13 February 2007 METHOD TO FABRI CATE ELEVATED SOURCE/ DRAI N TRANSI STOR W TH
LARGE AREA FOR SILIClI DATI ON BACKGROUND OF THE I NVENTION (1) Field of the

I nvention The invention relates to the fabrication of integrated circuit
devices, and nore particularly, to a nethod of formng an el evated
source/drain transistor structure having a |arge area for [SiHcbfiagladdoon in
the fabrication of integrated circuits. (2) Description of the Prior Art
The utilitarian features in forthcom ng sem conductor devices are snall

gate di nBTHOE EQFASRICAGE EDEVAGED A0WRCHEIRAINSTRABSIET QRaiVi TH he
maturity and devel opnent of conpatible techniques to assure shall ow

junctions with high dopant ARGE ARBA PORIIILIGIDIATWON Schottky barrier between
nmetallic contact and doped silicon, we may require raised or elevated
source/drain features to fan out current crowding and | ower the series
resi stance. New techni ques of making el evated source/drain features are

bei ng proposed. U S Pag gk RE ?lhiﬁ@%.f@%mg’ffﬁ"ﬂ?f\l di scl oses damascene
pol ysi

gate and source/drain process W rai se I con source/drain
regions. U S. Patent 6,207,517 to Muller teaches a raised polysilicon
source/drain process. U S. Patent 5,271,132 to Xiang et al shows 1

(1) Field of the Invention
The invention relates to the fabrication of integrated circuit devices, and more
particularly, to a method of forming an elevated source/drain transistor structure having a

large area for silicidation in the fabrication of integrated circuits.

(2) Description of the Prior Art

The utilitarian features in forthcoming semiconductor devices are small gate
dimensions and shallow source/drain junctions. As we await the maturity and
development of compatible techniques to assure shallow junctions with high dopant
activation for a lower Schottky barrier between metallic contact and doped silicon, we may
require raised or elevated source/drain features to fan out current crowding and lower the

series resistance.

New techniques of making elevated source/drain features are being proposed.
U.S. Patent 6,090,691 to Ang et al discloses damascene gate and source/drain process
with raised polysilicon source/drain regions. U.S. Patent 6,207,517 to Muller teaches a

raised polysilicon source/drain process. U.S. Patent 5,271,132 to Xiang et al shows




13 February 2007 raised source/drain contacts. U S. Patent 6,090,672 to
Wanl ess shows a netal gate process. SUVMARY OF THE | NVENTI ON A princi pal
obj ect of the present invention is to provide an effective and very
manuf act urabl e nmet hod of formng a transistor having el evated source/drain
structures. A further object of the invention is to provi dg Fabfetimd7of
formng a transistor having an el evated source/drain structure and a | arge
silicon area for silicidation. Yet another object is to provide a nethod
of f oraiderpsaurte/dresn sootactsavil 8y Patent &, 685G0 Bt Blantassdhaivs ssmetaligate with a

| arge area for silicidation wherein the source/drain structure may be
dopedppkysilicon or a netal. In accordance with the objects of this
|nvent|on a method for formng a transistor having an el evated
source/drain structure is achieved. A gate electrode is formed overlying a
substrate and isolated fromthe substrate by a gate dielectric layer.

| solation regions are forg[?gM;(R\Aﬁ@ﬁ: PAELRE/EIASIN ate wherein the isolation
ile

regi ons have a stepped pro erein an upper portion of the isolation
regions partly overlaps and is offset froma |ower portion of the
isolation regions in the direction away fromthe gate electrode. lons are

inplanted into the bstr bet ween the gate el ectrod i sol ation
regions to ‘%‘(S’F'H?'Qﬁﬁ(}’i?i tcf%éﬁ?lpé%&eé‘ﬁg\%ﬂgorgﬁ%lpé@f' Fan$ ﬁﬁgté\?esa%cfge'}yorned on
sidewal I s of the gat

manufacturable method of forming a transistor having elevated source/drain structures.

A further object of the invention is to provide a method of forming a transistor

having an elevated source/drain structure and a large silicon area for silicidation.

Yet another object is to provide a method of forming a transistor having an
elevated source/drain structure with a large area for silicidation wherein the source/drain

structure may be doped polysilicon or a metal.

In accordance with the objects of this invention a method for forming a transistor
having an elevated source/drain structure is achieved. A gate electrode is formed
overlying a substrate and isolated from the substrate by a gate dielectric layer. Isolation
regions are formed in and on the substrate wherein the isolation regions have a stepped
profile wherein an upper portion of the isolation regions partly overlaps and is offset from a
lower portion of the isolation regions in the direction away from the gate electrode. lons
are implanted into the substrate between the gate electrode and the isolation regions to

form source/drain extensions. Dielectric spacers are formed on sidewalls of the gate




13 February 2007 electrode and the isolation regions. A conductive |ayer
is deposited overlying the substrate, the gate el ectrode, and the isolation
regions and planarized to | eave the conductive |ayer adjacent to the gate
el ectrode and separated fromthe gate electrode by the dielectric spacers
wherein the conductive |ayer fornms el evated source/drain jusqebamas, 20md
wherein the el evated source/drain junctions conpletely overlie the
source/drain extensions and wherein an upper portion of the el evated

sour celedtradle andniod isotatioaxegiods. A cunductie leyepipattppeited overtying e i sol ati on
regions thereby conpleting formation of a MOSFET having an el evat ed

sour cglisktrite, thkgaed Bleetrbde,tdiel thalisdlstidn regiork aanl plahadreat tedeaws theui t devi ce.
Al so in accordance with the objects of this invention a MOSFET device

havi ngon@tigh Nk 8djateHf ©ahe it ciklrbdd HhE sbfaratd RYRGhe AaBnbiecb@s by ode
overlies a substrate, isolated fromthe substrate by a gate dielectric

layer y.d ﬁ@!e‘?:{ric doBH \@ﬂéreliri ﬁéé&\xﬂﬂgtiﬁ‘fag&eforrﬁg%’Pé\fa?éc?sc‘!me RInjletibag! ation

regi ons” have a stepped pro erel n an upper portion of the isolation

regi tl. I ' : ' i sol ati

" egi ofGd el (F ?Leg?ff:e?ns%ﬁ&g%ﬁffaﬁélﬁh%ﬁggé WPt deBlefg he St dp = = O
extensions, in t trate lie.b he 1sol at] . eql.. d

ol ot PEBBSIOBP S0AE B0 L upRA RO ohipereimates Sry e PR IETHEPS sREa coent -
to the gate electrode and separated fromthe gate electrode by dielectric
spaceyo firsiepned rertionsl dhe Fodigndegignatherphncomplating dasmationsf @ overlie the

source/drai n extensions and wherein an upper portion of the elevated
MOSFET having an elevated source/drain structure in the fabrication of an integrated

circuit device.

Also in accordance with the objects of this invention a MOSFET device having
an elevated source/drain structure is achieved. A gate electrode overlies a substrate,
isolated from the substrate by a gate dielectric layer. Isolation regions lie in and on the
substrate wherein the isolation regiohs have a stepped profile wherein an upper portion of
the isolation regions partly overlaps and is offset from a lower portion of the isolation
regions in the direction away from the gate electrode. Source/drain extensions in the
substrate lie between the isolation regions and the gate electrode. Elevated source/drain
junctions overlie the substrate adjacent to the gate electrode and separated from the gate
electrode by dielectric spacers wherein the elevated source/drain junctions completely
overlie the source/drain extensions and wherein an upper portion of the elevated
source/drain junctions extends into the stepped portion of the isclation regions thereby

increasing the area of the elevated source/drain junctions.




source/drain junctions extends into the stepped portion of the isolation
regions thereby increasing the area of the el evated source/drain
junctions. 3 13 February 2007 BRI EF DESCRI PTI ON OF THE DRAWNGS I n the
acconpanyi ng drawings formng a material part of this description, there is
shown: Figs. 1 through 9 schematically illustrate in cross-igegbiu@Ralon7
representation a first preferred enbodi nent of the present invention.

Figs. 10 through 20 schematically illustrate in cross-sectional

representati on a secGRIEprRESCRYETIOMQH TiEAtDRAVEINGSr esent i nventi on.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention not only

all ows el evated source/drain features to be built, but also offers a |arge
silicon area for silicidation. Two preferred enbodi nents are described

with refer e”&etp%%cgérﬂﬁanﬁhg dPfiNg8 1@thing 8 TRAGHAMRrY of tﬁ&%és‘éﬂpﬁiﬁrﬁﬁd@ér_(?_ﬁg

enbodi nents ditfer 1n the nmethod of formng the isolation regions.

first Qv%,erred enbodi nent will be described with reference to Figs. 1-9.
Ref er P g now nore particularly to Fig. 1, there is shown an illustration
of a portion of a partially conpleted transistor. The sem conduct or
substrate 10 is preferably conposed of silicon having a (100)

crystallogr agigls.c1 ?érbﬁgﬁ Stslcggrn%ggalnaiﬁus%?a Q indgr%gg-sggtic?n%l ?epprégé/rﬁgtion a first

preferred embodiment of the present invention.

Figs. 10 through 20 schematically illustrate in cross-sectional representation a

second preferred embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention not only allows elevated source/drain features to be built,
but also offers a large silicon area for silicidation. Two preferred embodiments are
described with reference to Figs. 1-9 and 10-20, respectively. The two preferred

embodiments differ in the method of forming the isolation regions.

The first preferred embodiment will be described with reference to Figs. 1-9.
Referring now more particularly to Fig. 1, there is shown an illustration of a portion of a
partially completed transistor. The semiconductor substrate 10 is preferably composed of
silicon having a (100) crystallographic orientation and has been doped fo be a p-type

substrate. It will be understood by those skilled in the art that while Figs. 1 through 9




substrate. It will be understood by those skilled in the art that while
Figs. 1 through 9 4 13 February 2007 illustrate an N channel MOSFET
integrated circuit device, a P channel FET integrated circuit device could
be formed sinply by substituting opposite polarities to those given for

the N channel enbodinent. Also, in a simlar way, a CMOSFET 3d&btwirb2)07or ned
by making both N channel and P channel devices upon the sane substrate. A
gate electrode 16 is forned over the substrate. A gate dielectric |ayer 12
i sol atlustrateeargitchasneldVOSEE T intraraied diclit devceudBrdnanes! IH-f dntegiadedhal |
spacers 18 are formed on the gate electrode. For exanple, a silicon

ni t ri dieclibgaiiceraguid dedoposd sigtply b subsidutingibppasite @otardiesnd swseogvemfdry
etched back to leave silicon nitride spacers 18 on the sidewalls of the

gat e eleeNichafgel dnpddinmipt.yAlsbeirfa siptilas payes CABEEA auuttd be ddrnizet byeen  about
4000 and 6000 Angstrons. Referring nowto Fig. 2, |ocal oxidation of

si | i camhirgy BRRAMNPEABShd ankl o BhdiaePBeviceoligbh o1R s alisstrleadj acent to the
sidewal | sSpacers. Now, a second set of sidewall spacers 22 are forned on

the first spacers and overlying a portion of the LOCOS regions, as
illustrated in Fig. 3. The second spacers 22 are of a simlar material to

the first spacern f e . - in a
singl e step. ﬁﬂﬁé?sﬂeja%f)@gﬂﬁzgi"e@gﬁg’ \%gﬁ)@ecglﬁbss_?r%gé:ie'&?a\%é Q{eﬁ&éﬂlj@%&gﬁﬁejzen about
3g885?§% gga'g} 5%%%%@@6&&3%?6%%&@80& gt%gtl%telez.l pl‘rstA'éide%]aIP%%a%eersl Gfe o?m'e
on the gate electrode. For example, a silicon nitride layer may be deposited over the
substrate and anisotropically etched back to leave silicon nitride spacers 18 on the

sidewalls of the gate electrode. Preferably the first spacers have a width of between

about 4000 and 6000 Angstroms.

Referring now to Fig. 2, local oxidation of silicon is performed to form LOCOS
isolation regions 20 adjacent to the sidewall spacers. Now, a second set of sidewall
spacers 22 are formed on the first spacers and overlying a portion of the LOCOS regions,
as illustrated in Fig. 3. The second spacers 22 are of a similar material to the first spacers
18 so that both sets of spacers can be removed in a single step. Preferably the second

spacers have a width of between about 2000 and 3000 Angstroms.

Referring now to Fig. 4, an oxide layer 30 is deposited over the gate electrode

and spacers and planarized such as by chemical mechanical polishing (CMP). Now the




and spacers and pl anarized such as by chem cal nechanical polishing (CW).
Now the 5 13 February 2007 spacers 18 and 22 are renoved in a one step
process, such as a wet etch in hot phosphoric acid which is a well-known
process to strip silicon nitride with good selectivity to oxide. Fig. 5
shows the integrated circuit device after the spacers have haepruagmmued.
lons 33 are inplanted into the substrate adjacent to the gate electrode to
formlightly doped regions 34. Athird set of spacers 36 are forned on the
si dewspacerofistdne psre rehevedtnle obé, stefh (A8 ss egiobres 20/ct atoth inkiotle regi ons

30. The spacers 36 may conprise silicon nitride. Preferably, these spacers

36 ar ghayHdrivIciPWRIchti§ afvdlBidwiT Slocasdtearpriicspanads withaydodgselactivitgt h_of
bet ween about 400 and 600 Angstrons. The third spacers 36 are shown i n Fig.

6. Noyy &iﬁ?nducti ng layer 40 is bl anket deposited over the wafer and
filling all" the gaps as shown in Fig. 6. The conducting | ayer may be doped
polysilicon. Alternatively, the conducting |layer may be a triple | ayer of
titanium titaniumnitride, and tungsten. The titaniumlayer has a

preferred thLckpess of, betwee bout, 100 a 00 Angs ns, . Th i tani um
i tride s fbEnBanaveine RIOT AR e Mo I AR b8V peme omble Ebout
150 and 300 Angstrons. The tungsteg_ | ayer %s depqsi teéi over t]hﬁ titani um
nitri 4 :g’y@r,e irptapted into the substrate adjacent to the gate electrode to form lightly

doped regions 34.

A third set of spacers 36 are formed on the sidewalls of the gate electrode 16,
LOCOS regions 20, and oxide regions 30. The spacers 36 may comprise silicon nitride.
Preferably, these spacers 36 are much narrower than the first and second spacers, having
a width of between about 400 and 600 Angstroms. The third spacers 36 are shown in Fig.

6.

Now a conducting layer 40 is blanket deposited over the wafer and filling all the
gaps as shown in Fig. 6. The conducting layer may be doped polysilicon. Alternatively, the
conducting layer may be a triple layer of titanium, titanium nitride, and tungsten. The
titanium layer has a preferred thickness of between about 100 and 200 Angstroms. The
titanium nitride is formed over the titanium layer to a thickness of between about 150 and
300 Angstroms. The tungsten layer is deposited over the titanium nitride layer to a

thickness of between about 3000 and 5000 Angstroms.




t hi ckness of between about 3000 and 5000 Angstrons. 6 13 February 2007

Now, the conducting |layer is planarized such as by CVMP with an overpolish
to renmove all of the conducting | ayer except where is fills the gaps
between the gate electrode 16 and the oxide regions 30 to insure isolation
between the gate and the conducting |ayer 40. The conductimgrdvayey 2080
fornms el evated source/drain regions, as shown in Fig. 7. These el evated
source/drain regions have a larger area than just that area overlying the
| i ghtly dopeNoweticomsnddting tayien id piansidest suaheas G Fowitb ananvermlisbdésses
have a small silicon area 40 for silicidation. Thus, the quality of the

si | i cirg@of@®BmefitHeScondsidand layaE Bkespt &/hevée Rfillsahs b ps Betwedhathedjaps obl ens. The
process of the present invention provides a |larger area for silicidation,

| eadi ré@ecﬁ%d@“l@hﬁfd tﬂ%%&dé’re@'@dds%(ﬂ% in§ir@- :s@ailér\ HetWezhahe gﬂ% andirRgr at ed

circuit device after the el’evated source/drain regions 40 and the gate
el ectr e ati ve
wher e gyeAtg ’5%-34 1% S0 ekETaye? 0 s Aohglpti Sl R oot CaR.
Here the el eyated urc/draln re i ihLani
U1 aniSHAVAIT Fidid- | PSP e%\fat%%aovf&%ﬁ?@r@ﬁ@@ paTe s IR AR PeBustiner
unnecessary in this since th ons are tal .
Secondres evahiniNe iSbAY JEREC HETIP T g BB Te S PERalen N e B tes598 gs.
10-20. Referring now nore particul arl¥ to Fig. 10, there is_shown an
i 11 usthaseiagyma} sikcon area 40 for silicidation. Thus, the quality of the silicide formed is
usually mediocre owing to stress- related problems. The process of the present invention
provides a larger area for silicidation, leading to higher quality silicide. Fig. 8 illustrates the

integrated circuit device after the elevated source/drain regions 40 and the gate electrode

16 have been silicided 50.

Fig. 9 illustrates the alternative wherein the conducting layer comprises Ti/TiN/W
instead of polysilicon. Here the elevated source/drain regions comprise titanium layer 42,
titanium nitride layer 44, and tungsten layer 46. Silicidation is unnecessary in this case

since the source/drain regions are metal.

The second preferred embodiment will now be described with reference to Figs.
10-20. Referring now more particularly to Fig. 10, there is shown an illustration of a
portion of a partially completed integrated circuit device. The semiconductor substrate 10
is preferably composed of silicon having a (100) crystallographic orientation and has been
doped to be a p-type substrate. It will be understood by those skilled in the art that while

Figs. 10 through 16 illustrate an N channel MOSFET integrated circuit device, a P channel




portion of a partially conpleted integrated circuit device. The

sem conduct or substrate 10 is preferably conposed of silicon having a
(100) crystallographic orientation and has been doped to be a p-type
substrate. It will be understood by those skilled in the art that while
Figs. 10 through 16 illustrate an N channel MOSFET i nt egr ati@dicbruaculGd7
device, a P channel 7 13 February 2007 FET integrated circuit device could
be fornmed sinply by substituting opposite polarities to those given for

t he NFERdnisgratedistanibdarice apdld ba farmed iy by wapstitatingomresitegniaidiasdo
formed by making both N channel and P channel devices upon the sane

subst thatse.given fonitse Brdhadnekernbodipsinht Alse, insa simitah valyor i O SE Rl ¢asld beench
isolation (STI) instead of the LOCCS isolation of the first enbodinment. A
pad ofdrfied IRy®Bkiegd Hoth PrshdnthetandPethahhel deitesapdincthesamebsitbrsétiee. 10 havi ng
a thickness of between about 100 and 200 Angstrons. A hard mask | ayer 62
is deposited over the pad oxide |layer. The hard mask |ayer 62 may be
silicon nitride having a thickness of between about 1500 and 2500

Angst r ons. T[ﬁ{ﬂ?@ﬁg@g&ﬁ]&lqgﬁgti%ﬁ‘fs%% RS &%fh‘én&mr‘én%ﬂ%oqétﬁnﬁwlpxi de

| ayers and I con substrate. The trenches are filled with an
i F st OB TR SEs TPy FRRIRREL Bl PR A B bRl T e
phot oouet B raRRRAY Eaiteol bhalde A bk T geeh a0l fHRARI Z0o
Angstroms. A hard mask layer 62 is deposited over the pad oxide layer. The hard mask
layer 62 may be silicon nitride having a thickness of between about 1500 and 2500
Angstroms. Trenches are etched through the hard mask and the pad oxide layers and

into the silicon substrate. The trenches are filled with an insulating layer and planarized to

complete the STl regions 64, as shown in Fig. 10.

Referring now to Fig. 11, the hard mask and the pad oxide layer are patterned to
form an opening 67 to the substrate. For example, photoresist mask 65 is used to pattern

the opening.

A gate dielectric layer 70 is grown or deposited overlying the substrate within the
opening 67. A polysilicon gate electrode 72 is formed, for example, by a damascene
process where the polysilicon layer is deposited over the hard mask layer and into the
opening 67. The polysilicon layer is polished such as by CMP to remove the polysilicon

except where it remains within the opening to form the polysilicon gate electrode 72.




A gate dielectric layer 70 is grown or deposited overlying the substrate
within the opening 67. A polysilicon gate electrode 72 is formed, for
exanpl e, by a danascene process where the polysilicon |ayer is deposited
over the hard mask |layer and into the opening 67. The polysilicon layer is
pol i shed such as by CVWP to renove the polysilicon except wheLpruhiy J08MaI NS
within the opening to formthe polysilicon gate el ectrode 72. 8 15 February
2007 Referring nowto Fig. 13, the hard mask | ayer 62 is renoved by
convent i onal Refertagnaply Fand 3ptrashardatask lager 82is reraivpt dy dehoedticesi st mask
75 is shown. Now an { oxide etch renoves the oxide surrounding the gate 72

and tmﬁoge@&ﬁﬁ%dcméma et Slarkhle. Photorasissimask 760s Ehawvn Lowl #0s 77 are
inplanted info the substrate adjacent to the gate electrode to form

|1 aht byigdopar drgidnfe BidcAtrafiPting o datl 71 na/fie ElddSr @Yst EBioRber 16, 2

conform ectric layer 78 is deposited over the surface of "'the wa

This |,a 7 | l4scon nitride or tetraoxysilane (TECS) oxide, for
exanphbeygth\ﬁgnsggémﬁﬁi@r?&s of between about 500 and 800 Angstrons. The

dielectric layer 78 is anisotropically etched back to | eave spacers 80 on
the sidewalls of the gate electrode 72 and STI regions 64. Preferably,

these spacers 80 have a widfth of between gbout 500 and 80 t . T
spacers gre logggirarerdmplagted into the substrate acﬁacent to the gate e?eoczroﬁgqg fchr?nnB he

lightly doped regions 76, as shown in Fig. 15. As illustrated in Fig. 16, a conformal
dielectric layer 78 is deposited over the surface of the wafer. This layer 78 may be silicon
nitride or tetraoxysitane (TEOS) oxide, for example, having a thickness of between about
500 and 800 Angstroms. The dielectric layer 78 is anisotropically etched back to leave
spacers 80 on the sidewalls of the gate electrode 72 and STi regions 64. Preferably, these
spacers 80 have a width of between about 500 and 800 Angstroms. The spacers are

shown in Fig. 17.

Now a conducting layer 82 is blanket deposited over the wafer and filling all the
gaps as shown in Fig. 17. The conducting layer may be doped polysilicon. Alternatively,
the conducting layer may be a triple fayer of titanium, titanium nitride, and tungsten. The
titanium layer has a preferred thickness of between about 100 and 200 Angstroms. The
titanium nitride is formed over the titanium layer to a thickness of between about 150 and
300 Angstroms. The tungsten layer is deposited over the titanium nitride layer to a

thickness of between about 3000 and 5000 Angstroms, or as much as necessary to fill the

gaps.




Now a conducting | ayer 82 is blanket deposited over the wafer and filling
all the gaps as shown in Fig. 17. The conducting | ayer nmay be doped
polysilicon. Alternatively, the conducting |ayer may be a triple |ayer of
titanium titaniumnitride, and tungsten. The titaniumlayer has a
preferred thickness of between about 100 and 200 Angstrons.]3HBruaky 208ni um
nitride is formed over the titaniumlayer to a thickness of between about
150 and 300 Angstrons. The tungsten layer is deposited over the titanium
nitride | ayeNowpthe cdriiuckmemyeofs fiatanzed sabbuas 300U Panith 50 @9erogs! toons, or
as much as necessary to fill the gaps. 9 13 February 2007 Now, the

condugdnhérg: slf¥Ethel dnBLisiayf lagedexiephwasrddy filMReVddps twewe thepgateh to renove

all of the conducting |ayer except where it fills the gaps between the gate

e' ect E@G{%Z@ 73n6hqthe s?rT'reggzseé Qﬁl% %u?&:sbﬂz%%%ehﬁé&rﬁ cqm@ghmﬁ@ the gate

conducting | ayer he conducting layer 82 Torns el evated
Z?Erac‘?ériénfﬁ‘“ﬁg 1603 aEh}Z@%@gﬁi@iVaS‘ﬁZWﬁi@fﬂt@%gé Pl
Thvenelt %feﬁA%sﬂHr?ﬁ{éfain r%a“%isr R ar %ref*?ﬁ?fﬁaﬁfﬁﬁ?ai’eeaaéveﬁ*gn"%*%%‘?@hw
quality silicide,. IIustrate?her{gre in ratﬁg circuit V|ce after

the pEPRRY rediens & Wbt”e%‘ h?‘é%t)edf\él”?] ?Wéc’(‘geo?tsé’ e’ect rode 72

have been silicided 86. Fig. 20 illustrates the alternative wherein the
conduptdsegt inygetior pigyidesesiarger area for silicidation, teading to higher quality silicide.

Fig. 19 illustrates the integrated circuit device after the polysilicon elevated source/drain

regions 82 and the gate electrode 72 have been silicided 86.

Fig. 20 illustrates the alternative wherein the conducting layer comprises
THTIN/W instead of polysilicon. Here the elevated source/drain regions comprise titanium
layer 92, titanium nitride layer 94, and tungsten layer 96. Silicidation is unnecessary in

this case since the source/drain regions are metal.

The process of the present invention provides a new method for fabricating an
elevated source/drain transistor. The present invention also provides a {arge silicon
source/drain area for silicidation alleviating poor quality problems in the silicide. In
addition, the present invention allows the option of replacing the heavily doped

source/drain regions with metais.

While the 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

10




Ti/TiNWinstead of polysilicon. Here the el evated source/drain regions
conprise titanium layer 92, titaniumnitride |ayer 94, and tungsten |ayer
96. Silicidation is unnecessary in this case since the source/drain
regions are netal. The process of the present invention provides a new

met hod for fabricating an elevated source/drain transistor3 FtBgiapf Bpent

i nvention also provides a large silicon source/drain area for silicidation
all eviating poor quality problens in the silicide. In addition, the

pr eseRbribuyverdriges imfdronand betadptriaybeofmadepliiouhdepdring éawi the spifienhd
source/drain regions with netals. Wiile the invention has been particularly
shown sagisk geheimkadion th reference to the preferred enbodi ments thereof,

it will be understood by those skilled in the art that to 13 February 2007
various changes in formand details may be made w thout departing fromthe
spirit and scope of the invention. What is clained is: 11 13 February 2007
1. A nethod Wha{t?g%f?v?eoais!\/mFET having an el evated source/drai n structure
in the fabrication of an integrated circuit device conprising: providing a
gate el ectrode overlying a substrate and isolated fromsaid substrate by

11




a gate dielectric layer; formng isolation regions in and on said substrate
wherein said isolation regions have a stepped profile wherein an upper
portion of said isolation regions partly overlaps and is offset froma

| ower portion of said isolation regions in the direction away fromsaid
gate el ectrode wherein said step of formng said isolation nagbaas 2007
conprises: formng first dielectric spacers on sidewalls of said gate

el ectrode; performng |ocal oxidation of silicon to formsaid | ower
portion of said isolation regions in and on said substrate adjacent to
said first spacers; form ng second dielectric spacers overlying said | ower

por t i @naGhethall &f fdriMh@hiMOSFET Vg cRébRUaIUréad e strddtiistingpacer s;
form ng an oxide | ayer overlying said | ower portion of said isolation

regi ORg,icuhst 8 Mn %&a@é&iﬂﬁ:u‘it%fcefﬁn'ﬁri%:d of fset upper portion of said

i sol ation regions; and ereafter renoving said first and second spacers.;

i npl anti ng_| i Saj J ; id
g0l ati on PPIRGrA b Feh RN 25hSGR SATHALE (ERPEal HHBsEA0 07
spacers on sidewal I s of said gate el ectrode and said isolation regions;
and dé& ‘?fjle#%?rélc filucti ve layer overlying said substrate, said gate

el ectrode, and said  isolation region aBd Z£)I anari.zin .salig conducti ve
| ayer to | feRviBgdse! Aty IRUIRNS I{;@qd $81§§U strate wherein said isolation regions

have a stepped profile wherein an upper portion of said isolation regions partly overlaps
and is offset from a lower portion of said isolation regions in the direction away from said
gate electrode wherein said step of forming said isolation regions comprises:
forming first dielectric spacers on sidewalls of said gate electrode;
performing local oxidation of silicon to form said lower portion of said
isolation regions in and on said substrate adjacent to said first spacers;
forming second dielectric spacers overlying said lower portion of said
isolation regions and adjacent to said first spacers;
forming an oxide layer overlying said lower portion of said isolation regions
wherein said oxide layer forms said offset upper portion of said isolation regions; and
thereafter removing said first and second spacers.;
implanting ions into said substrate between said gate electrode and said isolation
regions to form source/drain extensions;
forming dielectric spacers on sidewalls of said gate electrode and said isolation
regions; and
depositing a conductive layer overlying said substrate, said gate electrode, and said

isolation regions and planarizing said conductive layer to leave said conductive layer

12




13 February 2007 adjacent to said gate el ectrode and separated fromsaid
gate electrode by said dielectric spacers wherein said conductive |ayer
fornms el evated source/drain junctions and wherein said el evated
source/drain junctions conpletely overlie said source/drain extensions and
wherei n an upper portion of said el evated source/drain junct3 Edbsuaex2@7yds
into said stepped portion of said isolation regions thereby conpleting
formati on of said MOSFET having an el evated source/drain structure in the
f abr i adjdoent of sadgdtd electypds and séparaied fownisaisl gate eRrogetiyspiddistrading to
Claim1 wherein said gate el ectrode conprises polysilicon. 3. The nethod
accor @pagersavifdrainneald vhedueitine s$aicd fativel eetated sepaeddraindongtitinseirsl whereim
nitride having a width of between about 400 and 600 Angstrons. 4. The

et hod Jpr&1av Atk Golifefrainuacidier @infplsielyth el ysitli soardeidrain asmsibasangoped
polysilicon. 5. The nethod according to Caim21 wherein said step of

depositd nginSH &bsﬁeg gﬁm&i af%dacfg%wateaogmée?&%zn RRBOSHS &:R6nds ntd aabwRIRYer
overlying sal d subst

rate, sald gate electrode, said isolation regions, and

L Ot e R M A D T

I tar I'ng ste ayer overlying sal ani um
nitri %?e\}a?gc? gbur%:g/drain structure in the fabrication of said integrated circuit device.

2. The method according to Claim 1 wherein said gate electrode comprises polysilicon.

3. The method according to Claim 1 wherein said dielectric spacers comprise silicon

nitride having a width of between about 400 and 600 Angstroms.

4. The method according to Claim 1 wherein said conductive layer comprises doped

polysilicon.

5. The method according to Claim 1 wherein said step of depositing said conductive layer
comprises:

depositing a titanium layer overlying said substrate, said gate electrode, said
isolation regions, and said dielectric spacers;

depositing a titanium nitride layer overlying said titanium layer; and

depositing a tungsten layer overlying said titanium

nitride layer.
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13 February 2007 6. The nethod according to Claim5 wherein said titanium
| ayer has a thickness of between about 100 and 200 Angstrons. 7. The nethod
according to Claim5 wherein said titaniumnitride |ayer has a thickness of
bet ween about 150 and 300 Angstroms. 8. The nethod according to Claim4
further conprising siliciding said gate el ectrode and sai d3qﬂe§,\ﬁagez;b07
source/drain junctions. 9. A nethod of form ng a MOSFET havi ng an el evat ed
source/drain structure in the fabrication of an integrated circuit device
conpr BsThg maihay bdiarding tg & aineb edtereidesaahvitahiymmigyar Babathickressrd i sol at ed
fromsaid substrate by a gate dielectric layer; formng first dielectric

spacepstwitrsairmabb snaf2oeahshgaings.el ectrode; forming isolation regions in
and on said substrate adjacent to said first spacers; formng second

di el ectric spacers overlying said isolation regions and adjacent to said
first spacers; formng an oxide layer overlying said isolation regions;

ther eaf L-ap rﬁegﬁa’ara&g)rgmb% 5@%?%@&%%%@%% ﬁna@l%gspa{asemam&s%@' d

subst rat J acen (0] Sal ectrode; anting ions into said

expose subst.r 0 drain extensions; thereafter formng
t hi rd®g V\é‘?e@b?‘?q%qéb go‘id@d%n%t%)iv%l |'s of said gate el ectrode, said

8. The method according to Claim 4 further comprising siliciding said gate electrode and

said elevated source/drain junctions.

9. A method of forming a MOSFET having an elevated source/drain structure in the
fabrication of an integrated circuit device comprising:

providing a gate electrode overlying a substrate and isolated from said substrate by
a gate dielectric layer;

forming first dielectric spacers on sidewalls of said gate electrode;

forming isolation regions in and on said substrate adjacent to said first spacers;

forming second dielectric spacers overlying said isolation regions and adjacent to
said first spacers;

forming an oxide layer overlying said isolation regions;

thereafter removing said first and second spacers thereby exposing said substrate
adjacent to said gate electrode;

implanting ions into said exposed substrate to form source/drain extensions;

thereafter forming third dielectric spacers on sidewalls of said gate electrode, said

isolation regions, and said oxide layer; and
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i sol ation regions, and said oxide |ayer; and 14 13 February 2007

depositing a conductive |layer overlying said substrate, said gate

el ectrode, said isolation regions, and said oxide |ayer and planari zi ng
said conductive layer to | eave said conductive |ayer adjacent to said gate
el ectrode and separated fromsaid gate electrode by said thirdnapasrys
wherein said conductive |ayer forns el evated source/drain junctions

t hereby conpleting formation of said MOSFET having an el evated source/drain
struct ur e ddpositing 4 edduetivé tiyeobvedyjin sait egbatratd, said gaitd eldetrode. sald. The

met hod according to Caim9 wherein said gate el ectrode conpri ses

pol ysidoldtRm: regibhs, dfesamidRie EQ?;@MI?H Plankezikg ahith nohetiel laysetodedie sdid
di el ectric spacers conprise silicon nitride having a wi dth of between

about 069&9:&@5%3&9%;&%%%5 & ga@@ele&'ﬂ@dé@ﬁ@Qé’pélfﬁfééi_rf%rﬂ%atcpgéﬂe@éﬂtr%dwﬂer ein
sai d secon i el ect

I C spacersS conprise silicon nitride having a wdth of

bet wegp s%%‘)@rgfsg)gge hgfgglosﬁ?géﬁ&?dﬁ% Iy frRRs éTB\tfﬁgg s%ﬁﬁ%?%@ﬂuﬁ igds@ M 9

wher e M P O orm ng i sol'ation regrons I n an on sal substrate

The. mEtaeEy SeRbiRinHdCTA BT see Bbacs 1 nava do iR peRlnS B8 e

overlying said isolation regions conprises: depositing an oxide |ayer
over | ¥ e fahieptipn o seiciptegsated drgul devicst and second spacers, and said
i sol ati on regions; and

10. The method according to Claim 9 wherein said gate electrode comprises polysilicon.

11. The method according to Claim 9 wherein said first dielectric spacers comprise silicon

nitride having a width of between about 4000 and 6000 Angstroms.

12. The method according to Claim 9 wherein said second dielectric spacers comprise

silicon nitride having a width of between about 2000 and 3000 Angstroms.

13. The method according to Claim 9 wherein said step of forming isolation regions in and

on said substrate adjacent to said first spacers comprises local oxidation of silicon.

14. The method according to Claim 9 wherein said step of forming an oxide fayer overlying
said isolation regions comprises:
depositing an oxide layer overlying said gate electrode, said first and second

spacers, and said isolation regions; and

5




15 13 February 2007 polishing away said oxide |ayer |eaving said oxide

| ayer only overlying said isolation regions wherein said oxide | ayer partly
overl apping and offset fromsaid isolation regions | in the direction away
fromsaid gate el ectrode. 15. The nethod according to Claim9 wherein said
step of renoving said first and second spacers is a singl e3stgrarermyal
process. 16. The nethod according to Claim9 wherein said third dielectric
spacers conprise silicon nitride having a wi dth of between about 400 and
600 Angst rguishing Awaihsaidrekide da e deandng gaiti ox@ealagefomp eveilying aadid isgatibret | ve

| ayer conprises doped polysilicon. 18. The nethod according to Caim?9

wher epdhigid $hekceip said BeROgléd ;ﬁkﬁilf@ydrlé?;smﬁ@l@hdi visetl fRye kailosplatisetsgions
depositing a titaniumlayer overlying said substrate, said gate el ectrode,

sai d gxid&ird AYF bwasHdin Eéiel?zat&% BRcfiegbons, and said third spacers;

depositing a trtaniumnitri ayer overlying said titaniumlayer; and
depositing a tungsten |ayer overlying said titaniumnitride |layer. 19. The
met hod according to Claim 18 wherein said titanium|layer has a thickness of

bet we%g ?I?g lrﬁet%g aggodrd%gqo 'g?%?nté(\?vrﬁserei%%aid step of removing said first and second

spacers is a single step removal process.

16. The method according to Claim 9 wherein said third dielectric spacers comprise silicon

nitride having a width of between about 400 and 600 Angstroms.

17. The method according to Claim @ wherein said conductive layer comprises doped

polysilicon.

18. The method according to Claim 9 wherein said step of depositing said conductive
layer comprises:

depositing a titanium layer overlying said substrate, said gate electrode, said oxide
layer, said isolation regions, and said third spacers;

depositing a titanium nitride layer overlying said titanium layer; and

depositing a tungsten layer overlying said titanium nitride layer.

19. The method according to Claim 18 wherein said titanium layer has a thickness of

between about 100 and 200 Angstroms.
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13 February 2007 20. The nmethod according to Claim 18 wherein said
titaniumnitride | ayer has a thickness of between about 150 and 300
Angstroms. 21. The nethod according to Caim17 further conprising
siliciding said gate electrode and said el evated source/drain junctions.
22. A method of form ng a MOSFET having an el evated source/idrisbRiasf 2000t ur e
in the fabrication of an integrated circuit device conprising: providing a
pad oxi de |l ayer overlying a substrate; depositing a hard mask |ayer

over | pOnghs aiethqhdcaprditg tb &laim 1&m¢1le're1'g shidetitehies nitridedgyerdsisch thackhesask

| ayer and said pad oxide layer into said substrate and filling said

t rencheseiiden abotit €56 ehtip0l Ayetrobris. f or m shal | ow trench isol ati on regions;
etching an opening through said hard mask | ayer and said pad oxide |ayer to

said substrate; providing a gate dielectric |ayer overlying said substrate
within said opening; formng a gate electrode overlying said gate

di el ecyrygy h@fﬁéa %%d?amgﬁslcﬂ' APEREHher P@;emfgtsﬂrc,dl g;u%téane%treag%naask

| ayer; 't endving sal oxl e I ayer a to sal gate el ectro
t her eb i ng _sai sub te wher ei n part of an upper portion of said
shal | éé)dt"grﬁg@ﬁd g%’i"&?‘i%w JP@‘L&I Rs are also r enoved;

22. A method of forming a MOSFET having an elevated source/drain structure in the
fabrication of an integrated circuit device comprising:
providing a pad oxide layer overlying a substrate;
depositing a hard mask layer overlying said pad oxide layer,
etching trenches through said hard mask layer and said pad oxide layer into said
substrate and filling said trenches with a dielectric layer to form shallow trench isolation
regions;
etching an opening through said hard mask layer and said pad oxide layer to said
substrate;
providing a gate dielectric layer overlying said substrate within said opening;
forming a gate electrode overlying said gate dielectric layer within said opening;
thereafter removing said hard mask layer;
removing said pad oxide layer adjacent to said gate electrode thereby exposing said
substrate wherein part of an upper portion of said shallow trench isolation regions are also
removed;

thereafter implanting ions into said exposed substrate to form source/drain

extensions;

17




thereafter inplanting ions into said exposed substrate to form source/drain
extensions; 17 13 February 2007 thereafter formng dielectric spacers on
sidewal | s of said gate electrode and said i shallow trench isol ation
regions; and ~ depositing a conductive |ayer overlying said substrate,
said gate electrode, said isolation regions, and said oxi dej3 Egpalar@?eh7

pl anari zing said conductive |ayer to | eave said conductive |ayer adjacent
to said gate el ectrode and separated fromsaid gate el ectrode by said

di el ect ri cthepafier omtiey dicfectids shanersloc sidewvallapé saiehgata decthadeand skidom sai d
gate electrode over a part of a |lower portion of said shallow trench

i sol alghamw ﬂﬁh@fﬂﬁso%i@h&b?ion@;aémﬁ conductive | ayer forns el evated
source/drain junctions thereby conpleting formation of said MOSFET havi ng

an el evat e@e&ﬁﬁr@% T J e B(J@rlyiiﬂé? the JaBirheathiaé ekatrdde] Hfi@or at ed

circuit device. 23. The nmethod according to C aim 22 wherein said hard mask
| ayer . j il g AU : -l | |42
wnor el SRR EGRrR: 20 B At ol laRAAE ARG ARGEINK ATl @ 3% BT, di ng
to Caim22. wherein,sai t. ectr | Si ki . i.The
ot ho AR EaMA A BRI 290 s kel AREPE e fotakd 28 et
silicon , , , . .

by said dielectric spacers wherein said conductive layer extends outward from said gate

electrode over a part of a lower portion of said shallow trench isolation regions wherein

said conductive layer forms elevated source/drain junctions thereby completing formation

of said MOSFET having an elevated source/drain structure in the fabrication of said

integrated circuit device.

23. The method according to Claim 22 wherein said hard mask layer comprises silicon

nitride.
24. The method according to Claim 22 wherein said dielectric layer comprises an oxide.
25. The method according to Claim 22 wherein said gate electrode comprises polysilicon.

26. The method according to Claim 22 wherein said dielectric spacers comprise silicon

nitride having a width of between about 500 and 800 Angstroms.

27. The method according to Claim22 wherein said conductive layer comprises doped

polysilicon.
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nitride having a width of between about 500 and 800 Angstroms. 27. The

nmet hod according to C ai n22 wherein said conductive |ayer conprises doped
polysilicon. 18 13 February 2007 28. The nmethod according to Cl aim 22
wherein said step of depositing said conductive |ayer conprises:
depositing a titaniumlayer overlying said substrate, said igatbrualheiorode,
said oxide layer, said isolation regions, and said third spacers;
depositing a titaniumnitride |layer overlying said titaniumlayer; and
depositing a tungsten |ayer overlying said titaniumnitride |ayer. 29. The
met hod according to Caim 28 wherein said titanium|layer has a thickness of
bet wegs. TheutetddiDacdtdiag o Migst 22 mherdn saithdepef Hepbsiitropsaid ngndwcti@eai m 28
wherein said titaniumnitride |ayer has a thickness of between about 150
and 30QeARempFigss. 31. The method according to O aim 27 further conprising
siliciding said gate el ectrode and said el evated source/drain junctions.

32. A MOSFEL dinetidRiufl BYRF B%kfy §86duBsPak! 48 lHatEaleBlréde, I3l Lakiak ed

circuit device onprising: a gat’e e?ect rode overlying a substrate and

I sol aj4 %r,fsfa?ms%ﬁcitﬂn%&%ﬁg,aﬁrﬁj BYd %iﬂﬁéﬁacers;

depositing a titanium nitride layer overlying said titanium tayer; and

depositing a tungsten layer overlying said titanium nitride layer.

29. The method according to Claim 28 wherein said titanium layer has a thickness of

between about 100 and 200 Angstroms.

30. The method according to Claim 28 wherein said titanium nitride layer has a thickness

of between about 150 and 300 Angstroms.

31. The method according to Claim 27 further comprising siliciding said gate electrode and

said elevated source/drain junctions.

32. A MOSFET having an elevated source/drain structure in an integrated circuit device
comprising:
a gate electrode overlying a substrate and isolated from said substrate by a gate

dielectric layer;
isolation regions in and on said substrate wherein said isolation regions have a

stepped profile wherein an upper portion of said isolation regions partly overlaps and is
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dielectric layer; isolation regions in and on said substrate wherein said
i solation regions have a stepped profile wherein an upper portion of said
isolation regions partly overlaps and is 19 13 February 2007 offset from
a lower portion of said isolation regions in the direction away from said
gate electrode; source/drain extensions in said substrate jl3HeBgh oueen
said isolation regions and said gate electrode; elevated source/drain
junctions overlying said substrate adjacent to said gate electrode and
separ effest ffonom isaedpgrdibe of baidtisadiorbyegibrel indhe teedctjmacaway kberssichgsatai d

el evated source/drain junctions conpletely overlie said source/drain

ext engjgentgd@nd wherein an upper portion of said el evated source/drain
junctions extends into said stepped portion of said isolation regions

thereby I ngfigasibingn b%n%ﬁé.rpéa.a%has@ét@wﬁhggeﬁf@wfp@é[ér@nénod ﬂég@wscam; and a
silicide layer overlying said gate el ectrode and said el evated source/drain

j unct %QB atg’ Eeo-ir gedew ce according to Claim32 wherein said gate el ectrode
conpri se yS| I'con. 34. The device according to Caim 32 wherein said

ESRICRE S RSN S W e e
electrode and separated from said gate electrode by dielectric spacers wherein said
elevated source/drain junctions completely overlie said source/drain extensions and
wherein an upper portion of said elevated source/drain junctions extends into said stepped
portion of said isolation regions thereby increasing the area of said elevated source/drain
junctions; and

a silicide layer overlying said gate electrode and said elevated source/drain

junctions.

33. The device according to Claim 32 wherein said gate electrode comprises poiysilicon.
34. The device according to Claim 32 wherein said isolation regions comprise local
oxidation of silicon as said lower portion of said isolation regions and a deposited oxide

layer as said offset upper portion of said isolation regions.

35. The device according to Claim 32 wherein said isolation regions comprise shallow

trench isolation regions that have been patterned to form said stepped profile.
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| ayer as said offset upper portion of said isolation regions. 35. The

devi ce according to Claim 32 wherein said isolation regions conprise
shallow trench isolation regions that have been patterned to form said
stepped profile. 20 13 February 2007 36. The device according to Caim 32
wherein said el evated source/drain junctions conprise doped3Febygiy000n.
37. The device according to Claim32 wherein said el evated source/drain
junctions conprise: a titaniumlayer overlying said substrate said

i sol aBboThe dgvioasccamihgdaiClaispa? evhereinasaid elenatethsoutas/drain japetiorsver | yi ng
said titanium | ayer; and a tungsten |ayer overlying said titaniumnitride
| ayer comdise doped polysilicon.

37. The device according to Claim 32 wherein said elevated source/drain junctions
comprise:
a titanium layer overlying said substrate said isolation regions, and said spacers;
a fitanium nitride layer overlying said titanium fayer; and

a tungsten layer overlying said titanium nitride layer.
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