19‘%|\/AY 5004 PROCESS TO FABRI CATE A NOVEL SOURCE- DRAI N EXTENSI ON BAG%%QI[%
OR THE [NVENTION (1). Field of the Invention The present invention reksa 004
~to nethods used to fabricate sem conductor devices, and nore specifically

to nethods used to fabricate netal oxide sem conductor field effect,

(MOSFET), devices; with inproved performance, and increased device density,
via use of MOSFET process innovations. (2) Description of Prior Art Mjor

obj ectives of the sem conductor industry continues to be increased device

per f ormance, aRROEEES d&BBRICAdES NOEEE SOURCE-DRAIN EXTENSION

mcro-mniaturization, or the use of sub- mcron features, have all owed

t hese objectives to be successfully addressed. The creation of

MOSFET

devices, with sub-micron features, results in a reduction in perfornmance
degrading parasitic capa@GAGHGROUNDIOF ¢HENSVESEION Sub-micron features
allow the attai nment of smaller sem conductor chips, however still
accommodating the level of integration supplied by |arger counterparts,

t hus enabling a greater nunber of smaller sem conductor chips to be

obt ai ned fygWelPofsRERNELnSI Z€ starting wafer, thus reducing the processing

1.

cost for a specific semconductor chip. In addition to
mcro-mniaturization, basically obtained via advances in the

The present invention relates to methods used to fabricate semiconductor devices, and

more specifically to methods used to fabricate metal oxide semiconductor field effect,

MOSFET process innovations.

(2) Description of Prior Art

Major objectives of the semiconductor industry continues to be increased device

(MOSFET), devices, with improved performance, and increased device density, via use of

performance, and decreased process costs. The trend to micro-miniaturization, or the use of sub-

micron features, have allowed these objectives to be successfully addressed. The creation of

MOSFET devices, with sub-micron features, results in a reduction in performa.ncé degrading

} parasitic capacitances, while the use of sub-micron features allow the attainment of smaller

semiconductor chips, however still accommodating the level of integration supplied by larger

.counterparts, thus enabling a greater number of smaller semiconductor chips to be obtained from

a specific size stanipg wafer, thus reducing the processing cost for a specific semiconductor chip..

In addition to micro~miniaturization, basically obtained via advances in the
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NAY"'2004 phot ol i t hographic discipline in terns of nore advanced exXpogyG §uay 2004
caneras,* and ‘nore sensitive photoresist materials, specific MOSFET process
sequences have al so all owed specific MOSFET features to be reduced in
size, and by so doing inprove device performance. This invention wll
descri be novel MOSFET process sequences used minimze specific MOSFET
features, thus enhancing device performance. The formation of a ‘
source/drain extension, or a lightly doped source/drain, (LDD), region,
acconpl i sheghablitkégriphictocip@it i@ terMb Bﬁ&ofe%@'&dﬁ&&sexp&ugbaﬁﬁrag%ﬁﬁ(l'nlo)’e fAgRRd
source/drain regions, or polycide gate structures, allow'this L region to
mai ntai n t ehorbleiMbRARSIHIGRIMISFE P ARS VoL g hi gh
terrperaturespor ogesses us’eg for fsorn};r%% SS@H%%\F}%%;AJSEggiﬁ%ggécﬁcygr%glﬁﬁ
regi ons, or i .structyres.. in.addition these noyel.process
feQRllrééCEb ggregl%eg "f'l‘&u e, gndLi) gé /:lairn m? rgv dé‘ﬁlg?B ,orrg?récg. iﬁls H&,gnt;[oﬁ é"""

sequences, used to create e sou | X

at t ai nnment .shal | eavi |y doped source/ drai, Lons, resulting
fromthe di %Sﬁ%?eonr?v?]%%?h Boert %Hﬂge‘ﬂﬁﬁ%@m@%‘ﬁ %‘??’g‘f l{'lf(l%lfg&,feaége ¥ as
resulting in aéola ar to surfaﬁe éopogra hy, both cont_ributi_n% to
i ncreased dEVPRENESIEYIER PIHoRERaNCe 5 L foRRation o5 fSQyecs dsain gensionyor adighpy densds cost
reduction. Prior art such as Hong, in US. Pat. No. 5,899,719, describes
a sub- mi cr ofPuiesiERs: (HRD).cegion, é%?@ewﬁﬂvgd after Sermatiey efroshen featuresnsiich ps heawilvev er
that prior art does not feature the use of selectively grown epitaxial
silicon to drped seures/dsaip sagepismr polxeide gatgstoisturesnaliopghis 1D segioh¢o doiptitt the
needed for the heavily doped source/drain region. SUMVARY OF THE | NVENTI ON
I't }i s an obswpunyflesignpsdimansians,iasa resolt ofipoiding the bigh/feBipEnteprocassesfusalfar i ng
source/drain

formation of heavily doped source/drain regions, or polycide gate structures. In addition these

novel process sequences, used to create the source/drain extension, also allows the attainment of
shallower, heavily doped source/drain regions, resulting from the diffusion from an overlying
doped epitaxial layer, as well as resulting in a planar top surface topography, both contributing to
increased device performance, and increased device density, or process cost reduction. Prior art,
such as Hong, in U.S. Pat. No. 5,899,719, describes a sub-micron MOSFET device, featuﬁng a
éource/drain extension. However that prior art does not feature the use of selectively grown
epitaxial silicon to define a subsequent gate region, and to supply the dopants needed for the

heavily doped source/drain region.

SUMMARY OF THE INVENTION

It is an object of this invention to fabricate a MOSFET device, featuring source/drain

extension regions, or an LDD regions, formed after formation of heavily doped source/drain

_'2




exfens_ior'l regions, or an LDD regions, forned after formation of hea ? Y 2004
doped source/drain 2 1 9 MAY 2004 regions, and after formation of \S'b wd%
gate structures. It is another object of this invention to form shall ow,
heavi |y doped source/drain regions, via diffusion froman overlying
selective epitaxial grown, (SEG, silicon layer, prior to formation of_ the
source/drain extension regions.. It is still another object of this
invention to forma netal silicide |layer on the gate structure, as well as
on the tOpr%}H’n&%ﬁ@a@érf&Jﬁﬁti% bcldE Qe sE@n@Bs, prior to the formation of
t he source/drai'n extension regions.” It 1s still yet another object of this
i nvention to provide a snooth top surface topography for the MOSFET devi ce,
by form ng theygate. structure.hbetween SEG silicon regions. |n,accordance
o th e oy s oiE MR g oE Ay leEE o3 e Fon T AR oure OB R R e ng
source/drain tensi on regions,. forned ior t L gh. tepperat ure_procedures
Good to | { SRATHEED RPP MG it SR AP BOYrSED HHE R ndipe FEPETgat o
structures, is described. Afirst iteration of this invention incorporates
the for mat PHHe SAUTSEHSRIR eXtEstendesionson regi ons, on a semiconduct or substrat e,
with a channel region, located in the area of the sem conductor substrate,
| ocat ed between the doped, SEG silicon regions. After formation of first
i nsul ator  spabiéy #ill apptherrabjest ofdhis ventivn teltopn @ nsREsiHtide lovar onghyi gatesstrueturgat e
i nsul ator layer, and a polysilicon

as well as on the top surface of the SEG silicon regions, prior to the formation of the source/drain

! extension regions.

It is still yet another object 6f this invention to provide a smooth top surface topography

for the MOSFET device, by forming the gate structure between SEG silicon regions,

~In accordance witﬁ the present invention a 'process for forming a MOSFET device,
featuring source/drain extension regions, formed prior to high temperature procedures used to
form heavily doped source/drain regions, as well as polycide gate structures, is described. A first
iteration of this invention incorporates the formation of doped, SEG silicon regions, on a

semiconductor substrate, with a channel region, located in the area of the semiconductor

p—

substrate, located between the doped, SEG silicon regions. After formation of first insulator
spacers, on the siﬁes of the doped SEG silicon regions, a gate insulator layer, and a polysilicon
gate structure, are formed in the space between the first insuiatc;r spacers, located on the sides of
the doped SEG silicon regions, with the polysilicon gate structure formed to the same height as |

the doped SEG silicon regions. Selective removal of the first insulator spacers, followed by an




gate structure, are formed in the space between the first |nsulator Y 20
spacers, located on the sides of the doped SEG silicon regions, tMﬁ
polysilicon gate structure forned to the same height as the doped SEG
silicon regions. Selective renoval of the first insulator spacers, foll owed
by an 3 4 10-90 MAY 2004 ion inplantation procedure, create the

source/drain extension regions, in an area of the sem conductor substrate

| ocat ed between the overlying, doped SEG silicon regions, and the

overlyi ng, 1&9%{)&'{1&!:&9&0@@1‘1% Srehtd ek Birce/dRG: &%H&&’?{egloﬁé th k&N T egi ons

link to the heavily doped source drain regions, cated under the doped

SEG si l i con, &Egﬁ&ﬁgt%r sb B b ebodivEd4Rd mﬂ{,&%r@o{,@%&cﬁgﬁ&nﬁ,ﬁnﬁ Hdangd SEG

silicon regions, during preV|ous process s spacers
are then for 39 g n t? % SEG. silicon r he
ol ysi |1 oo i pEFHEH s ARy ﬁeesog RSB rdtiPhfgirg E%&s?ié e iy
the source/drain extension r . . icewth a
pl anar t op SS¥fFe d TF%?}HgP%F@‘%d“A‘ ﬁﬁft 53&8’9 feg}?ﬂagofp}?gg!a' opifigm e
features the fornat|8 EU@ met al S|I|C|de | ayer, on the top surface of
the pol ysi OVe6iPeydered SELE AR Eesioghdlugng Erﬁﬁé"‘fsc?ﬁo%?ﬁﬁr#eci’ées%“@ ReulgepwacersEG
silicon regions, prior to renoval of the first insulator spacers. After
renoval of aferberfopmed, losased hetweendhadened SEG silisen regigns endiiha pelyslicos sateon
regions are again fornmed in an area of the sem conductor substrate,

| ocat ed bettnesteres with e secoyd mgldopweceBESedying tonouresjdrain sxtessind mmensomemltlgg ng
pol ycide gate structure. Formation of the second spacers i's again used,
over | yi ng trheMOSFETaledcawith e plararsopsurface topography..

A second iteration of this invention features the formation of a metal silicide layer, on the
top surface of the polysilicon gate structure, and on the top surface of the doped, SEG silicon
regions, prior to removal of the first insulator spécers. After removal of the first insulator spacers,
the source/drain extension regions are again formed in an area of the semiconductor substrate,
located between the overlying doped SEG silicon fegions, and the overlyixig poiycide gate

structure. Formation of the second spacers is again used, overlying the source/drain extension

regions, and to fill the space vacated by the removal of the first insulator spacers.

A third iteration of this invention comprises the formation of L shaped, insulator spacers,
located overlying the source/drain extension regions. This is accomplished by forming first
insulator spaceré oﬁ the sides of the doped SEG silicon regions, followed by the formation of an
dielectric shape, located between the doped, SEG si]icoﬁ regions, lined with the ﬁfst insulator

spacers. Selective removal of the first insulator spacers allow the formation of the source/drain




regions, 'and to fill the space vacated by the renoval of the first

i nsul ater spacers. Athird iteration of this invention conprises t hid.8 MaY 2004
formation of L shaped, insulator spacers, .located overlying the
source/drain extension regions. This is acconplished by formng first

i nsul ator spacers on the sides of the doped SEG silicon regions, followed

by the formation of an dielectric shape, |ocated between the doped, SEG
silicon regions, lined with the first insulator spacers. Selective renoval

of the fir %hehﬁbswegeb@sr inSIRAAIoF R sle:‘ﬂié’oﬁd%@tof- QbR Akalll bERReS AU LEGHAEai N 4 |
I MAY2V extension regions, in an area of the sem ‘conduct or substrat €,

l'ocat ed be? rS]':td?ﬁhéb\ﬁerE é(ds %dthéj&fgﬂgpggﬁgeab 9 lieﬁlg{rﬁ %?the?imlnglnﬁor
overlying ctric shape noval I rs i nsul at or pacers, and of
the dielec S d. t he, fornmt | ectric
spacers. ot o R el e Rk i Bihel %\%“a*’@*e'sg{m il oo
sour ce/ dral n 1,.ONs. Sel ect renov of the to of the
cual i el octri ol BT ?§{58%8‘§?ﬂ feeiope. et SpeAriroxgiripn ity kG e
doped SEG silic e |ns Iator growth andeyS|I|con gate

f or mati on, ?’?P"taﬁ%‘ﬁ“r‘gg B@G\g FIFELTIA SRASES S-SR lidp hsh"t’é’ﬁg PRAGTHINE ! %“-‘ﬁ’éefvm th
the L shaped spacers, are then _enpl oyed. BRI EF DESCRI PTI ON OF THE DRAW NGS
The obj ect theflgpesd PG siierrergianse sGee insulpor piovahendpolyilicon gae farmetion isebe i n- t he
preferred enbodi nent with reference to the attached draw ngs that include:

Figs. | - vegianiesrees gieadoned SEE silicon ragionsolined sdtbitheoh sltaped spiaeers, deegbeni be key
fabrication stages
employed.

N %
R

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred

embodiment with reference to the attached drawings that include:

Figs. 1 - 7, which schematically, in cross-sectional style, describe key fabrication stages
used for a first iteration of this invention, featuring the creation of a source/drain extension region,
for a MOSFET device, formed after the high temperature formation of heavily doped source/drain -

regions,

Figs. 8 - 10, which schematically, in cross-sectional style, describe key fabrication stages
used for a second iteration of this invention, featuring the creation of a source/drain extension
region, for a MOSFET device, formed after the high temperature formation of heavily doped

source/drain regions, and after the high temperature formation of a metal silicide layer.

5 .




uséd for "a first iteration of this invention, featuring the creation of a
sourcel drai n- extension region, for a MOSFET device, fornmed after tlﬁ-ﬁhmgh 2004
tenperature formati on of heavily doped sourceldrain regions. Figs.'8 - 10,
whi ch schematically, in cross-sectional style, describe key fabrication
stages wused for a second iteration of this invention, featuring the
creation of a source/drain extension region, for a MOSFET device, forned
after the high tenperature formation of heavily doped source/drain
regi ons, and af; h ' ure fornati of, a .retal..silicide
aver 5. iy 2Bk T a5 W LRFBAEM, 4 oo HERb P fuf s RPERS mitleni ot
style, describe.key,.fabrication.stages. used wi.th a third jteration of this
i nventi on, ‘%Sgafv‘dﬁﬁ%‘a“’?‘ eéat'PBPtf@lsil%'ﬁgtgﬁn’ feptorng the furmaug éPﬁSLWQF?‘VFfmg a
source/drain extension,region, . which in turn is formed prior to the
For mat i on GMeHEER TP SR AEBISRCLs el A Ish TR SO GTEEOTYE
PREFERRED IigI\/BCPI MENTS The et hod of fabricating a MOSFET device, featuring
a sour ce/ drisPAYSopedsorEss draiyiesians. or  a |ightly doped source/drain region,
formed prior to the high tenperature process procedures used for formation
of heavily doped source/drain regions, and for formation of netal silicide
| ayers, will now be described in detail. This invention wll be described
for a N channel MOSFET BESCRETION®MeVKE PREFERREDENMBOPIMENTSl so be applied
to P channel, MOSFET devices. A P type, sem conductor substrate 1,
conprised of single crystalline silicon, with a <100>

The method of fabricating a MOSFET device, featuring a source/drain extension region, or

Y
5 . . . . .
a lightly doped source/drain region, formed prior to the high temperature process procedures used

for formation of heavily doped source/drain regions, and for formation of metal silicide layers, will
now be described in detail. This invention will be described for a N channel MOSFET device,

however this invention can also be applied to P channel, MOSFET devices.

A P type, semiconductor substrate 1, comprised of single crystalline silicon, with a <100>
crystallographic orientation, is used and shown schematically in Fig. 1. An insulator layer, such as
silicon oxide, is next deposited via low pressure chemical vapor deposition, (LPCVD), or via
plasma enhanced chemical vapor deposition, (PECVD), procedures, to a thickness between about

- 1000 to 3000 Angstroms. Conventional photolithographic and anisotropic, reactive ion etching,
(RIE), procedures, using CHF; as an etchant, are used to create insulator shape 2, also shown
schematically in Fig. 1. The photoresist shape used to define insulator shape 2, is removed via
plasma oxygen ashing and careful wet cleans. The width of insulator shape 2, will subsequently

define the region of semiconductor substrate 1, to be used as the MOSFET channel region, and to




crystal |l ographic orientation, is used and showmn schematically in Fig. 1. An
insulator layer, such as .silicon oxide, is next deposited via | ow @9 MAY 2004
pressure chem cal vapor deposition, (LPCVD), or via plasnma enhanced

chem cal vapor deposition, (PECVD), procedures, to a thickness between

about 1000 to 3000 Angstrons. Conventional photolithographic and

ani sotropic, reactive ion etching, (RIE), procedures, using CHF3 as an
etchant, are used to create insulator shape 2, also showmn schematically in

Fig. 1. TheacphfRedRsihe kotiaRein Wé)?t@ﬁ’SlJnC}eggﬁs Jn@iﬂéh%ﬁgﬁ 1r§%}‘a%%8&f2d eﬂmsax ,emoved

via plasma oxygen ashing and careful cl ean |nsu at or

shape 2, wijlcos ﬁ?&qgl{&@%élééﬂve%? o ohRE Jsgﬂegg{:sogf égﬁn@%ﬁ)ﬁ&?%%ates phst, t%tg?el

to be used as th& MOSEE regi accofmo
t he source/dr, nsi on. r An undo i
epi t axi al ‘q %églgﬁ Fg’ ere%itam?gbggz’é;fh@%? 5351811@?5}1“0‘”\&1“@ aé'ﬁ;ﬂ% ggd@g gﬁs of
sem conduct or str sel ectivel i taxial
(SEQ) . 'si | B8R R @edﬁa@ﬁ@%v@eﬁ% RGP e Py e abouet0 BagPSts (o
are formed via LPCVD edures, at a tenperature between about 600 to 1000
C, to a trﬂ‘tlt,‘lgh’é"% %@?%@EW‘&B%&O 8 dnggrozsorinatane codshlongsiang asq saarre, oF
di chl orosil ane as a source, usi n% disilane and HO as a source, with
hydr ogen usétreslisilgneapd FCk s ggggurce Tith hiygrogantusedchs pesarrismss.. rBgiimsit doped $BETed
via the addition of phosphine, for N type SEG regions, or via the addition
of  di bor arfegionsgre formedyda @E@ifh@tgl dfirbosphe tfhieN $xpeISEE rggisns, or vig the aBfiGon efyi ons
can be formed froman intrinsic deposition, followed by the ion
i rTFI ant at i shbosdnepfeoB tipeSEsregions, xothe sovrcrgs, of e SHepfepigns $anbe foried S an
silicon regions 3, which will be used as a diffusion source to subsequently
create intrinsic deposition, followed by the ion implantation of phosphorous, or boron ions. The doping

level in SEG silicon regions 3, which will be used as a diffusion source to subsequently create

underlying heavily doped source/drain regions, is between about 1E22 to 1E23 atoms/cm’.

~ Insulator shape 2, is next selectively removed via use of a buffered hydrofluoric acid

solution. This can be seen in Fig. 3. Ion implantation procedures are next employed .to place a
threshold adjust region, and a anti-punch through region, (not shown in the drawings), in the
channel region, or the region of semiconductor substrate 1, not covered by SEG silicon regions 3.
An insulator layer, such as silicon oxide, or silicon nitride, is next deposited using either LPCVD
or PECVD procedures, to a thickness between aboﬁt 300 to BOO Angstroms. A selective,
anisotropic RIE procedure, using CHF, as an etchant, is then employed to create insulator

| spacers 4, on the sides of SEG silicon regioi;s 3. This is schematically shown in Fig, 3. The
thickness of the insulator layer, or the width of insulator spacers 4, will subsequently determine
the dimension of the source/drain extension regions.

7 .




under | yi ng heavily doped source/drain regions, is between about | E22 to |
E23 atoms/cnB. |nsul ator shape 2, is next selectively remved via usfiDfiae 200
buf fered hydrofluoric acid solution. This can be seen in Fig. 3. lon

i npl antation procedures are next enployed to place a threshold adj ust
region, and a anti-punch through region, (not shown in the drawings), in
the channel region, or the region of sem conductor substrate 1, not
covered by SEG silicon regions 3. An insulator layer, such as silicon
oxide, or silic [ e i . - 1Si.N i P PECVD
procedures, to jgg?ﬂ%n%ﬁﬁg?gy‘%g?’v\%ge "3 %Sglh%oglgm{kgde!?%Bé%rt\%???ﬂgr%s%ﬁﬁsjéf ective,
ani sot r opi . i s,_an..et chan | st | oyed to
create i ns%ﬁﬁsg(% Mf@gﬁ%&%@“a&%ﬁ%@% e8 aﬁ?%%§§ ?%%%“?Z@F"?r@ 3. This is
schemati cal shown.in Fig. 3. The . thickness of the insulat I or
e v dt b Qe B el stel .G RaaE JPousl apoit A o 8

di mensi on the source/drain extension regions., 7 .18 MAY 244 A gate

i nsul at or fﬂ%&t LX¥IdeHoRRTPeEdrepfilicon dioxyls layFrobs §also famsd o thefjen WﬁﬁgveySFgG own
on the expgsed surface of sem conductor substrate 1, to a thickness

bet ween abdltomiggiops obhs iasdhsmatinally shewmamFigrf. ok Jepirad gate insdspalarsr mtcan at a
tenperature between about 600 to 1100 C. During the oxidation procedure,
silicon di dgiceraprisay ef nigsided prgde silieonf ritride dantaium hxide, op titupiumeaxideSEES0 showih inon
regions 3. This is schematically shown in Fig. 4. If desired gate insulator
| ayer 5a, &4, dsehowmirifostdiffosion from 8BG siicordegioss 3,idooag the gate theylatbant al um
oxide, or titaniumoxide. Also shown in Fig. 4, as the result of out

di-g fusi on foxidaidifpG e dothefcagtiansl Beavithuddpad)sdulwe/dyait eegions B didectty underlying

SEG silicon regions 3. A polysilicon layer is next deposited using LPCVD procedures, to a
thickness between about 1000 to 3000 Angstroms. The polysilicon layer can be doped in situ,
during deposition, via the addition of ar.sine, or phosphine, to a silane ambient, or the polysilicon
layer can be c_iepoSited intrinsiéally, then doped via ion implantation of arsenic or phosphorous
ions. A chemical mechanical polishing, (CMP), procedure is next used to remove regions of the
polysilicon layer from silicon dioxide layer 5b, resulting in the formation of polysilicon gate
structure 6, shown schematically in Fig. 4. If desired polysilicon gate structure 6, can be defined
via a selective RIE procedure, using Cl, or SF, as an etchant, selectively stopping on silicon

)  dioxide layer 5b.

Insulator spacers 4, are next selectively removed, via use of a buffered hydrofluoric acid
solution, creating space 7, located between SEG silicon regions 3, and polysilicon gate
structure 6. This is schematically shown in Fig. 5. The buffered hydrofluoric acid procedure,
used tc; remove insulator spacers 4, also results in the removal of silicon dioxide layer 5b, from the

8




oxirdati om procedure, is the creation of heavily doped source/drain Egglon
9, directly underlying SEG silicon regions 3. A polysilicon |ayer Mt 2004
deposi ted using LPCVD procedures, to a thickness between about 1000 to

3000 Angstrons. The polysilicon |layer can be doped in situ, during
deposition, via the addition of arsine, or phosphine, to a silane anbient,

or the polysilicon | ayer can be deposited intrinsically, then doped via ion
inplantation of arsenic or phosphorous ions. A chenical nechanical

pol i shi ng, t&@;ﬁace K Ass S rbg?o axt Cé'ﬁ@?ﬁ s&f?cerkﬁ' ﬁeﬁsﬁﬂ'r?é?éns%f ateA8w formed |

pol ysilicon er fron1S|I|con I oxi ayer 5 resultihg in the formation

of pol ysil '18 Qi %&fof SE@CE’S otk ub@tratg Oé’)\'gos%gkhe%% '7ca§(§>lu>/ce}dpanl: &ife sid h {ég\/ons&l E

desired polysil ruc ure via a se

procedure, S|n SF6 hant | ec |vel st.0 on S|I|con
Gi oxi de. | ayEPvagh %&a@ya 5t St by Gef 8 iR Stat PR/%Pqu‘Pé‘%ﬁ

use of a buffer drofluorl solutlon creati sp , ogated
ot ween SEESR byt T OGFohY 10 Gt 25kt g PP Rebeeg At 5B GORTS alnomt s 1 s
schematically shown in Fig. 5. The buffered hydrofluoric acid rocedure
used to remsvEeidrinPdension seeiens Sshaye ngy §€Fnrf@’§‘1?ﬂta§a ptager i he MRSTET dgicesi | j con
di oxi de layer 5b, fromthe 8 14 ,9 MAY 2004 top surface of SEG silicon
regi ons 3. faricetiapaequenes; afbsrdbediigh texpeniyeaIToreatieoieps davealready duerf rerfaeard, i n
the region of sem conductor substrate 1, exposed in space 7. Source/drain
ext ensi on rteyiageiding put diffasiom and evernént af ﬂh'gs regiorHiuging Bhe canduding MOSFET a

i npl antation of arsenic, or phosphorous ions, at an energy between about 3
t 0,100 KeV,praeskimgtsequedase between about SE13 to 1E15 atons/enz.

Spaces 7, used to allow formation of source/drain extension regions 8, are next refilled with
insulator spacers 10, schematically shown in Fig, 6. This is accomplished via deposition of an
insulator layer, such as silicon oxide, via LPCVD or PECVD procedures, to a thickness between

- about 1000 to 3000 Angstroms, completely filling spaces 7. A CMP procedure is then employed
to selectively remove the insulator layer from the top surfaces of SEG silicon regions 3, and from
polysilicon gate structure 6, resulting in the formation of insulator spacers 10, directly overlying
source/drain extension region 8, and located between SEG silicon regions 3, and polysilicon gate

N . structure 6. A selective RIE procedure, using CHF; as an etchant can be used, if desired, to form

insulator spacers 10, via removal of unwanted regions of the insulator layer.

The use of SEG silicon regibns 3, overlying heavily doped source/drain regions 9, existing
. at the same height, or level, as polysilicon gate structure 6, enables a planar top surface

fopography, for the MOSFET device, to be achieved at this processing stage, reducing the




Sour ce/ drai n extension regions 8, have now been forned at a stage of the
MOSFET device fabrication sequence, after the high tenperature procﬂékumgzmg
steps have already been perfornmed, thus avoiding out diffusion and

novenent of this region during the concluding MOSFET processing sequences.
Spaces 7, used to allow formation of source/drain extension regions 8, are
next refilled wth insulator spacers 10, schematically shown in Fig, 6.

This is acconplished via deposition of an insulator |layer, such as silicon

oxi de, via €8 .Gk n 1000 to
3000 Angst £ g o e relne bR REHE R rh B1et el iR TED PP confiPRiof

enpl oyed tq..sel ectiye r. e.the insulator |ayer from.the urfaces of
SEG o 1 oo P SEohgh RS 5 bRB PR et T S bR Be LPEVRY Trng P

the formati f _insul ator acers 10, dir I verlyin sourcel drain
extensi on PEGVBhPEScdlice b adibaerbevebroseogs 2RUR Ankyrdn Givaigta
pol ysilicon %atg structure 6. A selective RIE pgocedure using CHF3 as an
et chant caRMgelitegaphis gnd RIE prasgdureseusing (HLF+a5 30 FISRATH AESEL190PER COnfach r enpval
of unwant ed reg%ons of the insulator |ayer., The use of SEG silicon regions
3, overlyi Rgfehbhin ILP larssd . shown echpmpticplly ip Eigg drexposingagpostionrf thegep surace afre
height, or level, as polysilicon gate structure 6, enables a planar top
surface t §B6giligphyegionss. Aneth¢rOBRET hdlsyi@ showroinites drewings sdommed finsnlator
processi ng stage, reducing the 9 r MAY 2004 conplexity for subsequent
pr ocessi nglayéurl 1 expesihgw portidi of tbe tapiserfacg lof p)lysilicay gate $thyctwe ApAfig eenofl of
silicon oxide, or conprised of a borophosphosilicate glass, is next
d e}posi t ed wiephbiaaeist shape, used for definition of contact holes 12, metal structures 13, are formed in
contact holes 12, overlying, and contacting, SEG silicon regions 3, which in turn overlay and
contact, heavily doped source/drain regions 9. Metal structures 13, are formed via deposition of
a metal, chosen from a group containing; aluminum_aluminum - copper, copper, or tungsten, via
plasma vapor deposition, or via R.F. sputtering procedures, to a thickness between about 8000 to
25000 Angstroms. Conventional photolithographic and RIE procedures, using Cl, or SF, as an
etchant, are used to define metal structures 13, schematically shown in Fig. 7. Removal of the

photoresist shape, used for definition of metal structures 13, is then performed via plasma oxygen

ashing and careful wet cleans.

A second iteration of this invention is the use of a metal silicide layer, on the top surface of
SEG silicon regions 3, and the use of a polycide, {metal silicide - polysilicon), gate structure.
Referring to Fig. 8, at the stage of processing in which polysilicon gate structure 6; has been
formed, located between insulator spacers, a metal layer, such as titanium, or cobalt, is deposited,

- via plasma vapor deposition, or via R.F. sputtering procedures, at a thickness between about 200
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PECVD procedures, to a thickness between about 6000 to 20000 Angstr
Convent i onal: photolithographic and R E procedures, using CHF3 as a
etchant, are used to open contact holes 12, in ILD |l ayer 11, shown
schematically in Fig. 7, exposing a portion of the top surface of SEG
silicon regions 3. Another contact hole, not shown in the drawi ngs, is
formed in insulator |layer 11, exposing a portion of the top surface of
polysilicon gate structure 6. After renoval of the photoresist shape, used
for definitg a | : med in
cont act holtdéga%g%gsg@g{rs 1 ;9??1 ﬁ%%agﬁg&c%rﬁ’i%@m%%JS%E%%??@%W@%EF&% 3, which
in turn oveyr nt a heavi | ed source/drai eqions 9. Mt al
struct ur os PRl uSRLGBG e Bhcal OSERE Brob LT B ol [ ReRREs Ferv i
cont ai ni ng; , al um.num . i num - GO r, er., or.tungst Vi, | asma
vapor deposalb?‘i‘t%b t%%%ﬁay‘g.ofﬂ.’ @Bbf‘?@‘f"ﬁ?‘yﬁr gﬁgﬁ%ﬂwégﬁmﬁsga&?ﬁf b ’S‘P"B £ ween
about 8000 to 5000 tronms. Conventjonal photolithographic and, RIE
pr ocedur es,oR &rﬁg‘? O@P?E gﬁcos;t?g% 3afnd qatasigRsurtage of PRISHICPR BRIt al
structures 13, schematically shown in Fig. 7. Renoval of the photoresist
shape, usedeamsvalppprsactedyneta)s frops theitop surfast ofiesylates spacershie Ao apdoaiphghgd vi a
pl asma oxygen ashing and careful wet cleans. A second iteration of this
i nventi on iusinghesolutien eimpaisedenf #,SQj, H,Qj, #6°L| 2ag 8H,0Hn A deeondapnsinytclescen bf  SEG
silicon regions 3, and the use of a polycide, (netal silicide -
pol ysi | i cormplayed i dedired 6t iedee theRedigance nfjpdlyrideiggte sBuctate 22 havnptisggienf ofetal _
processing in which polysilicon gate structure 6, has been fornmed, |ocated
bef ween i nsilicide tiyersyiacepalysilRonpit@btricayre6, This Blyclegnaticdllaslioniin Big. gobalt, is
deposited, via plasma vapor deposition, or via R F. sputtering procedures,
at a thickness between about 200 10

Selective removal of insulator spacers 4, and the formation of source/drain extension

X8 may 200

regtons 8, are accomplished using identical procedures as previously described for the first
iteration of this invention, and shown in Fig. 5. At this stage of MOSFET fabrication, either
second spacers can be formed between SEG silicon regions 3, and polycide gate structure 22,
followed by the formation of metal structures, contacting underlying conductive regions, again
using the identical procedures described in the first iteration of this invention, schematically
described in Figs. 6 - 7. However if desired, after formation of source/drain extensions 8, in
space 7, an ILD layer 14, comprised of silicon oxide, can be deposited via LPCVD or PECVD
procedures, to a thickness between about 6000 to 20000 Angstroms, completely filling spaces 7,
as well as overlying the top surfaces of polycide gate structure 22, and SEG silicon regions 3.
This is schematically shown in Fig. 9. Contact holes 12, can again be formed, in ILD layer 14,
followed by the formation of metal structures 13, overlying and contacting, the top surface of
SEG silicon regions 3. This is schematically shown in Fig. 10. Although nbt shown in the
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| 9 MAY 2004 to 600 Angstroms. An anneal procedure, perforned usi ng gh&e 200
conventi-onal -furnace procedures, or using rapid thernmal anneal, 4
procedures, is used at a tenperature between about 700 to 900 C to form
metal suicide layer 21, (titaniumdisilicide or cobalt silicide), on the

top surface of SEG silicon regions 3, and on the top surface of polysilicon
gate structure 6. Renoval of unreacted netal, fromthe top surface of

i nsul ator spacers 4, is next acconplished using a solution conprised of

H2S04, H202 4rades. A al
desired to r rélducgg t hearmeldgtlggtsgﬁbégl%g H‘E@?“ y t?tlieo%sot? %é@ﬁ?uéﬁ géz)‘l’ﬂ’\(’ﬁ’é‘de By
of met a! S y Lﬁg 2&.aﬁlqﬁlﬁ?[gratlﬁ{ﬂgjl%%e§ 'llll 80 se "eis:[ a?s t et x?slill%olf'rsea O ocafeg b%“"?e‘h

schemat i cal own I n ctrve renoval Insu

and the for i gn of ce/dr ai.n extensjion, regions 8, are accorrpl i shed
usi ng i dent gggls lﬁ?rbf:egd’u? ef“glgo%?‘g%aﬁ)%sgwtuﬁ%%zcrl bed for the first iteration
of this invention, and shown in Fig. 5. At this stage of MOSFET
fabrication, either . second spacers can be formed between SEG silicon

regions 3, and ﬁ\dﬁ% ieationpt élv%w%%rs@emﬂcaﬂy shovpiebiesy L He. feypirg andn of
metal structures, contacting underlyi n% conductive regi ons, again using
the i denti cHiPesh BEAIGF eacaras aext Hesgribed. fm thisriteragion firstinsilatomspagers h, gre formed
i nvention, schematicall described in Figs. 6 - 7. However if desired,
after for et ta siges @ﬁﬁﬁ%&llqﬁn ahapesd; tvathdirg issulgtor spacers peremis#d ofan tﬁeDlatcayaaner 14,
conprised of silicon oxide, can be deposited via LECVYD or PECVD
pr ocedur es, such agsilidonaindss sr silgoneside,ab o tickB OB BetweeR4O0(B 08r1g 800 Angstroms.
coqpletely filling spaces 7, as well as overlying the top surfaces of
polyci de gafsothériinsniatordayeh? sucalad sififols cxdde] @rahlicoiegindnsisdext déposited, and subjected
schematically shown in Fig. 9. Contact holes 12, can again be forned, in
| LD | ayer 1tb,a CMP procedure, resulting in insulator shape 16, located between first insulator spacers 15,

which in turn are located on the sides of SEG silicon regions 3. An anneal cycle is used to form

heavily doped source/drain regions 9, via out diffusion from overlying SEG silicon regions 3.

This is accomplished prior to the subsequent formation of source/drain extension regions 8. The

results of these processes is schematically shown in Fig. 11.

Selective removal of first insulator spacers 15, is next accomplished using a hot phosphoric
~ acid solution, if first insulator shapes are comprised of silicon nitride, or via a buffered
hydrofluoric acid solution, if first insulator shapes are comim'sed of silicon oxide, resulting in
spaces 7, located between SEG silicon regions 3, and insulator shape 16. This is followed by the |
formation of source/drain extension regions 8, using procedures identical to the procedures |
previously described for formation of source/drain extension regions 8. This is shown

schematically in Fig. 12. After removal of insulator shape 16, via use of & buffered hydrofluoric

12




foll owed by the formation of netal structures 13, overlying and co ti n%
the top-surface of SEG silicon regions 3. This is schematically smm‘% 004
Fig. 10. Although not shown in the 11 U-4 MAY 2004 draw ngs, a netal

contact structure is also formed on a portion of the top surface of

pol yci de gate structure 22. In this iteration ILD |ayer 14, also serves as
the i nsul ator spacer, |ocated between SEG silicon regions 3, and pol ycide
gate structure 22. Athird iteration of this invention, schematically shown

in Figs. 1l sdiiiod, 88k H6t pROspRBridaciRARSBH; 2 IADYLRLRUARR BEET corhtisBES an

described. In this'iteration first 1 nsulator spacers 15  are torne on the

si des of S%Qdéwﬂg%%gﬂémqaeﬁ’anm ﬁeﬁl&@ggin@s@kﬁ%@ er?i?ﬁ‘?pg,réi?edg?ﬁ%@iﬁcﬁﬁg QL an

i nsul ator | aye such as sili’con n n’ ox I cKneéss

bet ween abqut tr Anot her in or | ayer uch as
or 1 1 con o fer gPrebls PRERERRRGIATVD ek S Bt A el BUGEES" o a
CWP procedyre, resulti i.n . nsul atoy. shape 16, .| qcat ed, between f.irst
i nsul at or lsf)ﬁtéf&c?g’? gboi‘g?éon’\%ﬁpgﬁngw%rwﬁ’&rtge ’leBHt"’érdflegWef Js@lsgogteined psirg=
silicon regions. 3. An.,anneal cycle is used to form heavily doped
sour ce/ dr aﬁ-r?%r"ibi’ropr%c‘g? P{ACeAUEER: atdh thicknesohetwees abay &P 4A 1 Asestrams. i Thsn
regions 3. This is acconplished prior to the subsequent formation of
sour ce/ dr aithickaresead thegampegie insylawr layprds equakigthesthigkneshefgsevinuely semesd; figst
schematically shown in Fig. 11. Selective renoval of first insulator
spacer s 15 mshigtonepecerad &aftpiving reestibsegient) compusite ypaces phoomipdeteln ovetlay spunee/drain i f
first insulator shapes are conprised of silicon nitride, or via a buffered
hydr of | uor iestensidrcregiobs R. | AmsotriopicfRIE ptocedises, asing Cls iscgmeeschamtdforcsilivon nisidd, afd
silicon oxide, resulting in
using CHF, as an etchant for silicon oxide, are used to form the composite insulator spacers,
comprised of silicon nitride spacers 18, on underlying silicon oxide spacers 17. This is
schematically shown in Fig. 13. If desired silicon oxide can be used for overlying spacer 18, while

silicon nitride is used for underlying spacer 17.

Selective removal of spacer 18, via hot phosphoric acid if spacer 18, is compﬁsed of silicon
nitride, or via a buffered hydrofluoric acid solution, if spacer 18, is comprised of silicon oxide,
resulting in L shape spacer 17, shown schematically in Fig. 14, completely covering source/drain
extension region 8. Gate insulator layer 5a, and polysilicon gate structure 6, are next formed
using procedures identical to procedures previously described in the first iteration of this
invention, and previously shown in Fig. 4. ILD layer 14, contact holes 12, and metal
structures 13, are again formed using identical procedures used to form these same features and
structures, previously described in the first iteration of this invention. The MOSFET device,
featuring, source/drain extensions 8, underlying L shaped spacer 17, is schematically shown in
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spaces 7," |l ocated between SEG silicon regions 3, and insul ator shape 16.
~This'is followed by the formati on of source/drain extension regions @,

usi ng procedures identical to the procedures previously describadﬂ MAY 2004
formati on of source/drain extension regions 8. This is showmn schematically
in Fig. 12. After renoval of insulator shape 16, via use of a buffered
hydrofluoric 12 0-;9 MAY 2004 acid solution, or a hot phosphoric acid
solution, a conposite insulator |ayer, conprised of an underlying silicon
oxi de | ggers, and an overlying silicon nitride |ayer, is deposited. The
silicon oxide |layer is obtained via LPCVD or PECVD procedures, using TECS
as a source, at a thickness between about 100 to 200 Angstrons, while the

il itk . il | t ai [ LECVD . ECVD d , at
2 i cknoss DaEREKRabT R PRE07 R AR e “The
ite.i | at I ' | to t t.hi ckr f ' I d,
Firer PR AP EhanEeiock | A bonokont Butree e B pB i einler to

conpl etel y overl ay urce/drain, extension regions 8. Anisotropic R E

pr ocedufHEEeS ] Foﬁ'é‘ aﬁ’j etajls may be mafe,Hithqug fenarting fom the sninites scap§@f thgsi ng CHF3 as
an etchant for silicon oxide, are used to formthe conposite insul ator
spacer sS™VeGApri sed of silicon nitride spacers 18, on underlying silicon
oxi de spacers 17. This is schematically shown in Fig. 13. |If desired
silicon oxide can be used for overlying spacer 18, while silicon nitride
is used for underlying spacer 17. Selective renoval of spacer 18, via hot
phosphoric acid if spacer 18, is conprised of silicon nitride, or via a

buf fered hydrofluoric acid solution, if spacer 18, is conprised of silicon
oxi de, ‘

T
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resulting in L shape spacer 17, shown schematically in Fig. 14, conpl EIX
covering source/drain extension region 8. Gate insulator |ayer 5a, MAY KE%
polysilicon gate structure 6, are next fornmed using procedures identical
to procedures previously described in the first iteration of this
invention, and previously shown in Fig. 4. ILD |layer "14, contact holes 12,
and netal structures 13, are again forned using identical procedures used
to formthese sane features and structures, previously described in the
first iteration of this invention. ChdmNOSFET device, featuring,
source/drain extensions 8, underlying L shaped spacer 17, is schematically
shown in 13 i 9 MAY 2004 Fig. 15. Wiile this invention has been

particul arly $hdwnethadtloftfalsiiaatibe a nwitdl lbxide kanbedictod fielde:fiepr efneiktoed

enbodi ments thereof, it will be understood by those skilled in the art that

various change®OSFETY d@yRBbnteetitchd iR H8sthé] CeltdridQUourteRasih bxtensidrom t he
spirit or scope of the invention. 14 S MAY 100 Cains 1. A nethod of

fabricating a ngid fopbds a%edmaqqrggia%ﬂ{coﬁé&k& s dh@etnot &%gérdso_t)pdrpm SIMERFET)

device, on a sem conductor substrate, featuring a source/drai'n extension
Lglg;g:’]l T ggnmad 'ggte%}u&{u%%r 8;7 a%gllegﬂv'%%g\gg gb'l?&x?e{‘l sﬁalf)%,s éo'ﬁ%n%inrgl%e sﬁgp\é%lf:Ed by a
5 forming an insulator shape on a first portion of said semiconductor substrate;
forming selectively grown epitaxial, (SEG), silicon shapes, on second

portions of said semiconductor substrate, not covered by said first insulator

shape, with said SEG silicon shapes comprised with dopants;

removing said insulator shape, exposing a top surface of said first portion of
10 said semiconductor substrate;
| forming first insulator spacers on sides of said SEG silicon shapes;
growing a gate insulator layer on the exposed surface of said first portion, of
said semiconductor substrate, and forming heavily doped source/drain regions,
in said second portion of said semiconductor substrate, resulting from out
15 diffusion of a portion of said dopants, in said SEG silicon shapes, during said
gate msulator layer formation;
forming said polysilicon gate structure on said gate insulator layer, with said
polysilicon gate structure located between said first insulator spacers, and with

said polysilicon gate structure at a same height as said SEG silicon shapes;

removing said first insulator spacers exposing third portions of said

semiconductor substrate, with said third portions of said semiconductor
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gate structure or by a selectively grown epitaxial shape, conprising s#&MAY 2004
steps of. 5 formng an insulator shape on a first portion of said '

sem conductor substrate; formng selectively grown epitaxial, (SEQ,
silicon shapes, on second portions of said sem conductor substrate, not
covered by said first insulator shape, with said SEG silicon shapes
conprised with dopants; renoving said insulator shape, exposing a top
surface of said first portion of 10 said sem conductor substrate; formng
first insulator spacers on sides of said SEG silicon shapes; grow ng a gate
i nsul at or | ayesulsyatcet equsesidyy ssigr Tz eiliedn Shapes driby seid pohysilioon gas¢  sai d

sem conductor substrate, and form ng heavily doped source/drain regions,

in said secondspustiiepn of sai d sem conductor substrate, resulting from out
15 . diffusion of a portion of said dopants, in said SEG silicon shapes,
during said gat domntisgkairaydrhigyktenfion faidndhin sdidthifdpertioas df g9d ysil i con gate
structure on said gate insulator layer, with said polysilicon gate
structure | ocatsedicbedwsngRuisaba; first insulator spacers, and with said

pol ysilicon gate structure at a sane height as said SEG silicon shapes;

removingssai d fi l§inihsdbad REuERAGRES BXRRSH Bd SﬁbrsﬂicBH _rsltgjpgé‘ Sn@fagai d

sem conduct or substrate, w sal rd portions of sai ém conduct or 15

r._9 MAY 2. QA polysilicon gate structure, with said second insulator spacers overlying said

source/drain extension regions;
depositing an interlevel dielectric, (ILD), layer;
forming contact holes in said ILD layer exposing a portion of a top surface of
10 said SEG silicon shapes, and a top portion of said polysilicon gate structure; and

forming metal structures in said contact holes.

2. The method of claim 1, wherein said SEG silicon shapes are formed via
selective epitaxial growth of a silicon layer, at a temperature between about 600 to
1000° C, to a thickness between about 1000 to 3000 Angstroms, using silane or
dichlorosilane as a source, or using disilane and HCl as a source, with hydrogen

used as a carrier gas.

3. The method of claim 1, wherein said SEG silicon shapes are either doped
in situ, during deposition, via the addition of phosphine, or diborane to a silane,
dichlorosilane, or disilane ambient, or SEG silicon shapes are grown
intrinsically, then doped via implantation of phosphorous, or boron ions,
resulting in a dopant concentration, for said SEG silicon shapes between about

1E22 to 1E23 atoms/cm>,
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substrate not covered by said SEG silicon shapes or by said polysilicon
gate structure; form ng source/drain extension regions in said thi%s
portions of said sem conductor substrate; 5 form ng second insul at MAY 2004
spacers between said SEG silicon shapes, and said polysilicon gate
structure, wth said second insul ator spacers overlying said source/drain
extensi on regions; depositing an interlevel dielectric, (ILD), |ayer;
form ng contact holes in said ILD | ayer exposing a portion of a top surface
of 10 said SEG silicon shapes, and a top portion of said polysilicon gate
structure; and formng netal structures in said contact holes:-2. The
method of claim11, wherein said SEG silicon shapes are forned via sel ective

epi taxi al grovf Fhoedod bt dHAN, bA¥RM sallfird his@l%?%@%é#ﬁ freRBipRAA oPlifen 600 to
1000 C, to a thickness between about 1000 to 3000 Angstrons, using silane

or di chi'or 0Sid.ARCR4indd VROLSCPD P PERSD ol 30E ikAedsbbvittn SoBPIILC: wi th
hydrogen wused as’ a carrier gas. 3. 1he method of claim 1, wherein said SEG
silicon shape i r . ;0. Si t U k] it i e
addi 1 on of phoSuEAiroRS. S8 Rehe il Hobiid B AHGRAR bk cift b
di sil ane anbigg

or SEG silicon shapes are grown intrinsically, then
doped vi a i npl

t
ﬂ#ﬂ&ion of phosphorous, or boron ions,
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resulting in a dopant concentration, for said SEG silicon shapes.beéﬁﬁeg\f_zﬂwt

_about 1E22 to 1E23 atons/cnz. 16 A ,9 MAY 2004 4. The method of cl

wherein said first insulator spacers are conprised of silicon oxide,
obt ai ned via LPCVD or PECVD procedures, at a thickness between about 300
to 800 Angstrons, and defined via an anisotropic RIE procedure, using CHF3
as an etchant, 16A QLP MAY 2Q4 5. The nethed of - claim 1, wherein said
gate insulator layer is a silicon dioxide |ayer, obtained via thernal

oxi dati on procelh method of dhaiiall, Ghierein Saidd gitvpeilatabieyr isldsilicon didlide RPgst rons, at
a tenperature between about 600 to 1100 C, in an oxygen - steam anbient.

6. The met hod obfairel HathekmalxRIaBb HproedGreD b ¥ Blidkh&s9 Betdl@ttabdlit Wahybe s forned
froma polysilicon |ayer, obtained via LPCVD procedures, to a thickness

bet ween about Gfhmd & S0 AN AR abdik kb 0P YSidd L r either
doped in si tu,ﬁ&%uri.nrl\{:; d%gog?ti on, wgdt%\e a g?t_(??ﬁ %%%xﬁgélhnes?%%r
phosphine, to g.&flane ambient, or via inplantation of arsenic or

phosphorous ions, ITnto an intrinsically grown polysilicon layer. 7. The

either via a

met hod of claim 1, wherein said polysilicon gate structure is defined

6. The method of claim 1, wherein said polysilicon gate structure is formed from a
polysilicon layer, obtained via LPCVD procedures, to a thickness between about 1000

to 3000 Angstroms, with the polyéilicon layer either doped in situ, during deposition,

Ry

via the addition of arsine, or phosphine, to a silane ambient, or via implantation of

arsenic or phosphorous ions, into an intrinsically grown polysilicon fayer.

7. The method of claim 1, wherein said polysilicon gate structure is defined either via a
chemical mechanical polishing procedure, or via a selective RIE procedure, using Cl, or

SF, as an etchant.

8. The method of claim 1, wherein said first insulator spacers are removed using a

buffered hydrofluoric acid solution

9. The method of claim 1, wherein said source/drain extension regions are formed via an
ion implantation procedure, using arsenic, or phosphorous ions, at an energy between

about 3 to 100 KeV, and at a dose between about SE13 to 1E15 atoms/cm?,
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cheni cal ‘mechani cal polishing procedure, or via a selective RIE procg&yre,
.using 2 or SF6 as an etchant. 8. The nmethod of claim1, wherein s% aMAY 2004
first insulator spacers are renoved using a buffered hydrofluoric acid
solution 9. The method of claim1, wherein said source/drain extension
regions are formed via an ion inplantation procedure, using arsenic, or
phosphorous ions, at ‘an energy between about 3 to 100 KeV, and at a dose

bet ween about 5E13 to 1E15 atons/cnR2. 17 19 MAY 2004 10. The met hod of

claim1, wheredrmirahdhdiaFentn i Neédkt Gid SEHAGKSIaf Spae QT Rfei DRk o8 | | cON
oxi de, -at a thickness between about 1000 to 3000 Angstrons, obtained via

LPCVD or PECVRi@Ims@RULtaShickiRss between about 1000 to 3000 Angstroms, obtained via

LPCVD or PECVD procedures.
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