FULLY SALI Cl DED (FUSA) MOSFET STRUCTURE FI ELD OF THE | NVENTI ON The
present invention relates to a MOSFET structure design and
fabrication process and in particular to a MOSFET device with

pl anari zed gate and source/drain (S/ D) regions wherein the gate and
S/D regions are self-aligned, fully silicided, and have silicidation
stoppers which are a gate dielectric layer and netallic barrier,
respectively. BACKGROUND OF THE | NVENTI ON The demand for greater
circuit density and hi gher performance in Conplenmentary Metal Oxide
Semi conduct or (CMOS) tFlAlnsY SAQIEDED (BUSW) MDSHET STRUCRURBat e

di nrension to 65 nm and bel ow. For MOS-based | C manufacturing, a
polysilicon gate has been used for many generations in spite of sone
shortcom ngs that include theFEeD ORTOENNVENFO8P! etion effect which
was first recognized over 10 years ago. The continued mniaturization
of MOS Field Effect Transistor (MOSFET) devices and associ ated denmand
for better chtanmebertlieaintios telhtes icaMOSKET birghefe @iaigh aapRelitadBSrocess
and higher drive current neans that the gate dielectric thickness
needs to hedsepartiduldoiona MOBFRESSisede/witt-planaidaiatd Bhd s6lvoeldeay (Hoge
and beyond, the equivalent electrical gate oxide thickness (EOI) nust
be t hi nnedediond@hoinlihe RS regidheaard 8k -afigildetull 9 BiliBiAagd, and have
consistently contributed 4 to 10 Angstrons to the total EOT, the

pol y- depl efliciiatien sepperswhich AenDgite ARt Alal6r arldedalaflicasssric respectively.
advancenments made on the high k dielectric [ayer between the gate and
channel . To reduce the high gate resistance and pol y-depl etion

probl ens, the active dopantpfeR&HOUND CFeHEINVENTIGRN gate nust be

i ncreased. However, this practice leads to carrier nobility
degradation. Thus, a considerable amunt of research and devel opnent
effort is tafid\@erhddforgfodisleiiclit Yoty 2nbi®hdieh b¥RoGaiReth EShREReRYRD

as a netal electrode that is nmuch noré conductive than conventi ona

ihgg\ljiel_ y domad oRby Sehiissiuert ESmeRy tradsibtorSs @fiving thdSlncafgRb &ih&fion to
65 nm and below. For MOS-based IC manufacturing, a polysilicon gate has been used
for many generations in spite of some shortcomings that include the well known poly-
depletion effect which was first recognized over 10 years ago. The continued
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 1o below 15 Angstroms. Since poly-depletion
has consistently contributed 4 to 10 Angstroms to the total EOT, the poly-depletion
effect is no longer acceptable, regardiess 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 to carrier mobility degradation. Thus, a
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Many types of netal el ectrodes and associ ated schenes have been

i nvestigated. Exanples of conductive materials used in netal gate
technol ogy are netals such as Wand M, netal silicides including

ni ckel suicide and cobalt silicide, and netallic nitrides such as TIN
and WN. An inportant requirenent for a gate electrode is its
capability of having a tunable work function ((Dm around its m d-gap
so that the threshold voltage (Vth) for NMOS and PMOS devi ces can be
obtained symmetrically. One attractive approach for inplenenting a
net al gat eonsidarablecarsosit@f rekearabeandsdével cpMEnopffart & thking BRICE 86 idRhaRess
that conpletely consunes a conventional polysilicon gate el ectrode
whi ch i s afterative datecelectsideisticld @s aAnoit akcigifeathfios Mehtisre YdRdtidiRe than
process of silicidation and referred to as a Fully Silicided (FUSI)

pol y gat e doaventishangvitp dbssisslydilongatss #ds free detHapaduanessh issue.
t echnol ogi es because an n-type or p-type dopant that is inplanted

into pol ysil Maoytypes ol aletrbbes Ahdassdamta sumethastavé bhdh tveSigated.

such as in pure nickel silicide without dopant. In other words, a

sen condu@@mpiasofeongittivem&BRAIS st ¥ehe R gaH rt&ﬂm’éhbg%%@e iRt shi@vad w
or Er. An undoped sem conductor has an Er generally at the m ddl e of

the bandgamd Wb el sinpdéadinaidimgtrickeNglidide hPsHaltshicldaSal@Rdudid Aftides
band while p-type doping noves the Er nearer the val ence band.

There ar e ssieN@BaliN axavN eAnGfpbliSit rBQhiventit &5t tte blRRIHES Qﬁﬁ@ﬁ‘ﬁ%ility of
acki ng.

with regard to assenbling all processes effectively seens

Mor eover, r@vb@tet@hashaswnfdn%ﬁ&eﬁﬂn%darben@w@ﬁﬁf?%) SOt ﬁw%rtﬁ%%ﬂalﬂ%lt e
i ssues and to enable a | ower cost manuf acturl process that |nvo?%es

¢ : ) . f ) '
ewer s eRw]) for Nré\ors%gﬁmtj@aéwcg]‘éé‘%%ﬁqat%e’r‘]o@%gﬁ’g@h@%}r@@u{.réﬁ'é hﬁ.ta%\{% .

devi ces involves rai sed source a ncr eases

e i M B DTS P R s e
copl anar v piess HaeEReBly SonSiFUEH S RHHB R pAIVRI B S o8 wiifis
6, 284, 609 d A, Wl £ &i%%?éﬁ%é@t?ior%@ﬂ%%u@?éh\rée@'ﬁ(%sss%érsﬁlbf?isgorb%gq om

source/dral n region. encl ose é’sidés an

5, 0, de s 1638 L HBIRO o) BBl  SEEREEMEL o S KBy e
process it Al t i .Ng .
ant act ur'h Ag igsgRenmBERes thclibe 8 Mavod S5 el BRTEAR ruganedviong
a dielectrjc L r..abov h hanpel b tch process which cquld.
Gamage. t hoWEHR 5ol PREbils Tt elBoaoinds hinenbl RN Pir Tigkq) subive
Pat ent 6,204, 1 a . transistor device having fully silicided

bol yoi 11 ot Tgh depdaERPE k. SPpPitegiime hes adieibeaoy Byel measured
drawback i,s fhat the gates and .S/ D regions are silicided ip separat

ot eps. & hatSVIRITh BVER G AL icopRgr SRS EEE ha pi e aEarvelly 3 PR ey
lead to therma] ipstability and an increase in S/ D resistance. .
Secondl'y. QN atdaan - YPB e BRAs e e essp oE CoR RN BeaR e A
to conplicatiqgns during. a Eubsegu%nt Ftch step that opens contact

hol es to <¥P§ ?HB@"F@B?HH%.FR%W'6V8ﬁ?€§ﬁﬁgﬁa'e masks are required for
patterning two different netal |ayers on the resgectiv%gﬁ?tes.

U S. Patent BNYE@E™SIEvaIaRRMes of s Rawgries buiihe mejpadofpay With regard to
gate is dﬁggsited i n an openi ng above the channel region after

si i ci ded &SBEmMplg 6'h§r°§?\%épqs valnseares glsagr Mossovepadhetter dagigade to
the gate region could easily occur during etching to renove a

sacri fi ci d1€eggel &0 OragEe SRRIERATEIPaFISSHes ansdo phabled IPWREedSt por t i on
of a transistor, a gate replacenent schene as disclosed here is

quest i onabn@nyfacCtudRgBrogesphet byelvasm fayias steps.



U.S. Patent Application 2004/0094804 and a rel ated publication
entitled "lIssues in N Si-gated FDSO1 device integration”, J.

Kedzi erski, et al., 1EDM 2003, describe fully depleted silicon on

i nsul ator (FDSO1) devices with NiSi netal gates. Wile this approach
appears to nore closely resenble a full integration flow than ot her
prior art exanples, the fabrication still has the disadvantages of
separate S/D and gate silicidations, SEGto raise the S/ D regions,

and non-pl anar gate and raised S/ D regions. In

si | i con- on- i Asedeat onpré\BORtdr theadesign, oftthaesistny deeicds mivolves gHisHiSsalrés and
formed above an insulator |ayer, allowing a significant reduction in

t he sour calraindeglors whide plcegdses tioahiskntanciehe €ouicBanatdigin régiosk afLaabia
thin body SO case, a high series resistance associated with fully

si | i ci ded fenthe sticinatibrdpracess @yl lowsrsasitbetitesistandehtd tisd gnirté aadtifain regions.
reduced side contact areas, nust be overcone before 501 technology is

i npl ement ékh exanmae of elevaled Bource/drdin regionsethst arkR@bRINar Rt 8 Wedtall gate
obstacles to inplenmenting fully silicided gates and S/D regions in

CMOS t echretéatigyle isloune it UJS. Peesit 6{292/809dh vHidhoa 668 epitafidfigio@yServes as
extra cost because S/D and gate silicidation occur separately. Note

that a gateralses saugerRaifiedibh CANASIE! §diais SHORILAWNARS siklel GRd bR L
thinner silicide to avoid S/D junction | eakage. Typically, a second

(gate) si loxidedimetsandie gaadsielacthit _ad?@r, réSyERaVE. UHBwa e, 588aRE dpitdRal han
S/D silicidation to avoid non-uniform N Si (phase) formation that

causes (r)yrowr (S&0) |réc¥|.ﬁ'resé duipaaté e 88l areudd %Podlce_%é its&IBisGt Basy to erform,

silicidation could affect the pre-formed S/D silicide (often’N

wel 1) wi t Rherebpsidtddsiig EnUtAGIAS ExJdnal) ARbBbASRIY2GMe R Abh? u()iécgfgen a

SEG process is inplenented to raise the S/D regi'on, an extra and

mor e pr ocesmobing® di6IEctAE ReHabdMaRe %ﬁaTﬁéP By §ﬁ%témbr%|§é’se§§hibﬁ g uligaidhﬁ%

. e
and cannot achieve a |level that is coplanar with the gate. | ectl ﬁg

a thick gahe satilrate bAIbRMES siieg ety BIh&PiMAB, to a single silicidation
process will likely cause S/ D junction danage. A fourth issue is

non- pl anari t i, 195, Phicht6964, 188! LuaRslstsr BViG&IhAS fﬂtﬁsy %ﬁ?ﬂ%&c’gﬁgsilicon gates

previously. Afifth concern is that a SEG rai sed SS IS

4, SR DAl Bl o SRR s g

flow fromaAs shelkby th sdparate stps4hdt GuRMNTave FifRBS8hermal budget allowances and
thereby lead to thermal instability and an increase in S/D resistance. Secondly, 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 1o 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.



SUMVARY OF THE | NVENTI ON One objective of the present invention is
to provide a MOSFET structure with a fully silicided gate and S/D
regions that are nearly copl anar. A further objective of the
present invention is to provide a MOSFET structure according to the
first objective in which the fully silicided gate and S/D regions are
separated by a spacer and by a slight recess in the gate below the
top of the spacer. A still further objective of the present
invention is to provide a MOSFET structure according to the first

obj ective whbBePatest Applicdtion 2004400921804 aind raerefatesd1publiadiicic@ititlet Olsbliés in
fully silicided gate and S/ D regions. Yet anot her objective of the

present i NiGinatahFDSOL deit@talpationt,Qs Keakibak, iev &t TEDM G008, describe fully
fabricating fully silicided and nearly planar gate and SID regions in

whi ch sel deplitee stijgoh axiirdulgooDBAISESYicdsSwiltoNiSI sealdded. Nvhile this
silicidation is perfornmed in a single step. These obj ectives are

achi eved bppreath aspeesimmioretlbsdly rasemblela Yl iAteGkHSH Hawanan 6thefBrior art
silicon on which a transistor is to be formed. Optionally, in an 501

enmbodi menexdrhples,ths falicatiomstiltaiserepisheethtadesat separdatasjmand gy@r Wi th
a sem conductor |ayer fornmed thereon. In the exenplary enbodi nent,

shal | ow t gitciatidrspBEG ak&THe S/DR@GRAS, AENSMPIERSr ddle bhE rSYE$ BIRFRidHR.
define an active region. A stack forned by sequentially formng a

gate diel ectif 'Bmcd)rabﬁﬁnsu@amofﬂ)i febirIlody2 MRS souRdl/@rsirfiRglRE GreRstthed2BEVE

nitride hard mask on the substrate is patterned by conventi onal

phot ol i t hagirptordBgerhidWiRga significant reduction in the source and drain depletion
capacitance. On the other hand, for a thin body SOI case, a high series resistance
associated with fully silicided source and drain regions and due to the significantly
reduced side contact areas, must be overcome before SOI technology is implemented
in manufacturing.

In summary, there are several obstacles to implementing fully silicided gates and
S/D regions in CMOS technology. Current process flows are too complex and incur
. extra cost because S/D and gate silicidation occur separately. Note that a gate has a

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 &y, 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
agglomerationf When a SEG process is implemented to raise the S/D region, an extra
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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techniques to fabricate a gate el ectrode and overlying hard mask
above the channel in the active region. Afirst ion inplant is
performed to inplant a p-type or n-type dopant in the exposed active
regions to form source/drain extensions. Next, a spacer conprised of
an inner oxide layer and an outer nitride layer is fornmed on either
side of the gate electrode and a second inplant is perforned fol |l owed
by activation anneal to form heavily doped source/drain (S/ D)

el enents as contact SID regions between each spacer and an adj acent

i sol ati ondamgigenA foarh eatie & noraplaharitylodsittidddyate aad SD asgiond &€ Aidntioned
oxide is deposited on the substrate and is selectively patterned to
produce apravisislyatAfifibhtawdermisshkatoy 8EGaaishd ST thickgieen is linisid drei slaini on
stop layer such as Ti/Ti N and a conductive | ayer nmade of polysilicon,
Si Ge, Si Gellirided S&&; rdised $oawpioa,is aciethekgueniH @l depacepasubsstuently ifmed
i nsul ator bl ock mask and over the entire active region. After a

Chem cal Kecdvatact &l a BEIOLsiro¢édeR)owplronessactige SAY With BBficibat dikANgs.1 ze
the partially forned transistor, renove the nitride hard mask, and
formraised S/D el enents fromthe conductive | ayer, the exposed oxide
hard mask is renoved by an HEuUlhWARK oRTHE INvEMBtON | ayer such as Ni
is deposited on the insulator block mask and transistor region and a
silicidation process is enployed to fully silicide the gate and

rai sed S/'D a@smjéctive dniRagresshtiMichtion & tb PREN®RIa MOSFET SirdctdfeStiTa fully

with fully silicided gate and raised S/D el enents that are nearly

copl anar . silibileli Wateyarid $ilCicaRfhsanst drahsil &plarRkement s are

advant ageously bounded on the sides and ‘bottom by silicidation stop

| ayers. | A fiath@e 6BiBEHIVRIGTaRE PRREN iRddntioR K ®SRHiGe BMOBEEDRtr0étufe

Schottky Barrier MOSFET, a gate dielectric |ayer, gate electrode, and
over | yi ng seudreRigno tid fiet Hgestiveas Whitihtthe AMYLHitiAed @¥ietfi{d s/ He%%nfi RAECEr s
are formed as in the first enbodi ment except there are no L regi ons

or heavi | %e?@ﬁ%ﬂi 5/ Qs?é&air AR bl IRt %H@ééih @ﬁ&%a_ltlé‘%eio?ﬂﬁb%ﬁ’ bf Rk ApKcer.

mask as nmentioned earlier is disposed on the regions. In this

case, the ir!&@ﬁiﬁfu?the%ﬁ]ﬁ&iv@%?'ﬂwe preBARH RNt t@%wo%é%ﬁvetr@aur%n

etch mask while a trench I1s etched 1 n exposed regions of the

subst rat e acbalamgaB Y fist YbiBIVRRMRER SliRIdaliBe Sophst¥ @rd RPmbA Bl|RER o the
bl ock mask is rénoved, a Schottky barrier having a | ower netal |ayer

made of Pﬁfu"NmCi(Qa,ga-{% an®/D Kgiofy. the like and an upper TIN cap
| ayer is confornmall’y laid dow. Thereafter, a conductive |ayer such

as pol ysili cpgy 4tk B8RRI ARe g%ehf‘ﬁ%rﬁ@ﬁrism [gﬁ'lﬁdg%%s?éﬁﬁctive ethod of
transistor region. A simlar sequence as described previously that

i nvol ves : H G i ;

ox1 de. har o pisefing RNy Kficla8 ahl ioaly olaAa T sl S Slithe A e Eerie
forma Sc 4 j dﬁ@ T r f: i |d§,qg

el ect rode@&%h%l/%%’fﬂe%nts E?Eteusr?-gg\ Id;}ﬁ%g%'g%g)rn.'gﬁ*?ﬁég lgétase, t?%‘{g%.

SehOt LKy DA Tl dkBleXEDoubBlPa AR o BRI By bR M SAdiie Ketn

silicide |ayer el enent) thereon. verti

engi neer | %%féilﬁoﬁgqﬁr;lﬁ(g?%@hﬁat% js 158 fglrn?e?f "Ootl MR A 98 S'C%-‘Lﬁgrlb%girﬁent, the

transi stor forne the present I nvention.

and | s copryig vy B8 ecin BB i el i Her R PSRy JURE B
cocasod Qa0 LS TEbELeT InBBiinidt SEQIh BpiErERI Ifreflo e
capac 1 and8 e TAE Uit nd eior P el fork B8 el 1
the- subst narant 3 B WERHLENBlercs BN IBR ol kb8 nBREesly arf A GRe' "
al ong one hsair %a%I( omﬁe ngbsslt'rla?g @rpa%%%lé br{lac%KVerﬁ%ﬂ?ileph%tcﬁﬂc}dr%yoéndtQghing
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is _
illustrated by way of exanple and not limitation in the acconpanying
figures, in which like references indicate simlar elenents, and in

whi ch: FIG 1 is a cross-sectional viewthat depicts a partially
formed MOSFET with a hard mask above a gate el ectrode according to
one enbodi nent of the present invention. FIG 2is a

cross-sectional view of the structure in FIG 1 after spacers are

added adjacent to the gate and S/D regions are formed in the _

subst r at e.techniquegto flyigate a-gate slastrode andloveriying bardtrhasksdtoe thE ndrihel in

FIG 2 after an insulator block mask is formed above isol ation

r egi ons agl&q,a@iv,qgegign{ Rdirgirien implantris patforoned to implant a p-type or n-type dopant in
the exposed active regions to form source/drain extensions. Next, a spacer comprised
of an inner oxide layer and an outer nitride layer is formed on either side of the gate
electrode and a second implant is performed followed by activation anneal to form
heavily doped source/drain (S/D) elements as contact /D regions between each
spacer and an adjacent isolation region. Thereafter, an insulator layer such as silicon
oxide is deposited on the substrate and is selectively patterned to produce an insulator
block mask over each STl region. A silicidation stop layer such as Ti/TiN and a
conductive layer made of polysilicon, SiGe, SiGeC, or Ge, for example, are sequentially
deposited on the insulator block mask and over the entire active regi(;n. After a
Chemical Mechanical Polish (CMP) process is performed to planarize the partially
formed transistor, remove the nitride hard mask, and form raised S/D elements from the
conductive layer, the exposed oxide hard mask is removed by an HF dip. Finally, a
metal layer such as Ni is deposited on the insulator block mask and transistor region
and a silicidation process is employed to fully silicide 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 botiom by silicidation stop layers.

In a second embodiment that represents formation of a Schottky Barrier MOSFET, a

gate dielectric layer, 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 earlier is disposed on the STI regions. In this case, the insulator block mask,
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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
i nsul ator bl ock mask and acti ve area. FIG 5 is a cross-sectional
view of the structure in FIG 4 following a planarization process
that forns raised S/D elenents and after an etch that renobves an

oxi de hard mask above the gate el ectrode. FIG 6is a
cross-sectional view of the structure in FIG 5 follow ng deposition
of a netal layer on the gate and pl anari zed MOSFET surface. FIG 7

i s a cros$pgerrsi Yhgateistagkeervielas ar et mask while Bl tknc isktobed in exposed

silicidation is I)erf ormed and unreacted netal |layer is renoved to

f orm a f ulregions pi ibedebistriec Onte anovddyiag ghétatdsist sidsk @ibdeel trenidsulatios bldck

S/ D el enent s. FIGS. 6- 12 are cross-sectional views that represent

a process mdskfis remoeda aSichottkyklyarBarr maving 4/08FE meigldayalinmagrd of R, NEQonT,

enbodi mrent of the present invention.
Dy, Er, or the like and an upper TiN cap layer is conformally laid down. Thereafter, a
conductive layer such as polysilicon is deposited on the insulator block mask and
transistor region. A similar sequence as described previously that involves CMP to
remove the nitride hard mask, HF dip to remove the oxide hard mask, metal deposition,
and silicidation is followed to form a Schottky Barrier MOSFET. The resulting fully
silicided gate electrode and S/D elements are nearly coplanar. In this case, the
Schottky barrier layer extends into the substrate to allow a thicker silicide layer (raised
S/D element) thereon. Thus, vertical S/D engineering is made possible.

The present invention is also a transistor formed by a method of the present
invention. The transistor is based on a substrate with STl regions formed therein and is
comprised of a fully silicided gate electrode that is nearly coplanar with fully silicided
and raised S/D elements. The slightly recessed gate is separated from the raised S/D
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 STl 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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
generally relates to sem conductor devices with raised source/drain
(S/D) elenments and gate el ectrodes (gates), both of which are fully
silicided. Mdxre particularly, the invention relates to a MOSFET
having a gate that is nearly coplanar with the raised SID el enents
and wherein the raised S/D el ements are bounded on the sides and
bottom by a silicidation stopper |ayer. The fi rst enbodi nent
illustrated in FIGS. 1 -7 relates to a T with conventional
lightly doped source/dr aanq“?E@ES%%PE}QN&F T'é§ RIMAWANGSheavi | y doped
S/D contact regions. A second enbodi ment depicted in FIGS. 8- 12
represents a Schottky Barrier MOSFET wherein the silicidation stopper
| ayer is a Sdiecrresgntivaventien istiliirated mhvay piraxemmirasd petlinztadion in the
Referring to FIG 1, there is shown a partially formed transistor
( MOSFET) 30carnRANYing figuses imwhighdikie seferenees indigatecsimitaneleraests! argbin, which:
silicon-germani um or another sem conductor material used in the art.
ptional 'y, Riffe1dsi8stosatsectionairipwibatdeniats 8 partiady fasmed dMASHET ivwithi aihqrd
germani um or any other sem conductor material of
i nt er est ) MAskrabovaa@atq gletyods acpordingtocenepemiediment of the preseliiovention.
shown) in which a sem conductor |ayer is fornmed on an insul ator that
i s di sposed [@. & is alesassteectiorsl wiewodf thagtruadurean RIQuct after spacerp ass added
devices as appreciated by those skilled in the art. It is understood
that a sulasjacangodosgaiesed 9D regioes tteafiorroedindbeisubstraig. be referred to
as a chip. In SO technology, the insulator |layer is typically
si |l i con oxi deéGalds hasoss-eotiohal eiesy dfrtbersiadimure il G0G 1 DafbdrCh idsgstor blosk
whil e the sem conductor | ayer has a thickness between about 10 and
1000 Angstmamkss (@medaabobe isolatich eegiass axmectial) to the presenhimventompl ar y
enbodi nent, the substrate 10 is conprised of silicon and an n-well or
p-wel |l 12 isFiCodried crdwrachorhgl vaew\edll the kinaciarerie FHG.A3 affdrer glifidagion stop
i sol ation regions

" layer and conductive layer are deposited on the insulator block mask and active area.

FIG. 5 is a cross-sectional view of the structure in FiG. 4 following a planarization
process that forms raised S/D elements and after an etch that removes an oxide hard
mask above the gate elecirode.

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.



such as shallow trench isolation (STI) regions 11 typically nmade of
silicon oxide or a low k dielectric material are formed in the
substrate 10 by a conventional process and thereby define the active
region of the partially formed MOSFET 30. STI regions 11 nay be
coplanar with the substrate 10 as pictured in the drawi ngs, slightly
el evat ed above the substrate, or slightly recessed bel ow t he
substrate. A gate stack conprised of a gate dielectric |ayer 13,
gate layer 14, silicon oxide |layer 15, and silicon nitride |ayer 16
is sequentially |aid doRRTAIL-ER PEESRRIETICN O THie YENTEN ( CVD)

met hod, plasma enhanced CvD (PECVD), or the |ike. The gate dielectric
| ayer 13 preferably has a thickness of about 5 to 200 Angstrons On

ef fective ox[hiepreeriknention BOTratnlatey tdeentioomduicte devitbe® with oaisemr e
of silicon oxide, silicon oxynitride, or silicon nitride. For

i nst ance, sanrce@rainf(SA) @leréntatsd gattbeldctgxies doates)s bpthedf evhiakdart daliyt he
65 nmtechnol ogy node. Alternatively, gate dielectric |ayer 13 may be
conpr i sed sdicidede Morenmartcutirlyhthe idveitionrelatesiabeOSFEThaoivg o gaté ftes &
skilled in the art. A high k dielectric nmaterial enables an increase

i n the phyeadunboplanariwitetbe odis¢d 8/ alemetischrarvhereir iy eaisdBSIMeHpMLH®
tunneling current and prevent a high gate | eakage current while

mai nt ai ni rguniled omthedsdds adi EEHHM bipasilieidation Siogpeaygbire Taetifstemmyehent
generally has a lower thermal stability than silicon oxide, silicon
nitride, diusyateddoFIGRyhi-Trrbkdégs tardVOSFETPLitty eshventiohathigitlysisbsequent
thermal processes may be restricted to tenperatures that do not
exceed t heoutveldraih (sDBpextension regidnsadnd teavily 8bpdd Sietdtddt irégib@ €A seddhd
an alternative enbodi nent, the gate dielectric layer 13 is conprised

of a hi gh dmistidirhesttdepiztddain eIGE08 Fel repreddnisid Séﬁcﬂ&k@arﬁe@msﬁ:m&vﬂeﬁmn
S102, silicon nitride, or silicon oxynitride. The gate layer 14 is

a conduct itNesiléitiidnadtopr tdyerRya Behdtikg ®agier diodesticdds g aieslibstrate.
pol ysilicon having a thickness of 300 to 1500 Angstrons and

preferably aRefetrifgl8 AABIS thenEs sifbwh @@@rt@m? e meatRinsibor WIDSFET) 30 that is
t hi ckness of 100 to 500 Angstronms and prefterably about 300

Angst r ons ,bagddl ofial Subemataiforitien fn&gﬂ:fe slicoh paflidt@r-gerinahitiki) 8 andrabmeen
100 and 500 Angstroms and preferably about 300 Angstrons, are

referred tsenficoracidr masiml asdiria thea. Wpabaaly, tHeesubate b iy b&d silicon (or
subsequent etching and CMP processes. The stack is patterned by

convent i orsglicohigehagianhyeraithiveh Cdtiang ctestRRhfidiRRiuEBAmaEl biTRlcHER)-on-
trimetch to forma gate length La that is snmaller than can be

achi eved bysidatbt {STIPsARIYcBRhpAged 6f 4 S14RR f(ﬂmf sABwAY i iR sEmRoRAuctor

Hereafter, the patterned gate layer is referred to as a gate or gate

el ect r ode |dybr is forfed bh Sh ingilatbNPEABdigPRYed 8n RRJUbSIHIRG olhich MRl lcokiapyn
met hod to provide lightly doped source and drain extension (LDD)

regions 1acwid Bn@Pa%Mde%% dpptatifte®by Pids¥RKilEQRAME 4D BYRHHER G
10 between the gate dielectric layer 13 and the STl regions 11. \Wen

the MOSFEWhaG sibhsafiNemprisBe of tidfe %ﬁ%@ld&mtmﬁmg#@d Vs dghip. In

subsequently fornmed gate dielectric |ayer 13 w have n-type

conducti vi } } i i i 1 a
T e oo o ey B9 hch At g gk ged e

wher ei n t hgoGh el 5008l ANYstOfis WHilE 15 SrBbhdctdra¥r hhs AR KMsssRBween
conductivity and adjacent” LDD regions 17 have an n-type dopant.
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



Referring to FIG 2, a conventional sidewall oxide deposition may be
enployed to forma silicon oxide |layer 18 on the substrate 10 and

al ong the sides of the gate 14. Thereafter a silicon nitride |ayer 19
is deposited by a CVD or PECVD techni que on the silicon oxide |ayer
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 maxi mum wi dth of the spacers 18/ 19 along the top
surface of substrate 10 is Heavily doped S/ D regions 20 nay then be

f or med andugbaisshakaw gncmisalpiioro(@Tiaegions aygicdigtraatnoft iz o PRRerd a low
18/ 19 and the adjacent STl region 11 followed by an anneal and

acti vat i ork gielectisgnateria .are fonmpd dretharsabsirate do byapeshviehtiorimprozasseahd or
a nore advanced | aser-anneal, as understood by those skilled in the
art. Reheneby dgfinethElGtiveSregiom dfniseipatially foarvied MISEET BoaSTarggidriscian
oxide layer wth a thickness t2 of from500 to 2500 Angstrons is
deposi t ed roay béieoplamarsiitt the subgtiate 16 @s divtured & tHeh@a®ifgs! Sighdsletdicly
a CVD or PECVD nethod. Note that the thickness t2 is about equival ent
to the thiabonesise sibstrate, gaslighty ptes{dBlystow tHSsubstBle.and is preferably
| arger than the distance ti which represents the conbi ned thickness

of the gate Aigatestack corhpyeen of 3, gatatielebtlic layst 13X e |£wrdma§‘shcoﬁ%xédéﬁta9er

preferred enbodi nent practiced by the inventors, t2 is about
Angst r ons.15, anasilisbit Attt laye 18TH 864uERHkIy lalddwisty atAsmlcay edporB¥p&isitich

conposite | ayer conprised of silicon oxide and silicon nitride or may

be a compqeMDy nedthed, pRisndentamted CVEL BHAVS), bhHe IkEe THEGRRE diBloBtritiidyer

a subsequent patterning process as described in the foll'ow ng

section. 13 grefthablphas bstickries bf 2801t S tH20bAIEHoMB (hisrebivilb:ddthickness,
| ayer 21 and serves as an etch mask while a conventional wet or dry

oxi-de et CIEDT) atEal @elcBpYSed BROMRIIPFHE df RFEbRbAG) B oxJHRIdS! bi SRBN
nitride spacer 19 and silicon nitride hard mask 16 protect the

silicon oxiigige h&odingRmke 1dn BOY oRappresihiidl) ab AREtrbs i@{are?éiﬁed?fb* he®% nm
oxi de spacer 18. As a result, the remaining insulator |ayer is

referred tecrfolddy ndysy |A@lbﬂfatibél?,ﬁg%%tér§%i%c?r_ﬂe :hia@ftm:m&%bé cbR@risdd off &R @NS
11 and may extend slightly over the heavily doped S/D regions 20 to

al | ow for rmgnEhigh k areiic SatePhls khBfnb tHdsdakias th MRt 1A higR & iISctric
18/ 19 and a substantial portion of S/ D regions 20 are now uncover ed.

The | nsul ahgterifl éebleFaikindrbaddlinané PERNCH tfcioREY 8P 1S RE dRlRF I 187drak! 16

di scharge (ESD) nask as well so that” a separate ESD masking step is

not neededsipBfessitndliRy @0réRtand RRERINE hMyH §atb idakade clilféntRIAE M &aHing
| ayer 22 is renoved by a standard stripplng
minimum desired EOT. However, a high k dielectric layer gengrally 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 SiO,, 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
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met hod and then a cleaning step may be enployed to renbve any organic
residues fromthe insulator block mask 21 and transistor regi on 30.
A silicidation stop layer 23 that is essentially a conformal coating
and can also function to control contact resistance is deposited by a
CvD, PECVD, or atom c |ayer deposition (ALD) nethod on the insulator
bl ock mask 21 and transistor region 30 to a thickness of from30 to
300 Angstrons. Preferably, the silicidation stop layer 23 is a
conposite conprised of a lower Ti |ayer and an upper TIN layer. In

one enbodipmefetably aigout 300 ANgstrbrayeind sslio@bwtidelagem RAVIRGE thiBkrfdss 3Bfveen
t he upper Ti N |layer has a thickness of about 200 Angstrons.

Opt i onal | y,00tavel 500 Atdsttehrishdyireferdy &0t 300 AVgBIPorRO e irSiefe@to AS hdiaN
or Co/TIN. The silicidation stop |ayer 23 prevents a subsequent

si i ci dat inaskereimeshey pomedt @rciate a4 \Wiutilg Sibdeg8nt dictifg asd B aFo%eé%s.
The silicidation stop |layer 23 has a vertical section along one side

of the i nsleastack iblpagkmeasly canvemidiahBidEaHyHndSRSih@ REhARUES tha
substrate 10, on the top 5sbglrface of the g|Znsul at or blg(;ck n@sk 21, maalxd

on the gatifclsdens kim Bih 1Bifbinth datd 1BAGR ILARNAIY S i
section along the side of the@spacggs %8/ 19. aﬂ%ﬁﬁ%‘ﬁa’g)@%ﬁgﬁ@%ﬂ’wa

enbodi mentlithayr&sHydHEthbY Sollod%8 by 2t drisdi@pRBAH hﬁére%ft%ﬂc,@é nghstfgﬁgeld gats layer

openi ngs between 't he spacers 18/ 19 and i nsul ator

has a top ispEReetPas 4 Bafe drgatbouerddierd.evel of the upper nost _
hori zontal sections of the silicidation stop |layer 23. The conductive

| ayer 24 mayaBiestdorP 'I'aﬁ% B i ng&s by
a | ow tenperat urtg0 nﬁwh%g n:";lt ab%’g‘ﬁ%g@%ﬁ%{)oc %@Eﬁb%éger or¢$§§j

using a pl %s@ﬂ%@%ﬁ%r&ﬁ@x@n@%ﬁ%@bﬁ% iér@"ﬁrwﬁr?éﬁpﬁﬁf?rrgpg Detype ShB:

requirenent) or a | ow pressure CVD process (iIf conpa

t enper at ur Ik & Hskrate J : '
undoped. ti?%ﬁdiivel Y, rta eemg%n Egﬁﬁ{\/éedﬁngg&g%%%%eg@oﬂ%?‘gerodl%?s11'

undoped. th | e ¢
ol ect 11 ol VpR OB FET At DS QB%?@%E%%“E“%@E?@W’?%‘?@“% i ci ded
and rai 5e%u%%%ﬁgﬂ%dt@t@&eﬁ%ﬁ%rié@gs'vﬂll ﬁaxlféaﬁ-wspesc?o(ﬁ LY while {[hemay

Ref elr ring to a conventional process i's perrorne r
remove. ¢ natB EaBegBhaRy Wil B B3ABAER dra-GBP e ArsRERlo i
B 2 SR TR U RO ol S0 g o

I i 1
ZLSﬁ riﬁ}?L‘éﬁ”'ﬂaﬁ"% %E‘ﬁ:%*ﬁ’%%ﬁ%% Bt IS PR el 8 BB B ol
e "4, “an At RooT i Sty B b SRR

: . | . : Y
o a8 T PUBIRRET TSR okt ol 0} e
oo 1 S SRS BAS i PeBR  GUPMTECHE AP e
. : . S
ot her wor GHSSTE, B FERpPKooh i P F RS kBN %ﬁgﬁf%?epéb e gdce
f f_ th ' ' 30 .

o ocess 1 ShB0Ts S ANEATpHer iR ety BRI T AR U Bkt P reigpe 17
24. The maximum width of the spacers 18/19 along the top surface of substrate 10 is wy.

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

implant between the spacers 18/19 and the adjacent STl region 11 followed by an
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Next, the gate 14 becones slightly recessed below the top of the
silicon nitride spacer 19 when the MOSFET 30 is subjected to an oxide
etch such as a conventional BHF dip that renpves the silicon oxide
hard mask 15. At this point, the thickness of the conbi ned
silicidation stop |ayer 23 and conductive layer 24 is from500 to 700
Angstrons while the gate 14 remains about 500 Angstrons thick. Note
that the insulator block mask 21 and silicon oxi de spacers 18 nmay

al so be thinned to a level that is about coplanar with the gate 14.
Ref er ri ng anped|and aglivationepratedsag.gr, fdbat@abreealsmdapid tierfiabaeBHdr aShef
to forma netal silicide is deposited by a CVD, ALD, or physi cal

vapor dep@sivanesd lggarEnnesl, he dnderswot! iy thoresskilzid iakedrt. 100 t o 1000
Angstronms on the insulator block mask 21 and on the transistor

regi on 30. |Referringds (¥@t 3, arhiesutatbrlaybegresudtbad & slicOPORES idyer wARASr i sed
of Ni and a TIN capping layer and is deposited by a PVD process.

Qpt i onal | yhickress feeftonh a9 to 2B00wwygshenisiepesttdaln th traf8istoPtegidr 30 hd
any ot her conductive material that can be silicided to give the
desired elovet thedHll regionsret hpaiGd opPECWIDE methotiDNoe Bk tHeGHIcRReLRaY jce-
In FIG 7, a silicidation step is carried out by heating the

subst r at e about equivalent tathe thickiiess diEhedgate BeIick (B9ErsIBL e8)tarifis Preferably
tenperature of 200C to 700C and preferably at 450C for ‘about 15 to 30

m nut es. Adrgerthanitheediigtanae ¢ iffieh espredenpethefcoribier] thelsdbsast 1% qat
conventional rapid thermal anneal (RTA) at a tenperature of 280% to

7000C f or didedtic (26r 3 eatelss, mmy dxRichRidRESEHs. FERBRANY SRbddiGent
desired characteristics of the silicide and integration limtations.

I't shoul d poecticed by $Heoiaderitbial ttid abs &M aingé@or!ﬁ&em APBitdrAfive embodiment,
silicidation process depends upon the conductive material to be

si i ci ded thdimsulates iaee mayNe 4 ESHPSRS 18/dr BRIDrEEIBESiIROHRide shicon The
gate 14 is transforned into a fully silicided gate el ectrode 27 and

the conduciifiveof mygbe %d:?csq@bemdinbmaﬁarfm&éwa@ tHak 5&%@&%@1& wirsgd
S/'D el enent 28 on each side of the gate stack. Follow ng the

si | i ci dat isabseduenEgatcpting®tdest a¥ 8Esctelin &@fsmsﬁgg&;ﬁoﬁmved by a

wel | known net hod such as treatnment with a H25041H202 sol uti on at

130C for aboaphd@rasistidyes22 Ksatlepidddr P iﬁ&u:étbﬁlapéraé‘ﬁéﬁ éo%{r}:@soaé 8n E&g(s

essentially conplete. Note that a standard process nmay oW suc

a pre- net ahasttivedileet édrvehtvia) we  bkiaB etch B\VRe4 PR dvbARe ie%%osed
e

typically performed before any contact/netal formation. _

advant age iduldibigayt Toe spiren sltidCsptcer 96 ahdQiIBEER ' [
that the fully silicided ang r:!ti se%lgcsyD Iaaye'r' 28 ﬁ%tﬂrﬁ?ﬁﬁgsk?ﬁﬁéﬁeﬁtthe

prior art saigen biies 8B MbsIONS add Ié%ﬂ@@ténﬁb?%ﬁ% Hltnd Sfcdn Pead S0k 18, As a

process flowto inmmediately follow. For instance, a silicon nitride

l'ayer (notesitowe)remfittg R8RadR bl RTBfeHBHGK 29BN :&%léi?P&ééé £9s1081 m}a&

i nsul ator bl ock mask 21 and transistor region 30 to function as a

seal | ayelcoddtd 1% ST BhRis 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. i

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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| ayer during subsequent processing that forns contacts to the
silicided regions. Thus, an extra process used in the prior art to
forma Wplug on S/D elenents to increase the effective netal

t hi ckness before formng a silicon nitride or Cu seal layer in a Cu
BEOL fabrication is no | onger needed. Anot her advant age of the
first enbodinment is that the present invention provides a MOSFET
having a fully silicided gate and fully silicided and raised S/D

el enents that are about coplanar and thereby allows a w der process
mar gi n i n feons thesiespletot betle mashat ahd tmesistn tegits 30.0 A dilksidstioh stapadyer 23
el ements. For exanple, an etch to formcontact holes can easily punch
t hr ough i rihat is lkescpitiblly e goafosnalfcobiveg antbedn albe fuslation g sdraldl owntadi sed
S/D el enent or no raised S/D elenent is enployed. Furthernore,

si | i ci dat iresisiahcé fedapmbitecaimda CAMDs ECHR) @ latorrintiayer SeposiieALE) eabthéd &n
single step that avoids process inconpatibility associated with prior
art met hodse trisatatsresiosi rasiv®! ahd fransisibr reglon@odatal thiekAESPS . frdn 30 BEL300
present invention, gate silicidation is controlled in both horizontal

and verti gargsttomec tRrefesathy tispiiddaionstog IAgerdZd 18 siddh it icompAY¥&d of a
respectively, while silicidation of raised SID regions is controlled

by a sili ab#let Tioayeitadl dnddper TiN laydre B drieCdritfddiPBnG telovay B laj& is about
advant ageously used in the first enbodinment to enable a shallower SID

regi on i n 10veARgsadhishiek BRaha\aspeP TRY izQuShas & icinebs oPSIseH 260 iNRgbisins.

present invention no silicon is lost fromthe substrate during

si |'i ci dat i@ptionaNShe aMicibhiidntstShRE0¥8 Hal? He@DhMis6aBf RETRCH CYEN. The

wi t hout a sheet resistance (Rs) penalty. The overall process is

hi ghl'y 1 esliddafiof istspRaydtRsf prblants b lslbdREnOSGddton GhoRAL N Sredclity with
hi gh k gate dielectric |ayers and can be tuned for Omand threshold

vol tage (\diltbnGRtHe lesﬁﬁteaﬂpmiérdi!ﬁc%_tigmslﬁ)pqﬁféﬁ% s PVertial section alon

silicidation. The present invention is also e MOSFET structure 3

otherwi se dtaOsfle 86th@ induRied 6K mBSICARY hab FdrGontal b8&Honk SnaREBIlHaE 4, on
a substrate 10 and a fully silicided gate
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.
In the exemplary embodiment, a conductive layer 24 is formed that fills in the
openings between the spacers 18/19 and insulator 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 layer 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

elements to be described in a {ater section.
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27 and fully silicided and raised S/D el enents 28 that are nearly
coplanar. The substrate 10 may be silicon and may be based on a SO
design that includes an insulating |ayer and overlying sem conduct or

| ayer that are forned on a substructure conprised of one or nore

ot her devices. The substrate 10 includes isolation regions 11, a
channel (not shown) that has a certain conductivity type (n or p),
S/ D regions 20, and LDD regions 17 adjacent to the channel which have
a conductivity type opposite to that of the channel. The transistor

30 further iReferigstodGab e coreleatidral CMRg@cedSisiperordeditat niaenvolve more
channel, a fully silicided gate electrode 27 on the gate dielectric

| ayer, spadicar sndSteplo planbrize thedendusdive ¢yyes B4 bad eehovae sAtoAGRALe t O
the sides of the gate el ectrode, and rai sed source/drain elenments 28

that are fhakdryasd 16.cTidesilicontoidaingte thask 15Tsensdsiisa AMP Bob e prdvena
silicidation stop |ayer 23. There is a vertical section of the

si |'i ci dat idamagfedp theaygste IARr tthaDusihy tise @VISI stecas, tHeendrizentabéedtioR loP e
mask 21. The insulator block mask is conprised of two sides and a top

sur f ace arstlicidatibo stopdagdy@Beabose litad topBuriees ofthe IbulaASIBIGER masiCei RISy
the silicidation stop |layer 23 abuts the curved side of the silicon

nitride spemeved8longhethean wppr portios onthalinsitsibl BiBcomabkeTRE |risQla@é¥tUkSHk
stop layer 23 formed on the substrate on the S/ D regions 20.

full'y silirradkezl, ghiciafan 6%Bp$yied 28] dbndaGReISwk: 2al 8Ny ’s;‘S&:eFé)PBﬁy%ﬁ@ﬁ@wOf
the silicon nitride spacers 19 and fully silicided, rai sed

el enent's ZRBsbitially doplanaC eTHY corsivelARr 22 038P AHIS/T REfon 20 |S-HB® a raised

remai ning aspectS of elenments in transistor 30 were previously

descri bed.g/Dherneiidioas @vatitaddifish amsddSh0s séflicHcg tﬁé}%@@ﬁst iAelubiBose
mentioned with respect to the first enbodi nent. Note that the l|ateral

wi dt h of ts’é%oﬁ@@éﬁﬁeﬁuél%/r&&hm%%ﬂb feBBed Hﬂob&sssédm&bﬂﬁparﬁiaé&t 2 h@Rfstance

silicidation stop layer 23 may be increased to optim'ze sid

capaci t angRiween thel daté 4 8RB eslssESID %ﬁ\@ﬁtstézﬁmg?Béﬁﬁ@éa‘se@méhﬁﬁémﬁ@me
SO structure, the nmethod of the present invention |Inproveés process

yi el d and cPY#6Ses8AMeACIn 61B8F WHRBCHRe Hidth f 5MEordhitridel RELOTY & fRPer
| ayers prevent silicon loss froman ultra thin top sem conduct or

layer in tdyisid st lof #crahiditidebibR 38idekindabiietfs thE ENiPbRREss D

el ement s.
removes more of insulator block mask 21 and conductive layer 24,

Next, the gate 14 becomes slightly recessed below the top of the silicon nitride
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 depaosition (PVD) method to a

thickness of about 100 to 1000 Angstroms on the insulator block mask 21 and on the
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In a second enbodi nent of the present invention, a Schottky Barrier
MOSFET is fabricated according to the process flow depicted in FIGS.
8 - 12. The partially fornmed transistor 40 differs fromthe

previ ously described transistor 30 in FIG 2 in that both the LDD
regions 17 and heavily doped S/D regions 20 are omtted. This neans
that all the ion inplantation in the first enbodinment is omtted in
the second enbodi nent. Furthernore, a trench 31 is fornmed in the
substrate (FIG 9) between the insulator block nmask 21 and hori zont al
sect i on ofragsisior roiox3@elnspwoaspetis trentieta! Byho26 lsya tamposite dompeised 3f Ni
(FIG 10) replaces the silicidation stop layer 23 that was used in

t he first apdidoldNeapping layeAlhd éf deposited byre\D procBs<s OBtidradte, the efetal layer
descri bed previously and were formed according to the process
sequence 2 nadyebd commprisatdNin@mntPieXic epanyt biatr conduetivd mpletiat kit Gih V@S
perfornmed and LDD regions 17 and heavily doped SID regions 20 are

om tted. kilicidhe tpgiet dhe eckirediatatirioahbnd meehamisalmiopemisl for whaafcutdievice.
spacers 18/19 is about one half of wil (FIG 2) and is determ ned by

t he al | owablln Fi@s7,s silicdationdiep isarrkioane by hegtitynthandibbyate e iakliowabé e
di stance between the tips of the channel to the tips of the suicide
formed i nwithsuksecjuenigas beient at &Kefregdratuge bH2dd°8 t0%008C dnditbrtaly at
bl ock mask 21 with a thickness t2 is forned by using a patterned

phot or esi g607@y@rabddt #5tE30 mirtiesToSierasiveRs ardifeentipyRybiumet! sdch as a
shoul d be understood that one or nore other insulator materials

besi des sicbinzamtionali rdpidnmynize atisetl (RDAY &iraMediperattird GH200°80 116 ¢E0P@ 8 13%0
as indicated in the first enbodinent. Again, t2 is preferably

greater thaostdontdsi rally bs ptHemeRBEpR@indbE iHRESSIrel chAacBRbees of the silicide
dielectric layer 13, gate layer 14, and silicon oxide hard mask 15.

The procesadstgyanselimiatidhe. setenr rebrsnnd ki tclmpbfAifet 3l foMnhe
the first enbodi nment by addi ng an additional step wherein the

phot or esi sflicidayéd piddesd depdnas @bok tiecdoniastvehateABioHRafRided] 8ot thstance,
serve as an etch mask while a conventional etch process is enployed

to renove N xgmed alowbi RAHeriiueUthst TR Enel@ate HAls B¥ATBING iRtCRRMY isiiBided
based reactive ion etch may be used to renove silicon fromsubstirate

10. A souiggfs @BetréiedafShb)cordudivk taye 243 borfefbd heiinng shickRBtdmddaREd

fromO to 100 Angstrons and preferably | ess than 50 Angstrons is

formed i n oksdmaitesldh SRR ofitAs BhatRack | rstibwistke SiliciRBforR hAsR i
spacers 18/19. Referring to FIG 10, the photoresist layer 22 is

stripped hyetdl 18Rs10®5 seRalivelBishftedny sl WwaNkibvR @@tHoBGush 88 trEBmdIR with a
performed to renove any organi c residues on the insulator block mask

21 or i n H,808/HDRk0MLAEH B13HPC Br KBdutSI0aRInLifesN O NHeRE W RIHRA tithik&didér 30
deposition of a Schottky barrier 33 by a CVvD, PECVD, or ALD nethod,

or by a coihbwatisialy chiPleft. NBREakh Sl PFREBE AW SEdhHH BR-

I n one enbodi nent, the Schottky barrier 33 is a conposite |ayer

having a IQuerdielBERL (PRVS teSCIMRIN. LMY ddboshRIPUS nﬁp%ail?géﬁ&n@a%%f&%%s

thick and an upper TiN cap layer with a thickness of about 100 to 30

ANgst r oS ooflabOimBe kfRlaYont e Schottky metal |ayer may be conprised
of Pt, Co, Dy, Er, or Ti as appreciated by those skilled in the art.

Note that t h@n@ﬁ@@%ﬁt#%e Qf&gé RthotParky &F&Flﬂ'glo\f t H@&é}tﬁﬁ%ﬁ%rﬁﬁ&?@@g Iy

general ly conforna e and top surtace of the insulator

mask 21 a:il:giFth%ﬁtg!?@ g%i%@ﬂ‘%ilﬁz)é;&r é@%itggkégthgﬁ i e dnd HeldBy M sb%oPﬁ%r

ot her wor ottky rier s a vertical section along
i d P . . : : | .
712, o L BBokaHUR Ind 90 TRaUecR o8 AR ARRLY RN g SRS con

the top sypfiasfayBf (dofShdlGiott SRFARGEDmS thick may be deposited on the insulator

block mask 21 and transistor region 30 to function as a Cu seal layer and etch stop
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stack. Moreover, the Schottky barrier 33 conforns to the curved side
of the silicon nitride spacers 19 Thereafter, a conductive |ayer
34 is deposited on the Schottky barrier 33 by using a | ow tenperature
method simlar to the one nentioned with respect to conductive |ayer
24 in the first enbodinment. Preferably, the conductive layer 34 is
pol ysilicon but optionally may be SiCGe, Si GC, or CGe. Conductive

| ayer 34 has a top surface 35 that is at a higher level than the
upper nost horizontal sections of the Schottky barrier 33.

Ref er ri ng layer Bung subsequentprecessingahat@mpeantass td theptlicidedmedionialthus,
may involve nore than one step to planarize the conductive |ayer 34
and r enpveantdxtragirbéessrused i ihéeprioaad taskmIOW plbg o id/Dements teinbaiade the
mask 15 serves as a CMP stop to prevent damage to the gate 14. During
the CVP prefiestis metat tHicknegobdfate forting arsdlicoh nlthide ScBatsekiyapatin betu BBOL
on the top surfaces of the insulator block mask 21, spacers 18/19,
and gat e datxidatian & =0 pogereramded. al ong wi t h upper portions of the

i nsul ator bl ock mask and spacers 18/ 19. The insul ator bl ock mask 21,
Schot t Ky barAnatheiS&jvaotiydws thevigsi enyiesdiddnt ig ficht SRaeREantiNaklioa HRoVIKY a
essentially coplanar. The conductive layer 34 is now a raised S/D

el ement o\WOSFET hawingtd ity Hindidéegate Ant AulfyRicida aht raikeBiS/DRertésS ik
the gate stack. Note that the raised S/D elenents 34 are

advant ageeus bolittopReabsin@treeshyele®s tahﬁaemﬁéeésqhaiwintwgm%%heéﬁt'sv@
epitaxial gromh in order to reduce process conplexity and cost. In

the next sh#&forridieorgadte tolthekfRRIFESISTher@s!t Fyr 60605685 &eh @d‘fohheco'h%t of
t he spacers 18/ 19 when the partially forned Schottky Barrier MOSFET

40 is subjhemdsashni eashy pardHiBrRi gﬁf'htﬁlﬂ&hSﬂﬁr iGHRIBf @Ry éﬁ@bte&hﬁ’e@h@hélw

renoves the silicon oxide hard mask 15 a top portions of

i nsul at or rhisee Is/DRfdmeht orAE raibdd S@el@?ﬂeﬁﬁs%@edwmﬁﬁerh@ré snfetoahon of
t he combined thickness of the Schottky barrier 33 and raised S

e shgpetinie 5o il som kb
incompatibility associated with prior art methods that require two different silicidation
steps. In the present invention, gate silicidation is controlled in both hofizontal and
vertical directions by spacers and the gate dielectric layer, respectively, while silicidation
of raised S/D regions is controlled by a silicidation stop layer.

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 &y, 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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Referring to FIG 12, the previously described sequence of depositing
a netal layer (not shown) on an insulator block mask 21 and adj acent
transi stor region, performng a silicidation, and selectively

renovi ng unreacted nmetal layer is followed to afford the essentially
conpl ete Schottky Barrier MOSFET 40. When the netal |ayer is N

havi ng a thickness of 100 to 1000 Angstrons, the silicidation
conditions are the sane as provided in the first enbodi nent.

Mor eover, the same H2SO4/ H202 treatnent described in the first

enmbodi ment27rangd fully sifeided and eaisndeS/Dnelemente @8rtbaire Inaydy coplanax. Masul t
a fully silicided and raised S/D elenent 36 is forned on either side
of a full substrateil@edayghbe eiliedreand mdy bd Dasddhen BB Oldesidn thhriadudesian
raised S/ID elenment 36 is fornmed on the Schottky barrier 33 between an
i nsul at or imdutatkgriagdc 20t cvedying sanizohdspadays A&/ 2k formed Uhea aibsHICREES
of the second enbodi nent are the same as nentioned for the first
enbodi mentcomiprisedof anklbt moreadthbedeides. Thatsubstrat8 diihdigdesi iSol@HRERigREhs
in SID resistance because the raised S/D elenent is nmetallic and

ext ends f ridpatchentafnafsholve) #aahes a ceraih kendudiisity Bbe.(n dhpls S/ @ions 20,
second enbodi nent possesses the additional advantage of vertica

engi neer i remavitid eegionshty adjacdm és theathahhe whidrsieal e Ebricgiidytyp@YpiRite to
adj usted by varying the depth d (FIG 9) of the S/D 31 and the

t hi ckness todt dBettiannehariie gansidor 30ukthésinclasss algar: delberit kayePas foied
prevents silicon |loss fromthe substrate during the silicidation

process t @vent chaphel, hawsillldadrRes elesrdde 3hen Hibsdis alefediAByaY 8pacers
achieved in prior art.’- The present invention is also the Schottky

Barrier MIgFOTwiR asieind pRufacd frinba@bdjaseadiid 586k 6f tha gaithaberid,
10, and a fully silicided gate 37 and fully silicided and raised SD

el ement s 3mdiraRbd 3b8rcarRsinIEHE R8s that 2EARAIY KiiciBad bhe bolhdidEdn the sides
differs fromthe first enbodinent (transistor 30) in that the LDD

ext ensi onsanbbdtaeh b@ggilibwaﬁl@pg@pn@f@m&s 20 are omtted in substrate
10. Additionally, the silicidation stop layer in the first enbodi nent

is replaced Tyera iSaRettickysdbibh bethe3licidadién SishenEs 28MhA bl $5881oF fiee
and allows the thickness of the overlying raised S/D el enents 36 to

be adj ust agsulder bladk frRiR 31D TRIIRTELYH bibdkemaskid toririBe®bf fWdesids¥id & Yop

Barrier MOSFET are the sanme as those nentioned with respect to the

first enbagifaBatnd Adihb@BaBbYeisolbfibre@ions s §tholide seLfdFEst tRe BMYidR%on

formed to nake el ectrical contact with subsequently formed devices.

Wi | e t hi ssibfegBF 29 BbiN8hd8RVed Bk I0f tHedillchn TRANS spatdr 465 ThiRaE adrBontal
reference to, the preferred enbodinents thereof, 1t wll be

under st 00GeBYorh BPME shikidatiSd siop 1428 28Férricddin thalsupstPate BANKES/D dei&{srﬁo.

and details nmay be made wi thout departing fromthe spirit and scope

of this i MuRNulPSilicided 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.

17



W claim 1. Anethod of formng a fully salicided Metal Oxide

Sem conductor Field Effect Transistor (MOSFET), conprising: (a)
provi ding a substrate having a channel bounded by doped source/drain
(SID) 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 conprised of an inner silicon oxide
| ayer and an outer silicon nitride |ayer, said gate stack is
conprised of sequentially formng a gate dielectric |layer, gate

el ectrode, dhlahcombaalihele wiard theslbstaw @imgrises aniSalistactuss, dhéBrihdof
t he substrate above the channel; (b) form ng an insulator bl ock

mask havi i pedentahveition tngrovepprovessafield andirbéuctishohtaat Rshiince diftR the
i solation regions that | eaves a substantial portion of said S/D

regi ons esfliogation stoppdrdaydroprovagt slliconllosy fe@h iadrulted Bih fopYsehihdub®r layer
patterned gate stack, spacers, insulator block mask sidewalls and top
surface, anthe@OIBUREBAE dOtBY HROsiMtGatdh of iR @ISt Blements.

In a second embodiment of the present invention, a Schottky Barrier MOSFET is
fabricated according to the process flow depicted in FIGS. 8 — 12. The partially formed
transistor 40 differs from the previously described transistor 30 in FIG. 2 in that both the
L.DD regions 17 and heavily doped S/D regions 20 are omitted. This means that all the
ion implantation in the first embodiment is omitted in the second embodiment.
Furthermore, a trench 31 is formed in the substrate (FIG. 9) between the insulator block
mask 21 and horizontal section of silicon oxide spacer 18 and a Schottky barrier layer
33 (FIG. 10) replaces the silicidation stop layer 23 that was used in the first
embodiment.

All of the elements in FIG. 8 have been described previously and were formed
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 wy (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 tz 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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(d) formng a conductive |layer on the silicidation stop | ayer that
has a top surface at a higher |evel than any portion of the
silicidation stop |ayer; (e) performng a planarization of said
conductive layer that also renoves said silicon nitride hard mask and
silicidation stop | ayer above the insul ator block mask, said

pl anarization fornms a raised S/D el enment conprised of said conductive
| ayer on either side of the gate stack; (f) removing the silicon
oxi de hard mask to forma recessed gate el ectrode between the

spacers; @mteferably giateraharst;tvitich i8 theetathbihay efickiess bethiensd alerictrd 18y
mask and over the active area and performng a silicidation to form

ful'ly sil i8] gite layeai g eshdikonl oxitertizsd aiadk a5f Uhk)préddst @el@6h@ah e second
el ectrode. 2. The nethod of claim1l wherein the gate electrode is

conpr i sedembodintkrnaltiers Roimuna il fre e dmBbdanabmasy 4B sh hadigshpbp

vol tage (Vvth).
wherein the photoresist layer 22, insulator block mask 21, and spacers 18/19 serve as
an etch mask while a conventional etch process is employed to remove exposed
portions of substrate 10. For example, a chlorine based reactive ion etch may be used
to remove silicon from substrate 10. A source and drain (S/D) 31 which is a trench
having a depth d of from 0 to 100 Angstroms and preferably less than 50 Angstroms is
formed in substrate 10 between insulator block mask 21 and adjacent spacers 18/19.

Referring to FIG. 10, the photoresist layer 22 is stripped by a conventional method

and then a cleaning step may be performed to remove any organic residues on the
insulator block mask 21 or in transistor region 40. A key step is now performed which ié
deposition of a Schottky barrier 33 by a CVD, PECVD, or ALD method, or by a
combination of two or more of the aforementioned techniques. In one embodiment, the
Schottky barrier 33 is a composite layer having a lower metal layer comprised of Ni
about 50 to 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 P,
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 transisfor 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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3. The method of claim 1l wherein the gate dielectric |ayer, gate

el ectrode, and silicon oxide hard nmask have a conbi ned thi ckness and
the insulator block nask is formed with a thickness that is greater

t han sai d conbi ned t hi ckness. 4. The method of claim 1l wherein
the silicidation stop layer is a conposite |ayer having a | ower netal
| ayer conprised of Ti, N, or Co, and an upper TiN layer that is
deposited by a PVD, CVD, or ALD nethod to give a generally conformal
| ayer. 5. The method of claim 1l wherein the conductive layer is

conpr i sedstatk.dbipeebver, the Seheitkypnlryei 33 @oformSitethe Qiraadsideof FR sidni S
deposited at a tenperature between about 400C to 600C. 6. The
met hod of nitlide spatehtd ein the nmetal | ayer is conprised of Ni, Co, or
Ti and the silicidation is performed by heating the substrate in a

furnace wit IMherdédiera toraiuctigRiayarda is@lepadited dneti® SCRYRKYSLAABIMPUSIng a
200C to 700C for about 15 to 30 mnutes or by a rapid thermal annea

(RTA) at mwowinpPatrd ®eidRa@miiano eleoste hentoned ARhSEESEM %o conducive IBPSr

met hod of claim1 further conprised of renoving unreacted netal |ayer

fol | owi ng24 et flrstcdralgddiBntd YPrefepaiyTRING codubtivb IBYSQAY E2RR shiebnbion at
130C for about 10 m nutes. 8. e nethod of claim 7 further

conpr i sedopfiorfafly MdYbASEd, ISKREC NdriGid. d€ohdiikiVe @?a%ﬁﬁé‘@é t6iPRRRIce 35 that is
sealing layer on the fully silicided gate and fully silicided and

Ir glyz red S| & & ahenrvaf theh tHd\@opein@BsiHoriz 6RNIcdBold 6 tHE SBASHE haMRd 3,
Referring to FIG. 11, a conventional CMP process is performed that may involve

more than one step to planarize the conductive layer 34 and remove the silicon nitride
hardmask 16. The silicon oxide hard mask 15 serves as a CMP stop to prevent
damage to the gate 14. During the CMP process, the horizontal sections of the
Schottky barrier 33 on the top surfaces of the insulator block mask 21, spacers 18/19,
and gate stack are also removed along with upper portions of the insulator block mask
and spacers 18/19. The insulator block mask 21, Schottky barrier 33, conductive layer
34, and spacers 18/19 are now essentially coplanar. The conductive layer 34 is now a
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 slighily recessed below the top of the
spacers 18/19 when the partially 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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9. The method of claim1l wherein the planarization step is a chem cal
mechani cal polish (CW) process that uses the silicon oxide hard mask
as an etch stop. 10. The nethod of claim 1l wherein the insul ator

bl ock mask is conprised of silicon oxide, a conmposite of silicon
oxide and silicon nitride, or a conposite of other insulator |ayers
that are conpatible wwth a patterning nmethod that forns said

i nsul at or bl ock nmask. 11. A nethod of formng a fully salicided
Schottky Barrier MOSFET, conprising: (a) providing a substrate

havi ng a eitherside bichadett byisdronac00 we7@r Aagsteimnebildeigaed Rimamms about
regi ons, and having a patterned gate stack with sides formed thereon
that is baoodedswomsahick.si des by a spacer conprised of an inner
silicon oxide layer and an outer silicon nitride |ayer, said gate

stack i s conpefesing tofFiGetR|end palvioysll destrtibdscgabrcalbflepobiting alradtar tayer
gate el ectrode, silicon oxide hard mask and silicon nitride hard mask

gln the suljsdtrsAbenpbOua ifdieatehsanehask 21 a()@)adjfa@éﬂiﬁtfwl_s@fbriré%b‘lﬁ,fﬁe@rorming a

ock mask on the substrate above the isolation regions that |eaves a

subst ant i gllicikiafién, @hdeldttivsly dsrhbvity aneaceyPest8dayer is followed to afford the
essentially complete Schottky Barrier MOSFET 40. When the metal layer is Ni having a
thickness of 100 to 1000 Angstroms, the silicidation conditions are the same as
provided in the first embodiment. Moreover, the same H,S0,/H,0, treatment described
in the first embodiment may be used to remove unreacted metal layer. As a result, a
fully silicided and raised S/D element 36 is formed on either side of a fully silicided gate
electrode 37. The fully silicided and raised S/D element 36 is formed on the Schottky
barrier 33 between an insulator block mask 21 and adjacent spacers 18/19.

The advantages of the second embodiment are the same as mentioned for the first
erﬁbodimen’t 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 (FIG. 9) of the §/D 31 and the thickness of Schottky barrier 33. In
this case, the Schoittky 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

21



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

(d) formng a Schottky barrier |ayer on the patterned gate stack,
spacers, insulator block nask, and in said trench; (e) formng a
conductive layer on the Schottky barrier |layer that has a top surface
at a higher |evel than any portion of the Schottky barrier |ayer;

(f) performng a planarization of said conductive |ayer that also
renmoves said silicon nitride hard mask and Schottky barrier |ayer

above t hefirshsmibationert(paisistasio) irsthiatthel LD EXRASILAS 1T @hThebAIyS®RIPed D
el ements conprised of said conductive |ayer; (g) renoving the

silicon oxégdimsfm dre@aittetl n Sulisirate T0C ASGRIENAIR; headiRiddtiRAStAEWRaR thdre

SPRsErS: g:lst embodiment is replaced by a Schottky barrier 33 that extends into the substrate and
allows the thickness of the overlying raised S/D elements 36 to be adjusted. As
indicated previously, the advantages of the Schottky Barrier MOSFET are the same as
those mentioned with respect to the first embodiment. Additionally, thicker raised S/D
elements may be formed to make electrical contact with subsequently formed devices.

While this invention has been particularly shown and described with reference to, the

preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of this invention.
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(h) depositing a nmetal |ayer on the insulator block mask and over the
active area and performng a silicidation to formfully silicided

raised SID elenents and a fully silicided gate. 12. The net hod of
claim1l wherein the gate electrode is conprised of a dopant to tune
the work function Omand threshold voltage (Vth). 13. The met hod

of claim l1Wealettie:n the gate dielectric |ayer, gate el ectrode, and
silicon oxide hard mask have a conbi ned thi ckness and the insul at or

bl ock mask i s1f armethod dfforihaGlNesSicideaiMétal OkiRatSymitbaducied Meld Effect
conmbi ned t hi ckness. 14. The nethod of claim 1l wherein the trench

is formed tpaﬁs,gl@pmdg‘[:ga{;o&gm‘glﬂgngg 100 Angstrons by using said
i nsul at or bl ock mask spacers gate stack as an etch nask. 15.

The met hod of Cl(ﬁa;g?o %E%Qr&@ﬂaﬁﬁ?%%ﬂ%n@%cmn‘a%alb%}}’o%rﬁie%j%ﬁtﬁfce&r?in

conposite |ayer ower netal Fayer conprise

o B o %/ﬁ@f@%ﬂ%@@@reg%%é?*ﬁ oo S5 PR B Vg o

o o o IS e SRSl ST b SR e 8058,

tenperature baets\é\gggr c%tr)r?puntseéoggntn?negoslhcon oxide layer and an outer silicon nitride
layer, said gate stack is comprised of sequentially forming a gate dielectric layer,
gate electrode, silicon oxide hard mask and silicon nitride hard mask on the
substrate above the channel;

(b) forming an insulator block mask having sidewalls and a top surface on the
substrate above the isolation regions that leaves a substantial portion of said S/D
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 |éyer on either side of the gate stack;

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

between the spacers; and
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17. The method of claim 11 wherein the nmetal l|layer is conprised of
Ni, Co, or Ti and the silicidation is perforned by heating the
substrate in a furnace with a N2 or inert gas anbient at a
tenperature of about 200C to 700C for about 15 to 30 m nutes or by a
rapid thermal anneal (RTA) at about 200C to 700C for about 10 to 120

seconds. 18 (g)ldeposiingadmetal tdyakr oh e frisulali@rbleckabes aad ol er BRCNg
unreacted netal |layer following the silicidation by treatnment with a

H2504/ H202 sohehi f1d #drokditg é@nnc@a%ﬁ tolfarrmfaw §fcided, rdi8ed §7@ Eh&ad and

of claim 18 further conprised of formng a silicon nitride [ayer or

anot her coppej ﬁﬁg,%"y}gad[)@é{grelé& ogge fully silicided gate and fully
el

silicided and rarse enents after the step of renoving the

unr eacted Tetal Tha¥fdingd of Glim 1 dEHRE 8 8a e gllefi't!r&q]el% avvéfgf‘dr%bﬂ of B%Iopant to

pl anari zation step IS em cal mechani cess
uses the SlttlJrlug 8\% v%rlkqfuna%rndq)nqgﬁé tﬁrsésﬁ&d ﬁage %\?{R)

3. The method of claim 1 wherein the gate dielectric layer, gate electrode, and
silicon oxide hard mask have a combined thickness and the insulator block mask is
formed with a thickness that is greater than said combined thickness.

4. The method of claim 1 wherein the silicidation stop layer is a composite layer
having a lower metal layer comprised of Ti, Ni, or Co, and an upper TiN layer that is
deposited by a PVD, CVD, or ALD method to give a generally conformal layer.

5. The method of claim 1 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.

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 H,S04/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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9. The method of claim 1 wherein the planarization step is a chemical
mechanical polish (CMP) process that uses the silicon oxide hard mask as an etch
stop.

10. The method of claim 1 wherein the insulator block mask is comprised of
silicon oxide, a composite of silicon oxide and silicon nitride, or a composite of other
insulator layers that are compatible with a patterning method that forms said
insulator block mask.

11. A method of forming a fully salicided Schottky Barrier MOSFET, comprising:

(a) providing a substrate having a channel bounded by an active area defined
by isolation regions, and having a patterned gate stack with sides formed thereon
that is bounded on said sides by a spacer comprised of an inner silicon oxide
layer and an outer silicon nitride layer, said gate stack is comprised of
sequentially forming a gate dielectric layer, gate electrode, silicon oxide hard
mask and silicon nitride hard 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 on 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;

(f) 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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(g) removing the silicon oxide hard mask to form a recessed gate electrode
between the spacers; and
(h) depositing a metal layer on the insulator block mask and over the active

area and performing a silicidation to form fully silicided raised S/D elements and a

fully silicided gate.

12. The method of claim 11 wherein the gate electrode is comprised of a dopant
to tune the work function @, and threshold voltage (Vth).

13. The method of claim 11 wherein the gate dielectric layer, gate electrode, and
silicon oxide hard mask have a combined thickness and the insulator block mask is
formed with a thickness that is greater than said combined thickness.

14. The method of claim 11 wherein the trench is formed to a depth of about 0 to
100 Angstroms by using said insulator block mask, spacers, and gate stack as an
etch mask.

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, ALD, or CVD method to give a generally
conformal layer.

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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18. The method of claim 11 further comprised of removing unreacted metal layer
following the silicidation by treatment with a H,SO4/H20, solution at 130°C for about
10 minutes.

19. The method of claim 18 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 elements after the step of removing the unreacted metal layer.

20. The method of claim 11 wherein the planarization step is a chemical
mechanical polish (CMP) process that uses the silicon oxide hard mask as an etch

stop.
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