o 8 € tHEAS/PregiirRABRA nbRl A Tutd BAY réé%S/D regions.

regi ons which require thinner silicide to avoid

M%Fdoh%h m%ﬁl%gcgggo d) té@hr‘?&b#?’ th& sBfi'cl alggr@gﬁb g9 formed above

['1cidation a hi ghe enperature

on kB SR B A i Sy
can bS] SHRh L o S oy SEAEH S GEH L Gnce

a.res rease fromsilicide aggloneration.
aSSW%WdJV'%E@ﬂb ek spurceasIcksrei weians and due tqqf@egwcanﬂy
iQn, an extra tool and nore process tinme ar
redy ge centagt argas esthEDYairRALeiore SOl tﬁP'E"é@IOQh@ implemented

cannot achieve a level that is coplanar with the gate.
in ”E\Hlb']f%é*ﬂﬂﬂﬁg a thick gate and a, thinner raised S/D
region to a single silicidation process wll Iikely
bawemarnDihare aré sevetalzhstapes o plembniingsiudly isdlicided gates and
non-planarity of silicided gate and S/ D regions as
S/Dregione ire GMQ$ ¢echmokdgy. Gurférit phoasdlews dre tddadbmdleXEAd incur
raised S/D thickness is limted and even a silicided

- extralcost bécer@e J/D arrigya08 silisidadbn bbtwksepasately. tNote epa@rag&te has a
a subsequently forned
greater thickness than S/D regions which require thinner silicide to avoid S/D junction
leakage. Typically, a second (gate) silicidation demands a higher temperature and
longer time than S/D silicidation to avoid non-uniform NiSi {phase) formation that
causes ¥, variability. A high thermal budget for the gate silicidation could affect the
pre-formed S/D silicide (often NiSi as well) with a resulting Rs increase from silicide
agglomerationl. When a SEG process is implemented to raise the S/D region, an exira
tool and more process time are needed. Even so, the SEG thickness is limited and
cannot achieve a level that is coplanar with the gate. Subjecting a thick gate and a-

thinner raised S/D region to a single silicidation process will likely cause S/D junction
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Cu contact in a BEOL process flow froman active S/D
with sufficient distance. SUMVARY OF THE | NVENTI ON One
obj ective of the present invention is to provide a
MOSFET structure with a fully silicided gate and S/D
regions that are nearly coplanar. A further objective
of the present invention is to provide a MOXSI FET
structure according to the first objective in which
the full SI l'icjded (_:iate and S/D regions are
damagea Fhtautthysue ismendnlangrity ) silicided gate ard 843 regionsas mentioned
gate bel ow the top of the spacer. A still further
prE\ﬁw%bt AFEhsoneas lﬁ taatenBECHRSed IR thiskpessisdimites and even a
MOSFET structure according to the first objective
silicigledrr @ raised &/daegion is noipheksnaugh tosepatatedh acksequeatly formed
the fully silicided gate and S/ D regi ons. Yet another
Cu obijtacttin eeBEOL phecgss dioenfromraneadtive 1S/ D witrosyfficigntdistance.
cost effective nmethod of fabricating fully silicided
and nearly planar gate and S/ D regions in which
sel ective epitaxgsaMmarvob THEERVERTRRL used and the
silicidation is performed in a single step. These
obj ectives are achieved in a first enbodi nent by

OhOVbL 8 tﬁ@%é%ﬁt&v%% n i p?bblﬁﬁ%rm%% &g@ure with a fully

transistor is to or ne t'l ona
: r ﬂnprlsed of an
SII'C%S%[?E bhsglo “ﬁ*ﬁé@%ﬁ% %ﬁ%'tqor I ayer f or med
n
MGHERY #c?'gé%fﬂfex@%@f Y EMRRG RERov it MGGt Bltfgure
to.de e.a ct|vere ckfor .
acce@mpe{ﬂtﬂslﬂr%} s ity R iine Ry st ited SAtE apls o gegions are
E %élllcon Ia%%dr an oxide hard mask, and a nitride
sepReatéd by a¥sPgRet Med by BIBRk @opsS pahe Gisbelay the top of the spacer.
conventional photolithography and etching 5 techni ques
Atil Ayihes gbiective at tegiresentdaeniing initeproyide MAII maskucture
above the channel in the active region. Afirst ion
accpydincata thie dirgienbfentive aviteseinrgilicitation stoppgpearer formey pdjacent to the
dopant in the exposed active regions to form
fullssilicided dalei andeReregicorss. Next, a spacer conprised of
an inner oxide layer and an outer nitride |layer is
Yot amstherolgedtiverofshel preglent ineegiddrels to provide a cost effective method of
fabricating fully silicided and nearly planar gate and S/D regions in which selective
epitaxial growth (SEG) is not used and the silicidation is performed in a single step.
These objectives are achieved in a first embodiment by providing a substrate such
as silicon on which a transistor is to be formed. Optionally, in an SOl embodiment, the
substrate may be comprised of an insulating layer with a semiconductor layer formed
thereon. In the exemplary embodiment, shallow trench Isolation (STI) regions are
formed in the substrate to define an active region. A stack formed by sequentially

forming a gate dielectric layer, a polysilicon layer, an oxide hard mask, and a nitride

hard mask on the substrate is patterned by conventional photolithography and etching
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el ectrode and a second inplant is perfornmed foll owed
by activation anneal to form heavily doped
source/drain (S/D) elenments as contact SID regions

bet ween each spacer and an adjacent isol ation region.
Thereafter, an insulator |ayer such as silicon oxide
is deposited on the substrate and is selectively
patterned to produce an insulator block mask over

I 201.on. A sjljcidation stop |ayer such as
tootiilbaib abRHhe B gl Blech G 2D OVREMBUSEr Blagkiabove the channel in
i St GeC .or.Ge, for exanple, are sequentially
the gg&esriepg)@. %f'fsﬁ N implanis PerRed taiorplanid piyre otretype dopant in
entire active region. After a Chem cal Mechani cal

the Bxposer! acHNRYegiPat stormsoyese/diain: exteosiphan Meik @ spzeer comprised
artiall formed transistor, renove the nitride hard
of aﬁﬂ%’l’@,r anf{? leyermancears edtesnitridd Eyenissfofmedohhgdther side of the gate
conductive |l ayer, the exposed oxide hard mask is

eleqiogg\and secondimptingis penfaried folowse belactidatin &iell &5form
Ni is deposited on the insul ator block nask and

heayiadepest saurca/diaim (S/@) ¢lementh iaei @atd@S/DT8§iBAS bbfveen each
enployed to fully silicide the gate and raised Sl l%

spaeérearendrsadjativitdgsiaesh rRicH. Tise i | "
MOSFET with fully si e gartb gﬂgﬁ/ﬁgﬂr'gﬂ%ﬂgﬁgﬁj’ﬁsu"h as silicon

oxidel i¢ aepdsiteldniH thalR bR alk éhocig@eg%@gﬁky%égtghﬁ%c{/%b%h@ﬁ%grg %sulator

and raised SID el enents are
blodk!Hask SRS cABA STPYE AT DX sitdidlonadib Oyt QP BY&E Sy L0, 2

second enbodi nentéq]ﬁ?z!it Mrsz%dr'éeé;[,gg't%gb? gefyﬁﬁlsﬁ%a%s '/i'N and a

R0 ' T, e dielectric |ayer, )
Congat eégﬁémdaée&pé{[@ﬁoﬁg& §€%Fﬁ$é‘?pdé’f % &‘?rcf‘é(a @ atasrquentially

.: t.] ide/nitride spacers are fornmed as in
dep%{eetaf‘ﬁ)@% ihelflatal Blosk e%lde QYT ghtireastivereaipagAfissa

. vi.l v. doped S egions in the substrate. An
chefified] A icR IR Frongas [scprstprawdtp @varesize itk paridlly
fornd the, STI regions. in this case, the insul ator bl ock
ormeddransistan, reraeye themitriggthard mask, sed fermasised $célemasis from the

ile atrench is etched in exposed regions of the
Conéﬁb@% layes. thexexposad oxide haichiaphis mmesiest bynars KFadipy Einally, a
the insulator block nask is renoved, a Schottky

met@dayarstichasiNigs depasiied amsthalindudgter bloaklenak id trdisist&ioregion

Ti, Dy, Er, or the like and an upper TiN cap |ayer is
and egilicidatiah pyodessds dmptoyedhe fielbf sikdide the gate and raised S/D elements,
Unreacted metal is removed to yield a MOSFET with fully silicided gate and raised S/D
elements that are nearly coplanar. The fully silicided and raised S/D elements are
advantageously bounded on the sides and bottom by silicidation stop layers.

In a second embodiment that represents formation of a Schottky Barrier MOSFET, a
gate dielectric fayer, gate electrode, and overlying oxide/nitride hard mask with abutting
oxide/nitride spacers are formed as in the first embodiment except there are no LDD
regions or heavily doped S/D regions in the substrate. An insulator block mask as

mentioned earfier is disposed on the STl regions. In this case, the insulator block mask,

6




conductive |l ayer such as polysilicon is deposited on
the insul ator block nmask and transistor region. A
simlar sequence as described previously that involves
CWP to renove the nitride hard mask, HF dip to
renove the oxide hard mask, netal deposition, and
silicidation is followed to forma Schottky Barrier
MOSFET. The resulting fully silicided gate el ectrode

n /D elements are nearly coplanar. In this case,

spePRfs. SaTeBis ook ar 9P & Hregeh ARG & iretoh Roeiadfi axmoses
to al h_iaw qﬁ&h%gksr silicide layer (raised S/D ,

reQIoNg kS SHRsU AL OS8R OVGHYIng PRPtospsistaRgsnakeye e igsulator block
made possi ble. The present invention is also a

masgk igfemoved, 3 Seheltkyiardemiavirga daweriseial layenmade of Pt, Ni, Co, Ti,
i nvention. The transistor is based on a substrate with

Dy, &7 of gi lkasnt@munper TéN eap layed i$ sonfounalhyi lalidain.aThereafter, a
fully silicided gate el ectrode that is nearly copl anar

conguictivef layérysushl ascpalgsilicoars depositadi @i hedhsutatur Hlockheask and
slightly recessed gate is separated fromthe raised

trarSidior relgmme A sintibar sequericdedsddgcrided PRAGRs YWz vBRLSIEMP to
adjusted in width to optim ze side capacitance and

renfo@ithé aANGEe Phrd hasiG/HF epiieneinele tiedbAbe WARE MBRCMetal deposition,
spacer. There is an insulator block mask overlying

andEafdidation i588licWed 1B &g a%@%ﬁkﬁb@rriﬁ I\ﬁOF‘F@Td af Héjlrésg Iéing ffu[ly

stopper layer is conformally formed along one si

silidid ¢ aﬁ}lﬁF&ié&t%e@lr@%ﬂ;@gﬁ\egﬁbd&\aéﬁoegaéiegﬁ;éiagm%&e ﬂ{)gq‘i%‘ﬁaes%, e

regi in .the._su str .
SRS Phey T e85 e 5Bty T AR RinRREL i ever oo

bstrate and i conf.i bet ween the tip of the
/LS Rien D 1FerPhe Tiep. VoA P A REORGLY BLACB SR IS
| EF DESCRI PT1 ON THE DRAW NGS The present
Tho @FReam, TVETOT (AP ASETB i) B9 BY ATDF GO tapypresent
 limtation in the acconpanying figures, in which |ike. )
inverdioy ehfteckansifipcigthassd on asubatietnits STd iediphs ifimeas: therein and is
FIG 1 is a cross-sectional viewthat depicts a
corpRiiseidanf|a fuly Biigidec/ogiceteireds thah ki rparlyessiplarise wathadulha siicided
el ectrode according to one enbodi nent of the present
and rajsat S/hhelerent. Tha slightly resessed ghteisadeparatad dform the raised S/D
structure in FIG 1 after spacers are added
elements by an oxide/nitride spacer which may be adjusted in width to optimize side

capacitance and resistance of the S/D extension region under each spacer. There is an
insulator block mask overlying each STI region in the substrate. A silicidation stopper
layer is conformally formed along one side of the insulator block mask, above a portion
of the S/D region in the substrate, and along the side of the adjacent nitride spacer. For
a Schottky Barrier MOSFET, a Schottky barrier layer extends into the substrate and is

confined between the tip of the spacer and the tip of the insulator block mask.



adj acent to the gate and S/D regions are fornmed in the
substrate. FIG 3 is a cross-sectional view of the
structure in FIG 2 after an insulator block mask is
fornmed above isolation regions according to the
present invention. FIG 4 is a cross-sectional view of
the structure in FIG 3 after a silicidation stop

| ayer and conductive |ayer are deposited on the

cross: sect | onal VG HEGAAIFHION Sr i prAWRGS 4° °

follow ng a planarization process that forns raised
S/D elements and after an etch that renoves an oxide
hle aresens lovapirnisiistigiacbe ay of ¥ampie and Bof lmitation in the
cross-sectional view of the structure in FIG 5
accpEHIPRBYINg digdeaso 1 whish lise referenseslindieate sinitartdiemgatiseandih which:
pl anari zed MOSFET surface. FIG 7 is a cross-sectional
ViGW isfa ¢crioes-sectiartaliview thaFi€picis sppardallafosmed MOSEETIwith a hard
is performed and unreacted netal layer is renoved to
masloamove 4 ghieyelsittioda atmdrgiag ¢ eheembodmerntisd ttﬁelbr‘exf;ent invention.
silicided and raised S/D elenments. FIGS. 8 - are

I SBisseerob9B8attioHae Wew Hahe CEREREEM FIE. ﬁrﬁt‘e@ss?aeérs are added
formng a Schottky Barrier MOSFET accordi ng

adjSRPORHR Qbﬁ&@/D%%% abs RTRIRH ih VS BinRe 8 DETAI LED
DESCRI PTI OF THE I'NVENTI ON The present invention

BRI Rld %ok8k étf(aatl 91e§\f“‘5‘ﬁ tf\8 %ﬂHgﬁJ% ndﬁlq%e eVIV' %nneﬁét%?%lock

source/drain S an

maélgf'%tfgﬁﬂ @SJ& t@ﬁla‘ﬁ’gh ?Q seaééﬁ!rb Peé ltljeé 8 g%%%épgerprﬁtf%\” ng

artlc on re

ar Wit h
al‘%ﬁ‘*eﬁti'e@%aﬁ%ﬁ% i e Ml by el e SEustation stop
bounded on.the si des and._bott om by i datjon .

e sanchigig 'avq*rh%rerq%@et%qﬁea ekt iodt mask e active area,
FIGS. 1 - 7 relates to a MOSFET with conventi onal o
FIGHh isy2 erepegectional viemipliha strucioye ixiién < feHowisgisopignarization
and heavily doped SID contact regions. A second

proeggsdfiRkOMS deiged S4d elementsand@iter ap atepthat egmeves an oxide hard

Schottky Barrier MOSFET wherein
mask above the gate electrode.

FIG. 6 is a cross-sectional view of the structure in FIG. 5 following deposition of a
metal layer on the gate and planarized MOSFET surface. -

FIG. 7 is a cross-sectional view of the structure in FIG. 6 after a silicidation is
performed and unreacted metal layer is removed to form a fully silicided gate electrode
and fully silicided and raised S/D elements.

FIGS. 8 — 12 are cross-sectional views that represent a process of forminga

Schottky Barrier MOSFET according to a second embodiment of the present invention.



the silicidation stopper layer is a Schottky barrier
that extends into the substrate. Referring to FIG 1,
there is shown a partially fornmed transistor (MOSFET)
30 that is based on a substrate 10 which nmay be
silicon, silicon-germanium or another sem conductor
material used in the art. Optionally, the substrate 10
may be a silicon (or silicon-gernmanium gernmanium or

Mlulator ( SoALEDRERrETEEIdie arE NN o

shown) in which a sem conductor layer is forned on an
i nsul ator that is disposed on a substructure which nay
LBapeasent ventien generaltisiiales feoemicondyctapgeesawil raiged
those skilled in the art. It is understood that a
sousGaidrein(SIDL siemanieand patecelectrodas (gatesiichatt of waichase fully
referred to as a chip. In SO technol ogy, the
silicidesiy| Kose padigeiarly stheyipverdiohyeksitds oo MOSKIET Aadnhasgate that is
t hi ckness from about 100 to 5000 Angstrons while the
neaslgrooplanduwito thed mysed BAS eleniants kng sehcbsit Wee rmisab 81D elbbhents are
and 1000 Angstrons (or can be thicker as needed). In

bounded @xanp biziey apatetioren} a silftfigiohStéfier Ié%rl EF he flrst embodlment
conprised of silicon and an n-well ‘or p-we

illudtetetem fIB. ai-n7 Pyatsweld MOTRET Wi f&@ﬁverm%ﬁﬁrfﬂgﬁo ed

i solation regions 9 such as shallow trench iso

souﬁ%ﬂi%f(ﬁ g. o Bctdnsidr RigisHs an THé: Igfd@gh %Brﬁ?ﬂﬁc‘ij? SQ? - A second

el'ectric materi a e sub

e PGB AR %Q%@fﬁ%“ﬁ%?f@ﬁoﬁ@ée S HFoR0Er v
10
theaﬁgtd‘éf B SronoBRibvar s Byt ostien hateooais 5&@&}@?@@
ubst.r aiﬁe: or. slightl recesseo, bel ow t he subst rate
E‘s?eéngq e r%refr S HAWIS 8 oA by Toreed RSPy YOBFET 30 that is

ayer silicon oxide layer 15, and silicon
baﬁ%ﬂtcm %%Ub%&aé@ 19 gvhich gy bertilican, §'llpfan -geHaai UKy Opanother
chem cal vapor deposition (CVD) nethod, plasm
sengigpRgici rauBrialnEmedon theartt IRptionkly, tre substtase dPenay be iacsilicon (or
| ayer 13 preferably has a thickness of about 5 to 200
silicamegarmaniing,i geresihisen,i or @ny xitioler semicknduror mESTip! ofridtenest)-on-
be conprised of one or nore of silicon oxide, silicon
insuatoni($Ol) dructure sompdsed of a stack (not shown) in which a semiconductor

layer is formed on an insulator that is disposed on a substructure which may contain
active and passive devices as appreciated by those skilled in the art. It is understood
that a substrate comprised of more than one device may be referred to as a chip. In
SOl technology, the insulator layer is typically silicon oxide and has a thickness from
about 100 to 5000 Angstroms while the semiconductor layer has a thickness between
about 10 and 1000 Angstroms (or can be thicker as needed).

In the exemplary embodiment, the substrate 10 is comprised of silicon and an n-well

or p-well 12 is formed therein by a well known method. Thereafter, isolation regions



nitride. For instance, an EOT of approximtely 15
Angstrons is preferred for the 65 nm technol ogy node.
Alternatively, gate dielectric layer 13 may be
conprised of one or nore high k dielectric materials
known to those skilled in the art. A high k dielectric
mat eri al enabl es an increase in the physical thickness
of the gate dielectric | ayer 13 to suppress tunneling

d gh | eak whi |
Sucﬁ?#ﬁﬁ%'ﬂ%ﬁ %h'iev @BJ VPSE)at (6311 T%S&?%&)?g}%u Eag)%nﬁtllgﬁn I;@xn%e or a low

djelectric |ayer general has a | ower thernal
k digleghi materighane orPe Ehfhéﬁuéétra@u 19 by, conventipnal process and
silicon oxynitride, and is e oyed only when
theraby siefine e aeimenfamOprqiéI@esse@wﬁhiorw@drM@taﬁﬁsﬁ 30 531 regions 11
tenperatures that do not exceed the thermal stability
may beicoplahart wih heybubstdites | @ as mictutealinrthe draveings, slightly elevated
alternative enbodinment, the gate dielectric |layer 13
abave thespbstexd, @fslightly treksall béleetthe cubsyate. f ormed  on
an interfacial layer that is SiQ2, silicon nitride, or

2\ ddte etacxphipricbd of a Hae: givleticuger 13, date %ly‘éﬁﬁduﬁlédfﬁomde layer
material which may be nmade of doped or undoped

15, R coh GAdE BYeP963s S84 HNIaR? 1/ dSRA
Angstrorrs and@éryr eferab'i&g/ aboﬁf 500 An télg&nﬁlcals\llellplordepomnon

(CV:D<)' rﬁ@tﬂoﬁ)’ﬁlﬁs%ﬁ hiRc EWDC(;F"I%%@ f%éél%& é’ %HQ S gate dielectric layer

Angstrons and pre er abl
o SR A 28 Ay AT AP s

ard nma ince i
EO@P%?@“%%%@P@S%P%&?% é{dné‘rﬁbé*esawgm "é‘rcﬁs"ﬁanz?ﬁ&“'@@ﬁ’ or siicon
: (0] attern convent i
n'trﬁ'et iy ara%ﬂnfeaﬁa 2Bl eprolBhaiel B ARstoa G brefitiecer ie 65 nm
tri metch to forma gate Ien(%th Lc that is smaller
teciﬂm{ﬂgse BR0% AHRRALNRY gRje dieleqtie syrpa hB ynavehe sempasedakene or
an ani sotropic etch. Hereafter, the patterned gate
moreasnsh k digleglsicanatedals knawndo dase Willegdnshe pect wolaleh kadielectric
A first ion inplant may be performed by a well known
matasieheaables pn dvdirersd inghe pPhysicdgbicknens oféhagdteidialetric layer 13 to
extension (LDD) regions 17 with an appropriate n-type
suppregs tunpelngiaeent and psedest adtigh gatedeakeegencurtent getile maintaining

di el ectric layer 13 and the STl regions 11.
minimum desired EQT. However, a high k dielectric layer generally has a lower thermal
stability than silicon oxide, silicon nitride, or silicon oxynitride, and is employed only
when subsequent thermal processes may be restricted to temperatures that do not
exceed the thermal stability limit of the high k dielectric layer. In an alternative
embodiment, the gate dielectric layer 13 is comprised of a high k dielectric layer formed
on an interfacial layer that is SiOy, silicon nitride, or silicon oxynitride.

The gate layer 14 is a conductive material which may be made of doped or undoped

polysilicon having a thickness of 300 to 1500 Angstroms and preferably about 500

Angstroms. Silicon oxide layer 15 with a thickness of 100 to 500 Angstroms and

10



When the MOSFET 30 is a PMOS type, the channel (not
shown) below the subsequently formed gate dielectric
| ayer 13 will have n-type conductivity while the

adj acent LDD regions 17 will be conprised of a p-type
dopant. Alternatively, the MOSFET 30 nay be a NMOS
type wherein the channel below the gate dielectric

| ayer 13 has p-type conductivity and adj acent LDD

eqi,on 7. haye an n-type.dopant. Referring to FIG 2,
profFelih gBnd ok Sttt AEGHICB T Fheer 9B MR tickness between
e oved to forma silicon oxide |ayer 18 on the
1005%&?‘?%?‘89%@@% and Peefgrabheake 8§04 ndstiemsa e neferred to as hard

Thereafter a silicon nitride |ayer 19 is deposited by
magksipsetheprRevtect e gaite)hé doring Bebseruent siching atel CMR:processes.
18. A well known etch process is followed to fabricate
Thesstathisepatisxmeteby spavsationd ldmgraphyand eichiry tedenigpes trat may
19 along the gate 14 and above LDD regions 17. The

include artdm etehd tdfooh & gatedergtr Ly tha i$ $nadllenthanieart ifpachieved by a
surface of substrate 10 is wi. Heavily doped SID

lithogegplonmetibdraliowée by ba efrﬁgdm@icaétdh.aﬂeiréﬁteeﬂth%)a&t%rned gate layer
appropriate inplant between the spacers 18/ 19 and theé

is réfeira@ &6 hs aldaté 88t ddctfld yved by an 11 anneal and
activation process, e.g., furnace anneal, or rapid

g.,
ARRSTBA iAPARBMay P A i
under st oog by ?Kosﬁsﬁ@?gﬁ%‘ﬂ?ﬁgﬁ%‘&ﬁ e‘?@?f@lr%'c%g"ghﬂy
' , .SUC silicon oxide
dorpliSourte b 4 L Reftioh DL T Bn By A58 h-Be or -
' ited op the transi.stor region 3 nd .
ypg RSt SubrE AR e e e i Pae lblen S Hedtod S17 Fecions 11
Not.e t hi ckn t2 ]s  about equivalent to the
wnplis bRt Spide ARG Traduhs eadare g Hrovs) Bdla e
gr efer&blén | ar g{wt han t he di stance th which )
subsgpylpUnethgagHiplerlEls layar ARl daye nrijpe ggpductivity while the
dielectric layer 13, gate 14, and oxide hardmask 15.
adjagerd LpDetegiansd! 7evitl die erasmprisesraiex p-tg dapanbe Altexnatively sthe
t2i s about 1100 Angstrons. In an alternative
MO&Edostrenay, be a MO\ dypeawberdiratier chanpebleelawdbengats dielectric layer
| ayer conprised of silicon oxide and silicon nitride
13 loas paypebeoraiuctvifyoand adjaterdtLUibd) regiend #7 haverah ertype slopant.
that are conpatible with a
Referring to FIG. 2, a conventional sidewall oxide deposition may be employed to
form a silicon oxide layer 18 on the substrate 10 and along the sides of the gate 14.
Thereafter a silicon nitride layer 19 is deposited by a CVD or PECVD technigue on the
silicon oxide layer 18. A well known etch process is followed to fabricate an inner oxide
spacer 18 and an outer nitride spacer 19 along the gate 14 and above LDD regions 17.
The maximum width of the spacers 18/19 along the top surface of substrate 10 is w.

Heavily doped S/D regions 20 may then be formed and activated by an appropriate

implant between the spacers 18/19 and the adjacent STI region 11 followed by an
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subsequent patterning process as described in the
follow ng section. A photoresist |layer 22 is patterned
on the insulator layer 21 and serves as an etch nask
whil e a conventional wet or dry oxide etch is used to
renove the exposed insulator |ayer. The silicon
nitride spacer 19 and silicon nitride hard mask 16
protect the silicon oxide hard mask 15 and a

jal. paortion of the silicon oxide spacer 18. As
annBHPS I BlioR BIdeR: i T ASO ISR, Pagand Fermat anneal or a more
to as an insulator block mask 21 that covers the STI
advAReTASCraniaRl ayndseiend byiiheta silesavtheiee heavi | y
éo ed S/Dregions 20 to allow for sone alignnment
PYeHING torfed Ga By R drsutaiedlares® $6ch ep aciiconiidiolagerwith a
~substantial portion of S/D regions 20 are now
thickirasite PEHOMTERD torRSM0ARgstiomscik depskité on dubviatsigtoptfioh 30 and
serves as an electrostatic discharge (ESID) mask as

ovenilel SEloegioas 14 bysz f¥ThoePESMD mettdd oNsteethal the MBitkness t; is
needed for this invention. Referring to FIG 4, the

abophequivalentsib thajteckizds ios tieegate etadhy(|dyers 294216 and is preferably
stripping nethod and then a cleaning step may be

largentrianytRe distaricen® wWhicH e pPs bl the @thSiHES tHidkr dse %ftﬂbegate
i nsul at or bl ock mask 21 and transistor region A

die|§ét|ribﬁy@aﬁiap@hté_tﬂpahagﬁrdez’r?ar?@%% 15S lﬁ%ﬁ)‘?%in%hl Sodiment

conformal coating and can a uncti o contr
radRBH Mylthe frieh ' 'Igg 2 16V alehatvR ertodi
Pract om'%g P%yer %ﬁ’ﬁﬁ?@%ﬂﬁzﬁﬁ rﬁ%g{aﬁ"osd I%R ql‘ﬁgna ve'erfibodiment,
' r <and transistqgr . region 30 to a.
the |t Bfor 3hA be Bnob Ry o B Rbthor SERR BB Apd shioon
s jlici ion sto ayer IS a.conposite . )
niviig B Fley i 4 PoiBBsi 8ok Phyior faduaR pacne rormatpiawith a
In one enbodi nent, the lower Ti |ayer is about 100
S“bi‘?@ﬁ"‘f Bﬁﬁgrﬂmgcwoﬁﬁﬁﬁ 2 degpsibed inithe Tollpwingsestign.
éhi ckness of about 200 Angstrons. Optionally, the
iPhPEOresist [aYered2ols Palipeiedan thgyingidatos hgver 24 @ngfsexygsTag\an etch
or CoMN. The silicidation stop |ayer 23 prevents a
masd miilem eprvesitipnali wettar shy prideeieh s usedrioaemiong the exposed
. sSilicon in the substrate 10. The silicidation stop
insulaipelayers Hassilicarenitridesspasec 19 andailimog nittide hardimask 16hgotect the
i nsul ator bl ock mask and has horizontal sections on
silicohexigletisrd atask 6 araha substantial portion of the silicon oxide spacer 18. As a
result, the remaining insulator layer is referred to as an insulator block mask 21 that
covers the STl regions 11 and may extend slightly over the heavily doped S/D regions
20 to allow for some alignment error. The nitride hard mask 16, spacers 18/19 and a
substantial portion of S/D regions 20 are now uncovered. The insulator block mask 21
advantageously serves as an electrostatic discharge (ESD) mask as well so that a
separate ESD masking step is not needed for this invention.

Referring to FIG. 4, the photoresist layer 22 is removed by a standard stripping

method and then a cleaning step may be employed to remove any organic residues
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the top surface of the insulator block mask 21, and on
the gate stack. The silicidation stop |layer 23 also
has a curved section along the side of the spacers
18/19. | n the exenplary enbodi nent, a conductive
layer 24 is formed that fills in the openings between
the spacers 18/ 19 and insul ator bl ock mask 21 and has
a top surface 25 that is above the |evel of the
upper no rizontal sections of the silicidation stop
from E@%WSE%M elcpREt €1 Apd tiaggistoraagding30s e ilistsielien stopdaver 23
annrphous | ayer that is deposited by a | ow
tha‘t 'é‘ Asapniially @ ¢RIfeaRl spatisband g@peisotfanemr to amirehcorgact
perforned using a plasma enhanced CVID process (for
resistange is dapesited ya Gg@u PESAERL 9r afemic lager depasitiur @LOYINethod on
process (if conpatible for higher tenperature
the irsplatoebionk maski?d arcomahsistoregiary?0 14 thiekndss af dped30to 300
undoped. Alternatively, the conductive |ayer 24 my

AngstronegTpiPiete@rebiyf thel siiidelioRastop Riyep28 & &eohipositélebmipfised of a
nodi fy the nmechanical and electrical characteristics

loweF Tt lagesamp e uppér TiNfIayere dirf shd ¥mBblintdriiefleabfer i |§géi is about

S/ID elenments to be described in a |later section.

10d?ﬁﬁ$§tfdrﬁ§tiﬁ(9< &d3heuppdr q‘ﬂ@}é‘%‘; hag ?'th%eé%r &Ce?o%%t 260 Angstroms.

performed that may i nvolve nore han one step t
r r
Opﬁ’érﬁi‘l Ofrpéﬁsliltcﬂfaélﬁﬂ%ﬁgnclgkare{(é %‘f/ bleﬁc rﬁﬁl‘f]sle[:ogwlzf élg?r Co/TiN. The
damage to t

siigERn 9é%v%?53%3%\%;9§“?ﬁ§5§§9¢f 5 BELER, REHES Fobhicabling wit

section of .the i ci.daf i to 23 abov
S'hqoabmgﬁ?ﬁa%%raa? 1pn e RUAER b BreidEhas 2 &6 %sgvon along

al on an u ortion of the insulato
O”EbF' W?ﬂ%'s’ﬁsu'%??é bﬁ%lﬂ‘%ﬁ Fg% RO”%E%‘ SEEtioRs pn éth%‘ﬂl?%ﬁ@te 10, on
stop | ayer 23, conductlve | ayer 2 and spacers 18/19

thegp@ SHGWJG @%@@MSU@thbl@% maskra1, ‘ﬁﬁ@ opdhagets gtack.aybe sfligidation

over each S/D region 20 is now a raised S/ D elenent
stop trydr 23:aisahag sovedysectiomatpngythe sidepfdhe spacers 186k

not include selective epitaxial growh in order to

e thecexgmnplayysamisadiplesk iat gonandtivolsyer Ih & drroedtica fills in the

between the gate 14 and raised S/D el enents 24 may be
operniogebstedehthe spatane 8 drtkinsulator block mask 21 and has a top surface
25 that is above the level of the uppermost horizontal sections of the silicidation stop
layer 23. The conductive fayer 24 may be a polysilicon or amorphous layer that is
deposited by a low temperature method at about 400°C to 600°C which is performed
using a plasma enhanced CVD process (for lower temperature requirement) or a low
pressure CVD process (if compatible for higher temperature requirement). The
conductive layer 24 may be doped or undoped. Alternatively, the conductive layer 24
may be comprised of SiGe, SiGeC, or pure Ge in order to modify the mechanical and

electrical characteristics of the subsequently formed fully silicided and raised S/D

elemenits to be described in a later section.
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CWPprocesstine. In other words, the width of silicon
nitride spacer 19 on the polished surface of the
transi stor region 30 becones greater as the CW
process renoves nore of insulator block mask 21 and
conductive | ayer 24. Next, the gate 14 becones
slightly recessed below the top of the silicon nitride
spacer 19 when the MOSIFET 30 is subjected to an oxide
é f %g a conventlongl BHF di p that renpves the
¥ qrﬁ%t‘b’i] & RATvRRYgnal EMPrpraogps lspra@rmrmemeat mav mvolve more
t hi ckness of the conbined silicidation stog | ayer
thary gpe stpdiedtianasizedhe condugtivedayamn2gcmd renToE t Aﬁd@@ﬂ @wtrgde
while the gate 14 remains about 500 Angstrons thick.
hardgesk l Ga il hetsdiconrixideshasd nmaskcls sarvks 23 asBMPsstbp tmprevent
oxi de spacers 18 may also be thinned to a level that
damageatedbe gatplageni4.wDuring tee GitReprbéesidhe horinonthlosdetitn of the
6, a netal layer 26 to be used in a subsequent step to
silididationastoplagbr 23 abbeé the top sdefRos of e ihsulatoevidckAhddk 21 is also
physi cal vapor deposition (PVD) nethod to a thickness

remeived ity @9 ak ap E@ﬂ@onﬁﬁl%\‘ TR TRs@ator PfodkHRdsiat Pie RisOfifor block
mask 21 and on e 14 transistor region 30. In one

ma§k3213 C§|I10|ddii%n'ﬁ?éﬁ‘|aybﬁi§ rco%@ubﬁ\feala?é’tr%lg;d(gfges;tp%g@‘gli i?/?g\?r%now

N cappi ng | ayer and

I
essgfafﬁ%lﬁf%g PQ%? ?H@ cle}édutg[‘\% Iﬁraig&%% O?%@D%ﬁlogégt is now a raised
desi red
S/ Plffehfand 1) afa?‘%?\w?@ Hﬂ%%fgﬁg? BaloiiGs tif g5S nblingpae
vice. InFG 7 ation ste carried .
solfifRaRitatg oat feBpRloteies i ed FRERSIGREN S5ho Toe distance
ner S anbi ent , at erature of 200" 3C to 7000C
betiRan Bsae A 9 hiaise St S Ig&enaao%fnaydoq BorssSRe Ry lgagthening the
Al ternatively, a different type of anneal such as a
M&m%?ﬁa WRey " IpAiner words e waﬁ |silicemAytrige spacer 19 on the
enperature of 2000C to 7000C for 10 to 120 seconds
polﬁh9d puripes eidhadwnsistqreadion $0drecomesdysiates@s the CMP process
characteristics of the silicide and integration
remadwves thagrearsnsulatosblock chask 2d reder cinolodtiveniayet 24,
tenperature used for the silicidation proc ess

tilemt ks gateotd bémncesslightly vecessée bekiw the the ofthd silickeonitride
For instance,

spacer 19 when the MOSFET 30 is subjected to an oxide etch such as a conventional
BHF dip that removes the silicon oxide hard mask 15. At this point, the thickness of the
combined silicidation stop layer 23 and conductive layer 24 is from 500 to 700
Angstroms while the gate 14 remains about 500 Angstroms thick. Note that the
insulator block mask 21 and silicon oxide spacers 18 may also be thinned to a level that
is about coplanar with the gate 14.

Referring to FIG. 6, a metal layer 26 to be used in a subsequent step to form a metal
silicide is deposited by a CVD, ALD, or physical vapor deposition {PVD) method to a

thickness of about 100 to 1000 Angstroms on the insulator bIock mask 21 and on the

14



Ni requires a |lower tenperature than Ti. The gate 14
is transfornmed into a fully silicided gate el ectrode
27 and the conductive layer 24 is converted to a fully
silicided and raised S/D elenent 28 on each side of
the gate stack. Follow ng the silicidation, unreacted
nmetal layer 26 is selectively renoved by a well known
met hod such as treatment with a H2SO4/ H20230I uti on at
1300C f.or .ab formati on of the
angi3{ih foaiph 853 oné SaBeele bedne s 2B PéP@PoﬁB? Gonpgeed of
_g‘[\@% ard process mpy foll ow such as a pre-
and @ PN IepRIN G SSPPBitembDY A WQ’IW%OQRU%@"Y éhe metal layer
typically performed before any contact/ netal
26 may ke crapriseshef NiemPigl, or amhethes choduciive eatedalithakcan be
of the present invention is that the fully silicided
silicighed te givedtie SeBirediglectrizal and tridchibicat prapertiesfoi @pagicular device.
and thereby allows a copper backend of the Iine
IOBEGL Y, asilicielation biay is cairimiealit dyeeatihgth@vubdteite 10 in a furnace
instance, a silicon nitride |layer (not shown) about

with30 8, Bn IRt eussarh bieakat@ienhisorarpo o ed° oo 7be°d anl éRFably at
bl ock mask 21 and transistor region 30 to function as

4508CGor sttt 16ay 80 randtedt Ateshaivehp o (ﬁﬁ@ﬁenfjﬂrp'eﬂﬂ anneal such as a
subsequent processing that fornms contacts to

con$éntiohariid fFl@hﬁQFSann-EBP ?T@a& E?We ﬁfu?& f§0(§5§?0 7809 %or 10 to

prior art to forma W enen I NCr ease

120t§éﬁor&8(;§n Fn%tﬂﬂrel ﬁﬁh@&&%ﬂ%@ég ?r‘?é Séﬁr%&%eﬁstlcs of the silicide
STl Al
s BEeess HeandHPors e "@f/“ﬁl o e ¢ PiasitBlgpa™ For instance,

abqut C%ﬁ} anar and therebé a W der process
Ni reqiyigisi? |aiyes tempeiaiiiie dhars pThq gale Hhidansiimadtigtoa fully siicided

the silicided el enents. For exanple, an etch to form
gate glectipde 2R gnddhe apndugdive Jaysi@4Hs CARrIigd tord Billy siicides and raised

regions of the substrate when a shallow raised S/D
S/Detlement 2&en gach aidead ts? patel Saent Follovéng theysiticidation, unreacted

Furthernore, silicidation of the gate and raised S/D
metal lagen26isi selentwelrypemhedi by @ wels kngve netepd shett amtreaitsent with a

process-

H2S04/H;05 solution at 130°C for about 10 minutes. The formation of the transistor 30
is now essentially complete. Note that a standard process may follow such as a pre-
metal dielectric (PMD) deposition. A PMD deposition is typically performed before any
contact/metal formation.

One advantage of the method and structure of the present invention is that the fully
silicided and raised S/D layer 28 is thicker than in prior art and thereby allows a copper
backend of the line (BEOL) process flow to immediately follow. For instance, a silicon
nitride layer (not shown) about 300 Angstroms thick may be deposited on the insulator

block mask 21 and transistor region 30 1o function as a Cu seal layer and etch stop
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i nconpatibility associated with prior art nethods that
require two different silicidation steps. In the
present invention, gate silicidation is controlled in
both horizontal and vertical directions by spacers
and the gate dielectric layer, respectively, while
silicidation of raised S/IDregions is controlled by a
silicidation stop | ayer. The silicidation stop |ayer

I i s, advant a eou? %@ used in the first enbodi nent to

ayeéﬁ’éﬂﬂl"@ sus BURSPSSn TRt IPTae FANERS 1o dha ehaded regians. Thus,

revi ously possible because in the resent

an @ﬁ oreFe wRedinithe prion art foformeg BhpltaonsBibs elesmantaitn inagase the
silicidation. Thus, an ultra shallow S/ D region can

effegtives mietal iaknass hsfare dorsnisg e silipondiitideor (Reyeq)dapartitya Cu BEOL
The overall process is highly flexible since the

fabriggtion is np iwiggedeedad i s conpatible with high k gate
dielectric |ayers and can be tuned for (Dm and

Ahotbehativantage eiibe fivétemisoaivhent isbiyat tae pregent aivengeh erovides a
doping prior to silicidation. The present invention is

MOSFET Hdiﬂld@ﬁlﬁ%tlﬁﬁdéd%’dﬂé andGulRt IRt cE Bndk RAY¥EY 8 %Iements that
transi stor shown in G 7 that is conprised o

are %llébﬁi ¢t ghakGnanderdb wlibws Bl Wibigt ﬂ%@e@@ﬁ%r%ﬁ R4 ﬁﬂ)@e%uent step

fully silicided and raised S/D el enents

tha’ﬂ%ﬂﬁ% ﬁl%@isaﬂ e sﬁg%d g}gﬁﬁér{t@t ﬁa% eb &n %ltéH £ ntact

base esign t I'nc udes

holc%%ééﬂ ééén%dné% rof’flﬂl‘fi wﬁg E{é[ é)[f‘ @ﬁﬁ?%@ég{r%tlpa l?]eé'n a shallow

at are-for me r uc
., devi ces. ubst ate Q inc e
raisf ﬁggﬁ'%ﬁép fisEeps T8, Bk er@tﬂlave%hﬁdﬁemgfe glgdaton o
ucti Vi t S/ D regi.ons

the JafF ad el ShLeiementy s koS Ak A siRABStaR I avaidl process:

a conduct ivity type opposite to that of the channel.
incorpRatiniliiy apeqciated withyarion aft melbiods diat sequitetven differant isicidation

| ayer 13 formed over the channel, a fully silicided
stepfat la the preseolnvention dgetresiljeitatiaf isicontrolled Irelyath horizontal and

spacers 18/ 19 with a side and top surface forned
vertinjl directionsdytdpacsiscus! ibe gate digieatrielayet, resiegctivaelydwhile silicidation

rai sed source/drain elenents 28 that are fully
of raised &/0eegiansliscconirdbed by atdilicidatidestomtayehot t om by a

silicidation stop |ayer 23.

The silicidation stop layer is advantageously used in the first embodiment to enable
a shallower S/D region in the substrate than was previously possible because in the
present invention no silicon is lost from the substrate during silicidation. Thus, an ultra
shallow S/D region can be achieved without a sheet resistance (Rs) penalty. The
overall process is highly flexible since the fully silicided gate is compatible with high k
gate dielectric layers and can be tuned for ®, and threshold voltage (Vth) control by
appropriate gate doping prior to silicidation.

The present invention is also the MOSFET structure 30 otherwise known as a
transistor shown in FIG. 7 that is comprised of a substrate 10 and a fully silicided gate
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There is a vertical section of the silicidation stop
| ayer 23 that abuts a side of the insulator block
mask 21. The insul ator block nask is conprised of two
sides and a top surface and is fornmed above isolation
regions 11. Another section of the silicidation stop
| ayer 23 abuts the curved side of the silicon nitride
spacer 19. There is a horizontal section of the
silicidatjon stop.|layer. 23 forned on the substrate on

27 %fﬁjeh@)f 9%9@65&5@ Bised STRETeMPIG 28 that pteoepayivt cortanars The
slightly recessed below the top surface of the silicon

subgirale; Ybmay bedliconandsmay beibaged onia PO designitkatdnsudes an
el ements 28 by a distance of about 100 to 300

insugling leyesandraervinmsemisgnawperciagedhatarerformed ion a substructure
transi stor 30 were previously described. The

conzutisadtcd ges avimarbetheratevicesoThaGubsratetd ehrleadsdldtimeregions
mentioned with respect to the first enbodinment. Note

11, efukiannble(nobsiesvah) thatids ateitdia copdoethsty ttelfh HEH)\WSED regions 20,
the fully silicided gate 27 and silicidation stop

and EYBIredidnsay difadent teheethahfelibihage &idilﬂductivitty type opposite to
capacitance. 17 In an enbodi nent where the substrate

thalC6rThE CR&ANEN TR ratsistér 30 RirthENRchBEE 2%t didib&rie Tag%t?% formed

i nvention inproves process yield and reduces cont
ovef B AT PIF EjibREa c2lc Letedle 2F PR BELe ABKELR: layer, spacers
) ' dyr, h
16/ B8 PHERLEHE 56 108 ¥ Brbdl effoaftiadhb et ety fectroce.
nmbodi nent _qf .th res i.nvention, . chot t Ky, . .
and AR ashain PETaris 2B gt e By aisiche T et e sides
I depicted in FIGS 8 - 12. The partially forned
a”i?%??ﬁ@rs'%d@q‘f%?%lqyﬁbﬁ?t he previously described
transjistor 30 in FIG 2 in that both the ILIDID
Bgfe & viertieal geptien, i e gdisication ptandgyeds that aputs a side of the
. omtted. This neans that all the ion inplantation in
insylgtor pjgckimastiodti heainsulatenblegkemapk is ermprsashef two sides and a top
enbodi nent. Furthernore, a trench 31 is fornmed in the
surfagesindds forfrRidabaye ibalatiwreregidns 1insihether sédtioolof thasikicidation
21 and horizontal section of silicon oxide spacer 18
stop feea 23cbots the dueved side loiftersilicon nitride spacer 19. There is a horizontal
section of the silicidation stop layer 23 formed on the substrate on the S/D regions 20.
The fully silicided gate 27 is slightly recessed below the top surface of the silicon nitride
spacers 19 and fully silicided, raised S/D elements 28 by a distance of about 100 to 300

Angstroms.

The remaining aspects of elements in transistor 30 were previously described. The
advantages of the transistor 30 are the same as those mentioned with respect to the
first embodiment. Note that the lateral width of the spacers 18/19 between the fully
silicided gate 27 and silicidation stop layer 23 may be increased to optimize side

capacitance.
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33 (FIG 10) replaces the silicidation stop |ayer 23
that was used in the first enbodinent. Al of the
elenments in FIG 8 have been described previously and
were formed according to the process sequence in the
first enbodi ment except that no ion inplantation was
perfornmed and ILID D regions 17 and heavily doped S/D
regions 20 are omtted. In the preferred enbodi nent,
t he maxi numw dth w2 of the spacers 18/ 19 is about
B erabedigrenhwhers e substiate eamerésasran RBW siyciur the method of
al | owabl e resi stance under the spacer regi on and by

the praseg inYGRlINE MAreYesmRFeCcHes vielshancheeduicgs coftachresistanoeince the
to the tips of the silicide formed in a subsequent

silicigtadipn stapier layets preveniGilidn lass frosudraulina thindok seaddoriilictor layer
wWth a thickness t2 is forned by using a patterned

in thEnBObseisitiste Hagey tHdlsikddationedfche raiséd 8D easeantbed
previously. It should be wunderstood that one or nore

ot D secdndissrhBé dmefBbEhedrSsdit vintioR, 4 B@ﬁ@ttl@%lBéﬁeFrmo@ﬁET is
used to forman insulator block mask 21 as i ndi cat ed

fabﬂ[daté@ﬁcédrﬂlﬁb 1RO ﬂoEEé‘é floﬁ%bfbted A F]%S.%_ P8l g4 3:] |zi11lg formed

greater than t, is the conbi ned thickness

tran%%tt@r 44 (‘ﬁh‘@l%thd tljl%‘}ﬁi%%zhou%&d&%hﬁeb PhRListA a0 ES! b n‘? %a both the

oxi de hard ocess sequence In the s

wrz?@og&wg%gﬁ'h% RIS A g 880 s

onl el A RS Al St IR SR iR,

Furlef BT AuTorsm ot TGRSRt a8 L5 et P A 14 ipsulator block
ion e be used to renpve silicon from substrate

maghy21 A”é@@ﬁ%‘é“%‘rﬁf%l?%loﬁs' lieprppxide spAcING angachiiky barrier layer
hawg& a depth d of fromO to 100 Angstrons and

33 thiGs a@p&aceeéme silicidlatsm ging daves @8 that was paedin the first
substrate 10 between insul ator bl ock mask 21 and

embalfimepht spacers 18/ 19. Referring to FIG 10, the

photoresi st layer 22 is stripped by a conventional

Adlohtiek elameéntshiarFl@. 8lhasaibegn sieeprivad,/prieeigustyf amdweeret formed

renove any organi c residues on the
according to the process sequence in the first embodiment except that no ion
implantation was performed and LDD regions 17 and heavily doped S/D regions 20 are
omitted. In the preferred embodiment, the maximum width w, of the spacers 18/19 is
about one half of w; (FIG. 2) and is determined by the allowable resistance under the
spacer region and by the allowable distance between the tips of the channel to the tips
of the silicide formed in a subsequent step.

Referring to FIG. 9, an insulator block mask 21 with a thickness t. is formed by using
a patterned photoresist layer 22 as an etch mask as described previously. It should be

understood that one or more other insulator materials besides silicon oxide may be

used to form an insulator block mask 21 as indicated in the first embodiment. Again, 1>
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i nsul ator block mask 21 or in transistor region 40. A
key step is now perforned which is deposition of a
Schottky barrier 33 by a CvD, PECVID, or ALD nethod,
or by a conbination of two or nore of the

af orenenti oned techni ques. In one enbodi nent, the
Schottky barrier 33 is a conposite |ayer having a

| oner nmetal |ayer conprised of Ni about 50 to 100

. _Angstrons thick and an upper TiN cap- layer with a

s Pﬁeltﬁgf@flkr’leﬂs’ga*&f thahdu tvhiclys T‘?&%Binﬁﬁd@gkwﬁ the gate dielectric layer
Alternatively, the Schottky nmetal |ayer may be

13, gafedayereld end milicon gxidethard praskdls. TTheaprogpeps seduanse ibhe second
those skilled in the art. Note that the Schottky

emhegiimerirdiigrsdrost thadlin thedsicersbedimest by adidimgdani additional step
generally conformal to side and top surface of the

wheirein thepbotobdaistkayes 22, Risulabat Hiock task 2anand Spaders 48/1@serve as
40 on which it is fornmed. In other words, the

an efcthotask whilara canvedfiorimeten pretésLislenssioyedd RIen@ dbiRsed
side of the insulator block nmask 21 and has

portliii of @ibatrate @l |y exampld) @ dHidrirebdsetreabtivd®n stch may be used
i nsul ator block mask, in the S/D 31, and on the top

to r??ﬁéé\‘fé@iﬁcéﬁ frbRGUDBR&R 0 %gggﬁbean%lgdéﬁﬁ@gby?%gﬁ%’if%éa french

Schottky barrier 33 c orns to t rve

havf(r:wgﬁa dg%;%th S frdth tOrté g%P:ﬁ@ééﬁ%ﬁls%éﬁggﬁﬁéﬁlgé%soﬁ@gfo Angstroms is

Ive |l ayer posite

fornfaliysZosifee o bRlln gyl HEER ﬁf{aas%?ﬁi%ﬁé@%%%;ﬁ%é{s 18/19.
reisuine 3 TiB. 101 EHTIASRLeYBHER G anPechRy Sgpruptianal method

%’ GeC, or .Ce. Conductive |layer 34 has a top surface 35

andfhg &cleaning R RGPS PETRIMEciaTomAYe A5peaBaE residuss on the

. horizontal sections of the Schottky barrier 33. -

insutgipeblerk gnask 21| @ in transigtos segien B3P o fakeYoPP e bewReriosmed which is
performed that may involve nore than one step to

deppsitinaof as&dahntky bartier 88 by d QYB; PECHhdriAm methdd or by a
silicon nitride hardnmask 16. The silicon oxide hard

comirsitiob0fdwo e snas ohtHe\dossnogntioned testeridquesd dmage dmbddiment, the
gate 14. During the CWP process, the horizontal

Schetiky bamier @8 i heompobité tdygr having arlowdr ewtdl heydr@dmprised of Ni
surfaces of the insulator block nask 21, spacers

aboliB6d.t& 100 Angstroms thick and an upper TiN cap layer with a thickness of about
100 to 300 Angstroms. Alternatively, the Schottky metal layer may be comprised of Pt,

Co, Dy, Er, or Ti as appreciated by those skilled in the art. Note that the Schottky

barrier 33 preferably covers the S/D 31 and is generally conformal to side and top

surface of the insulator block mask 21 and to the transistor region 40 on which it is

formed. In other words, the Schottky barrier 33 has a vertical section along the side of

the insulator block mask 21 and has horizontal sections on the top surface of the

insulator block mask, in the S/D 31, and on the top surface of the spacers and gate
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and gate stack are al so renoved al ong wth upper
portions of the insulator block mask and spacers
18/ 19. The insul ator block mask 21, Schottky barrier
33, conductive layer 34, and spacers 18/ 19 are now
essentially coplanar. The conductive layer 34 is now a
rai sed S/D el enent over the Schottky barrier 33 in the
S/D 31 on either side of the gate stack. Note that
he rai sed S/g el enents 34 are advantageously forned
StaCB rERYRI c bgHEY FForoNerpIs igdhe Eraed; Side of the silicon
epltaX| aI grovvth in order to reduce process conplexity
Nitrige aPREUE 191 n the next step, the gate 14 becones
slightly recessed below the top of the spacers 18/19
Theseaitereaganduciivieyayesafed dspheitadkyn ther SdhattkyDEFET 38by using a
IS subjected to an oxide etch such as a conventi onal
low Biifpetiature imaathod sioviles t¢ thee aid meatiored with hespgcthistondlBtive layer
and top portions of the insulator block nask 21 and

24 isithe fiehembodienanacesfeldbly, Abe tbhductiP@idyier 3uhe p@l@ﬂiﬂbé\@ Hut
t hi ckness of the Schottky barrier 33 and raised S/D

optieh@ianby B4 9Be 2iRid, RGeS 1 dendictild fay@nba hké d féd?fac $5th
P SOOW?Q %OO Angstlroms whi |l e t?we Cg[at e y%gmal ns abgut e atls

at a/NIgHEr AEE tHw 1hk- upB%FrﬁbeEt' H&lzbﬁ’taﬂé&tloﬁg of H@S&{cﬁfk‘y?)‘é? |é/r 33.

descri bed sequence of depositing a | ayer

Iﬁ@l‘émgsﬁr\:lén 14N5 ShAv&Hi hﬁ%ﬁﬁ%&%s ?qba?ﬁﬁtnaay involve

transistor reglon, per Porm ng a

o 7 S R O e AN S
RS i B T ke b P e

conditjons are the sane_as provided in the fir

damagsdaithe aate Whr LBiRe the GMPsRIReeIR Shepasptal rs@ﬁ'%ﬁw@f the
described in the first enbodi nent may be used to

Scheitisnbarmign B3 a0t tbe teresuifagegyadthe insulatardienk mask 21 ugnagers 18/19,
silicided and raised S/D elenent 36 is fornmed on

andgiate stack iage alsp ramioyed ylanial with deser gertionsedfdbe instiatablock mask
The fully silicided and raised S/D elenent 36 is

andfspacers 18119.héhSorsvlatybloblamask 21 33chattlydenrian33, conductive layer
i nsul ator bl ock mask 21 and adj acent spacers 18/ 19.

34, dhe spaverstidpEsaef ndv essartiaidceplingati Mivet condactivielayan®s is now a

as nmentioned for the first
raised S/D element over the Schottky barrier 33 in the S/D 31 on either side of the gate
stack. Note that the raised S/D elements 34 are advantageously formed by a sequence
that does not include selective epitaxial growth in order to reduce process complexity
and cost. In the next step, the gate 14 becomes slightly recessed below the top of the
spacers 18/19 when the partiaily formed Schottky Barrier MOSFET 40 is subjected to
an oxide etch such as a conventional BHF dip that removes the silicon oxide hard mask

15 and top portions of the insulator block mask 21 and silicon oxide spacer 18. At this

point, the combined thickness of the Schottky barrier 33 and raised S/D element 34 on
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enbodi nent with an additional benefit that no
sacrifice is expected in S/D resistance because the
raised S/D elenent is netallic and extends fromthe
top of the spacers to the substrate. Thus, the second
enbodi nent possesses the additional advantage of
vertical engineering wherein the thickness of the
rai sed S/D regions may be adjusted by varying the
., dept h Fl 9). of the S/D 31 and the thickness
oith&c e ok iasats s For #3p 1 M Apdkome HenIs iR Beleyremains about
barri er prevents silicon loss fromthe substrate
500cfnastigmsHbicksi | i ci dati on process to enabl e shal | ower
S/IDregions in the substrate than are achieved in
Betegingiot FIGTAE, heayeviousiydeseriked sequence of depswting akyetal layer
Barrier MOSFET 40 shown in FIG 12 that 1is conprised
(notofhovng wh sty inselatiod blaokdnask 21 bpd sidjacentizangisibe regjforg paérforming a
fully silicided and raised S/D elenents 36 that are
silicivatioh yarabgdlactively iSohmindyniBacicdanetdDRlyelis40llelvéd & &fford the
fromthe 21 first enbodi nent (transistor 30) in that

essbhrallyRBngpréte SdheRRy BaratMOSHET! 40, dppRA thé AHtANEYetGs Ni having a
are omtted in substrate 10. Additionally, the

thlcﬁrhédscdfGH@b' t8R 0D HhdsBYRYs, tH élfh‘?datfdrf SndRBPRUERY shde as
repl aced by a Schottky barrier 33 that extends |nto

provid&d %tffréiteﬁnl%kﬁ@/eg{ | Qredviaf t@g sahi?eeﬁgs /Hg(?%’geatment described

overlying ral sed el ement’s fo bead

in t%@ﬁjﬂsi: W'ﬂé{%% Hséeagga n%ﬂg&;\‘}ét lﬂ'ﬂrgéctgéerﬁ%}& Iﬁg%o%{é result, a
funy §FEEEH %ﬂ%ra'g?%ﬁé%&e"a%%%és b B il Slfoed oate
eleiffpiarg?. ot BV SIEH ﬁen“ e 9 e ﬁ\vﬁh% 58 th0ued ophS Schottky

with reference to, preferred enbodi nents the/reof
barfier 3¢ P@t“??@”lﬂﬁul@?%'ﬁ‘%@[% ‘”ﬂ‘ﬁ%l‘s@ apd Iaﬁheﬁeﬂhsﬁaf?@rsaﬁ Bhat
vari ous changes in formand details may be nad
whe I@GM@“@@%N thﬁgseppatﬁnem#@dgpemtl are 4he| sa@@(ﬁ;gnglﬂthrmdsfor the first
invention. 22 W claim
embodiment with an additional benefit that no sacrifice is expected in S/D resistance

because the raised S/D element is metallic and extends from the top of the spacers to
the substrate. Thus, the second embodiment possesses the additional advantage of
vertical engineering wherein the thickness of the raised S/D regions may be adjusted by
varying the depth d (FI1G. 9) of the S/D 31 and the thickness of Schottky barrier 33. In
this case, the Schottky barrier prevents silicon loss from the substrate during the
silicidation process to enable shallower S/D regions in the substrate than are achieved
in prior art.

The present invention is also the Schottky Barrier MOSFET 40 shown in FIG. 12 that
is comprised of a substrate 10, and a fully silicided gate 37 and fully silicided and raised

S/D elements 36 that are nearly coplanar. Schottky Barrier MOSFET 40 differs from the
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1. Anmethod of formng a fully salicided Metal Oxide
Sem conductor Field Effect Transistor (MOSFET),
conprising: (a) providing a substrate having a channe
bounded by doped source/drain (S/D) regions formed in
an active area defined by isolation regions, and
having a patterned gate stack with sides forned
thereon that is bounded on said sides by a spacer
rised of an inner silicon oxide |ayer and an outer
f’fStﬁmrB)%’dﬁeﬂ‘i Erengistor 30kin thakihe lé&@@xteéﬁm Tsardhpaviletpped
of sequentially formng a gate dielectric |ayer, gate
regiens 20 asel emitiey injspidatrate e %\ﬁiﬂdlona&yk thendilisidationstop layer in the
nitride hard mask on the substrate above the channel
first @bddimantig replacersby atSoholiky barrien8B thaivéxtends idewidel substrate and
and a top surface on the substrate above the
allows theathickmess gf thesoviehginglremed S/B elerhetizras Wl bepadjused. Ks
said S/D regions exposed; (c) formng a silicidation

indisdted prayisusipnhé Bevartagey oete GuhotiRy Balrier NMOSEET, are the same as
i nsul ator bl ock mask sidewalls and top surface, and

thost meKBesRPwidh F2spesi ke *ﬁFsttehﬂJo%Mﬁéﬁtr a&&jmone(m} thf.c,%méi&d S/D
a conductive Iayer on the silicidation stop layer th

elerﬁéﬁts%éyoﬂe ot gfi‘l% mate éle&hggleéon'tﬁ ?\hthtﬁ@@eﬁ]ﬂé{ntﬁpfo%% devices.

of the silicidation stop |ayer;

W8 "fﬁlb%ﬁ}e’ngan ﬂgf $abg p%ﬂ[&ﬂiéﬁl&i si\ﬁl%anaé’nq g(ééb%geé with reference to, the

renoves sal I con

L]i.Cl bove t | | at or, .bl pc

prefilyeh S @eaﬁsafﬁ%f@?aw@ef%}% oy By a8 e o ot that

.CO uctive |a ither side of .
"ar'PHgEé%‘P%eSs'Pé%WE" g FORIR S rRUEwious Rorgiie T i spirt and

to forma recessed gate el ectrode between the

SCOB%S%HF%“WSHW”ES (g) depositing a nmetal |ayer on the

i nsul ator bl ock mask and over the active area and

performng a silicidation to formfully silicided,

raised S/D elenents and a fully
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We glaim

silicided gate electrode. 2. The nmethod of claiml
wherein the gate electrode is conprised of a dopant to
tune the work function (Dm and threshold voltage
(Vth). 3. The nethod of claim1l wherein the gate
dielectric |ayer, gate electrode, and silicon oxide
hard mask have a conbi ned thi ckness and the insul ator
bl ock mask is fornmed with a thickness that is greater
than sai d conbined thickness. 4. The nmethod of claiml
ein the silicidation stop layer is a conposite

| ayer having a |ower netal |ayer comprised of Ti, Ni,
br Adpethed of ormipg arfully salicided MetahOxide Sereisendyaiar bigldEffect
PVD, CVD, or ALD nethod to, give a generally conform

Trangigter (MOSFRT, eempideingf claim | wherein the conductive

| ayer is conprised of doped or undoped polysilicon,

Si @a), préviGaQ a subskatahdving adehamsiel eoliraledahyt dopeer sduc®drain (S/D)
bet ween about 4000C to 6000C. 6. The nethod of claim

degidrey fermed heamatiNe aeyelefihed b9 igvlatRecregfond] andBaviag a patterned
Ti and the silicidation is perfornmed by heating the

gateStacK With Bides formiaCBeddnthat INZRUNHEE bh saRPsidas By @pacer
at a tenperature from about 2000C to 7000C for about

Sonbory T By LOREA AL RERTIT s g

GRS S TS Gl G o
590 50 104 B RSP B o o 00822 e

Cﬁ%?prl_sed of formng a silicon nitride |ayer or
SO copper sealing layer on the fully silicided
gat e [aL\nd fully sjlicided and raised S/D regions after

. ( f
t hdPhtosRing an ﬁ'&%lﬁt?@'?%maﬁ% Badpe gidemeds andyaciop spufage on the
The nmethod of claim1 wherein the planarization st e]p )
pubsiraip ahpyalheniselatian eegionsibat leaveRsybplaptalprtien ef said S/D
uses the silicon oxide hard mask as an etch stop.
regions exposed,

(c} forming a silicidation stop layer on the patterned gate stack, spacers, insulator
block mask sidewalls and top surface, and on exposed S/D regions of the substrate;

(d) forming a conductive layer on the silicidation stop layer that has a top surface
at a higher level than any portion of the silicidation stop layer;

(e) performing a planarization of said conductive layer that also removes said
silicon nitride hard mask and silicidation stop layer above the insulator block mask,
said planarization forms a raised S/D element comprised of said conductive layer on
either side of the gate stack;

() removing the silicon oxide hard mask to form a recessed gate electrode

between the spacers; and
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10. The nmethod of claim 1 wherein the insulator block

mask is conprised of silicon oxide, a conposite of
silicon oxide and silicon nitride, or a conposite of

other insulator |layers that are conpatible with a
patterning nethod that fornms said insulator block

mask. 11. A nethod of formng a fully salicided

Schottky Barrier MOSFET, conprising: (a) providing a
sugﬁtrate,havin% a channel bounded by an active area
del9)tsPosingiasHEta! laygr PR Hsulaiprblagk nagk and aveethesartive area
gate stack with sides forned thereon that is bounded

il perfarmingl asiligidagion pafasm fobypilicided, miseahS/iDhelements and a fully
silicon oxide layer and an outer silicon nitride

siigided galaiaegjatde. st ack is conprised of sequentially
formng a gate dielectric |layer, gate el ectrode,

2i The ometbad declhimi d wreskinahd gatd eleotrode fsrdoheprisetithf ad@sdant to
on the substrate above the channel; (b) formng an

tune theubekaundtloncd,, BRa khreBhblBsokbgs (Vinl.e above the
isolation regions that |eaves a substantial portion

ﬁ.f TREEtAGH bY 8afh ggﬁemﬁﬁg: b€ diefichil Bfe gageeggg%?q% and

aving a certain I the substtate i nhosai

- . i i l, . d ]
siioBfyERice MRV BB iRl s ARE et pOE popk grask s
atterned gate stack, spagers, .. insulator. bl ock mask,
fornfit wfth 361 HRt s MR ureBF e srg BORBIRGC bR Dy o1 on
thﬁ Schoﬁt ky barrier |layer that has a top surface at
% AngRsthed PEFlatm AvharpngBe Silisiiagen skep le¥pide Agomposite layer
barrier layer; (~ perform ng a planarization of said
havingrrylewer yeetablpger eamprised<l Ti dip PeSosandiagiuppephiN layer that is
nitride hard mask and Schottky barrier |ayer above the
deppgiterd by a°\GP.de¥DnasALD dagthod 0 givera genarally eanfasnaldayard
S/'D el enents conprised of said conductive | ayer; 25
$g9)The eneihod gf claim diwhereoim thricdad hetive laparks compdsed af doped or
recessed gate el ectrode between the spacers; and
undoped polysilicon, SiGe, SiGeC, or Ge and is deposited at a temperature between

about 400°C to 600°C.

6. The method of claim 1 wherein the metal layer is comprised of Ni, Co, or Ti and
the silicidation is performed by heating the substrate in a furnace with a N, or inert gas
ambient at a temperature from about 200°C to 700°C for about 15 to 30 minutes or by a
rapid thermal anneal (RTA) at about 200°C to 700°C for about 10 to 120 seconds. -

7. The method of claim 1 further comprised of removing unreacted metal layer
following the silicidation by treatment with a H2S0./H,0, solution at 130°C for about 10
minutes.

8. The method of claim 7 further comprised of forming a silicon nitride layer or
another copper sealing layer on the fully silicided gate and fully silicided and raised S/D
regions after the step of removing the unreacted metal layer.
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(h) depositing a netal |ayer on the insulator block
mask and over the active area and performng a
silicidation to formfully silicided raised S/D
elements and a fully silicided gate. 12. The met hod
of claim 11l wherein the gate electrode is conprised of
a dopant to tune the work function (D, and threshold
voltage (Vth). 13. The nmethod of claim 11 wherein the

a dielectric, layer, gate electrode, and silicon
95 e heingd phofim Rhereldhg rfararier i sieRes adhemieal mechanical
insulator block mask is fornmed. with a thickness that
polisky (MEA PEgcesh dhatdisea thesificenexids harheask asan gigh stop.
nmet hod of claim 11 wherein the trench is forned to a
Wepilheonethpd of claing d wheyeinahg énsutater blpcl siask is apuhprised of silicon
i nsul at or bl ock mask, spacers, and gate stack as an
oxXids, @rconnpasite of Silicam exidetanddilicondiitiden dria ebmpesite bhether insulator
Schottky barrier layer is a conposite |layer having a

laydre hieat are campbtiylewithoarpattsrathgxheiod tRat fofias sBid inEuilatop block
Ti, and an upper TiN layer that is deposited by a

madkyD, ALD, or CVD nethod to give a generally conformal
| ayer. 16. The nmethod of claim 11 wherein the

PRNAWELthYE of BYRing éfm%er@n@a@@i seﬁoﬁapsgrr@ M@QF‘EWeE’omprISmQ

poI ysilicon, SiGe I's deposited at

t enBep Al ity gg%&ﬁ@e HabAla 6 4%995 SRR, art Aot Erea defined by
SRS 3Egofy londthe FhaterBliter E&E'@w%ﬁ%ﬁt@ﬁxﬁdﬁhﬂsm that
gtk ’b%%%c%@?ﬁ %B%ﬁ”ﬂ%@%%pé%% { BoRg Righ g gx'de layer and

' ' L. . A b 2000 7000C
éﬁ%hfef%ﬂﬁﬁg%ﬁgg BSRh s a%ts Sadk SomiriRe o7 o SPaIRH y $yming a
further co i sed of renpving unreacted netal

a
pave diglertict rssa@tﬁ&i%&qunabw oxide hart maskang silicon nitride hard

H2SO4/ H202 sol ution at 1300C for about 10 m nutes.
mask on the substrate above the channel;

(b) forming an insulator block mask on the substrate above the isolation regions
that leaves a substantial portion of said active area exposed;

(c) etching a trench having a certain depth in the substrate in said active area
between said insulator block mask and the spacers;

{d) forming a Schottky barrier layer 6n the patterned gate stack, spacers,
insulator block mask, and in said trench;

(e) forming a conductive layer on the Schottky barrier layer that has a top surface
at a higher level than any portion of the Schottky barrier layer;

() performing a planarization of said conductive layer that also removes said silicon
nitride hard mask and Schottky barrier layer above the insulator block mask, said

planarization forms raised S/D elements comprised of said conductive layer;
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19. The nmethod of claim 18 further conprised of
formng a silicon nitride |ayer or another copper
sealing layer on the fully silicided gate and fully
silicided and raised S/ID elenents after the step of
renovi ng the unreacted netal |ayer. 20. The nethod of
claim 10 wherein the planarization step is a chem cal
rrechani cal polish (CWP) process that uses the silicon
e hard sk _as an _etch sto 21. Afully salicided
E?W&Vf%n%&r%lcoe 'ﬁrﬁg"ﬂa%ary fgrna awgws@ﬁe@ gRiQ elpgtrade
channel bounded by doped source/drain (S/ D) regions
?ﬂﬁeeﬂﬁ@ﬁﬁwﬁi& @7l an active area defined by isolation
ions; (b) a patterned gate stack with two sides
ﬁl?&e(éBRﬂSItM| aimeialdayeaoe thiinselatorddletk meiskl@ndovabthea active area
by a spacer having a top surface and a side, said gate
andperforsning argilididegitndd farnotulle sificieled chised S/Byeteméntsrad a fully
on the substrate above the channel and an overlying
silicldédibbte. si | i ci ded gate el ectrode which is recessed
bel ow the top surface of the spacers by a certain

i, ST ARthdFOf it 16 Wk trté @éab e'l@cﬁ:'ﬁd'éqy cBGpHYed of H2Bpant to
and a top surface which is formed on the substrate

tun@BRYFOYENERSH BL IR thRHBAVoHEAL (Anp! |1 Ci dati on st op

ayer W t | rst t ness t fornmed adj acent
l. t.he S
egﬂﬂ%?moeﬁ’u?q?%f’éa %39%@5%%% etcﬁéeé%‘?ﬁi%xe%?%ate%*eocewde and
d d i d
1ot AR Ao P SRS P B RRBREK s
he silicidation stop |layer on either side
f°”6$d WHB 9ftblqk99§~°r thet issrgaigh thansald copgeddfickas$hg a t op
surface that is essentially coplanar wwth the top

Kr Thg enednod akclaighi bmherein theplrentieis Nemned-p %degttwfr@out 0to

of claim 21 wherein a spacer is conprised of an inner
100sAngssomRy deingHpist insulator dinckgnaste spacerssand gateralacinas an etch

outer silicon nitride layer formed on the inner
mask.l i con oxi de | ayer.

15. The method of claim 11 wherein the Schottky barrier layer is a composite layer
having a lower metal layer comprised of Ni, Pt, Co, Dy, Er, or Ti, and an upper TiN layer
that is deposited by a PVD, ALB, or CVD method to give a generally conformal [ayer.

16. The method of claim 11 wherein the conductive layer is comprised of doped or
undoped polysilicon, SiGe, SiGeC, or Ge and is deposited at a temperature between
about 400°C to 600°C.

17. The method of claim 11 wherein the metal layer is comprised of Ni, Co, or Ti and
the silicidation is performed by heating the substrate in a furnace with a N or inert gas

ambient at a temperature of about 200°C to 700°C for about 15 to 30 minutes or by a

rapid thermal anneal (RTA) at about 200°C to 700°C for about 10 to 120 seconds.
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23. The MOSI FET structure of claim 21 wherein the
fully silicided gate electrode and fully silicided
and raised S/D el enents are conprised of nickel
silicide (NiSi), silicides of SiCGe, SiCGeC, or Ge. 24.
The MOSI FET structure of claim 21 wherein the
i nsul ator block mask is conprised of silicon oxide, a
conposite of silicon oxide and silicon nitride, or a
conposi t f insulator materials that are conpatible
-t ea{n'ﬁﬁ?a &f Aieiy 1driyeeicarsRipadLirBmavingeNraacipa Mstal layer
bl ock mask. 25. The MOSFET structure of claim 21
follqwiag e sifigidatian by freatmesi wWitha He8QeH20s salutien @p 3397@ for about 10
_layer conprised of a TiNlayer on a Ti layer. 26. The
MINMIBSFET structure of claim 21 wherein the silicidation
stop layer is essentially a confornmal |ayer and has a
19hi thenpethdsbofataim &8 turtheB @oampdis80 0f fohmgws a silison Bifridd leger or
MOSI FI ET structure of claim 21 wherein the fully

anothidricoppedsagiing |ayee cinrthd dullyssilicldgbgate @nadlibs siliciied GRd raised S/D
and Vth 28. The MOSFET structure of claim?21 wherein

elefnbAtssies tHasiepiol rORsGAg e SRlcactRichBRI Rg¥r.and is
conpri sed of an upper sem conductor |ayer fornmed on an
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21 wherein the certain distance that t

Pl O B B s 0§t SRR RE maBh LSS
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ﬁ%\% Iglre formed in an active area defined by isolation regions;

(b) a patterned gate stack with two sides formed on said substrate wherein each
side is abutted by a spacer having a top surface and a side, said gate stack is
comprised of a gate dielectric layer formed on the substrate above the channel and
an overlying and fully silicided gate electrode which is recessed below the top
surface of the spacers by a certain distance;

{c} an insulator block mask having two sides and a top surface which is formed
on the substrate above the isolation regionAs;

(d) a silicidation stop layer with a first thickness that is formed adjacent to one
side of the insulator block mask, on the S/D region of the substrate between the
insulator block mask and a spacer, and along the side of the spacer; and

{e) a raised and fully silicided S/D element formed on the silicidation stop layer
on either side of the fully silicided gate electrode and having a top surface that is

essentially coplanar with the top surface of the spacers.
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side is abutted by a spacer having a top surface and a
curved side, said gate stack is conprised of a gate
di el ectric layer forned on the substrate above the
channel, and an overlying and fully silicided gate
el ectrode which is recessed below the top surface of
the spacers by a certain distance; (c) an insulator
bl ock mask having two sides and a top surface which is
orped . O e substrate above t he isol atjon regions;
2{%)@ ﬁt{-ﬁw HE? of airt 41 Whaksie / SPeeRElS GOmArived of an inner
.. Substrate between a side of an insulator block nask
silicgn @xidedayeripatplytethagaty signicand an gytes siiepp nittige layer formed on
barrier layer with a first thickness that is forned
the inensitinen pidenayersi de of the insul ator bl ock mask, in
the recess between the insulator block nmask and a
2 atler MGBIEE BEbugiutehef ataimv2twhieddn te fullg piicizied gane ekctrode and
raised and fully silicided S/D el ement forned on the

fullySsifeitiek sind eaise e 5/ alepiernd aretdprise @l’mlélfeltsfield%L{NIS’z] silicides of
silicided gate electrode and having a top surface t

SiGesSi®sSaHGal |y coplanar with the top surface of the
spacers. 31. The Schottky Barrier MOSFET of claim 30

f1eTied MOSPPRSRLcUR SRR Q?Ql:h%Feuﬁ'ﬂw in%n%&or%lbémask is

oxi de layer that abuts the gate st an Iou er
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SR R R h—

siglicid nd raised S/D elenments are conprised of Ni
fm’%ﬁ@@ﬁ”%@“w& GeC_or N and Ge. 29 33. The

r F m_.30 wherein the
hﬁ %gﬁtéﬁu%& Fém ﬁ&ﬁ‘weé%aﬂbefs IPidaUQKSigR;Iger iga
nposite of silicon_oxide and silicon nitride, or a
CO"&Q’%H@&W% comprigedichadiN fves ona Tilayeli are conpati bl e

with a terning process that forns the insulator
2.0the N&g&FET structure of claim 21 wherein the silicidation stop layer is

essentially a conformal layer and has a thickness between about 30 and 300

Angstroms.

27. The MOSFET structure of claim 21 wherein the fully silicided gate electrode is
doped to adjust the @, and Vith.

28. The MOSFET structure of claim 21 w_herein the substrate is based on SOI
technology and is comprised of an upper semiconductor layer formed on an insulator
layer.

29. The MOSFET structure of claim 21 wherein the certain distance that the fully
silicided gate electrode is recessed below the spacers is from about 100 to 300

Angstroms.
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34. The Schottky Barrier MOSFET of claim30 wherein

the Schottky barrier layer is a conposite |ayer

having a | ower netal |ayer conprised of Ni, Pt, Co,

Dy, Er, or Ti and an wupper Ti N capping |ayer. 35. The
Schottky Barrier MOSFET of claim 34 wherein the

Schottky barrier layer is a conformal |ayer wherein

the lower netal layer is about 50 to 100 Angstrons

hi er TIN c has a thi ckness of
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MOSFET of claim 30 wherein the fully silicided and
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| ayer are doped to adjust the work function ((Dm.
®pionBhe Schottky Barrier MOSFET of claim 30 wherein

the substrate is based on SO technology and is

corfipra patierobd gataipiack witartwo sitthisdboned apsaid subsbditeowharein each
insul ator layer. 38. The Schottky Barrier MOSFET of
sibleiisralBteshisy aispatdrehaving atop slirticene® 4 bawetisie, belid gate stack
silicided gate electrode is recessed bel ow the spacers
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Barrier MOSI FET of claim 30 wherein the certain depth
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I*'ci d raise
on the substrate above the isolation regions;

(d) a trench having a certain depth formed in the substrate between a side of an
insulator block mask and the curved side of a spacer;

(e) a Schottky barrier layer with a first thickness that is formed adjacent to one
side of the insulator block mask, in the recess between the insulator block mask and
a spacer, and along the curved side of a spacer; and

() a raised and fully silicided S/D element formed on the Schbttky barrier layer on
either side of the fully silicided gate electrode and having a top surface that is
essentially coplanar with the top surface of the spacers.

31. The Schotiky Barrier MOSFET of claim 30 wherein a spacer is comprised of an

inner silicon oxide layer that abuts the gate stack and an outer silicon nitride layer

formed on the inner silicon oxide layer.

32. The Schottky MOSFET of claim 30 wherein the fully silicided gate electrode is
comprised of nickel silicide (NiSi) and the fully silicided and raised S/D elements are

comprised of Ni and Si, SiGe, or SiGeC, or Ni and Ge.

29



33. The Schottky Barrier MOSFET of claim 30 wherein the insulator block mask is
comprised of silicon oxide, a composite of silicon oxide and silicon nitride, or a-
composite of insulator materials that are compatible with a patterning process that forms
the insulator block mask.

34. The Schottky Barrier MOSFET of claim 30 wherein the Schottky barrier layer is a
composite layer having a lower metal layer comprised of Ni, Pt, Co, Dy, Er, or Ti and an
upper TiN capping layer.

35. The Schottky Barrier MOSFET of claim 34 wherein the Schottky barrier layer is a
conformal layer wherein the lower metal layer is about 50 to 100 Angstroms thick and
the upper TiN cap layer has a thickness of about 100 to 300 Angstroms.

36. The Schottky Barrier MOSFET of claim 30 wherein the fully silicided and raised
S/D elements and the fully silicided gate layer are doped to adjust the work function
(D).

37. The Schotiky Barrier MOSFET of claim 30 wherein the substrate is based on
SOl technology and is comprised of an upper semiconductor layer formed on an
insulator layer. -

38. The Schottky Barrier MOSFET of claim 30 wherein the certain distance that the
fully silicided gate electrode is recessed below the spacers is from about 100 to 300
Angstroms.

39. The Schottky Barrier MOSFET of claim 30 wherein the certain depth of the
trench in the substrate is from about 0 1o 100 Angsiroms.

40. The Schottky Barrier MOSFET of claim 30 further. comprised of a silicon nitride
or copper seal layer formed on the insulator block mask, spacers, fully silicided gate
electrode, and on the fully silicided and raised S/D elements.
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