; @3eun3uk. ./ $0L1262T3JVA METHOD TO FABRI CATE ELEVATED SOURCE/ DRAI N

TRANSI STOR W TH Laﬁﬁﬁm mmm‘SILICIDATICN (1) Field of the Invention
The invention rel abrication of ntegrated circuit devices, and
nore particularly, to*ecwethod of form ng an el evated source/drain
transistor_structure having.a large area for silicidation in the

fabri cat i oMEJHOR Y FABRIC 'T}FcELEgAT(EB SEERGE/PRAIN BRANSES BPRoWI Tt The
utilitarian features in forthcom ng sem conductor devices are small gate

di mensi ons and shal | ow soUrARGHIARRAROR SIIJAEDAAIONe await the maturity and
devel opment of conpatible techniques to assure shallow junctions with high
dopant activation for a |lower Schottky barrier between netallic contact and
doped silicon, we may require rai sed or elevated sourc i res to
fan out currepaEkQRHUNDINETHERIVENEIHEr | es resi st anjﬂﬂﬂ"‘%@“ﬂf@mﬁ' ques of
maki ng el evated source/drain features are being proposed. U S  Patent

6, 090,691 to Ang et al discloses damascene gate and sour ce/ 8f & n process
with raised polysilicon source/drain regions. U S. Patent 6,207,517 to

wul | er ches rai sed polysilicon source/drain process. U S. Patent
5,271,1@3??%32fgﬁdnﬁ?wﬁp shows rai sed source/drain contacts. U. S. Patent
6,090,672 to Wanl ess shows a netal gate process. SUMVARY OF THE | NVENTI ON A
princi pal obj dbe igventipa plateein thaf@nicatien jof ntegrpied Gintaitadevadeseend vaorgnd
very manufacturabl e nethod of formng a transistor having el evated

sour ce/ particulady,r tocd urettsad of forfing herelevbied sourt/drdie tranvietor isonctuse havigg avi de
a nethod of formng a transistor having an el evated source/drain structure
and a | Rkgearéd for gDMRicAEBA if e fobridatibslaf in@pratd@tiraui@t her object is to provide
a nmethod of formng a transistor having an el evated source/drain structure
with a large area for silicidation wherein the source/drain structure may
be doped polysilicon or a netal. In accordance with the objects of this

i nventi nmet.hod for formng a transistor having an el evated source/drain
structu&grﬁgmﬂﬁﬁpévg .nghé%e el ectrode is fornmed overlying a

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 raised source/drain

contacts. U.S. Patent 6,090,672 to Wanless shows a metal gate process.

SUMMARY OF THE INVENTION
A principal object of the present invention is to provide an effective and very

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



substrate and isolated fromthe substrate by a gate dielectric |ayer.

| sol ation regions are fornmed in and on the substrate wherein the isolation
regi ons have a stepped profile wherein 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 el ectrode. |laons are inplanted
into the substy dirthep obigsk Rt it inyghiors il proyidesh anathed pEfrminga raagistds to
form source/drain extensions. Dielectric spacers are fornmed on sidewal | s of
t he gat bavehgat elovaedsmirtddrainsuaturomd algi gersslicof aremfbu sificidatidmyer i s
deposited overlying the substrate, the gate el ectrode, and the isolation

regi ons and plyanafidtB&dbhiet ised\Rotifea afsliacsf f%ﬂnin%)é&farﬁﬁi@%ﬁﬁlgtaﬁ cldiategat e
el ectrode and separated fromthe gate el ectrode by the dielectric spacers

wher ef n g e FANGLLHEwHAY gl AFAROLLEYARES SAULGRAILAI UNELIRAR. ARY

wherein the el evated source/dralin junctions conpletely over
source/grgi ndexﬁTye sci on§ aneg wherei n an upper portion of the el evated
sour ce/ df &Y jpl9 GRS &x% ?“}ds into the stepped portion of the isolation

regions there conpleting fornation, of a MOSFET havin n el evat ed,

sour ce/ drain g%ﬁﬂ%? i ﬂ@‘ﬂg%¥§%%ﬁ?%ﬁ“%@“%haPﬁﬁ%§#§¥2@“épgéhV¥“H@Vice.
Al'so in accordance with the objects of this invention a MOSFET devi ce

havi ng havieg aveleeaicd sunresddrdinagtrucarre iscachiezed.s Agatd doesthdeds fumed evedyingde
overlies a substrate, isolated fromthe substrate by a gate dielectric

|l ayer. hagtraki o selgiednBorhi the isnbaratt by o bste slidlsdtriatigyenh elseliation Reibmohmt i on
regi ons have a stepped profile wherein an upper portion of the isolation 2

regi onstatel liy a8 8h tRP SuRftfhel whe2ih 388 isbla0Bh %e%i@ﬂ!eﬁavféoi §tk d(Hroﬁféewlile'?‘r&hat ion
regions in the direction away fromthe gate el ectrode. Source/drain

ext ensi ' S i.e:het n ' ' [ e gate
ol cot r oo ieidt go AR Bhfigh 1 MERY obctfuh 300 RO BB SRR BEulcRAT
to the gat.e el.ectrode.and separated fromithe gate electrode by dielectric
spacer s THHRPENT [Hra/iby SEB0Roay dFAm 1S BHE EIBHEIE et IYPBER FFE t ho
source/ drain extensions and wherein an upper portion of the elevated .
sour ce/ Bicasubsiratachatueen e engselesitodetad Heeispaliopdesionn tofiofmesours/dinon
regions thereby increasing the area of the el evated source/drain junctions.
BRI EF DESORIi¢NFI MNelertritidpadorrit NBBddnort $idewd sorfibmpate glediradd mykthe gsobitiog a
material part of this description, there is
regions. A conductive layer is deposited overlying the substrate, the gate electrode, and the
isolation regions and planarized to leave the conductive layer adjacent to the gate electrode
and separated from the gate electrode by the dielectric spacers wherein the conductive layer
forms elevated source/drain junctions and 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 isolation regions thereby
completing formation of a 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 regions have a stepped profile wherein an upper portion of the isolation



shown:- Figs. 1 through 9 schematically illustrate in cross-sectional
representation a first preferred enbodi nent of the present invention. Figs.
10 through 16 schematically illustrate in cross-sectional representation a
second preferred enbodi nent of the present invention. DESCRI PTION OF THE
PREFERRED EMBCDI MENTS The present invention not only allows el evated

sour ce/1¢eigng peeht avelaps endes mifset fropug lawso pertioaraef éeua@lgteoxs regigsningthea f or
silicidation. Two preferred enbodi nents are described with reference to

Fi gs. ldifecdion ah@y Tom thesgasctlectedde. Sduece!dwinprxédnsione dn drelbmbstraatis bdivdear i n
the nethod of formng the isolation regions. The first preferred enbodi nent
wi | bethdassiblifie deplbdshad B HRY £ate ldcBrolie.ISEletatdd sb@le/iFdiR Ju@ionsierlie the

particularly to Fig. 1, there is shown an illustration of a portion of a
tial LSt i t i .
oL e FATIUBLEN 4RaRheloro IR S GRTUR PRSI BBy e

orientation and has been doped to be a p-type substrate. .lt.wll be .
Under st BHEETEyVHESe e, FIEY e | SAUcRdrelp Jupeiahs, gyrmrlstelyggverkie e GigyppeBirain
illustrate an N channel MOSFET integrated circuit device, a P channel FET
i nt egr ag*densians @nf twheesin @a upper potHen o thaselcwategh pures/ drgimBINPHRRS| SYEETdp p8i t e
polarities to those given for the N channel enbodinment. Also, in a simlar
way, a BNMosHPpEd qoutioh lvé theriseatidy regidaisnthebablyhinkkeasiagribe aaerd of thth ataveted
devi ces upon the sane substrate. A gate electrode 16 is formed over the
subst r ajqurceAlrgiatjéndionkectric layer 12 isolates the gate electrode fromthe
silicon substrate. First sidewall spacers 18 are forned on the gate

el ectrode. For exanple, a silicon nitride |ayer may be deposited over the
substrate and ani sotropically etched back to | eave silicon nitride spacers

18 on the si t eferably the first spacers
have a w dt hdgﬁﬁbﬂeﬁﬁgﬁlgg%@@ogg%%%‘gw&ngst rons. Referring nowto
Fig. 2, local oxidation of silicon is perforned.to form LOCOS jsolation
regi ons 20 adjhE¥MCCORPRRENE HHEHARY TRiRee? Malgys),pag of i3 AFSEIRIOBs hef Bl |
spacers 22 are fornmed on the first spacers and overlying a portion of the
LOCOS r#€@ivans, as

Figs. 1 through 9 schematically illustrate in cross-sectional representation a first

preferred embodiment of the present invention.

Figs. 10 through 16 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 10-16, 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



illustrated in Fig. 3. The second spacers 22 are of a simlar material to
the first spacers 18 so that both sets of spacers can be renoved in a
single step. Preferably the second spacers have a wi dth of between about
2000 and 3000 Angstronms. Referring nowto Fig. 4, an oxide layer 30 is
deposi ted ov r the % % el ectrode .and, s%a,cers ag BI anari zed such as by
cheni ca$111?ﬁéb aving A gQﬂ i @nstaklogramiby  oriqatation cangdy hass bgem gop t@éoeaaepw@ﬁoved
in a one step process, such as a wet etch in hot phosphoric acid which is a
wel | - knmbﬁtrzm:.odé%illtbe ynddrgioed |bycthasenskiledién whe hrigibaidwhde ddgs. Vi through 8xi de.
Fig. 5 shows the integrated circuit device after the spacers have been

r enov edillubtedis ad B eadn¢INYIOSFETdniegiated dircuitidesicead P chahret BRT ihtegiated dmuit

el ectrode to formlightly doped regions 34. 4 A third set of spacers 36
are forggeecOfbuld 8e %Q%Mlhﬁlyﬂf%tshﬁ‘stﬁﬁh% &PpRske 8 Qﬁrlﬁ@s td—fﬁ@ﬁﬁgf\@ﬁ'f@ﬁﬁaezﬁ and

oxi de regions 30. The spacers 6 may conprise 5| icon nitri Preferably,

t hese s SPagc

havi ng %l%\i/;lvlg ¢ teﬁ]%o%fl ﬂé&ktm%’ i %@g %@Skngs{ H g‘ﬁge %QH%K' r%mg%ﬁmhr s 36
are sho a conductln r 40 is bl anket deposited over

t he wafl\grrg’h ll:f‘ﬁgﬂ) h@f“‘éy\,@e“[‘?‘?@ upgp the agg"?r%&ﬂraien Fig. 6. The conducting |ayer
may be doped polysilicon. Alternatively, the conducting |ayer may be a
triple |ayer &fgateelgpiredn ¢ istfarmeshover the sbstratad A gate dicdeetricTlazen 12 splatem

| ayer has a preferred thickness of between about 100 and 200 Angstrons. The
ti t ani uthe gaterdletgrods ffoar thedilmoasubdtmtd. | Hisst sidewhbgpacetsol 8aart Hioroledassthe ate

bet ween about 150 and 300 Angstronms. The tungsten |ayer is deposited over

the titésétdleNi Féi dRanhil¥ s silon diftidekRessmal thetymeiedbostt th30Qbsidte #d00
Angstrons. Now, the conducting layer is planarized such as by CVP with an

over pol Jsfhidopi aﬁ?‘%\’&xea]ﬁﬁcﬁ’ftotl Q/e ﬂ%ﬁgﬁ{rﬁfé %) AYes 180k o ‘(\igé%\‘ lslof the | ét% the

gaps between the gate electro 6 an e regi ons to |nsu

| ayer 40 A A W ST fC¥Ghsith pRIEABO M e,

el evated source/drain regions have a |arger area than just that ar ea

overl yi ﬁ@gﬂ?énﬁ ightly doped regions 34 within the substrate. Many prior art
processes have a snall silicon area 40 for silicidation. Thus, the 8ual ity
of the silici Refdrongredwi ® Bigua! logahexidatioreobeiliaen ioperforged to form LO

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 spacers
18 and 22 are removed 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 been removed. lons
33 are implanted into the substrate adjacent to the gate electrode to form lightly doped

regions 34.



rel ated problens. The process of the present invention provides a |arger
area for silicidation, leading to higher quality silicide Fig. 8
illustrates the integrated circuit device after the el evated source/drain
regions 40 and the gate el ectrode 16 have been silicided 50. Fig. 9

illustrates the alternative wherein the conducting |ayer conprises Ti/TiNW
i nst ead of po‘f‘y’é‘lrfiﬁ%ﬁ? SPRACES B Temadean dosu pideaisap thee gate plectige rlbs e

titaniumlayer 42, titaniumnitride layer 44, and tungsten |ayer 46.
Silici dd?COR tegions ROc esd aridei negions S0cabke spasers Ithemayoompeisdrsdlioonrmtyidens ar e
netal. 5 The second preferred enbodi ment will now be described with

r ef er erfeefetably;ithese splcetd36 Red aiuch mgrrowér thah ehd Airst iagd Isaddnd dpacdrs, havik@, a t her e
is showmn an illustration of a portion of a partially conpleted integrated

Ci rcui tydavdRiwddAebs 8 (b W0 A ng3HbBL ! &he it dpicdrd §6 &fealRbyn GPPROged of
silicon having a ( 100) crystallographic orientation and has been doped to

(
be a p type t . i S y those il .0t art
Chat whi 1o Foon 4 Bfelbyfbs i NERRE LR et et aFnfe
circuit devicge, a P.chanpel FET integrated circujt device could, be forned
si npl y 8§s g Wt}f‘ﬁggogg%g?rf%é'cﬁ‘&g 9t ey b’?é*"P“ﬁfLE‘éYﬂll%h K&ty tbhannel
enbodi nrent. Also, in a simlar way, a CMOSFET coul d be formed by making
bot h N conduaiiae laner may Henadripelpyeres!l tipmumh tasime nitnidet aad &ungpignt hike
enbodi nent, isolationis in the formof shallow trench isolation (STI)

i nst eaditafiumhleyérCiSSa ipsefbatd dnclafest b€ betwesh abobod0rand .208 peghtroxisdeThayer
60 is provided over the sem conductor substrate 10 having a thickness of

bet weenitaiemtnitHIR iR BvANBS tifaBiEn laheRIhIMREKs 0B Y Svebr absut dSPasd 8¢ over
the pad oxide | ayer. The hard nmask | ayer 62 may be silicon nitride having a

thi ckn e&ﬁgﬁnggft nggﬁ@g%?a{/%‘%g Qle@&‘i’te@ gggr the Qﬁéx{iﬁa}ﬁgﬁtriﬁté %}%E o a .'?L‘lﬁi:é‘lgge%é3 bed

t hrough t e pad oxide |layers Into - the si

substragte. The tr he filled wwth an insulating | ayer and pl anari zed
to congfﬁfﬁmfﬁgméﬁ@ﬁﬁgéP§h§A€§$“5§&shomn in Fig. 10. Referring nowto Fig.
11, the hard mask and the pad oxide |ayer are patterned to form an opening

67 to the sub¥PWathe consucting fayee is phgapredstush ataldk CAEP ivdth,a @vepolish t@r n

the opening. A gate dielectric layer 70 is ?romm or deposited overlying the
subst r ae@oyig alh iog theheonducting layer 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 layer 40.
The conducting layer 40 forms elevated source/drain regions, as shown in Fig. 7. These
elevated source/drain regions have a larger area than just that area overlying the lightly doped
regions 34 within the substrate. Many prior art processes have a small silicon 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.



opening 67. A polysilicon gate electrode 72 is forned, for exanple, by a
damascene process where the polysilicon |ayer is deposited over the hard
mask | ayer and into the opening 67. The polysilicon layer is polished such
as by CVWP to renove the polysilicon except where it remains within the
opening to formthe polysilicon gate el ectrode 72, 6 ., Referring_nhow to
Fig. 13, the Haf&eondpréfered elabocﬁglewewﬂbw By dessrbehwitBaelerance oBigaptfy and
pl asma etching, for exanple. Photoresist mask 75 is shown. Now an oxi de

et ch r ehvRefetting v terspartiodandly togFighl), geereisAhoandnilhestretippstapetionef a
regions of the STlI, as shown in Fig. 14. lons 77 are inplanted into the
subst r apartiaily acepletddanidgeat@hticudy dslide0dEhd senhiosmduciog Bubstrattop@ds pe@irabls 76,

as shown in Fig. 15. As illustrated in Fig. 16, a conformal dielectric
| ayer 7§orh§os9@99§1itn,&{ﬂhm1§‘g‘atl_fm) o5 f6Saflic LREnMBEEind HRIbReh BYRYd t6Be ABY. be
silicon nitride or tetraoxysilané (T oxi de, for exanple, having a

< ani obbropaEla VERIERRI I R P R L BT N (1

gate el ectrode 72 and STl regions 64, Preferably hes acers 80 have a
width oflsergaan Q@@ﬂ?ﬁﬁ@@@ﬁ“dn@ew%amt&mcw% CE%JHEEFE%&?@%@WCPH Fi g.
17. Now a conducting |ayer 82 is bl anket deposited over the wafer and
fillingdedi¢e eddd @aﬁgrra@y sinwhn by sulbstiguting7oppphiée polatties fondiosagiven ey thsedNdoped
polysilicon. Alternatively, the conducting |layer may be a triple |ayer of

ti t ani uchanhelt enbadimentt rAlee,in arstnilarngst, artCMOSEEL doakd bafdrimygé by maeskisg both
preferred thickness of between about |00 and 200 Angstrons. The titanium

ni tri deNi dhah¥l AR PRYSnel B6vitdstupBh WY daméaibitaute t hi ckness of between about
150 and 300 Angstroms. The tungsten layer is deposited over the titanium

nitride |ayer g} aﬂgeﬁli}&ﬁhﬁ?ﬁ ?sot ioﬁg% }p’n‘{gtﬁé‘ ﬁﬁa}?&{isﬁg@%g rt]rgHSh éQ@ﬁPff‘@ﬁS ;hg%f%d or

as much as necessary to € ucting layer
pl anari z S .CVMP. Wi th an .overpolish to.remove _all of.the
Ponduct Phipedgep asettinn G & EHoAratin & B SEMREE A0 is eyided Sapeter ode
72 and the STl regions 64 to_insure isolation between the &ﬁte and t he
conduct pergicprgdpstor gubstratial G baidng 2 Hekness el bawesnyabont dPQond 200 4aesteardrain
regions. These el evated source/drain regions have a |arger area than just
t hat ar bardovesk lpyergp2 isedeppsjtetl operithserhdregdeolaser76The hirdrmaskelagerlft may de As
in the first enbodi nent, the process of the present invention provides a
| ar ger 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 STI 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.



area for silicidation, leading to higher quality silicide. Fig. 19
illustrates the integrated circuit 7 device after the polysilicon

el evat ed source/drain regions 82 and the gate el ectrode 72 have been
silicided 86. Fig. 20 illustrates the alternative wherein the conducting

| ayer comprises Ti/Ti NWinstead of po|lysi]icon. Here the e]evated

sour ce/ dr ai n ﬁé&r%& noBhit Fig &’ttg?li}@ﬁ?i mags rlayy 6% iy semensdndy craeentigydlr 94,
and tungsten layer 96. Silicidation is unnecessary in this case since the
sour ce/ bithagraphe gid pksma stamistga ifor eRample. ollztercsist magk Py sssbawnj Nawah onide
provi des a new nethod for fabricating an el evated source/drain transistor.
The pr estelnterhdwes ilid exidabEupdingi the gata 72 and shesédposahncdmetiregibnl af the 8MTé,zasf or
silicidation alleviating poor quality problens in the silicide. In

addi t i oghovii@ HRg.Ggent invention allows the option of replacing the heavily
doped source/drain regions with netals. Wi le the invention has been

particul arly Is 1 . e f .

embodi ment s t PR egre PO g b€ B EHR T bR SEERHEGEHS Rimichay | oy
various ,changes ipn formand details b i £ hout .departing. fromthe
oo 1ot dRRTEgRes 06 RrBovRyLAE 05 A Miyrisd el 14 daenfamRhtieldetic AT of
form ng_a MOSFET having an el evated source/drain structure in the

f abri ca?$ d# depositad i avee dacasediacei eicthet watsyi cEhig daysri & mgy b silican rgtride it e

el ectrode overlying a substrate and isolated fromsaid substrate by a gate

di el ect tetraotyaylene (THOI) oxidd, $ol etainpie, heging rasthichnens df batveean chbsuth¥0r aankleB00
wherein said isolation regions have a stepped profile wherein an upper

porti onAapstfomsl Tisodidlec®it 1aRG 78NS aRRbirdpicAleditinddsbarRdo avotpsmets §0r omnth

| ower portion of said isolation regions in the direction away fromsaid

gate el galwAfCof 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 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, or as much as necessary to fill the gaps.

Now, the conducting layer is planarized such as by CMP with an overpolish to
remove all of the conducting layer except where it fills the gaps between the gate electrode 72
and the STI regions 64 to insure isolation between the gate and the conducting layer 82. The
conducting layer 82 forms elevated source/drain regions. These elevated source/drain regions
have a larger area than just that area overlying the lightly doped regions 76 within the

substrate. As in the first embodiment, the process of the present invention provides a larger

area for silicidation, leading to higher quality silicide. Fig. 19 illustrates the integrated circuit



inplanting ions into said substrate between said gate el ectrode and said
isolation regions to formsource/drain extensions; formng dielectric
spacers on sidewalls of said gate el ectrode and said isolation regions; and
depositing a conductive |layer overlying said substrate, said gate

el ectrode, and said isolation regions_and planarizing said conductive |ayer
to | eavdevisgiadter Shedpalysilieon elgeatedhspuaesidrain rweipas $2qnddhe galeislestioda fd have
separated fromsaid gate el ectrode by said dielectric spacers wherein said
conductheer silizided 86or ns el evat ed source/drain junctions and wherein said

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

ext ensi ons anﬂig%@ﬁlﬁis&a@@_th@ﬂ&:fmeﬁ%t»i/}fb?eiﬁfth§@dtﬂu@dir?llfa§@dco$1§bﬂs@§7m_ffﬂ‘ﬁﬂw
junctions extends into said stepped portion of said isolation regions

t her ebyin&Q&H%?h%l@%éiE@ﬂ. MRfdO %eoéle%cfi sOMRT R A A (ﬁ)ﬂlp‘?is@‘fﬁ‘érﬁﬁimslgwr_lcﬁﬁfédr ain

structure Int ricatron of sard integrated circui't device.

met hod gccordi. to Clgimil wherejn sal d,gate .electrode conpri.ses .

pol yoi 1 iggm g iieyRyeqod A WHRTE LGPt oS T @IGH F WrngReendy i LuF §ds oine of
form ng said isolation regions conprises: formng first dielectric spacers
on si defapowcydraipiegionseee metakt rode; performing local oxidation of silicon
to formsaid | ower portion of said isolation regions in and on said
substrat e adj Abemprodess shithe prasent mpagensprovistesiangews evethad dpe fadwicaiieg spacer s
overlying said | ower portion of said isolation regions and adjacent to said
first sqiea@sds sofi@e/didig tadhstxdrde Thay @resome idvghtich Sddod pr@Mags polakgeoilizbnsai d
i solation regions wherein said oxide |ayer forns said offset upper portion
of sai dso'uﬁ&vcﬁaih%arﬁg'siqaeﬁrati@rnQlévlmrnggobﬁqudlﬁﬁwbw@wtﬂe §ilitRik. ansudEesHNd
spacers. 4. The method according to Claim1l wherein said step of formng
sai d isglat] 1,ons i . i . rm I clr ,

o ovi dr 15 PeE SRR RS by BE sl U Ml FBp AR ol

| ayer Ov\(rﬁﬁln%/eltaqg sai d pad oxide layer; etching trenches

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 various
changes in form and details may be made without departing from the spirit and scope of the

invention.



t hrough said hard mask | ayer and said pad oxide |layer into said substrate
and filling said trenches with a dielectric layer to formshallow trench

i sol ation regions; etching an opening through said hard mask | ayer and said
pad oxide |ayer to said substrate; providing said gate dielectric |ayer
overlyi sai gﬁ_susst.rat e wthin said opening; formng said gate el ectrode
over | yiﬁg‘a%‘éic W&t B-dielectric layer within said opening; 10 thereafter
renovi ng said hard mask | ayer; and patterning said shallow trench isolation
regions to formsaid stepped profile wherein said pad oxi de | ayer adjacent
to said gate electrode is also renoved. 5. The nethod according to Claim1l
wher ei nl.sai dAdmnethed tofi formsing ce MOSBIP hasiagsdd elecatedisdburceldraiagirague ind theh of
bet ween about 400 and 600 Angstronms. 6. The method according to Claim1l
wher ei n sai deRpdRtdNR ihteYafed CRIRT UEASe g&{gﬁqisiﬁgql ysilicon. 7. The net hod
according to Claim1l wherein said step of depositing said conductive |ayer

conpri ses: deposifi 0g: i i e i i d e al ate
el ectrode, said iéﬂgpglfl?%tﬁ %gtgi %iglést,l‘(?&gngv@éﬁgéﬁ g?%%ﬁei gﬁgggé:légg; fr(c’l@pt%%fitgi ng
atitaniumnitride layer aqverlying said titaniumlayer; and depositing a
tungsten | ay%’&’s%?}ﬁwﬁ?/gﬁbe ‘gﬁﬂle&m)f‘(il?éﬁi umnitride | aye)r/. 8. The rrgt ﬁzndl )

according to Claim?7 wherein said titanium|layer has a thickness of between
about 100 and 200fommipg isetasionoreginms ifedntb @nated sHPHt svheran faid delationn
said titaniumnitride |layer has a thickness of between about 150 and 300
Angst rons. 1fegionkeravetahsteppeccprofilen gvhereirClani uppér fportioneof smdmsalatiomgregions
siliciding said gate el ectrode and said el evated source/drain junctions. 11
partly overlaps and is offset from a lower portion of said isolation regions in the
direction away from said gate electrode;
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 adjacent to said gate electrode and separated from said gate electrode by said
dielectric spacers wherein said conductive layer forms elevated source/drain junctions
and 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 completing

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

fabrication of said integrated circuit device.

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



11. A method of .form ng a MOSFET having an el evated source/drain structure
in the fabrication of an integrated circuit device conprising: providing a
gate el ectrode overlying a substrate 5 and isolated fromsaid substrate by
a gate dielectric layer; formng first dielectric spacers on sidewalls of
said gate electrode; formng isolatiaon regions in and on said substrate

adj acen?: t o ‘th¢ methodgccerdingde Claimmp | wheeein said stepfdprpingisaiddprlationsregians| yvi ng
said isolation regions and adjacent to said first spacers; form ng an oxide
| ayer owemprisestg sai d i solation regions; thereafter renoving said first and
second spacers thereby exposing said substrate adjacent to said gate

el ectrode; i npl anforihg RREdieRERIcSPhcr£HPA8OFIBWTShIdBaR d&tiodsm source/ drain
extensions; thereafter formng third dielectric spacers on sidewal ls of
said gate el ect ! Ofrorfihg! 1062P! Aid:MOn! GILRES &M Al 9L pbRYRT of SR
depositing a conductive Tayer overlying said substrate, salg gate

el ectrode, said..isolation region and, sai d oxide .l.ayer and pl anari zi ng

sai d conductis\(;lgiltl %&e@r‘oqsén Plé(gglésas@%bsggﬁ ACEYie0 B ‘%ﬁgtﬁaf%%t to said gate
el ectrode and separated fromsaid gate el ectrqQde by said third spacer,
wherei n sai d cond¥RiRgG Speapdy dielictc SPaceat éxye 8ﬂgc§¥ér@ﬁﬁrﬂﬁﬁﬂ?q ss¥aereby
conpleting formati on of said MOSFET havi ng an el evated source/drain

st r uct uiselatipn r4ggorfsaipd iadimcérd ho shidSustbpacaragr at ed circuit device. 12. The

met hod according to Caim 1l wherein said gate el ectrode conpri ses
polysilicon. 13. forhfingrah haitlcalagar shienlgingosald &iwer Ipbrtidre oL baid dedlgtidn feglons
dielectric spacers conprise silicon nitride having a wi dth of between about

4000 angnh&RffsaftNesle Ri¥Br fotrs sai&ﬂffs@flﬁ%p&eﬁd%l?&l SR 9bRbod f%ggn@f fAgl1l wherein

said second dielectriC spacers conprise silicon nitride having a w dth of

bet ween about 200§, ﬂex’?‘%gqq)vﬁ[égs%fcft‘[?ﬂFandls%coJJE?agé?E.hOd according to Caim1l1l
ns 1n

wherein said step O ormng Isolation regio

4, The method according to Claim 1 wherein said step of forming said isolation regions
comprises:
prior to forming said gate electrode, 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 said gate dielectric layer overlying said substrate within said
opening;
forming said gate electrode overlying said gate dielectric layer within said

opening;

10



and on said substrate adjacent to said first spacers conprises |oca

oxi dation of silicon. 16. The nethod according to Claim1l1l wherein said
step of form ng an oxide |ayer overlying said isolation regions conprises:
depositing an oxide |ayer overlying said gate 5 electrode, said first and
second spacers, and said isolation regions; and polishjng away said oxide
| ayer | eaving sai Hesaftereremeying svd hardvipasky fayer: %5 fattegping; saishshallgydranch
wherein said oxide |ayer partly overlapping and offset fromsaid 10

i sol ati on r eigplatien ragidrsdo domesaid siappedayrofilcomaaindaigiaiad wdfideclayoddjacgm.toThe
met hod according to Caim 11l wherein said step of renoving said first and
second spaces#d pate aledirddl i€ akbepmowpval process. 18. The nethod accordi ng
to Claim1l wherein said third dielectric spacers conprise silicon nitride
having a wi dth of between about 400 and 600 Angstrons. 19. The net hod
according to Caim1l1l wherein said conductive |layer conprises doped

pol ysol Lcon. .20. The, net hpd accor.di to.Claim.l erein_said stepn. of
fepostt Pg. s meaa Aepuiny &5 ERfL T el Abuisglic et sy Shichh,

| ayer overlying said supstrate, sai ate electrode, said oxide |ayer, said
i sol at i B‘N“&%Qﬂ"  wigthyo gathe?%‘i‘l?oélt %‘S%g'éf'éqo ARFHMSing a titaniumnitride

| ayer overlying said titanium|layer; and depositing a tungsten | ayer
overlying said titaniumnitride |layer. 21. The nethod according to Caim 20
wherein said titanium | ayer has a thickness of between about 100 and 200
Angstro6s. 2Zhe hiwehodeadvoeling ¢coClaing 1twhdetiai sni® Qondietied taysaicdmpritesndoped
nitride |ayer has a thickness of between about 150 and 300 Angstrons. 23.
The met hodsigeqprding to A aim 19 further conprising siliciding said gate

el ectrode” and sai d el evated source/drain junctions. 24. A nethod of formng

a MOSFET having an el evated source/drain structure in the fabrication of an
integrated circuit device conprising:

7. 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.

8. The method according to Claim 7 wherein said titanium layer has a thickness of

between about 100 and 200 Angstroms.

9. The method according to Claim 7 wherein said titanium nitride layer has a thickness

of between about 150 and 300 Angstroms.

10. The method according to Claim 6 further comprising siliciding said gate electrode and

said elevated source/drain junctions.

11



providing a pad oxide |ayer overlying a substrate; depositing a hard mask

| ayer overlying said pad oxide |ayer; etching trenches through said hard
mask | ayer and said pad oxide layer into said substrate and filling said
trenches with a dielectric layer to formshallow trench isol ation regions;
etchinadan openi ng, t hrough sai d hard mask Ia¥er and sai d pad oxide Igyer to

sai d suBst r &t énethod, of dorayng agMQSThTohaving jap qleyatad sRpEse/Jralgsteuctyre dngag r at e
within said opening; 14 formng a gate electrode overlying said gate

di el ectfabricatiay ef amintdgrated airchiogeynderagmprisingeaf t er renovi ng sai d hard mask

| ayer; renoving said pad oxide | ayer adjacent to said gate el ectrode

t her eby exposi ng evidingu$ datcatRcitbdy evdtlying ta afbsameuppan ipelated oftodf ssdi d
shal l ow trench isolation regions are al so renoved; thereafter inplanting

ions into saygsRXPepsgare WRILHAL Riyk® form source/drain extensions;
thereafter formng di€lectric spacers on sidewalls of said gate el ectrode

and said shal | ow b egihl Splalkoh L el ARie il of SR ML g ggonduct Tve

| ayer overlying sa el ectr sai d 1sdl ation

regi ons, and said oxjde layer and planari zij sai d conductive_|layer to

| eave said conduSfm'@g|1%%nara$138%ﬁkanﬂ&n§a}dzs%agf%e afaey sl fint SR5Eat ed
fromsaid gate el ectrode by said dielectric spacers wherein said conductive
| ayer extends outfeamidgiseemdshi¢lectyjespacersayveripig saiddpolatiqrategions and pdjagant
portion of said shallow trench isolation regions wherein said conductive

| ayer forns tekaddirstdpaaus;ce/ drain junctions thereby conpleting formation of
sai d MOSFET havi ng an el evated source/drain structure in the fabrication of

said integrated qbﬁﬁMEtanq)dequyer%mgﬁhg simgtiddionGegbad;ng to Caim 24
wherein said hard mask | ayer conprises silicon nitride.
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
depositing a conductive layer overlying said substrate, said gate electrode, said
isolation regions, and said oxide layer and planarizing said conductive layer to leave
said conductive layer adjacent to said gate electrode and separated from said gate
electrode by said third spacers 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.
12.  The method according to Claim 11 wherein said gate electrode comprises polysilicon.

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

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

12



26. The nethod according to Caim24 wherein said dielectric |ayer

conpri ses an oxide. 27. The nethod according to Caim24 wherein said gate
el ectrode conprises polysilicon. 15 28. The nmethod according to C aim 24
wherein said dielectric spacers conprise S|I|con nitride having a width of

bet ween abo 500 and 80 S 9 The a cordl to Clajm?24
wher ei nt4sai (';Ilfl@o’i’i‘ﬂ‘[]i’@ |9\9%° 85@&3 @G%rl S rEi‘Bp*@ V‘gﬁf ersﬂ’?@’ﬂ‘}‘é? hod
according to Claim24 wherein said step of dep05| ting sal d conductive | ayer
conpr i sséliconduisigdeihaying awlﬂth@memqﬂa‘}b@ut WPerang 3AG0 daeeirabst rate, said gate
el ectrode, said oxide |layer, said isolation regions, and said third
spacers; depositing a titaniumnitride |ayer overlying said titaniumlayer;
and depositing a tungsten layer overlying said titaniumnitride |ayer. 31.

The metfyd arigOmeihtd akor@ingi AK€ Rieteis 3hid stdpt @I“ﬂoﬂﬁlﬂgqyﬁﬁtlé}ﬁﬁagﬁ)ns in
t hi ckness of bet ween about 100 and 200 Angstrons. . The met hod "accor di ng

to C f bet
about - 158 TGRS E itecht LG TR BAEE 1088 r?glcftaﬁb ERRSU5 furt ner

conpri sing S|I|C|d|ng said gate el ectrode and said el evated source/drain
junctions. 34. A MOSFET havi ng an elevated source/drain structure in an
integrated circuit device conprising a gate el ectrode overly a

subst r akfe Thaansthed aacading torflagndl wﬁsftlv é%lé sksp 05“ fyeming an oxigedpyes Ows@a@ag
i solation regions in and on said substrate wherein said isolation regions
have a sidisplatiopregidnseomipesesi n an upper portion of said isolation regions
partly overlaps and is offset froma |ower portion of said isolation
regions in the didepotitiag anoaidella@iosaifingadie galeeréleatlrie, said first and second
spacers, and said isolation regions; and
polishing away said oxide layer leaving said oxide layer only overlying said

isolation regions wherein said oxide layer partly overlapping and offset from said 10

isolation regions in the direction away from said gate electrode.

17.  The method according to Claim 11 wherein said step of removing said first and

second spacers is a single step removal process.

18.  The method according to Claim 11 wherein said third dielectric spacers comprise

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

19.  The method according to Claim 11 wherein said conductive layer comprises doped

polysilicon.

20.  The method according to Claim 11 wherein said step of depositing said conductive

layer comprises:

13



source/drain extensions in said substrate |ying between said isolation
regions and said gate el ectrode; and el evated source/drain junctions
overlying said substrate adjacent to said gate el ectrode and separated from
said gate electrode by dielectric spacers wherein said el evated
source/drain junctions, conpleiely overlje said source/drain extensions and
wherei n an upper $fPOBItBY agtaninymy laypRovRrying sid subsinals, said Bs plgpteodex saiflds
into said stepped portion of said isolation regions thereby increasing the
area of sai dodflelaytrdaid dplatimhdegions, jandheaid drisd s@8ers;The devi ce according to
Claim 34 wherein said gate el ectrode conprises polysilicon. 36. The device
according to C ai depdditingartadiumaiinide $pleadvatyingegidtitnivmrayesand ocal

oxi dation of silicon as said | ower portion of said isolation regions and a

deposited oxide | Eitiag ad@h gt 1hpglo RE sH@kitdrMin A tri@@idfed. SOl ati on
regions. 37. The %%@fgeggcc§§&ingﬁfovéﬁgi%$34 Mhereinnsai eisolation

regi ons conprise shallow trench isolation regions that have been patterned
to formsaid stepped profile. 38. The device according to C aim 34 wherein

said el gvated source/draipn junctiong,.canpr.ise, doped lysilicop, 17 39.
The devibe alBOR f450E i SfneD ariran saicER BoRrE I Yo i kg of
junctions conprise: a titaniumlayer overlying said substrate said

i sol at i batweayaheont 10Qend 204 Angseesrs: a titaniumnitride | ayer overlying
said titanium |l ayer; and a tungsten |ayer overlying said titaniumnitride
| ayer. 40. The device according to Claim38 further conprising a silicide
| ayer overlying said gate el ectrode and said el evated source/drain

junctiops. 1Bhe Aetho abedddinfttd aimRPWhéreidérid\tidhun\bitAde RyerldsA thitRhess
Wrv"i/>J00 & y

of between about 150 and 300 Angstroms.

23. The method according to Claim 19 further comprising siliciding said gate electrode

and said elevated source/drain junctions.

24. 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;

14
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31.  The method according to Claim 30 wherein said titanium layer has a thickness of

between about 100 and 200 Angstroms.

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

of between about 150 and 300 Angstroms.

33.  The method according to Claim 29 further comprising siliciding said gate electrode

and said elevated source/drain junctions.

34. A MOSFET having an elevated source/drain structure in an integrated circuit device

comprising:
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10: 10() ’ anate electrode (o)verlymg a sub(szrate and 1sola2ed fom sjalb substrate by a
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C 10M gate dielectric layer; isolation regions in and on said substrate ‘wherein said isolation regions

&10% & ()-f#10% & ()-ymlO% & () - Ly#10% & () - 10% & () - y#10% & () - cdXddd6e[ ed
EYNC 10Wdve a stepped profile wherein an upper portion of said isolation regions partly overlaps
$10% & ()-! #10% & ()-y10% & ()- @ 10% & ()-f310% & () - @0% & () - [eee3f]ffde

YNC 10Myq js offset from a lower 630rt10n of said isolation regions in the direction away from s
F7nml0% & () , ST #10% &' ( L10% & ()-.y#10% & ()- *10% & () - 3(y#10% &' () fff
ffgtgg+h el Q{I\/B 10% & () y#10% & () -y#10% & ()-@0% & ()- 10t 10t
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TOM +10% & 0;/ §‘( gwﬁd&%é@mﬁmsa@ S king btisen gaid)isqlgtionyereions) -
and said gate electrode; and
elevated source/drain junctions overlying said substrate adjacent to said gate
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.

35.  The device according to Claim 34 wherein said gate electrode comprises polysilicon.
36. The device according to Claim 34 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.

37.  The device according to Claim 34 wherein said isolation regions comprise shallow

trench isolation regions that have been patterned to form said stepped profile.

38.  The device according to Claim 34 wherein said elevated source/drain junctions

comprise doped polysilicon.
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a titanium nitride layer overlying said titanium layer; and

a tungsten layer overlying said titanium nitride layer.

40.  The device according to Claim 38 further comprising a silicide layer overlying said

gate electrode and said elevated source/drain junctions.

18



