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 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
performance, and decreased process costs. The trend to

m cr o- m ni at BROCESSHRO IABRIEATEA SYOY - SOURCGE:DRINEXTENSROX al | owed

t hese 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

al low the attainment of ]ﬁ(@i{tﬂ(}Uﬁﬁrﬂ)meVEl\ﬁﬂtﬂ@ however still
accommodating the level of integration supplied by |arger 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 sem conductor chip. In addition to

m cr o- mi ﬁﬁaﬁs% EH"[BCLBYF MIBdSi cal |y obtained 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 havéde grasentanventienralsesdp ethalBfETo ffhaigata sesiconduger desderseandi n
size, and by so doing inprove device performance. This invention wll

?es cribe mmrﬁ gpecVICRINED mctheRascdBabigivarsmetsiaskidd sainfdoadud@etsld éfeclyOSFET
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 formation
of other features, such as heavily doped source/drain regions, or polycide
gate structures, allowthis LDD region to nmaintain 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 photorestst taterialsy wgridia MOPBET pracesy stqusneeshevaiilsd alloiwsd specdiia MRPSEEEr | yi ng
doped epitaxial layer, as well as resulting in a planar top surface
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i ncreased device density, or process cost reduction. Prior art, such as
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featuring a source/drain extension. However that prior art does not
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regi ons, an LDD regions, forned after formation of heavily doped
sour celog ?‘hﬁ“)r‘\‘rcefdéﬁpé?%onsawbp(&w@rgaF"oﬁ*WﬁW%na b thist YD aegigpulioanantaindhir es. 2

It is another object of this invention to formshallow heavily doped
sour cehigimaim designednmenswing, aiafreugi divéidom thmhigh Gmiperatyye palcesstd weed &pi t axi al
grown, (SEG, silicon layer, prior to formation of the source/drain
ext engbehatiod @i B8E/ily ldbpddssoStdeldrain Pagidiel orgla)yeide pafe striiétEreb Nkedddition thede f or m a
metal silicide |ayer 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 MOSFEET 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 secootheardyes of thes ifcantian icoforo Shallbpe Heav8FGopdd souws/dradgiegioss, on a
sem conduct or substrate, with a channel region, located in the area of the
sem comditfugibn fisthsl dvatlfing kaeaive dpinaiagaiwid, (SEG) pitidon i, ridrite imaggi ons.
After formation of first Insulator spacers, on the sides of the doped SEG
Si 'l cQptEBLRBSIiR et Eod Rshat or layer, and a polysilicon gate structure,
are fornmed in the space between the first insulator spacers, |ocated on the
sides of the doped SEG silicon regions, with the polysilicon gate

structure fornmed to the same. hei ght as. the ped. SEG si l j,con regions.
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i npl antation procedure, create the source/drain extension regions, in an
area &f Wela@s o8 &1 tep nirfrce of the FHiSt viligom rPeiens sHovethiformating of theroyicrgraioped
SEG silicon regions, and the 3 overlying, polysilicon gate structure. The
sour cektmgipmregxinensi 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. SeqpRGtiil RetHBHRE objeRAE Bl SindERioh e ProviieBehootea b@Ehcb ipsgRPhy he doped
SEG silicon regions, and the polysilicon gate structure, with the second
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In accordance with 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
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 polysilicon
gate structure, are formed in the space between the first insulator 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
ion 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 orvyerlying pohweilisve gty stuptypol Yhé shargpilrain estension tegons Fol teethe beavdy t he
second spacers is again used, overlying the source/drain extension
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i nsul ator spacers. Athird iteration of this invention conprises the
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source/drain extension regions. This is acconplished by formng first

sour n regions. I mpl 'she ! |
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extension regions, in an area of the sem conductor substrate, |ocated

bet wedpsulting 1B MOSFRE devierpish 2 SROAGPP eiee igBBABY: 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 sidlexond ittdagordofil bleaiish feattdds thefpiranison a\aandtylisilgideieyes,aurtbe/ dr ai n
extension regions. 4 Selective renoval of the top |ayer, of the dual

di el eqhp LirROBLME Polykifisst fatd Ardenb 3RS En HRAGE EiifacOBS thbRBp&i 9B sfifcoh he doped
SEG silicon regions. Gate insulator growh, and polysilicon gate
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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 insulator
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 dielectric 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
invention 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 fSelectiverorna dftlertap layar, of thellngl dielewrid spangrs.fresttin Lsyagedepmesatn on of a
source/drain extension region, for a MOSFET device, forned after the high

t enperad 86 JfoheaspearsEaf mh&ﬂl\/ﬂeéMnﬁO@@dz mﬁﬂﬁtdhgpeéxdmaaﬁu poR@ilos gagnd after the
high tenperature fornmation of a netal silicide layer. Figs. 11 - 15, which
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used w teratlon of I'sS Inventi featurlngthe ormation of
an L sha&led sgf;lcec{ overlying a source/drai n extension region, which in
turn i%° PSP 8 %PFor to the formation of heavily doped source/drain
regions. 5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The met hod of
fabricating a MOSFET device, featuring a source/drain extension region, or
a lightly doped sour cBRAEEDESERIRFIO QF@HE@MWH‘@ﬁ 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 detail .ThEhibfect mdosthératvasitdges bethitdawntibe arefbest dasdNbedanthepreMBEET  devi ce,
however this invention can also be applied to P channel, MOSFET devi ces.

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 fabnication 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, wwth 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 IE)

procedures, using CHF3 as an etchant, are used to create insulator shape 2,

al so shown schensDESGRIPTIONOYTHE PREFERRED FAMBODIMENES 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

regi on of BRI GARIUTERcBHDST MESE R deri, {%gmaﬁgq sBrod/BGiMNRREDn GRS o

reglon and to acconnDdate t he source/draln xten5|on regi ons. "An undoped,
an | t axia i.con
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expose& senlco reRKmmsane ec |ver
gr own ep t axi, al S|I|con reglons 3, Wn schenatlc ly.in Fig. 2.
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about 600 to 10000 C, to a thickness between about 1000 to 3000 Angstrons,
usi ng villl agve bodesdiibddd indeigill dhis imeention wilt bedescubedifer gty chipmiel MESTEId HO as a
source, with hydrogen used as a carrier gas. The in situ doped 6 SEG

r egi ordevize gholweraftisvingntiiecanddictbeappldd PodphneleVMOBBET Netiyge SEG regi 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,
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level in SEGSilicon regions whi ch™ w be” us as a diffusion source to
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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 eiching,
(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
piasma 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
accormnmodate 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 regioﬁs 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
nitride, is next deposited using either LPCVD or PECVD procedures, to a
t hi ckrid¥sragampersfomboinia 8eadditios 00phanpiste, dosN tyke SECaegious or vanbhsot ropic R E
procedure, using CHF3 as an etchant, is then enployed to create insulator
spaceragdion 0N dibbans, fHEB pk SBEGegiohs, ¢Othe k8GLORS, o thd BES reGoscdagmat i cal |y
shown in Fig. 3. The thickness of the insulator layer, or the w dth of
| nsul 3 86edSRA 8 Tufhnsid bdrbsiHUR TEMIRRIU B G BlaRBrioh BEpHRARISOS Bod e
source/drain extension regions. A gate insulator |ayer 5a, conprised of
silicaop di@xide, ks ne her mal | Q on..t-he Xpo surface of
sen coniuci Ba s e DR MEEE e e Bl BT RS 5 b5
Angstrops, using an agxygen - steam anbient, at a tenperatyre hetween about
600 t SURSFERFIEY © %Eﬁlfnﬂa%ﬂ%hwﬁaﬁ?l?e&rﬁob%@@&h%zon%ﬂ% PLBREAER ety er 5b,
is also formed on the top surface SEG silicon regions 3. This is
schendifiZégtams/aiown 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 licon rdagsuasr shapd?iis Agkt bélectiyaly@embsddad Me of @butfafel Bpdpresedittd, is the
creation of heavily doped source/drain regions 9, directly underlying SEG
si |'i cagnfiedl 'Flﬂ§ca%-be"§pﬁpiln)ﬁg.|3'. Q&Pirhﬁéﬁﬁﬁtidn%)rg&ﬁhreg%%k@ 185 RG plabYD
procedures, to a thicknesS between about 1000 to 3000 Angstrons. The
pol ysid i Gon r d | i - duri d [ tjan. Wi e
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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 1 100° 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 ofHigial, kcthaedsdlt of obtldiffasion feore SECGlicmaegons 3,|dofiag thd ghetinmeuorSEG si | i con
regions 3, and polysilicon gate structure 6. This is schematically shown
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i nsul ator spacers 4, also results in the renoval silicon dioxide |ayer
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e R R T T

phosphorous ions, at an energy between about 3 to 100 KeV, and at a dose
bet we IS geirosBRRZvig @elaééslon@g e corphoshinee & arilanpamieein gl Barelsylies s,
have now been fornmed at a stage of the MOSFET device 8 fabrication
sequenger caf beedepbéiedhntghsitalyptentioped vir moewplangtien efrssdnzve phbsphadys been
performed, thus avoiding out diffusion and novenent of this region during
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formati on of source/drain extension regions 8, are next refilled wth
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via deposition
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 5hb.

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
jons, at an energy between about 3 to 100 KeV, and at a dose between about SE13 1o 1E15

2
atoms/cm’”,

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




an insulator |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 gate structure 6. A
sel ectfemaRbiisggnawe diftee thelsgngmpkiaBiragroasssiap cfepnhave airedily beerspgaforméd,desi r ed,
to forminsul ator spacers 10, via renpoval of unwanted regions of the

I nsul ah@¥ avold@edut di dmldﬂsagd%ovgﬁ&ﬁjf&mpagldnaﬁjnaﬁ%e%onau@ihg yogrieavi |y doped
source/drain regions 9, existing at the sane hei ght | evel , as

pol ys Al Bty Ucture 6, enables a planar top surface topography, for
t he Néék% vhc% 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 ophosphosilicate glass, is next deposited via LPCVD or PECVD

pr ocedur esSP2EGS 7a U494, te rHex formutioe @E%Ef@(ﬁrala sBionien gD S AgRER SitE cd
Conventional photolithographic and RI E procedures, using CHF3 as an

et chanwith mpdatos spcere 10, pehenasicaliicshomal ind'igl 8, This i adoomalished via dephoigm of
schematically in Fig. 7, exposing a portion of the top surface of 9 SEG
si | i com iiedit@syes, suéinad dikdoncaideaci POV oNPECYD@Mbcetliret, e a thicktlestgs, 1S
formed in insulator |layer 11, exposing a portion of the top surface of

POl ySiyehh QR 2081t8 068 [&@U@U&g@ﬁorﬁg tc@ﬁlpfe?é‘f@ﬁﬁﬁg%acﬁ he pbontronesdastc ishirpe, used

for definition of contact holes 12, netal ructures 13, are forned in
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in turn 0] Iay an eavl I’CG rarn regions

structure ornmed via deposi.tion. of
3, amf from’ po?ysﬁlcon gate structure% P esulting ?n the formation 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 CHF; 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.

Conventi onal photolithographic and RIE procedures, using Cl2 or SF6 as an
etchant, are used to define nmetal structures 13, schematically shown in
Fig. 7. Renoval of the photoresist shape, used for definition of netal
structures 13, is then performed via plasma oxygen ashing and careful wet
cl eanSE@RsiiemnRgiohd Br ahother whiakthale, noveivtvindn tHeSirdviagd) $efotrhedinisndatorsi | i ci de
| ayer, on the top surface of SEG silicon regions 3, and the use of a

pol yciigher 1 { MRb&inS4 héribAlSt the RY i8tabd YRyl @8k Bat® birtGirt GEA frer?8hBVAl NG T O

Fig. 8,  at the stage of processing in which polysilicon gate structure 6,
has_bagfon ARl 08RL 94 ABNEENLAIML RDRL 1PAAGA Suoifleel®S Ae hAKEI i SUCH 25
titanium or cobart; 15 dép05|ie , Via pl'asSrfa vapor deposSition, or via

R F. sputtering_procedures, at a thickness between abaout 200 .to 600
AngstF@H@qﬁﬁ#mgﬁn@ﬁﬁyﬁﬁo@EH@P@FmﬁéBF@r SNy eﬁ@ﬁ’ﬁ“@ﬁﬂ?gﬁpf3ﬁgl f ur nace
pr ocedur es, or.usin%_rapid t hermal anneal, (RTA), procedures, is used at a
t enpercaniaeieheswilyidepsd spvas{drziggegionsdhMetal styictuggsrhdngre dormerl viadegesitieny ey 21,
(titaniumdisilicide or cobalt silicide), on the top surface of SEG

si | i canmetelyclansn Bpmangtogmcdnimningyrlevinfiee elusfinynot gipkt, coppeg at aingstenyciaur e 6.
Renoval of unreacted netal, fromthe top surface of insulator spacers 4, is

next auaplapshRPositied, dgvia ISP dphﬁ@ﬁlg‘ipﬁéﬁéﬂﬁl%ﬁ,do ehitidStY bt 2AbowdB000 and
NHAOH. A second anneal cycle can be 10 enployed if desired to reduce the

. . . . _ | il L |
resi stang Aﬂéﬁtﬁ%sy CACedRhE L}ﬁofjo;ﬁgﬁog;?a%%lﬁ%gdi‘f{?ﬂ?fdc%&geé?tml[:f?tﬁ or SEL hedde ays-r

21, on polysrlicon gate str s schematicalTy shown 1 n Fig.

Sel ecti e removal, of .i nsul ator . s rs 4, .a he f of. i cel/drain
oxt onciiet FEgaHe Ui St BioniPTER et e rOE ™ Suler SEMES
previ Op%?t%es?s% gﬁa%g,bu%gd ];"o?" rde}urlli?iozi Iot[ I%E:tal 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,SOy, H,0,, HCI, and NH;OH. A second anneal cycle can be

10



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 |layer 14,
conpr i ggoyell iSddsir€Did réiict the r6dftamR ofl pEIESIE eate HingtthrBEYR oaipribéddfbhetal
procedures, to a thickness between about 6000 to 20000 Angstrons,

conpl efiehi¥e ihidr b NG SRAGIRIN fate sBEcUR!d. ﬁﬁs @\é@x{eh)é'n@ﬁlytshgwﬁ QpFlﬁug faces of

pol yci de gate structure 22, and SEG silicon regions
schematically shown in Flg 9. Contact holes 12, can agaln be forned in

| he f
Lng cont ndidtve f%tfﬁ?ﬁ% i %r?ga%?snf‘tg&%%%vﬁwn Pé%(?l%%i&f%lqlgfﬁ%%b? qvertying

schematically shown in Fig. 10. Although not shown in the_ draw ngs,

met al TEHARGD PreIceoaplitied pang dentiqabpieseust 4 PRYIUP et beh fr ke fist 1 ace of
pol yci de gate structure 22. In this iteration ILD |ayer 14, also serves as
t he i nswianef tipmeention| gulxhedn eFigenAt SiEGtagelaf mSFE@fabrisat@m, &thdr pol yci de
gate structure 22. Athird iteration of this invention, schematically shown
i N Fi geconlikpaceisanbedibrfed hgwaan BEGSHiapadegib bad FslydPaghe stricturdZXt
described. In this iteration first insulator spacers 15, are forned on the

si des ﬁaﬁo@ﬁ ik G SDBPEB itk b, LdekRlind BAIROT0RRRER ReRATREkRed of an

i nsul at or suc as silicon nitr i con oxi de, "at a thickness

bet meeu%m%&ﬁ 1de1:1)’tc1)c%1 ér%fzgcfi)lres%n r i thle %‘irst ﬁ‘e El(glg cr>f t'hls 1 d?%ha L gc}gééﬁatmalﬁ’;c h as

silicon icon ni to a
noul A “éiz:]é{ggséi%t Bk h“cff:mf%i %’tea?f&r‘?rfaﬁeé&aiugq% e eé’ﬁ%%%“@%% TS
silicon regions 3. An anneal cycle is used to form

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 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, andAnotsalimsubrordf@neudbas siivios okile, drailicomatridyy ik hextiepavhed, and afbjected
source/drain extension regions 8, using procedures identical to the

procedyr&MP Eﬁ}éb&ﬂ@ | ¥ BEBGhH hﬂ%ﬁﬂnd‘r@,ﬁaﬂeq%nmat&nba&re&pﬁ&@ﬁ%éxﬂﬁaé fPaord £1Si on
regions 8. This is showi schematically in Fig. 12. After renoval of

| nsul %1%1?10“ A Eare-f at‘éhﬁrd Wi of‘sﬁéf li%th?gegilJQé‘%r ;”H éﬁ‘ﬁ%eh%gﬁ&isqlséﬂo%hx?” or a

hot phosp acid tion, NPOosSI nsual conprised of an

Hooes ey dipet SRR aeiate S wisd a(?u? ddfuspp 3{%%'89%?@%% i ey Yo o

procedures, using TEOCS as_ a source, at a thickness betmeen about 100 to
200 Ank§t Baseomplshedprigido dieisrssauant farmaion ofpeprcp/draimexdensypagined. (lieng
LPCVD or PECVD procedures, at a thickness between about 200 to 600

Angst rresmts ol thesd rbodsseessschemetivally simyosintfég.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 Cl2 as an etchant 12 for

silicon nigdilGe r@ARHal'SH M6k 1%&130 adds B Ghant aéceﬁlpﬁéﬂeﬂﬁg’iﬂgg)ﬁbfje are used

to formthe conp05|te i nsul at or sSpacers, conprlse icon nitride
S pacerﬁ%ﬁs%onc ailg sglf 101¥ I1P By l lsr'ﬂ% op %hgaxésdaere 208 Cr?s'l: SthOII I c? V4 C{]ema‘t ically

shown 4SS E O] OXI Be>'use *overTying 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 1s
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 nitride layer, is
deposited. The siiicon 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 hefof siligin ditride pdnidaningfCHHE; s an etehan tforasilicoandidas 8¥ usdsd Yorshthswormposfte 9. 4.

| LD | ayer 14, contact holes 12, and netal structures 13, are again forned

usi ng ih&l@abi paterd %Qﬁ?ﬂ&éﬂ%‘-’f sURESnfu@ad s?ﬁé@rsl e o8 uhddBilamiden @Rid@Rphcers 17.
structures, previously described in the first iteration of this invention.

The N%Fﬁ; | §i€ally SnE@hYE 913 S l&%ﬁﬁfd [ALR of: 'Qdégg ‘d&gﬁﬁ 08 L
shape §pa€er%%%,aﬁg s%ﬁena fcalﬁy S o%n%Pn°§¢%S£§%? ?Fg i |§i¥%vention
has begn rti.cularly .sho qgglﬂescribe Wi th reference to the preferred
enbodi ﬁem'p@e P 8%9#“}%?% “%%?f HBerRCdod by those skilled in the art that
various changes in formand details maybe nade w t hout departing fromthe
spirit or scope of the invention. 13 Cains 1. A nethod of fabricating a
MOSFET devBaestiverrnzovabefi spated U8t or hefwhesphatie acid ifsaeder | higs swuprised df ai n
extension regions, |located underlying L shaped spacers, conprising the
st eps siliconfnitride, ng vBEGETerdéddodrafmgrio add salntien, sispaded 1.0k toroprisefl of silicbn
sem conductor substrate, 5 with said SEG silicon regions conprised with
dopantside, resulting in L shape spacer 17, shown schematically in Fig. 14, completely covering

source/drain extension region 8. (ate 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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formng first insulator spacers on the sides of said SEG silicon regions;
formng an insulator shape on a first portion of said sem conduct or
substrate, |ocated between said first insulator spacers; selectively
removing said first insulator spacers, resulting in the exposure of third
10 portions of said sem conductor substrate; formng said source/drain
extension regions in said third portions of said sem conductor substrate;
renovi ng sai d insulator shape; form ng conposite insulator spacers on sides
of said SEG silicon regions; 15 renGlaimg overlying |ayer, of said conposite
i nsul ator spacers, resulting in said L shaped spacers, on sides of said
SEG silicon regions, directly overlying said source/drain extension

regi ons; gr oy NOA &nh@Rfd M hALL MOMEIT R9ick & LRMiQnds@bublifa3d, portions
of said sem conductor substrate not covered by L shaped spacers;

formng ap -] - r ' ' yer; and 14
form ng neta.¥@%+%%%%?g§%ﬁgg%ﬁ§§i#ﬁ%n%g?a%@ﬂgggﬁﬁ?%géﬁ%%a%%Fkgte of said
SEG silicon regions, and a_top portion of said polysilicon gate structure.
2. The met hd@TBSELRGSIPS Afherein said first insul ator spacers are
conprised of either silicon oxide, or silicon nitride, at a thickness

bet ween about feuning SESpBliGmgesipamen a sgrogd paien gk shd sergpondugliopsubstratper ei n
said insul ator shape is conprised of either silicon oxide, or silicon
nitride. with said SEG silicon regions comprised with dopants;

forming first insulator spacers on the sides of said SEG silicon regions;

forming an insulator shape on a first portion of said semiconductor substrate, located
between said first insulator spacers;

selectively removing said first insulator spacers, resulting in the exposure of third

10 portions of said semiconductor substrate;

forming said source/drain extension regions in said third portions of said
semiconductor substrate;

removing said insulator shape;

forming composite insulator spacers on sides of said SEG silicon regions;

15 removing overlying layer, of said composite insulator spacers, resulting in said L.
shaped spacers, on sides of said SEG silicon regions, directly overlying said
source/drain extension regions;

growing a gate insulator layer on regions of said first portions of said semiconductor
substrate not covered by L. shaped spacers;

20 forming a polysilicon gate structure on said gate insulator layer; and
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The nethod of claim1, wherein said first insulator spacers are renoved
using either a hot phosphoric acid solution, or a buffered hydrofluoric
acid solution. 5. The nethod of claim11, wherein said source/drain
extension regions are formed 10 via an ion inplantation procedure, using
arseni c, or phosphorous ions, at an energy between about 3 to 100 KeV, and
at a dose between about 5E13 to 1E15 atons/cnR. 6. The method of claiml,
wherein said conposite spacers are conprised of an wunderlying silicon
oxi de | ayer, &rming mickksitwiirese cowantiing botiond oilthe op20dagkngseid G sillgst  an
overlying silicon nitride |layer, at a thickness between about 200 to 600
Angstrons. Segionslhed seiphedtiof ofchidipoiykiliced este stouctded L shaped spacers are
conprised of silicon oxide. 15

2. The method of claim 1, wherein said first insulator spacers are comprised of either

silicon oxide, or silicon nitride, at a thickness between about 300 to 800 Angstroms..

5 3. The method of claim 1, wherein said insulator shape is comprised of either silicon

oxide, or silicon nitride.

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

either a hot phosphoric acid solution, or a buffered hydrofluoric acid solution.

5. The method of claim 1, wherein said source/drain extension regions are formed
10 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 5E13 to 1E15 atoms/cm”.

6. The method of claim 1, wherein said composite spacers are comprised of an
underlying silicon oxide layer, at a thickness between about 100 to 200 Angstroms, and

an overlying silicon nitride layer, at a thickness between about 200 to 600 Angstroms.

5 7.  The method of claim 1, wherein said L shaped spacers are comprised of silicon

oxide.

15




