PROCESS TO FABRI CATE A NOVEL SOURCE- DRAI N EXTENSI ON BACKGROUND OF THE

| NVENTION (1) Field of the Invention The present ‘invention relates to

nmet hods used to fabricate sem conductor devices, and nore specifically to
met hods used to fabricate netal oxide sem conductor field effect,
(MOSFET), devices, with inproved perfornmance, 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
performance, and decreased process costs. The trend to

m cr o- m ni at BROCGESTO IDABRICATEA ANOVER- SOURCH:DRAINEXTENSEOA al | owed
these objectives to be successfully addressed. The creation of MOSFET
devices, with sub-mcron features, results in a reduction in perfornmance
degrading parasitic capacitances, while the use of sub-mcron features
all ow the attai nment of ag@k b ik bRe, however still
accommodati ng the | evel B(S) |%%g§?®)ﬁ supgﬁigggqg%sarger counterparts,

t hus enabling a greater nunber of smaller sem conductor chips to be
obtained from a specific size starting wafer, thus reducing the processing
cost for a specific sem conductor chip. In addition to

mi cr o- mi ADdtEIF0F S lBYENtBRAs| cal |y obt ai ned via advances in the
photol i t hographic discipline in ternms of nore advanced exposure caneras,
and nore sensitive 1 photoresist materials, specific MOSFET process
sequences havihe prentahtontiecreiypesdb imathoiD8sddTo fftembtasesictpduor dederseand n
size, and by so doing inprove device performance. This invention wll

ges cribe nﬂﬁﬁ SPecifioDiTh REREBS BeERIVARGRSMeSESidY RRinldoaeuEReidld effeclyOSFET
eatures, thus

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

MOSFET process innovations.

(2) Description of Prior Art

Major objectives of the semiconductor industry continues to be increased device
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 performance 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 starting wafer, thus reducing the processing cost for a specific semiconductor chip.

In addition to micro-miniaturization, basically obtained via advances in the

photolithographic discipline in terms of more advanced exposure cameras, and more sensitive




enhanci ng devi ce performance. The formation of a source/drain extension, or
a lightly doped source/drain, (LDD), region, acconplished after fornmation
of other features, such as heavily doped source/drain regions, or polycide
gate structures, allowthis LDD region to maintain the m ninum designed

di nrensions, as a result of avoiding the high tenperature processes used for
formati on 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 attai nment of shallower, heavily
doped photoresist dragdrialsy ggridio MOSEET btdcag stquenvdshevailfd alkived spectim MOSOEEr | yi ng
doped epitaxial layer, as well as resulting in a planar top surface

t opogriaghies tdiled lede@atin sike) bhd By bPdoihd iR asedbvite \YedErnid@Ed. OTHIRAE EntioArail

i ncreased device density, or process cost reduction. Prior art, such as

Hong, JeBerlbeBovildlosheT gﬁlcg&%e(g&%cesqg&?ﬁﬁrﬁﬁﬁe§?%§1?€ oxiet MEEEmdevi ce,

featuring a source/dralin extension. However prior art does not

feature, the use. of sel ectivgl rown .epitaxi.al silicon tq.define ,a
subsequTtiRE B sk, o Bieo Byl o RS yin S raber ish i K% eavi 1y
doped source/ drain. regi on. SUMVARY OF THE INVENTION It is an object of this
| nventBReLEAbPDIeEOR Hesspphebi dompggp of viAg fedtressreh aitkaViBict ensi on
regions, or an LDD regions, forned after formation of heavily doped

sour cedogedpavree/ drgingegionsa ppaydids gatostregtvicesnaltfw fhéd 2P degigrmtcanaintpindher es. 2

It is another object of this invention to formshallow, heavily doped

sour cehihirain dedgharBmensiom, abidf esidi avbidong thahigh ednbperange padcests wed dpi t axi al
grown, (SEG, silicon layer, prior to formation of the source/drain

ext ensfoRRatioBP ABly ldopédBsobtdeldraiR RGB! orlelyRfde o@fe siléifirek NULAMIILRA thede f Or M a

netal silicide |layer on the gate structure,
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, featuring a
source/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

regions, and after formation of polycide gate structures.




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 of this invention to provide a snmooth top surface topography for the
MOSFET device, by formng the gate structure between SEG silicon regions.

I n accordance with the present invention a process for formng a MOSFET
device, featuring source/drain extension regions, formed prior to high
tenperature procedures used to form heavily doped source/drain regions, as
wel | as polycide gate structures, is described. Afirst iteration of this
i nvent i on Ii inaosthardesof this ifremtrat tooforro Shallope HeavB8EGomdd soswe/dragygiegioes, on a
sem conduct or substrate, with a channel region, located in the area of the

sem cQRddiet8bn iSHmdvail@ing baeaive dpiiaefiwd, (SEG) Bigidon 12fe, Sridrite RmaLE ons.

After formation of first insulator spacers, on the sides of the doped SEG

silic%@ﬂkﬁghgg ahgmgéhﬁmgggghgtor | ayer, and a polysilicon gate structure,

are fornmed 1 n the space ween the first insulator spacers, |located on the
sides of the doped SEG silicon regions, with the polysilicon gate

structure forped tp the . height as. the d. SEG si |l j,con, regi.ons.
2ol ot ve 1@l noiBer ke Risoflatn Briam & Sard PEidETen wali® Bhte soe

i npl antati on procedure, create the source/drain extension regions, in an
area @b vwelas oB divitep perirce of the $E6 viligoa rPejens, sriowe thidiermative of terpyicagraiRioped
SEG silicon regions, and the 3 overlying, polysilicon gate structure. The
sour cektnsipmregxinensi on regions link to the heavily doped source drain
regions, |ocated under the doped SEG silicon regions, forned via diffusion
fromthe overlying, doped SEG silicon regions, during previous process

steps. Seqpfdiil RettndiHef obj@d@%@ﬁﬁﬁnaé&i_ohfﬂ@ﬁrofvfarera%qmo{}%ﬁhﬁ@hc@@ip\egﬁﬁw he doped
SEG silicon regions, and'the polysilicon gate structure, with the second

i nsul 34, 0f . SRESEEE aQN&!, by kit e SAYLERATE BhG.EX SRASHIRBA FEHRNS.

In accordance with the present invention a process for forming a MOSFET device,
featuring source/drain extension regions, formed prior fo high temperature procedures used to
form heavily doped soﬁrce/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
substrate, located between the doped, SEG silicon regions. After formation of first insulator
spacers, on the sides of the doped SEG silicon regions, a gate insulator layer, and a polysiticon
gate structure, are formed in the space between the first insulator spacers, located on the sides of
the doped SEG silicon regioﬁs, 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
jon implantation procedure, create the source/drain extension regions, in an area of the

semiconductor substrate located between the overlying, doped SEG silicon regions, and the




resulting in a MOSFET device with a planar top surface topography. A second
iteration of this invention features the formation of a netal silicide
| ayer, on the top surface of the polysilicon gate structure, and on the
top surface of the doped, SEG silicon regions, prior to renoval of the
first insulator spacers. After renoval of the first insulator spacers, the
source/drain extension regions are again forned in an area of the
sem conductor substrate, |ocated between the overlying doped SEG silicon
r egi omserlyng) poheiliovegity singptipel Yoé slerqpéatrain estension tegmns Hok toethe beavdy t he
second spacers is again used, overlying the source/drain extension
r egi oRispeddd@rderdih kdgidRelospat endéntatdopedyES bticserepioal, fofmddhea difflusibn
i nsul ator spacers. Athird iteration of this invention conprises the
for mig aRlovtl RRRRBHed $1G HiRbPFaRRE RERg prév%@bﬁféeé%‘ét%bé YSéEgn& ﬂﬁ‘ulator
source/draln ext ensi on reglons % his i's acconplisil ed by formng first
|nsulator acgers on.the. s es of owed

¢ naPfsrls e TR OCu Rl Re Pient sl BRRT eV Bbinht AL SPRENReorl ¢ S

S|I|con reglonﬁ | i ned . h the first jnsulator Bacers Sel ective renoval
of t h&TRPtHEy With e sef 1&%@3&%&8@%@ A BOIONEEIGHD SECRT €8Pt e/ dr ai n
extension regions, in an area of the senm conductor substrate, |ocated

bet wepsuiting io e MOSFRE devieryith 2 BRaAsIPP Pedive (eRgEBABY- and t he overl yi ng

di el ectric shape. Renoval of the first insulator spacers, and of the
dielectric shape, is followed by the formati on of dual dielectric spacers,

on the siAlesond ittAtolofBl iSkatich fdafldy thefpramion dh\uandyl siigideieycsaurtae/ dr ai n
extension regions. 4 Selective renoval of the top |ayer, of the dual

di el 6%15 L fRPBERE PolysiBeM atd Srden? 3R In FRAGE biiifac Bf thk hspe%u des spfcoh he doped
SEG silicon regions. Gate insulator growth, and polysilicon gate

For MRt Bl hoh 1h56h BLnRHHTRNAN AORCARTHEBAITON f64h SRR bhited] Wi L1
the source/drain extension regions are again formed in an area of the semiconductor substrate,
located between the overlying doped SEG silicon regions, and the overlying polycide 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 spacers on the sides of the doped SEG silicon regions, followed by the formation of an
dielectric shape, located between the doped, SEG silicon regions, lined with the first insuiator
spacers. Selective removal of the first insulator spacers allow the formation of the source/drain
extension regions, in an area of the semiconductor substrate, located between the overlying,
doped SEG silicon regions, and the overlying dielectric shape. Removal of the first insulator
spacers, and of the diclectric shape, is followed by the formation of dual dielectric spacers, on

the sides of the doped SEG silicon regions, overlying the source/drain extension regions.




BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advantages of this
i nvention are best described in the preferred enbodinent wwth reference to
the attached drawi ngs 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, forned after the high tenperature
formati on of heavily doped source/drain regions. Figs. 8 - 10, which
schematically, in cross-sectional style, describe key fabrication stages
used fSstectiveownal dithketap layer, of theldual diglgasrie spangrs frewdtun Lishaped epasewsaen on of a
source/drain extension region, for a MOSFET device, forned after the high
t enpertid dde dfohedbpedSRY silieavietivngl opatt inStiisiaebeithasm podgilvos gatand after the
hi gh tenperature formation of a netal silicide layer. Figs. 11 - 15, which
schemghinealohYin thdreglof DervRf HeQoped SEE sBicoll RSk Dtk SHNHRDL kkdkld Sphcakages
used with a third rteration of this invention, featuring the fornmation of

an L , overlying a source/drain extension region, which in
turn %%9@§€39§E%§¥0r to the formation of heavily doped source/drain

regions. 5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The net hod of
fabricating a MOSFET devi ce featuri%? a source/ drain extension region, or

a lightly doped sourc@B&Egiq'ES%lmp %HE@%WWS he high tenperature

process procedures used for formation of heavily doped source/drain
regions, and for formation of netal silicide |layers, w/ll now be described
i n det ai | . Thehibgect mderihéradvanitdges bthdesemiibe drefbest dasddbedbnthebreMDSBEET  devi ce,
however this invention can also be applied to P channel, MOSFET devi ces.
embodiment with reference to the attached drawings that inciude:
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.

Figs. 11 - 15, which schematically, in cross-sectional style, describe key fabrication stages
used with a third iteration of this invention, featuring the formation of an L shaped spacer,
overlying a source/drain extension region, which in turn is formed prior to the formation of

heavily doped source/drain regions.




A P type, sem conductor substrate 1, conprised 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 | ow pressure chem cal vapor deposition, (LPCVD), or via
pl asma enhanced chem cal vapor deposition, (PECVD), procedures, to a

t hi ckness between about 1000 to 3000 Angstrons. Conventi onal

phot ol i t hographi ¢ and ani sotropic, reactive ion etching, (R E)

procedures, using CHF3 as an etchant, are used to create insulator shape 2,
al so shown schemdESGRIBTION BRTHE. PREEERREIDEAEBQDINIENES used to define

i nsul ator shape 2, is renoved via plasma oxygen ashing and careful wet

cl eans. The width of insulator shape 2, will subsequently define the
region of 5eRGRIEIR caSMPS MO TldevicR, REuHAEH s cd/BiBinMRhEdn edpamnel
region, and to accommpdate the source/drain extension regions. An undoped,
or an i - . wn on
oxpos &byl e B R It Dlorm 3 bR W et pElaE phlckide BEE)
grown epitaxial,. (SEQ, sjlicon regions 3,  shown schemati.cally.,in Fig. 2.
2" SRl oty et sy e o QEma i S RSB b e ween
about 600 to 1000 C,_ to a thickness between about 1000 to 3000 Angstrons,
usi ng v&ll| eavebedeserilad) ip defail Fhis inpenbornsyil} bedescried dog aly chingel MRSTEAd HO as a
source, with hydrogen used as a carrier gas.. The in situ doped 6 SEG

r egi onsviae,chofveveralis invantidrecaadthotbe @pplifd tp RobmimehMOFBET Netiggse SEG r egi ons,
or via the addition of diborane, for P type SEG regions, to the source
gas, or the SEG regions can be formed froman intrinsic deposition,

fol | owed hyptifie, i@fcodmbRPimkis | HonfPHREPHOH QIS eryShlliRe§iliBor, @ -a Jloe>dopi ng
level in SEGsilicon regions 3, which will be used as a diffusion source to

Eg P 3\: %ﬁ%%%lé%&aﬁﬁig Eﬁign%ﬁg&? S.S:é%i‘;%&] gr%d;s?n@%jg lr%}?eﬁ%@i%glfiﬁ%é? &/ Nifih 515160 AR Ssuch S
as silicon oxide, is next deposited via low pressure chemical vapor deposition, (LP.CVD), 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, arc 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
accommodate the source/drain extension regions. An undoped, or an in situ doped, epitaxial
silicon layer is next selectively grown on exposed regions of semiconductor substrate 1, resulting
in selectively grown epitaxial, (SEG), silicon regions 3, shown schematically in Fig. 2. SEG
regions 3, are formed via LPCVD procedures, 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 HCI as a source, with hydrogen used as a carrier gas.. The in situ doped




| nsul ator shape 2, is next selectively renoved via use of a buffered
hydrofl uoric acid solution. This can be seen in Fig. 3. lon inplantation
procedures are next enployed 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 sem conductor substrate 1, not covered by SEG
silicon regions 3. An insulator |layer, such as silicon oxide, or silicon
nitri i s. next deposi.ted HsLng ei ther, LPCYD or_PECVD procedures, to a
t hi ckmedEregiopsais fomiss i %e@ figompbphaseans dordY ke SECEEEIYR o VigdiSot ropi ¢ RIE
procedure, using CHF3 as an etchant, is then enployed to create insulator
spac erddiion ghdibpengifoel tyof SEEGegiohy, tothe segrogas, & thaRES regonsclaehat i cal |y
shown in Fig. 3. The thickness of the insulator |ayer, or the w dth of

i nsul gbmicdSan et mtdnsioddpbsidoh) Seltpresdttyythdiphamplan@tion bEptadsphenaispsr betort he
source/drain extension regions. A gate insulator |ayer 5a, conprised of

si | i cqpndiT@%iddhing IsveNSEC Bﬁédiﬁle%i)zﬂngj,%c}f)ﬂiliﬁl@use@é@@éi@ﬂsi%ﬂ%&@@@tom
sem conduct or substrate 1, to a thickness between about 10 to 200

600 1 6 ra iRl AR Enesy Ry SARGAEREE8in Rt PRRERAAET, HETETE, “5h.

IS ahég?éane on the top surface SEG silicon regions 3. This is

sche A9%¥<%hown in Fig. 4. If desired gate insulator |ayer 5a, can be
conprised of nitrided oxide, silicon nitride, tantalum oxide, or titanium
oxide. Also shown in 7 Fig. 4, as the result of out diffusion from SEG

si | i con r dpsuaier apairis next stectiyalyaemaend|vaa wie of g buffare bpdrpfurcasike, is the
creation of heavily doped source/drain regions 9, directly underlying SEG
si | i canlutienl THiscad beAeg@niny&g. [3L dominhiyrestiongproedires epaskt axtplongid ng plaB/D
procedures, to a thickness between about 1000 to 3000 Angstrons. The

POl ySithicQd hBNHE rehd) ah€a SRRBENhANDLEHregiof UnbNghotBRR ﬂietdrmnﬁga,l i thhe

addi tion of arsine, or phosphene, to a silane anbient, or the polysilicon
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 about 300 to 800 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 regions 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.

A gate insulator layer 5a, comprised of silicon dioxide, is next thermally grown on the
exposed surface of semiconductor substrate 1, to a thickness between about 10 to 200
Angstroms, using an oxygen - steam ambient, at a temperature between about 600 to 1100° C.
During the oxidation procedure, silicon dioxide layer 5b, is also formed on the top surface SEG
silicon regions 3. This is schematically shown in Fig. 4. If desired gate insulator layer 5a, can

be comprised of nitrided oxide, silicon nitride, tantalum oxide, or titanium oxide. Also shown in




| ayer can be deposited intrinsically, then doped via ion inplantation of
arseni ¢ or phosphorous ions. A chem cal nechanical polishing, (CW)
procedure is next used to renove regions of the polysilicon |ayer from
silicon dioxide |ayer 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 R E procedure, using Cl2 or
SF6 as an etchant, selectively stopping on silicon dioxide |ayer 5b.
| nsul at or spacers 4, are next selectively renoved, via use of a buffered
hydr offiigids pethasssylt of entuliffenton fxera SECnylienparegions 3, doteg g sheinbirISEG si | i con
regions 3, and polysilicon gate structure 6. This is schematically shown
i n Fi gxidatiod pecbduird, g ¢ad cleideodfl hewvilg dagdddoprcedediuregions B sicclipunderipme
i nsul ator spacers 4, also results in the renoval of silicon dioxide |ayer
5b, 1 rING sitith fe@nS YA pI9siBEonTfer 3 hdx€ @epokitdl g IPCVI bidc6diress @ C€/ drai n
extension regions 8 are now fornmed in the region of sem conduct or
subst r.a; j e 10 ' ' -8, shown
schomr By bAREARREu! DoORESHAnsERSIHE B iaR: Ofh o RRLPRRIE,
phosphpr.ou i ons, _.at. _an .ener between abouf 3.to 100 KeV,.and af a dose
Dot wadiHb deRos B8 heFRI B o At TRl A P B e BhPT e Tesfs 5.
have now been forned at a stage of the MOSFET device 8 fabrication
sequen®sr Ca&ﬂ?ee@’cpt)ﬂ@dhﬁltﬁﬁmfﬂé]ﬁp%%ti@ﬁeé Vi 198 dEBiRgtien efraseRins PHPSPEAYS been
performed, thus avoiding out diffusion and novenent of this region during
t he coowd udchenitbBrRETanigY pelebsign(CMEB) pervedwe iSpatesd T reumwed ragmong lof tw
formati on of source/drain extension regions 8, are next refilled wth
i nsul globyfsilkpAalEEsirdh silisoh divtide tajel Fb, stxaWhgiin tHel formaion DA pslydiBearamanpl i shed
vi a deposition of

structure 6, shown schematically in Fig. 4. If desired polysilicon gate structure 6, can be defined

via a selective RIE procedure, using Cl, or SFg 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 to remove insulator spacers 4, also results in the removal of silicon dioxide layer 5b, from
the top surface of SEG silicon regions 3. Critical source/drain extension regions 8, are now
formed in the region of semiconductor substrate 1, exposed in space 7. Source/drain extension
regions 8, shown schematically in Fig. 5, are formed via implantation of arsenic, or phosphorous
ions, at an energy between about 3 to 100 KeV, and at a dose between about SE13 to 1E15

atoms/cm®.

Source/drain extension regions 8, have now been formed at a stage of the MOSFET device




an insul ator l'ayer, such as silicon oxide, via LPCVD or PECVD procedures,
to a thickness between about 1000 to 3000 Angstrons, conpletely filling
spaces 7. A CVWP procedure is then enployed to selectively renove the
insulator layer fromthe top surfaces of SEG silicon regions 3, and from
pol ysilicon gate structure 6, resulting in the formation of insulator
spacers 10, directly overlying source/drain extension region 8, and

| ocat ed between SEG silicon regions 3, and polysilicon %ate structure 6. A
sel ectipbrEaiprsegrencedbicethe highigmpptyrepioenssiag sthpihave alicady beqngsaformed, desi r ed,
to forminsul ator spacers 10, via renoval of unwanted regions of the

i nsul dhwravoldingerut difthwiousad ofov8RGitif tHicegionelgyiion the3pndwbng YO Heavi | y doped
source/drain regions 9, existing at the sane height, or level, as

pol ysigrbeeymgahgenstd uct ure 6, enables a planar top surface topography, for
t he MOSFET device, to be achieved at this processing stage, reducing the
conplexity for subsequent processing. An interlevel dielectric, (ILD)

| ayer 11, conprised of silicon oxide, or conprised of a

bor ophosphgsi | icat |l ass. is.next deposi.ted via LPCVD,or P

o ocsdur oo b 7 Bt BT R AR RBAR B s G SBEteS A Fistled
Conventional. photolithographic and RI E procedures, using CﬂF3 as a

et chanftith igplatgeagesry 1§ sehenadise hcghowa in §igg 6. This 13 qoepmplished Yip deposyig 0
schematically in Fig. 7, exposing a portion of the top surface of 9 SEG

si | i con insipteriayed. sugnan siliconesideade LREVE) omfdiCER pweeiures ea tidpsigs, is
formed in insulator |layer 11, exposing a portion of the top surface of

pol ysiteivesen aba@ite 080 tolB00 ergirondy, templeebpiiiding efaced he AptibiPgrresidete isthape, used
for definition of contact holes 12, metal structures 13, are fornmed in

cont aGimphcl $o dedectiOM§ kdidRAhe RBHaePRYACtIM the tSF-arlctd THEC §8EANSgidns Whi ch
in turn overlay and "contact, heavily doped source/drain regions 9. Metal

structyu LEPadm ’pogrsﬁic:rn? LitE T G,elgglﬁ{lltlé @M O%ormation of insulator spacers 10,

directly overlying source/drain extension region 8, and located between SEG silicon regions 3,
and polysilicon gate 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 regions 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
topography, for the MOSFET device, to be achieved at this processing stage, reducing the
complexity for subsequent processing. An interlevel dielectric, (ILD), layer 11, comprised of
silicon oxide, or comprised of a borophosphosilicate glass, is next deposited via LPCVD or
PECVD procedures, to a thickness between about 6000 to 20000 Angstroms. Conventional
photolithographic and RIE procedures, using CHF3 as an etchant, are used to open contact

holes 12, in ILD layer 11, shown schematically in Fig. 7, exposing a portion of the top surface of




a netal, chosen froma group containing; alumnum alum num - copper,
copper, or tungsten, via plasma vapor deposition, or via R F. sputtering
procedures, to a thickness between about 8000 to 25000 Angstrons.
Conventional photolithographic and R E procedures, using Cl2 or SF6 as an
etchant, are used to define nmetal structures 13, schematically shown in
Fig. 7. Rempval of the photoresist shape, used for definition of netal
structures 13, is then perfornmed via plasm oxy ashing and careful wet
cl eanSEGsiliguorgions ar Anpter contagthole, natdwnan the sd?m@gaa sdfogredinpRsuiorsi | i ci de
| ayer, on the top surface of SEG silicon regions 3, and the use of a

pol ycilaer 1{,rEpadingsa portivaef the pupl spsfhdd afqo)ysiligan eats struptireveAfterRetheyal iohg t o
Fig. 8 at the stage of processing in which polysilicon gate structure 6,

has beksiphdisiesBdhageptRE ¢t EhitA RS tafAl BbRS 15 RatA Tuct@rel s ake fodjied in such as
titanium or cobalt, is deposited, via plasma vapor deposition, or via

RF. %H&Eﬁ{oiié%%%x%ﬁ%%r&ﬁ oﬂ{acﬁngt 'S',fE r?g%ﬂﬁe% QHEurEQ@eﬂaSr‘an@OO
Angstroms. An annea proce&h per orne using éit conventional furnace
procedur , n ra erna ) ced res at a
empordrarsh R iauRR & BB B o B Sl Flaeab Mg dPE 51

(titaniumdisilicide or cobalt silicide), on the top surface of SEG
S|I|cdﬁn¢@gﬂ3ﬁ§1 Omﬁﬁﬂoﬁh“FW@mﬂ%6h§WPF@€@uEW“E%T?§PF$ %ﬁw@8f5m§¥9h€Fhre 6.
Renoval of unreacted netal, fromthe top surface of insulator spacers 4, is
next adasomplapetdepositiei, ngvia Rebl spritaingeormsdirsado o thitknenbetvwzo 2bowyEPO0 tond
NHAOH. A second anneal cycle can be 10 enployed if desired to reduce the

r esi st2300@Aafstpoisy Coleergivha phbtolitHographiz2nd RIBprdcsddes hisingChlor 8F} acdnde | ayer
21, on polysilicon gate structure 6. This is schematically shown in Fig. 8.

Sel eCteiat@nt, SRRNE toefihdelabitRict ¥ BACE Echethati®iNy shbien fnml?m i R¥ndfal sHE ce/ drai n
extension regions 8, are acconpllshed using identical procedures as

previ %"l'iﬁjto¥esgs? %E,%gd {‘09 rdeﬁltﬁﬁmtl bf I%Etal 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
to 600 Angstroms. An anneal procedure, performed using either conventional furnace
procedures, or using rapid thermal anneal, (RTA), procedures, is used at a temperature between
about 700 to 900° C, to form metal silicide layer 21, (titanium disilicide or cobalt silicide), on the
top surface of SEG silicon regions 3, and on the top surface of polysilicon gate structure 6.
Removal of unreacted metal, from the top surface of insulator spacers 4, is next accomplished

using a solution comprised of H,SO4, H,02, HCl, and NH4OH. A second anneal cycle can be
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iteration of this invention, and shown in Fig. 5. At this stage of MOSFET
fabrication, either second spacers can be forned 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

i nvention, schematically described in Figs. 6 - 7. However if desired,
after formation of source/drain extensions 8, in space 7, an ILD Iayer 14,
conpr iespibyed ifslebiraian reducelthe resdstarise ofipppaile g st PER/RoBPTiREOYmetal
procedures, to a thickness between about 6000 to 20000 Angstrons,

conpl efiiide lhyek Ri,r@ 1ballRen gate s@sctvelsl Tass iovehiehyiicaflytshewvit myFig . f aces of

pol yci de gate structure 22, and SEG silicon regions 3. This is
schematically shown in Fig. 9. Contact holes 12, can again be forned, in

ILD | ayer dfiivd r%h'lo%m 11%1&%&%@0@#3@5&9&6Q{’m{ﬁﬁﬁ)ﬁbf sthubddedrih @8teds3on OVerlying

and contacti ng, e top sur SEG silicon regions 3. This is
schenatlca

h _not sho PMMNos, a
ot ol e e e et P@%@%@Cﬁ&%ﬂ?&‘%@ﬁ TP - BpbRE ?‘Ep W ace of
ponC|de gat structure 22. In thi ratlon I . o serves as
the i ﬁ@tﬂt@{l@gﬂgﬁj‘%@}m’ni B shewn B’b‘%‘ﬁei l?(% tage of y@%ﬂrﬁ%{e Bﬂ%atlgn ARG pol yci de
gate structure 22. A third iteration of this invention, schenmatically shown
in Fi gscond bpacemsS:an be farmeil betwaen SECsHisow degionsSu iz e yoidragats strucra: 2t
described. In this iteration first insulator spacers 15, are fornmed on the
si des follovaidbyshé feematishefiedaidiruvdutds, dontasting meistiging bomimatthsgionsrpgdis ed of an
insul ator layer such as silicon nitride, or silicon oxide, at a thickness

bet wegRi3hRHdeRRA1 ﬁx@c&ﬂ%sﬁ@ﬂﬁbé&ﬂﬁhe Bkt Anatihest thidsiweati®, sétyRticalBuch as
silicon Oxide, or silicon nitride, is next deposited, and subjected to a

Fﬁfuf”a%%&%é%?c@ S R IraRR, %’E@aﬁ“{ﬁﬁeé?fes MBS REIERY e

sthi Cosgacre S an HZSD ?ayefb\&, %gr?lggsled o¥ SIIllcoxi 0x1 es %gn ltae deposﬂ:ed 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 not shown in the
drawings, a metal contact structure is also formed on a portion of the top surface of polycide gate

structure 22. In this iteration ILD layer 14, also serves as the insulator spacer, located between

SEG silicon regions 3, and polycide gate structure 22.

A third iteration of this invention, schematically shown in Figs. 11 - 15, featuring an L.
shaped, insulator spacer, is next described. In this iteration first insulator spacers 15, are formed
on the sides of SEG silicon shapes 3, with first insulator spacers comprised of an insulator layer

such as silicon nitride, or silicon oxide, at a thickness between about 300 to 800 Angstroms.
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heavi |l y doped source/drain regions 9, via out diffusion fromoverlying SEG

silicon regions 3. This is acconplished prior to the subsequent fornmation
of source/drain extension regions 8 The results of these processes is
schematically shown in Fig. 11. Selective renoval of first insulator
spacers 15, is next acconplished using a hot phosphoric acid solution, if

first insulator shapes are conprised of silicon nitride, or via a buffered

hydrofluoric acid solution, if first insulator shapes are conprised of
silicon oxide, resulting in spaces 7, |ocated between SEG silicon regions
3, andinatisnlimstlator ddyanp sudtas silivos okide, drelliconveridey it hext lepayiied, and pibjected
source/drain extension regions 8, using procedures identical to the

procedya€MP Eﬁjéb@ﬂé,h&suﬁﬁ%ﬁﬁ if2@Rtdr ShapkabNMBEAtaNb@fvedOitsGodulital Pacxd E)Si on
regions 8. This is shown schematically in Fig. 12. After renoval of

i nsul %lﬁél}]ﬁ‘lqﬁﬂearé'@gatgéi Bn HR&iRE oPsPYIREE gegicmé dr of] HQkd 6yAEishs&PloUbin®n, Or a

hot phosphoric acid solution, a conposite 1nsulator [ayer, conprised of an

under l,yi n ilicon ide l.a . an overlvying sildecon.nitri. ayer, is
dopos ety dinst § s RGeS syaPt Ry Hom i Basb g et
proceduyres, using TEOS as_ a source, at a thickness between abo 00 to
200 Angdt BafOmRIBRIGPIRL Gesnissaeat formaion %ﬁ@?l‘cf’@fm%?"é%}“ﬁ’ﬁt%‘?f? ‘ustng
LPCVD or PECVD procedures, at a thickness between about 200 to 600

Angst rresuts ofithesa trpedesrs dsschemetivelly egyasintteg.ildsul at or | ayer is equal to the
t hi ckness of previously renoved, first insulator spacers 15, allowing a
subsequent conposite spacer to conpletely overlay source/drain extension
regions 8. Anisotropic R E procedures, using 2 as an etchant 12 for

silicon niddidciOe redftfallst M ikdifRorpaciis BY, ¢ et adcc_@ﬁlpﬁéhleiiﬁﬁ_ﬂ% @xbde, are used
to formthe conposite insulator spacers, conprised of silicon nitride

composi te i nsul ator spa d of ST e -
Shoun Ty hEg® g ROk LSRR (e BRRRRES ol icon i Re! S0BFT T g Spacer

buffered hydrofluoric acid solution, if first insulator shapes are comprised 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 a buffered
hydrofluoric acid solution, or a hot phosphoric acid solution, a composite insulator layer,
comprised of an underlying silicon oxide layer, and an overlying silicon niiride layer, is
deposited. The silicon oxide layer is obtained via LPCVD or PECVD procedures, using TEOS as
a source, at a thickness between about 100 to 200 Angstroms, while the silicon nitride layer is
also obtained using LPCVD or PECVD procedures, at a thickness between about 200 to 600
Angstroms. The thickness of the composite insulator layer is equal to the thickness of previously
removed, first insulator spacers 15, allowing a subsequent composite spacer to completely

overlay source/drain extension regions 8. Anisotropic RIE procedures, using Cl, as an etchant
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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 buffered hydrofluoric acid solution, if spacer
18, is conprised of silicon oxide, resulting in L shape spacer 17, shown
schematically in Fig. 14, conpletely covering source/drain extension
region 8 Gate insulator |ayer 5a, and polysilicon gate structure 6, are
next formed using procedures identical to procedures previously described
i n t heof dilich nitride,anid asingCHER; kg sn étolvan fareilicomnxidpraeyvised sd formilmwompoesik g. 4.
| LD | ayer 14, contact holes 12, and netal structures 13, are again forned
usi ng ihh@idd seadersp E&ﬁ?ﬁhéﬂ o5 SIH&ﬁﬂm&Qlefspa’d&}st 132 6@ uSRARink QAU 6idafsheers 17.
structures, previous described in the first iteration of this |nvent|on

The N§§E s&erﬂaﬁeau SL ﬂm 913, I?Hés%%égﬂl%ﬂ‘oﬁ&é &ﬂr%e%éd I%r oWBHST b

shape pacer s sc Ically shown in Fi 15 le this |nvent|on
has b rt cula sh escribed.wth reference to the preferred
enbodﬁﬁeﬁﬁg h ﬁ“%lﬁ ﬁﬁﬁﬁfwref ﬂ%ﬁ?f%g by those skilled in the art that
various changes in formand details may be made without departing fromthe
spirit or scoPe of the invention 13 Claims 1. A nethod of formng a
MOSFET de\iedsstiversmevaleafispanss Ub tvisyhog rabesrvherrfeacui dapaser Hy 1s coamrsed of ai n
extension regions, formed after formation of heavily doped source/drain

r egi ondjcoaniridd, oewiafadrnuffated drydofluaripalid siloteong Htspacst | §1ds emeprisedofsilieonng t he
steps of formng SEG silicon regions on second portions of said

sem CQieleCQltinE RS Edipe spacer W, bﬁmeﬁerﬁﬁﬁanyzm KBSl 4 esmplesBovkddy dopants,

and with a first portion of said
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

Fig. 15.

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 or scope of the

invention.
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sem conduct or substrate, exposed between the doped, SEG silicon regions;
formng first insulator spacers on the sides of said doped, SEG silicon
regions; growing a silicon dioxide gate insulator |ayer on the surface of
said first portion of said sem conductor substrate, resulting in out
diffusion of a portion of said dopants, 10 from said doped, SEG silicon
regions, formng said heavily doped source/drain regions directly
under |l yi ng said doped, SEG silicon regions-, formng a polysilicon gate
structure on said silicon dioxide g@kaéns nsul ator |ayer; formng a netal
silicide layer on the top surface of said doped, SEG silicon regions, and
on the top surface of said polysilicon gate structure, creating said

pol yci de gate aAlgembd HEfoth g asl\ﬁbQPET\d@'lq}fe ARG d Rk shibdiale, fRkhat or
spacers, resulting in exposure of th portlons of sai d sem conduct or

substrate, | %ﬁra(‘:t/?{gal bg)gtg\rﬁle()fr}l r%%!;)ns (EOO e ’after ti I Co? pxeavr 1?% n@ bu&@ﬂra?f?' d
pol yci de gate structtre; ng 88170 2sBurcer dral nvex ion regions in

said third portions %%¥%ald 20 seql &nductor substrate; 14 deB siting an
ILD I ayer, vPgiRnsand liqr fopgiatipn af gypolydicieats oy cORBRYPEEISFPE P i ng
spaces between said doped, SEG silicon regions, and said polycide gate
structure, andormipg HEG sée@@mlqmg o Senend posigngiof il semyendesier bt sai d
doped, SEG silicon regions, and overlying said polycide gate structure; 5
form g contwith sdibSBG regiossaiochpsiesiwidh papahispmdofitlsafict pdrboh afygnd exposi ng a
portion of the top surface of said doped, SEG silicon regions, and a
portion of tdmidoaBudist iB&RtExposed between the doped, SEG silicon regions;
forming first insulator spacers on the sides of said doped, SEG silicon regions;
growing a silicon dioxide gate insulator layer on the surface of said first portion of
said semiconductor substrate, resulting in out diffusion of a portion of said dopants,
10 from said doped, SEG silicon regions, forming said heavily doped source/drain regions
directly underlying said doped, SEG silicon regions;
forming a polysilicon gate structure on said silicon dioxide gate insulator layer;
forming a metal silicide layer on the top surface of said doped, SEG silicon regions,
and on the top surface of said polysilicon gate structure, creating said polycide gate
15 structure;
selectively removing said first insulator spacers, resulting in exposure of third
portions of said semiconductor substrate, located between said doped, SEG silicon
regions, and said polycide gate structure;

forming said source/drain extension regions in said third portions of said

20 semiconductor substrate;
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said polycide gate structure; and form ng netal structures in said contact
hol es. 2. The nethod of claim1l, wherein said SEG silicon regions are
formed via selective 10 epitaxial growmh of a silicon layer, at a

t enper ature between about 600 to 1000 C, to a thickness between about 1000
to 3000 Angstrons, using silane, or dichlorosilane, as a source, or using
disilane and HO, as a source, with hydrogen used as a carrier gas. 3. The
met hod of claim 1, wherein said SEG silicon regions are either doped in
situ, during dpposigarohD layea, vitea fiddpoition obfaip HAS plgememplateldfibmgane, to a
silane, dichlorosilane, 15 or disilane anbient, or SEG silicon regions are

grown intri nphcedbbiveet SRNJGRBESET sBicon faplonBlal is&il pefycidb oste k@icus, andr  bor on
ions, resulting in a dopant concentration, for said SEG regions, between

about 1E22 tyyligdofd %bﬁgﬁsaiﬁLD]ﬁQ%%?HTﬁgg ohq &?@hf@é@ SRS RbRngabd first

i nsul ator spacers are conprised o il con oxide, obtained via LPCVD or
PECVD proceq%%ﬁsh al. adfahgkqegémkg%meen about 300 to 800 Angstrons, and
defined via an an sogpoglc R'E procedure, using CHF3 as an etchant. 15 5

5. The method of claim1l, wherein said silicon dioxide gate insulatof |ayer
i's obtained VPENNGSPHATTBIES dntarbscodaaatnn essaid (D Jayen; expondaga BRtiReh about
10 to 200 Angstrons, at a tenperature between about 600 to 1100 C, in an

oxygen - st dheriopantihesrt said domide SEEtsHisan afgierisaind aporigreefdhatopapdagssifysi | i con
gate structure is forned froma 10 polysilicon | ayer, obtained via LPCVD
procedur es, s mwljchicgdaresisictoes waen about 1000

forming metal structures in said contact holes.

2. The method of claim 1, wherein said SEG silicon regions are formed via selective
10 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 HC, as a source, with hydrogen used as a carrier gas.

3. The method of claim 1, wherein said SEG silicon regions are either doped in situ,

during deposition, via the addition of phosphine, or diborane, to a silane, dichlorosilane,
15 or disilane ambient, or SEG silicon regions are grown intrinsically, then doped via

implantation of phosphorous, or boron ions, resulting in a dopant concentration, for said

SEG regions, between about 1E22 to 1E23 atoms/cm’.

4. The method of claim 1, wherein said first insulator spacers are comprised of
silicon oxide, obtained via LPCVD or PECVD procedures, at a thickness between
about 300 to 800 Angstroms, and defined via an anisotropic RIE procedure, using

CHF; as an etchant.
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to 3000 Angstrons, with the polysilicon |ayer either doped in situ, during
deposition, via the addition of arsine, or phosphine, to a silane anbient,
or via inplantation of arsenic or phosphorous ions, into an intrinsically
grown polysilicon layer. 7. The nethod of claim1, wherein said netal
silicide layer is either a titaniumsilicide 15 layer, or a cobalt
silicide |layer, obtained via deposition of a titanium or a cobalt |ayer,
via plasna vapor deposition procedures, at a thickness between about 200 to
600 Angstrons, followed by anneal cycle, perfornmed at a tenperature

bet ween about. ThO thettwd FORINT], wheteinaai\sdlcon Hlicuinteenctinghldtortlayer ism  or cobal t.
8. The nmethod of claim 11, wherein said first insulator spacers are renoved

using a buf faakdiigeihi OkidatiGepdcsmkdd! ioQnthRknekhBetié ¥iduof0 ©l280m 1,
wherein said source/drain extension regions are formed via an ion

i npl antation J i O i } n energy
between 5 ol eat g S Rel e dkg R dho o R M s ) TErs

atons/cnR. 16 ,.
ambient.

6. The method of claim 1, wherein said polysilicon gate structure is formed from a

10 polysilicon layer, obtained via LPCVD procedures, to a thickness between about 1000
to 3000 Angstroms, with the polysilicon layer either doped in situ, during deposition,
via the addition of arsine, or phosphine, to a silane ambient, or via implantation of

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

7. The method of claim 1, wherein said metal silicide layer is either a titanium silicide
15 layer, or a cobalt silicide layer, obtained via deposition of a titanium, or a cobalt layer,

via plasma vapor deposition procedures, at a thickness between about 200 to 600

Angstroms, followed by anneal cycle, performed at a temperature between about 700 to

900° C, and removal of unreacted titanium, or cobalt.

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

5 about 3 to 100 KeV, and at a dose between about SE13 to {E15 atoms/cm®.
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