E[( METHOD OF FORM NG MOSFET DEVI CE HAVI NG SOURCE/ DRAI N EXTENSI ON REG ONS
LOCATED UNDERLYI NG L SHAPED SPACERS BACKGROUND OF THE I NVENTION (1) Field
of the Invention The present invention relates to nethods used to fabricate
sem conductor devices, and nore specifically to nethods used to fabricate
met al oxi de sem conductor field effect, (MOSFET), devices, wth inproved
performance, and increased device density, via use of MOSFET process

i nnovations. (2) Description of Prior Art Major objectives of the

sem conductor industry continues to be increased device performnce, and
decreased process costs. The trend to mcro-mniaturization, or the use of
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addr esse Eé‘ OR819ca ERVVERS 1. M APES ¥baERsoN features,
results inare uctlon in per rnance degrading parasitic capacitances,

while the use of sub-mcron features allow the attai nment of snuller

sem conduct or chi ps ng the level of integration
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supplied by | arger erpar I'ng a greater nunber of snaller
sem conductor chips to be obtalned from a specific size starting wafer,

t hus redu t he ocessing cost for a specific sem conductor chip. In
addltlggeﬁggﬁnggmﬁ?hlaturlzatlon basi cal | y obtai ned via advances in the

photol it hographic discipline in ternms of nore advanced exposure caneras,

and nore senS|t|ve 1 hotoreS|Et na%erl eC|§| FET process
sequences L IRFEs | RGP TElRkss oo pRiRgds ugedy I\/bga%éﬁate semiconductor devices, an

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




features to be reduced in size, and by so doing inprove device perfornmance.
This invention will describe novel MOSFET process sequences used mnim ze
speci fic MOSFET features, thus enhancing device performance. The fornmation
of a source/drain extension, or a lightly doped source/drain, (LDD),

regi on, acconplished after formation of other features, such as heavily
doped source/drain regions, or polycide gate structures, allow this LDD
region to maintain the mninmm designed di nensions, as a result of

avoi ding the high tenperature processes used for formation of heavily
doped. souf6efdAhNa A9 R0 WISRA! K61 SOt o ShIdELUNIESea hRAdSISIreT these
novel process sequences, used to create the source/drain éxtension, also
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_ . such an . in.US Pat. No.. 5,89ﬁ 719, descri bes
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source/drain extension regions, or an LDD regions, fornmed after formation
of heavi [nFSFEEsEBET HBLERRS 2 Felll phayoldiirdhalgle lempeiiphEr Befss Uss81Sici de
gate structures. 2 It is another object of this invention to formshallow,
heavi | y dopatoseiicedlydloasdsopsgidansregions, ar piilfddesiosmirneam. dn adeiee Pessg
sel ective epitaxial grown, (SEG, silicon layer, prior to formation

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.



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 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 snooth top surface topography for the MOSFET
device, by formng the gate structure between SEG silicon regions. In
accordance with the present invention a process for form ng a MOSFET
device, featuring source/drain extension regions, formed prior to high
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seni cont uc or substra anne re ocated in the area of the
senlcongmctor F‘%ubs rate, | %%ated bet ween the doped SEG silicon regions.
After OIS 3?“?9 %? ASUi'at or spacers, on the sides of the doped SEG
silicon regions, a gate |nsulator | ayer, and a polysilicon gate structure,
are forned in the space be en the first insul at | ocated on the
sides of thEsHh H%S@@“éf d’i’t"eP%%jt g grpAl Yl 6.3%;4 A ‘é%te SRS
structure fornmed to the sane height as_  the doped, SEG S|I|con reglons
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i mpl antation procedure, create the source/drain extenS|on regions, in an
area ofextehEon KgiPhtonduct or substrate | ocated between the overlying, doped
SEG silicon regions, and the 3 overlying, polysilicon gate structure. The
source/drain extension regions link to the heavily doped source drain
regi ons, | dtiaseldywaeeherobiectdd gédinBBErs [d Hrefe  Beiodniep syrécegogrbydi f f usi on
frontthe overlying, doped SEG silicon regions, during previous process

st eps. BethoDSiFEuleaicarby forming the gate structure between SEG silicon regions.

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



spacers are then formed, |ocated between the doped SEG silicon regions, and
the polysilicon gate structure, with the second insul ator spacers
overlying the source/drain extension regions, 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
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the sour C&PErEMEe SR dEP BRI F e SRS e <pace vacated by the
renoval of the first insulator spacers. A third iterationof this. invention
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of the first insulator spacers allow the formation of the source/drain
ext ensi oreubigE FhsMOSHELHedpesilg Plptis tpsHifesienssteBlhy-subst rat e, | ocat ed
bet ween the overlying, doped SEG silicon regions, and the overlying
diel ectric shape. Renobval of the first insulator spacers, and of the
di el ectric sHaeondiitration pbisdnveyticnHeatfres trafiromtiarofdueial gilislelayer e ¥pacer s,
on the sides of the doped SEG silicon regions, overlying the source/drain
ext ensi onopr eghong thepoSellect gaestuempyald wfthe foe stifgse baedopedf SHthsilighnal
dielectric spacers, result in L shaped spacers, on the sides of the doped
SEG si | i eegiomsggioonstemGedl ef iho Sivst atwatogipevdr$h Af@ndmped] psihk ifico msgatoespacers,

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 foliowed by the formation of dual dielectric spacers, on the

sides of the doped SEG silicon regions, overlying the source/drain extension regions.
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formation, in the region between the doped SEG silicon regions, lined with
the L shaped spacers, are then enployed. 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 enbodinment with reference to the attached draw 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,
formed after the high tenperature formation of heavily doped source/drain
regions. Figs. 8 - 10, which schematically, in cross-sectional style,
descri ey fabric n a i . L hi s
e T S laa%é%fﬁ.ﬁ%%ﬁiﬁgle&% AP G L BB b S for
a MOSF T d eraty r ot i of heaV|Iy
doped e&@fﬁ'?é{ d%@g Sbﬁgn reﬁ}?ﬂs fhil rmstu rﬁm“ﬁ t e(fl‘r}f)(9 E Al QtFor nmation of a
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iteration of this |nvent|on featuring the formation of an L shaped spacer,
over | yitfghe KeURYERY dr ai n ext ensi on region, which in turnis fornmed prior to
the formation of heavily doped source/drain regions. 5 DESCRI PTION OF THE
PREFERRED ENMBODI MENTS The nethod of fabricating a MOSFET device, featuring
a source/drain extension region, or a lightl ed source/drain region,
formed prior to the hBRIEF Iﬁfﬁ?@Nﬁ?%Eggé Bﬂﬂﬁes used for formation
of heavily doped source/drain regions, and for fornatlon of netal silicide
| ayers, wll

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.

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.



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, sem conductor substrate 1, conprised of
single crystalline silicon, with a <100> «crystallographic orientation, is
used and shown schematically in Fig. 1. An insulator |ayer, such as
silicon oxide, is next deposited via | ow pressure chem cal vapor
deposition, (LPCVD), or via plasma enhanced chem cal vapor deposition,
(PECVD), procedures, to a thickness between about 1000 to 3000 Angstrons.
Conventi onal photolithographic and ani sotropic, reactive ion etching,

Shapt 2, ol o shown PESRATRT TSN PRIl EMRBRMPNISCT S, 02 Led 1o

define insulator shape 2, is renoved via plasma oxygen ashing and careful
wet cl eans. ;&‘he Wi déh _insul at té?pe , W1l sub uent | define the
regi on of sert8¥dd ngr%{”é‘iﬁ‘[ﬂ’égcargpg%ﬁ {oa) eaﬂ%‘@ﬁaé%m?azcggﬂ/%ﬁﬁlgndﬁ%{ﬂ%f
region, and to acconmpdate the sourc_,e/dri‘;\igi ext ensi on regions.. An undoped,
or an i nadishily dRppeepurEiraazen. oupqd iR 1o By REh [PREREC RBTETRPEERYS B¥6wn on
exposed regions of senmiconductor substrate 1, resulting in selecti vef y
grown epiferaemation pEayily doppd wreided tasns andiopfimaignaideiad slifige reregll” 2.
SEG regions 3, are fornmed via LPCVD, Erocedures, at a tenperature between
about 60@owde1eEOb indgail aThihingwyies wilbes deeibeabuatN dvow! MO HFdTerlgst r ons,
using silane or dichlorosilane as a source, or using disilane and HO as a
source, \Wowhvenyidy ingetiousadlsade aprdigd td Rehagad, MOFRET feviesht u doped 6 SEG
regions are forned via the addition of phosphene, for N type SEG regions,
or via the addition of diborane, for P type SEG regions, to the source gas,
or the SEG r egP oms, seavotictof abeede f,rcompasediofsinglesiysaltepolgioni il a £Hl0Fowed by
the ion inplantation of phosphorous, or boron ions. The doping level in
SEG si | i eontalleghghiSor@ntabi, uswd drld shewvushenaially diFid. 0siAannsbtor tayet, guch 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

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, fo

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



subsequently create underlying heavily doped source/drain regions, is

bet ween about 1 E22 to 1 E23 ato ns/enB. Insulator shape 2, is next
selectively renoved via use of a buffered hydrofluoric 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

i nsul ator |ayer, such as silicon oxide, or silicon nitride, is next
deposited using either LPCVD or PECVD procedures, to a thickness between

about 399, 10oR00. P9y 19 madﬁlafé L e, oPUISRIGOALGR K s ocedure, - using

CHF3 as an hen {0 creaté insul atof spacers 4, on the
si des on . r ThJS g. 3. The
t hi cknce% %eseéggo o% ch%(lt;]rsarllJ ac? regions 'tqnthg gougr{% d?)? hc)éEﬁr}?%%sscg% E% rs 4 will

subseq ent eter nSI al n_ext e sion

Fegi ond J6 g oiiEe *w&aﬁaﬁ%&%%f%éﬂ%%d | QH&%L%H lmg&n%%’ SESH P‘?’O%ﬁﬁm&usg% PP ext
1,
Rl B s B Sed o e sl o e i fﬁ%@(iﬁé&%teratste cam 08

anbi ent, at a tenperature betwe bout 600 to 1100 C. ri
oxi dat .SBW@WB%%%HH%}W&B?fw&:r%sa @éwil pin gggions.ds Bytegpng Uﬁéﬁg%‘ﬁ the top

surface SEG silicon regions 3. This is schenatlcally shown in Fig. 4. If
desi r ed FgAf€pABUl at or [ayer 5a, can be conprised of nitrided oxide,
silicon nitride, tantal um oxide, or titaniumoxide. Al so shown in 7 Fig. 4,
as the result of out diffusion from SEG silicon regions 3, during the gate
i nsul at or  Teselatashapa 2pis seedeeaively senaved vie ssafeulerenbudoiiprigapéd
source/drain regions 9, directly underlying SEGsilicon regions 3. A
polysimbhbmtﬂhyeﬁnb@ﬁﬁ@mﬂﬁﬂépé@hne@HQQanUEQGVBMQm@@@ﬁmkwgiww@waa

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 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, wiil subsequently determine

the dimension of the source/drain extension regions,

A gate insulator layer Sa, comprised of silicon dioxide, is next thermally grown on the

exposed surface of semiconductor subsirate 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, fantalum oxide, or titanium oxide. Also shown in
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t hi ckness between about 1000 to 3000 Angstroms. The polysilicon | ayer 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 chem cal nechanical polishing, (CW), procedure is next used to
renove regions of the polysilicon layer fromsilicon 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 RIE procedure, using Cl2 or SF6 as an etchant,

sel ectively stopping on silicon dioxide |ayer 5b. Insulator spacers 4, are
next sé&lgedtas el rysuitefroutddiusion dromsE@ §ilieonbedidrer3e durhng direafatelionilatoraci d
solution, creating space 7, |ocated between SEG silicon regions 3, and

pol ysi bkidafongatcedurstiy the tresten®f hEhiily dogedsotvesraditainaadibng 95 hioasrly uindeHyige 5. The
buf fered hydrofluoric acid procedure, wused to renove insul ator spacers 4,
al so r esUlstiBod feglohes repaysiliconlaysd i h&®Bepdbiadiveiag LREED prdzedirépma t he top
surface of SEG silicon regions 3. Critical source/drain extension regions
8, ar etfidkfesshofBationt Ldne o BP0 Agfone The PR Tay&lias be ddRd h siexposed in
space 7. Source/drain extension regions 8, shown schematically in Fig. 5,
are foummg dpsitdiplia Healidiosh &fardieS &MYnGsphfe, PRABRRAMBLS!, of BOSolydlicodN €ener gy
bet ween about 3 to 100 KeV, and at a dose between about 5E13 to I|El5

at oms/ caPBbl Iv%%él@@@lhﬂﬂ%tlﬁ @@!l%@pédesfgd i%ﬂ%n;ﬁantﬂ%\ﬁ%f Q@WI@&%OJ&BJ&E@ at a
stage of the FET device " 8 fabrlcatlon sequence, after the high

tenmper ?b?}'s'.r & RLRE %?’éc%w%%ﬁ)@ﬁ% E?K ﬁj%gc}{m?@ Bt RSO FdTRAe g a;fﬂ!:'§f ' d' “9
out diffusion and novene 'S r glon during the conc
pr 0065%;9&11&%%%%&% 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 Sb.

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 phospherous
ions, at an energy between about 3 to 100 KeV, and at a dose between about 5E13 to 1E15

atoms/cm?.

Source/drain extension regions 8, have now been formed at a stage of the MOSFET device
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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 LPCVD or PECVD procedures, to a thickness between about 1000 to
3000 Angstrons, conpletely filling spaces 7. A CVP procedure is then

enpl oyed to selectively renove the insulator |layer fromthe top surfaces of
SEG silicon regions 3, and frompolysilicon gate structure 6, resulting in
the formation of insulator spacers 10, directly overlying source/drain

ext ens' il Qfudlee, A0 AR RELASLIELISEG Ho' hARAIERGL A FormANd

pol ysil1con ga structure A selective E procedure, using CHF3 as an

et chant, can 0. Hsgfy SIS tog?lisfr%gﬁ B h?&%oﬁtﬂ%ﬁl@%ﬁﬁ’ via renoval

of unmé%s%d re&f@ns o?&{%e i nsul at

yer. use of  SEG silicon regions
3, overl%kgg heqx%és doped source/drain regions 9, existing at the sane
hei ght ,P df il as polysilicon gate structure 6, enables a planar top

surface topography, for the MOSFET device, to be achieved at this
processi ng i

stage, reducing the c lexity for. subsequent 0 ing. An

interl evel Sdﬁa‘éilggc‘ﬂsregff’, a 1(’Y"%ﬁﬂa“?%?/foeslongrfi/)fgm&%%crnf1%%be Eof™ g’salr Iile([}:)(([)lﬁ%ggdlsde, or
conpri sed of a borophosphosilicate glass, i.5.next deposited via LPCVD or
PECVD ptiBtidshidesrases 1 f‘i‘i?lwﬁé@s&%gﬁba%& & bigu s 6%?66113?‘816 HB68° ‘?1‘6% ﬁ)/ms.
Conventional photolithographic and R E procedures, ysing CEFB as an
et chantan iUl idaE: sehapecTTidctia RBEED of FECVR npesdpigs ép & PR own
schematically in Fig. 7, exposing a portion of the toR%surface_oB 9 SEG
si | i corbevengh et 30008p 0% eAngspmacemplsiel, filkng spassein 4 AMPHECGAYRITIOY i s
formed in insulator layer 11, exposin%wa Eortion of the top surface of
pol ysi | dnpdeyed &t wlestiveloenoes e ingfleter layas fsuahe wp suifyes phdtorésnsteigRape, used
for definition of contact holes 12, metal structures 13, are fornmed in

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 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



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 netal, chosen froma group
cont ai ni ng; al um num al um num - copper, copper, or tungsten, via plasna
vapor deposition, or via R P. sputtering procedures, to a thickness between
about 8000 to 25000 Angstrons. Conventional photolithographic and RIE
procedures, using C2 or SF6 as an etchant, are used to define netal
structures 13, schematically shown in Fig. 7. Renoval of the photoresist
shape, us f.or deflnltlon of metal structures 1 s then erforned Vi a

pl asma ox%%&éﬁhcoéi%?ﬁi?ﬂj 3arfiORIST Pt Rk ntishaypsin the SRLBREY 1S P‘é‘?*eélt“i1 BRUEPT t hi s
|nvent|on is the use of a netal silicide |layer, on the top surface of SEG
si licon ri@gr bhsxmsingddofiva ofdi @rsuHaqsof Py CO“(&%@tS%Wt@Fpi‘g igacrpoval of
polysilicon), gate structure. Referring to Fig. 8, at the stage of
processi rbe PR Fhape|uyest fr ¢sdinitigapbeostacihalesrie. Ieetalrﬁélgcwfééw axedpiEd in | ocat ed
between insul ator spacers, a netal layer, such as titanium or cobalt, is
deposi t edontagtihglep Iléwiwwemd Wapersist Plon siligpn rpgignsd, hiohpyturepyepgy grdoc edur es,
at a thickness between about 200 to 600 Angstrons. An anneal procedure,
per f or medongitniggagiy tverd conventinoreadns PuiMead eiruqureciedar égmedriadspaagion api d

t hermal anneal, (RTA), procedures, is used at a tenperature between about
700 to 900n€ml, thosddram aptoap caitdinicg; denliaye rlufipunf t cdpaen, eoppeli @i thagsiedevior
cobalt silicide), on the top surface of SEG silicon regions 3, and on the
top surf at@maivapeldysisitios,on viat B sgitfctad pioecd@res, tRamtviakssobiweat gaat donet al
fromthe top surface of insulator spacers 4, is next acconplished using a

sol uti on BONMPALGEEEMOT CoidSkFbnaifR0Rlithbiehphi@nd NEIdedies egand, angsgak acycl e
can be 10 enployed if desired to reduce the resistance of polycide gate

struct ur eichdnt, £OIRASHin@nelPhAknr&i1b] Chaguibayhowdin 198 7PReMSidioe@8 gate
structure 6. This is schematically shown in Fig. 8.
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 - polysiiicon), 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;S0,, H,0;, HCI, and NH,OH. A second anneal cycle can be

10



Sel ective renoval of insulator spacers 4, and the formati on of source/drain
extension regions 8, are acconplished using identical procedures as

previ ously 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 pol ycide gate structure 22,
foll owed by the formati on of netal structures, contacting underlying
conductive regions, again using the identical procedures described in the
first iteration of this invention schenatically described in Figs. 6 - 7.

HOV\everell_rBfl(ry%g ?fldrcTazfd to reEh?ce t rasn&%ncg R c?&gg; ﬁsg{n%t@c 2 &5 H§e‘dq)@§1e§ii | n space

7, an | con can be ep05|ted via LPCVD

o ]Eli%l%f"?ﬁraﬁsglg%f)con ate sF kcrtltﬁg% L}Fls 15 s%ﬁ'en?at?lgﬂé ﬁ%\g&) tIQg %0000 Angstronms,

conplet as ‘over top~surfaces of
ponC|de gate structure 22, and SEG SI|ICOﬂ regi ons 3. ThIS IS

schenatlcall shown in Fi 9. Cont act e.formed, in
LD | ayer 1 ccu‘fchIP“E’)‘(ﬁéBﬁﬁg’lﬁt?{ép?%?gr%?‘?dotﬁ %ﬁf‘“ﬂt"tﬂ&fS%‘&f?ez@%F Xtensi(? overI yi ng

and contacting, the top surface of SEG silican e n é ] E
schenmat'F&ar § a@WéWf‘Hhﬁhth“&“g gntical RIALHIHIES ?ﬁ)t{re‘g% Fcﬁl F‘h " U ngs a
metal contact structure is also forned on a portion of the top surface of
pol yci dierajian ef thistipysation andshown i kigi & Hithis spgodf Wﬁ%ﬁ?é&*%ﬁn 6&P‘§o serves as
the insul ator spacer, |ocated between SEG silicon regions 3, and pol ycide
gate stseetlgpase2an e fohiaddbeitasn SEGGHICo rqgtwgi‘maﬁ@éﬂﬁléﬁhgatfs%@w%?cal |y shown
in Figs. 11 - 15, featuring an L shaped, insulator spacer, is next
descr i Hetowddrbytthé Sriatien af nowl stiurtstes] esiabtagonde bageerduttye iggiens, agaed on t he
sides of SEG silicon shapes 3, with first insulator spacers conprised of an
insulaUthhmyﬁmnmﬁthmasasm&kbomkmh¢ﬁ@d@vmmnoﬁﬁ&ﬁawmﬁ@xﬁﬁeﬁmmmﬂa t hi ckness
bet ween about 300 to 800 Angstrons. 11 Another insulator |ayer, such as
si | i condegotibe@in Bigs. 6i- 7] Eomever tiidedeed, dfr frextticle osirteddiain ardnsansjdent ed

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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to a CWP procedure, resulting in insulator shape 16, |ocated between first

i nsul at or 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 fromoverlying SEG silicon
regions 3. This is acconplished prior to the subsequent formation 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 OXIoHE" *ns‘ﬁé@tﬂiﬂ?(“ir’rfda} ® S&B%%SW org @&%Bd%éfa%éﬂepgﬁé sPiSEYA % gi ons
3, and insul ator shape 16. This is followed by the formation of

sour ce/ driap f MEXRIETFEE e ied ?Sﬁﬁtohgﬁaﬁﬁl%#%é@@g@‘é?"i A R spagep e
procedures previously described for formation of source/drain extension
regi ons 8vhighindurp are lagaisn derislsnet TEf siljcanregong 3. 1o anpgal gycleis Hsg &g foum

i nsul ator shape 16, via use of a buffered hydrofluoric acid solution, or a
hot phospk®tilycopssd seursefiatn regions®, giompodifeeon gy PetryinglSEpeslicon sy sed of an
underlying silicon oxide |ayer, and an overlying silicon nitride |layer, is
deposi t edhisTheccginplishodprbxitaide bebperuentdonistion plesgurze/drainR@yhsion repRavP The
procedures, using TEOCS as a source, at a thickness between about 100 to
200 Angstresoirsof tidse beceshe isichercanalhi showdé Figylér is  al so obtai ned using
LPCVD or PECVD procedures, at a thickness between about 200 to 600
Angstronms. The thickness of the conposite insulator |ayer is equal to the

t hi ckness of Splcemnicatisdwil offfestomsedior pacat 15 nswdxai@omplpackissoglBiot al | owi ng a
subsequent conposite spacer to conpletely overlay source/drain extension
regi ons &hosdnbisOicidRhtioR i EiRf i06EUsH B pes BB icBPpiiRd 3ssiadnaliehant vidd for
silicon nitride, and using CHF3 as an etchant for silicon oxide, are used
to form thgee® ARBSMIRIc 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 previcusly 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 laver, 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

12



i nsul ator spacers, conprised 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. Sel ective 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 |I. shape spacer 17, shown schematically in
Fig. 14, conpletely covering source/drain extension region 8. Gate

I nsul atgy sifi(%%%trié@ an@&%g@#%%& hi SOMNORY Siisd MEdeUr8ufd t@fcBm ti@%inpbatemed
using procedures identical to procedures previously described in the first
It erat Iig{}}ll s sp%cg}s,scdl VR drQffeo PR rs&a\élezgli'&l oh BBQW o stichh OxidédspabdeDi 1.ayer 14,
contact' hol es , and metal structures 13, are again formed using

i denticgl. pr.oc M NES Q1SRRI QA W 881 ARDverBidpUpiddr es,
previoﬁ@?@gagéggﬁ%ggﬁ#ﬁﬁgﬁgif¥$g$h% gig#?%gﬁg¥ ?L#i invenF?%ng %he MOSFET
device,,, featuring, .sourcel/drain, extensions 8, underlying L shaped spacer
17, 'slécﬁgﬁ%?ﬁ%ﬁlpvg%ﬁB‘af?ﬂ”mf$%fg%%&”?'ile this invention has been
particularly shown and described with reference to the preferred

enbodi ments_thereof, it will _ be understood by .those skilled. i he art that
various CcHERGEYE ‘F’ﬁo‘f%ﬁﬁpé‘f‘?algé’fa;ﬂt Eﬁmvrﬁé’c‘ﬁé%?a%” %6ﬁ?omd)élﬁ%rﬁ ng fromthe
spirit or scope of the invention. 13 Claims,f 1. A nethod.o% g%bricating a
MOSFET Sison aiétidey o ya 8 Brffeehydeyericimd o, i srassd fi R GOmREET e dPhi n
extensi on regions, |ocated underlying L shaped spacers, conprising the

st eps gixide, 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

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 selectively growm epitaxial (SEG silicon regions, on a first
portion of said sem conductor substrate, 5 with said SEG silicon regions
conprised with dopants; formng first insulator spacers on sides of said
SEG silicon regions; formng an insul ator shape on a second portion of said
sem conductor substrate, |ocated between said first insulator spacers;

sel ectively renoving said first insulator spacers, resulting in an exposure
of third 10 portions of said sem conductor substrate; form ng said
source/drain extension regions in said third portions of said

sem conductor substrate; renoving sald i{ﬁulator shape; form ng conposite
insul ator spacers on sides of said SEG'Silicon regions; 15 renpoving an

over | yl ng ! ayer 1 A%];eths ogf *1{%11{; 8&\%@4&\%6 On A Sclg:lieC{r)llsduC é??%stﬁteggea%urm aid L

shaped spacers, on si i con regions, ec over Fylng
sai d source/drain xten5|on r r OW. n at nsul at or .

251 d second postioHiun e ERoRaer bRt STnE s PRbEuEE cavelun S |

shaped spacers; 20 formng a polysilicon gate structure on said gate

i nsul at or Iayerse SHd 14 form ng netal structures, contacting portlons of a
top surface of said SEG silicon regions, and a top portion of said

pol ysi |i con gat e 'SPgEigFwelyzrovhepitmep{SHO btilicamasaians, ogiieionianalt @i r st

i nsul ator spacers are conprised of either
semiconductor substrate,

5 with said SEG silicon regions comprised with dopants;
forming first insulator spacers on sides of said SEG silicon regions;
forming an insulator shape on a second portion of said semiconductor substrate, located
between said first insulator spacers;
selectively removing said first insulator spacers, resulting in an exposure of third
10 porticns 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 an 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 said second portion 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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silicon oxide, or silicon nitride, at a thickness between about 300 to 800
Angstronms. 5 3. The nethod of claim1l, wherein said insulator shape is
conprised of either silicon oxide, or silicon nitride. 4. The nethod of
claim1l1, wherein said first insulator spacers are renoved using either a
hot phosphoric acid solution, or a buffered hydrofluoric acid solution. 5.
The nmethod of claim1l, wherein said source/drain extension regions are
formed via 10 an ion inplantation procedure, using arsenic, or phosphorous
ions, at an energy between about 3 to 100 KeV, and at a dose between about

SEL3 to 1EL5 at ?&ﬁ{i@gget?lgtmc-m‘gs ﬁ{l@?%g&gﬂs%'f 'th‘p su:{“\iggcr ?qjsgid%%desil?c%gp osite

spacers are conprised of "an  under i'con ox ayer, ‘at a thickness

bet ween about éogm;8K%%e?ﬁﬁg&%&%%%vogg%QFggﬁ%%eQLy!ng silicon nitride

| ayer, at a t hrckness en about u%\ngestroms. 5 7. The net hod
of claim1, wherein said 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 ¢laim 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 via
10 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 o 1515 atoms/em?.

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 claum 1, wherein said L shaped spacers are comprised of silicon

oxide.
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