; yze3eSPD@6j T>H . 0 8 DEC 2004) METHOD TO FABRI CATE ELEVATE) SOURCE/ DRAI N
STRUCTURES | N MOS TRANSI STORS BACKGROUND OF THE | NVENTI ON (1) Fi el.$j ODEFh?um‘
I nvention The invention relates to the fabrication of integrated c ﬁb I o
devices, and nore particularly, to a nethod of form ng an el evated
source/drain MOSFET structure in the fabrication of integrated circuits.

(2) Description of the Prior Art Conventional MOS transistors have gates

that , ar e i.gh h ource/drain regions.. Hence, |
duri ng th@Egﬁ%gegéeﬁ%§§6ﬁgﬁgtEaﬁgﬁﬁﬁé gp@B%EfﬁgA&§t§3§ﬁa$9%§3r%ﬂnexcessive
pl asma i nduced danage (Pl D) a hing of the pre-netal dielectric
~vaill first be conpleted at pﬁg g§$§%E§F§%% the source/drain regions are
exposed. Furthernore, during formation of salicides on the source/drain
regions, there is a tendency for the junction to be consuned as junction

dept hs decrease to | esackbapuabogt: 410G nanefetens. It is desired to solve
the dual problens of PID and junction consunption. 1 0 8 DEC 2004, A
nunber of workers in the art have proposed el evated source/drain
structgrgs.,u.s. Patent G 133,106 to Evans et al discloses source/drain
regi ondtani1§atleCdf thge IsyREHSINght where the gate is formed by a dumy
gat e repl acenent nethog. U.S. Patent 6,271,132 to Xiang et al shows contact
regi ons over the sour CEFIrEVEEGoFes afifst &Q Hdre dntict caeyponst have t he

same hei.gh t.he.gate. U S.. Patent 5,571,738 teaches short channel FET's
with pghggéFgggg §6%F8&Fd Vi SShoftt e R gt e r iy s.tPatent s

6’225’bégE5 é¥ %ﬁ$ %ﬁ 672 to | ess sh damascene gate processes.
SUMVAR T |%_@ X %R SriTNA S Soodi%cc“tp agl%a%rhé“%%%"én%tmg'é%%n is to
provi denaRnel kegtlive g, wary Jallacyrall g et hod of formng a NOSFET
havi ng el evated source/drain structures. tir ther obj ect of the invention
is to provide a nethod of form ng a MOSFET havi ng an el evated source/drain
structure having the sane height as the height of the gate el ectrode. Yet
anot her(20bpeetriip tierpraavitde: weihad-of form ng a MOSFET having an
el evated source/drain structure having the sanme height as the height of the
gate el ectrode 2 Conventional MOS transistors have gates that

are of a greater height than the source/drain regions.

Hence, during the subsequent contact opening step, the gate

suffers from excessive plasma induced damage (PID) because

the etching of the pre-metal dielectric will first be

completed at the gate before the source/drain regions are

exposed. Furthermore, during formation of salicides on the

source/drain regions, there is a tendency for the junction to

be consumed as junction depths decrease to less than about

100 nanometers. It is desired to solve the dual problems of

PID and junction consumption.



0 a OEC zoos. wherein plasma i nduced damage to the gate is ~-educed. A
further object is to provide a nethod of form ng a MOSFET havi ng 8 C. 2004
el evat ed source/drain structure having the sanme height as the heigﬂt gﬁ t%%"
gate el ectrode wherein junction consunption during silicidation is
elimnated. A still further object is to provide a nethod of formng a
MOSFET havi ng an el evated source/drain structure having the sane hei ght as.

t he hei ght of the gate el ectrode wherein plasnma i nduced damage to the gate
is reduced and junction consunption during silicidation is elimnated. In
accordance with the objects of this invention a nethod for form ng a MOSFET
havi ng an el evated source/drain structure is achieved. A sacrificial oxide

| ayer is provided on a,s rate. A polish stop |layer is deposited

overlying the sacrific%aﬁggéﬁgeoFavgggeﬁﬁ &?i&geléﬁ@rh%yﬁkﬂﬁﬁﬂQEEﬂ

over |l yi agetheespokbshes . 3y ning is formed. through the oxide

| ayer and the polish s?ggaégygﬁrP§@F%§%§acg?ﬁrcF%tQBh(ﬁyﬁ%%m%QGFﬁQst

pol ysi | Ecansspacel sdase1He68ed i Ll s..0f: the _opening wherein the

first polysilicon spacers fornﬁggcgfgggggd%g ﬁF%%V&?%fﬁﬁﬁg?d%fdﬁg? Second

pol ysi | Fe®n Bpagkrswheeef oheedaes the f3rmed0f DEGRAQQA . Jid st polysilicon
spacers. The oxide |ayer and sacrificial oxidé |ayer exposed within the
openingr%?%a?%W%vEdmethépitaxBaIPatbh@o@,b@ﬁ¢Q3bsgyw%Mg  tdii n, 1 he

opening., A gate dielectric layer is formed within the opening overlying the
second %%?Vgi??EBﬁCEpé@%ﬁ@nﬁnévﬁhetepiBamkab/ﬁkbﬁmo&dgﬂ&ﬁs vwhaad eyt eri a
| ayer iéog@88§i%gd.mjthkn t he opening. The gate material layer, first

pol ysi | i con Spacers and8¥EohBep8Rys hedahtspacehs ameepol ished back to the
pol i sh aye h by completing formati on of a NOSFET havi ng an
eIevategéggﬁéc%igggiﬁ5§t¥ﬁéF g F Ogﬁecpéﬁﬁﬁéafﬁgdsowimhinﬂkxﬁtﬁimbmircuit
devi ce. sBR-EE/ BES P W NGS I n the acconpanyi nhg draw ngs
formng a mat/eri a%a%#%?%hllggaes Fi §Eit6n, thére Fad asHdme sl 71

t hroughtdlvscheanati gabl ¥7bl LUs i.n_cross-sectional representation a
preferred enbodi nent ofggﬁehgrgég%gsfn§éﬁﬁ AOECG e Sadch et TRt ey
illustrates in cross-sectional representation a conpleted integrated -
circuit device fabricated according to a preferred enbodi ment of the
present invention. 4 SUMYARECOROQOE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of

forming a MOSFET having elevated source/drain structures.

A further object of the invention is to
provide a method of forming a MOSFET having an elevated
source/drain structure having the same height as the

height of the gate electrode.

Yet another object is to provide a method of

forming a MOSFET having an elevated source/drain structure

rhaving the same height as the height of the gate electrode
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now nore particularly to
Fig. 1, there is shown an illustration of a portion of a partially C 2004
conpl eted nmetal oxide field effect transistor (MCSFET). The sem co“o&ucqg)r -
substrate 10 is preferably conposed of silicon having a (100)

crystal |l ographic orientation and has been doped to be a p-type substrate.

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

through 12 illustrate an N channel MOSFET integrated circuit device, a P
channel FET integrated circuit device could be fornmed sinply by

substituting opposite polarities to those given for the N channel

enbodi nent. Also, in a simlar way, a CMOSFET could be formed by naking

bot h N‘g;}(k?p{g P_channel .devi ces upon_the sanme substrate. In an effort
to sinplify ﬁeﬁgéejss%?iﬁ?ﬁi‘dﬁegn APRECdFawthigs gekie diselrediuded i sol ati on

bet ween devi ces has been only partially shown and wll not be described in
detail, because they are conventional. For exanple, shallow trench

i sol ation regions, notasphowpy, @ ormed in _the sem conductor substrate.
5 0 8 DEC 2009, Now a film st a%éE?\%cfcl l5e98e85§ivﬂé1& Gn &Sl rate 10.

For exahpieina saeo$FETi RhvOngi 48 Layenrdld | r or. deposited on the
su-dacg}ﬁ;f “the subatra~e to a t hi ckness o% b%%l\%é:gzﬁgﬁl&u Sk 00
Angst r ofdY1n@wW he sathecbaightrihdechayseiddii srdepesiybed Quer,
sacrificial oxide |ayer 12 to a thic)cness of bet we'egn about Cfto%edéend 1000
Angst r ofRSTSHen) WS I PR opopsidRt hayerutGnigs sdepesidhed covars the nitride
| ayer 1é11{r9. a_thickness of between about 100 and 1000 Angstrons. Using
conventi onaJrn‘T‘tf?cfluographi c and etching nethods, the top oxide 16 and nitride
| ayer 14 are patterned to forman opening 17, as shown in Fig. 2. Referring
now to Fig. 3, a polysilicon |ayer 20 is deposited by chem cal vapor
deposition (CVD) to a gegggéﬁd_thkﬁknes%of bet ween about 80 and 800
Angstroms over the film Stack AHH-EERf GPAECLY 1 tF Prova dspenivef ol Thi s
pol ysi | E0FcAYSE W b u .to formthe el evated source/drain regions.
The pol ysilicon Tayer %gngﬁggﬁrela By %ﬁvﬁﬁﬁldaﬁpéltricﬁrff,drﬁ&ﬂ G By reapi d
* t her mal havnedl g (B nefQhi-eXa , n.at | ater .step to activate the
dopants. Alternatively, (tehg po)iﬁyrsrlE ?08%1 %&e?fzéhﬁ’a A& ierJr-esqtﬁPdtfoped. The
pol ysi | Wcereiayptasan bedpces Aagaped Lok} faprication. .6 .p g DEC
20Q4. Referring nowto Fig. 4, the%pol ysilic ntleagé’r %%Gi‘ﬁcs?deta(‘fhded back to
f or m seMRClal PYnednpolyt spacensing. sThe csaekiibinciial axide dayer 12 acts as
an etch stop layer. Now a second polysilicon |ayer 24 is deposited over the
filmstack, the poly spacers 22, and within the opening 17, as shown in
Fig. S. The polysilico I%er 24 is doped by ion inplantation, followed by
rapi d thermal anneali ngn( APTARBECeNAN Ehet ebdetttwated addisopant s. '

Al t j b h il I 24 be in-situ doped. Thi

ol yi 1 ave Vs HEEh b8l ceieaar or HEEREN Pairy dopea scursd/ dr ai n
ext ensi ensraéddys9igh I . _dopji ng_concentratiaon, p or n doped
for CMOS frabr?%at%on;gg%ﬁggé%é%e??i (rgg lﬁgle@si | Pc 6/ FayerciaRefdrirdshg now to .
Fig. 6,lseepndssgl-bvabibgngd RO rs 26 are.fornmed by ani sotropic

et chback of the %olgsi I'icon I a%ngg%%%ﬁgai Er% Ptoﬁésglagiﬂﬂ >c(‘iaeifleji)xliSble | ayer 12

acts asdgpo®icddsbeprlMNongt heet 9R~0Xirde ;Layer, . nd the sacrificial oxide
| ayer 12 where it is expig%ed bet ween gﬁéageggﬁéi%pglayegpac P e
renovedlaypeef bs abéyobytadweteel Ghnpr e¢es hi s st is to facilitate
subsequent chem cal mechani cal goP?shi ng%&g\;?%)h G%O%Stlﬁyﬁoﬁ Yy cers 22 and
26. Fi gepaning ps gf OEGe@008roubhusheates 4khg Iy@FF ice after renoval of
the oxide layers. Referring nowto Fig. 8, egi taxia-zg’lddgﬁel ooﬁllg%ﬁbvﬁtr'nog?s

per f or mMERY$¥ obe t Hlee exposedisihiconrigubstrate Wrthig the Apeni ng, 17. Note
that epitaxial silicon growth will also occur for both poly spacers 22 and
26. | n TRRSEWAY3TEhEPEMEd an addedaadwanttagecoboforifg i Shal tigl, channel .
The epi%axi al SL| icon layer 30 within the opening 17 is grown to a

pref er r'etf” T hi RR1ESS 1 bFCBefRaER T 8bEorml @nard cSA ofn gatiraissy.d e, epi t axi al
sili consé);%g{ may ngw be doped using ion inplantation for threshold voltage
control” “The &pft ax?PaFoRH PeoKsSLayermwistiacsreyviade Hicgmegualr tyher ystal to

act as a channel the MOS transistor. As illustrated in Fig. 9, a gate
dielectric layer 34 is deposited over the nitride |layer, the poly spacers,
and the epitaxial silicon layer. This is preferably a high dielectric
constant material |ayer. Alternativelg, silicon dioxide could be thermally
grown as the gate dielectric |ayer 34.



Referring nowto Fig. 10, a gate electrode material layer 36 is deposited
over the gate dielectric 34. This |ayer nmay be in-situ doped pol ys@lﬁgm ?ﬁﬂ'j
a netal. The 8 "p g DEC 2p04, layers are planarized using CVP wher e~
nitride |layer 14 acts as the polish stop, as shown in Fig. 11. This

conpletes the formati on of the MOSFET with el evated source/drain structure.
First poly spacers 22 formthe source/drain regions while second poly .
spacer stidGd granpde 4 L ght d spurce/drain extensions. The source/drain
junctions may be}Lsi [ c‘?‘ge%g%ggg bv\nﬂb‘i’/ IR Epyeri1andpeeguséichel

.sour _cedhdica N 4:unetd anssas e, elgvated, the problem of junction consunption

is elimnated. The int esfgr at edélgf?cgth% PRI LR | dreonplieved - asAns
conventdporaxidl tdel 2ddn FOe £XAEPL £0wAS, Ll Ustrated in Fig. 12, insulating

| ayer ég i s deposited over the sur a%uéﬁlo i%%énséﬁgtf’%@?n@ontécﬂaéﬁeni ngs

are made sllgdugic theyénsid atbAged AYEFLIQ £H tlying sem.conduct or
devices, such as to the el evated source/dr a‘ign g.ﬁlg}r‘énggefﬁé’l?@uﬁi &/ drain

j unct i SIFEFEY @i Shieohmesgite s she g@éeegﬁtaghgwg-mgggeg damage to the
gate ia\é%{reatl reduced. A netal layer 42 is deposite(]j an pafa%/er ned to

I

for m el'eAdFiTdl* Kotk t1aner bet wepos heeel etenis ohet BeehRhegr atgd circuit.
A passi%aacté' ayer 4 conpletes the fabrication of the integrated circuit.
9 '078 DE SR YT e eSSt oF PRLYShyEpenospprevideadasMBSEET devi ce

w th apglevated,s ain structure having reduced plasma i nduced .
damage to}f-ér?-e ‘gate. tiﬁcgélg% e%%?e%lojébﬁl?% Iorekntet Foet apéighsetebi m nat es

juncti dreyeonsiHgtd 9N Gbhb NG Shd i £ ion, ile the, invention has been
particularly shomggnd d%scrilltl)%dﬁ\%\n t}% e%/%n‘?:eMQ§BEFhEaﬁﬁ§EeﬁPed

enbodi et ttderenircd tamilhd berwwnderst pod hose skilled in the art that
various changes in formand details may et%déa%iﬁagﬁoaeﬁgr ff'ng fromthe

spirit iateswopsl of itdeid nvertéon. 10 0 8 DEC 2~~9, CLAIMS 1. A net hod
of form ng a MOSFET havi ng an el evated source/drain structure in the
fabrication of an integrated circuit device conprising: providing a
sacrificial oxide layer or. a substrate; depositing a polish stop |ayer
overlying said sacrifiRBREEF OXESERIBYRON OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown :

Figs. 1 through 11 schematically illustrate in

Cross-sectional representation a preferred embodiment of the

Present invention.

Fig. 12 schematically illustrates in
Cross-sectional representation a completed integrated circuit

devicerfabricated according to a preferred embodiment of the

present invention.



depositing an oxide |ayer overlying said polish stop layer; form ng an
openi ng through said oxide |ayer and 10 said polish stop |ayer to.mg(h C_2004
sacrificial oxide layer; formng first polysilicon spacer: on side Ig 03 B
sai d opening wherein said first polysilicon spacers formsaid el evated
source/drain structure; form ng second polysilicon spacers on said first 15
polysilicon spacers; renoving said oxide |layer and said sacrificial oxide

| ayer exposed within said opening; growing an epitaxial silicon |ayer

within said opening; 20 formng a gate dielectric layer within said opening
over | ying sai dDEEEBAGTRONY SIFl ITEON FRPACHIFEANMER G8pid axi al silicon |ayer;
depositing a gate material layer within said opening;, and 25 polishing back
said gate material layer, said first 11 0 a OEC Zuo~, polysilicon spacers
and sai d second pol ysilicon spacers to said polish stop |ayer thereby

conpl eting fornmati ofeéRTEFING MOSHED tea pang: iz lelavatied sur ce/ drain
struggg&g | gg%wfabric§hion of said integrated circuit device. 2. The

met hod according to28 drm fSaRériein ofaiad Qeoltiisin stfom |@yer i £Dpr i ses
siliegRphktkRd [ .a _thi.ckness of between about 100 and | 000 Angstrom.
3 The Borhod glglg%\rid?%é%feo@degi%me%f\ﬂ?& SERNSHiSE at ePIRFFEDY mi ribhsai d first
pol ysehtieondspaser sus rSes: sitdn first polysilicon |ayer

overlying said oxide %EEEF%aag g%?%1§£%?ﬁ¥fhﬁ590WBa |1y efihi€Pin said

openhagingnd (100) crystallographic orientation and has been

Qoped to be a p-type substrate. Tt will be understood by

those skilled in the art that while Figs. 1 tEhrough 12

illustrate an N channel MOSFET integrated circuit device, a P

channel FET integrated circuit device could be forﬁed simply
by substituting Opposite polarities to those given for the N

channel embodiment . Also, in a similar way, a CMOSFET could

be formed by making both N channel and P channel devices upon

- the same substrate.

In an effort to simplify the déscription-and

the drawings the dielectric isolation between devices has
been only partially shown and will not be described in'

detail, because they are conventional. For example, shallow

trench isolation regions, not shown, may be formed in the

semiconductor substrate.



. e

etching back said first polysili.con layer to |leave said first polysilicon
spacers only on sidewalls of said opening. 4. The nethod accordi n@phongca' ﬂm
3 wherein said first polysilicon layer is doped after said deposit? g ez b
and prior to said etching back step. 5. The method according to Claim3
wherein said first polysilicon layer is in-situ doped. 12 "0 8 DEC 24,

6. The nethod according to Claim1 wherein said step of form ng said second
pol ysil i con spacers HoWpAi édm depasi twild dsetqith PQlySihigon | ayer
overlgPBgt§gEd géide | ayer and said sacrificial oxide |ayer and said first
pol ysi [T con spacers WPEhFH&RE opemiany i fHind st ehiinge back. saj g sgcond

pol yskfelE0A- .0 _|.eave said second pol ysilicon spacers only on

Si devvgl Fgﬁo?rsgigggfq:i?sefi PO )@iq iSSBT 2Pt S:her suret mmtdiotb agcor di ng to

A ai nthivkaegknogal n |l ysilicon |ayer is doped after said
depositing step angg;§§]i%%?l gg%glati _Oet @f%d’ﬁ@sﬁ‘{pﬂs 8. MNie, net hod
accordihgcodn fliaraye wherei [ 4said | ysilicon layer is in-situ
doped. Qﬁ The met hod acgo?di&r?gq'tso %%g%[r:&g%eé] i R Seklbier dbl ysi | i con
spaceP¥ifler imyeghtby tdoped hsQunee/drai 0. si gns.. 10,  The net hod
according to aim1 wherein said e;ﬂ g)ﬁetg{E%g} 15 COtT I]ja%loerar?% HYwn to a

t hi ckBESEEPMBet wiBAnaBowt 11@0and:EQR ARGSLT A i L 3jep0 i & PEC 2pp4, 11

~1' net%;ﬂst hod agcordi ng to Caim1l wherein during sai &Dstep of geﬁ W ng said
epi t axi‘al "SFFHE8nlPagEr 14saiod af ithstckard s eqond dieletsidhsan spRcgls-al so

i ncr e§§§0i§n§i }%e. 12. The method according to Claim1 further conprising
dopi ng sai % t3%Fal silicon | ayer for threshold voltage control.

Using conventional lithographic and etching

methods, the top oxide 16 and nitride layer 14 are patterned

to form an opening 17, as shown in Fig. 2.

Referring now to Fig. 3, a polysilicon layer

20 is deposited by chemical vapor deposition (CVD) to a

selected thickness of between about 80 and 200 Angstroms over

the film stack and conformally within the opening 17. This

polysilicon layver will be used to form the elevated

source/drain regions. The polysilicon layer 20 is doped by

ion implantation, followed by rapid thermal annealing (RTA),

for example, at a later step to activate the dopahts-

Alternatively, the polysilicon layer 20 may be in-situ doped

The polysilicon layer can be p or n doped for CMOS

fabrication.



13. The method according to Claim1 cvherein said gate material |ayer is
selected fromthe group consisting of: polysilicon and netals. 14. ‘sﬁthC 2004
nmet hod according to Claim1l wherein said polishing back step conpra e ‘
chem cal nechanical polishing. 15. A method of form ng a MOSFET havi ng an

el evated source/drain structure in the fabrication of an integrated circuit
devi ce conprising: providing a sacrificial oxide |ayer on a substrate;
depositing a polish &edgrrdyar rewerdeyimigy sai d t&g@rﬂ&jﬁﬂiggﬁdﬁlgyer;
depositi ng an ElXi dg) | ayer overlying said polish stop lTayer; formng an

openi ng thr ou§ cgaP@coxitde fiogyre s edrfd- a4 gnead PAEC FO~ErsSpp d peLlsh stop

| ayer i.d.sacrificial oxide layer; formng first polysilicon spacers on
sidewgﬁﬁgﬁgﬁgéa?dogﬁgﬁiﬂ@“ﬁﬁéﬁ@i@Q£ﬁ(ﬁﬁianneqnﬂyﬁﬁdpcnmyéﬁacers form said

el evated source/drain structure; form ng second polysilicon spacers on said
first polysilicon spacers wherein a portion of said sacrificial oxide is

exposed between sai dyggcan | ysilicon spacers within said opening;
renovi ng sai d oxi de Iaye(r‘gl %r?%%s FHIFIFiQmIl a4 is deposited

over the film stack, the poly spacers 22, and within the
° . . .
pening 17, as shown in Flgi 5. The polysilicon layer 24 ig
doped by ion implantation, followed by rapid thermal

annealing (RTA), for example, to activate all dopants.

‘Alternatively, the polysilicon layer 24 may be in-situ doped

This polysilicon layer 24 will be used to form the lightly
doped source/drain extensions and so should have a lower

doping concentration, p or n doped for CMOS fabrication, than

the first polysilicon layer.

Referring now to Fig. 6, second self-aligned
poly spacers 26 are formed by anisotropic etchbaék of the
polysilicon layer 24. Again, the sacrificial oxide layer 12

acts as an etch stop.

Now the top oxide layer 16 and the sacrificial
oxide layer 12 where it is e€xXposed between the second poly
spacers 26 are removed, preferably by a wet etch process.
This step is to facilitate subseqguent chemical mechanical

polishing (CMP) of both poly spacers 22 and 26. Fig. 7



| ayer exposed within said opening wherein said substrate is exposed w thin
said opening; growing an epitaxial silicon layer within said openL@% gﬁé 004
doping said epitaxial silicon layer for threshold voltage control ;%o n& e
a gate dielectric layer within said opening overlying said second
pol ysilicon spacers and said epitaxial silicon |ayer; depositing a gate
material |ayer within said opening; and polishing back said gate material, .
sai d *fi'MStCTFdIaps ithiec dPSHRR atesrare s e SeeRBEL PobY Sk CcgR; gpacers to said
poliﬁg_stgp | ayer thereby conpleting formati on of said MOSFET havi ng an
el evated*Source/drain structure in the fabrication of said i nt egrated
circuit device. 15 "0 g DEC 2004. stop layer conprises silicon nitride
havi ng a thickness of between about 100 and | 000 Angstronms. 17. The net hod
according to Clain1§éﬁ¥herein said step of formng said first polysilicon
spacers conprises: depositity Y irstF ol y&i | ¢ebmakager sokerbyi ng sai d
oxi dgydaxer jand,sSad rdficial oxide |ayer within said opening; and
et ching bacﬁ'sg}d fﬁ?%%Pd%V§%ifh?xﬁF?%®%$ tblieavesgastrateswipbliysi | i con
spacel® opanier sidewalds: i ening. 18, The nethod according to
Claim 17 wherein said firs?ﬁbo j%##%%%ﬁ#?a&%fl?gnd%ﬁ%HtBrWéﬂlté1§aid
et chiowg uradiors ey b Wh e Rl db 1o i hod_is_selected fromthe group
consisting of in-situ opfﬁé andqﬁgﬁﬂ?%g%%hta.?o%bls way, there is

an added advantage of forming a shorter channel. The

epltaxial silicon layer 30 within the opening 17 is grown to
a preferred thickness of between about 10 and 500 Angstroms
The epitaxial silicon layer may now be doped using ion

implantation for threshold voltage control. The epitaxial

Silicon layer will provide high quality crystal to act as a

channel the MOS transistor.

As illustrated in Fig. 9, a gate dielectric

layer 34 is deposited over the nitride layer, the poly

Spacers, and the epitaxial silicon layer. This is preferably

a high dielectric constant material layer. Alternatively,
silicon dioxide could be thermally grdwn as the gate |

dielectric layer 34.

Referring now to Fig. 10, a gate electrode

material layer 36 is deposited over the gate dielectric 34.

This layer may be in-situ doped polysilicon or a metal. The
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19. The method according to Cl aim 15 wherein said step of formng said
second polysilicon spacers conprises: depositing a second polysil i.ﬁgnﬂE?y?ﬂm‘
overlying said oxide |ayer and said sacrificial oxide |layer and sa rst ™
pol ysilicon spacers within said opening; and etching back said second
polysilicon |layer to | eave said second polysilicon spacers only on ,
sidewal | s of 16 0 a oEC zoos. 20. The nmethod according to Caim19 -

wher itV RERe ool yei hicony | ayerwhsrdoped ﬂi&?id&olagkg gl,ching back
step .and wherein a doping nethod is selected fromthe group consisting of

i n- sit ST g kP b i spdmnt @t | snowa1in Thegmet iod according to O aim 19
wherein said second polysilicon spacers formlightly doped source/drain
extensions. 22. The method according to Cl aim15 wherein said epitaxial
silicon layer is groyn to a thickness of between about 10 and 500
Angstroms. 23. The HodCYERbREF gt e Tranarisnwhér ehn dosFeg sai d step of

gr oWiyug 1S & 1d-epd i iltcon layer, said first and second polysilicon
spacers al so | nc%cggés%k?(?le}sﬁh’i%?nzﬁgr%@lh%t hoBiagkopdiigsprecErai m215 wherein

sai d fgahe drd efd @b 1S ed fromthe group consisting of:
pol ysilicon and rre?%jla%glz%.r%ﬁie&?réet‘ﬁ%ﬂi%c%%?‘a?ﬁgp? YCFRRREIS RRerein said

pol i sivimy Wack sfiep ¢ cmsds esoched) 48k #eehApLSal, 17 B8 DEC 2004,

source/drain junctions may be silicided as shown by 38 in

Fig. 12. Because the source/drain junctions are elevated

the problem of junction consumption is eliminateqd.

The integrated circuit device is completed as
15 conventional in the art. For example, as illustrated in

Fig. 12, insulating layer 40 is deposited over the surface of

the substrate. Contact openings are made through the
insulating layer to the underlying semiconductor devices,
such as to the elevated source/drain 22. Since Ehe
source/drain junctions have the same height as the gate 38,
plasma induced damage to the gate is greatly reduced.

A metal layer 42 is'deposited and pattérned to form

electrical connections between the elements of the integrated

circuit. A passivation layer 44 completes the fabrication of

the integrated circuit.
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26. A nethod of form ng a MOSFET having an el evated source/drain structure
in the fabrication of an integrated circuit device conprising: pr ogl)im ?[lﬂ'j
sacrificial oxide |layer on a substrate; depositing a polish stop | -
overlying said sacrificial oxide |layer; depositing an oxide |ayer overlying
said polish stop layer; form hg an opening through said oxide |ayer and 10
said polish stop layer to said sacrificial oxide |ayer; depositing a first .
pol ysilicon |ayer ovER¢yprocsasdodxiHe hayenrapgd ?%b@i%%%r ificial oxide

I ayequ\%PL hin.sajd opening; etching back said first polysi7.icon |ayer to

| eave Y rdev et yei Fi com ebacarsdonbyron/sirdes- aahhe oS @d ;0ReNi ng;
depos%é&@%éogifcond olysilicon |ayer overlying said oxide | ayer "and sai d
sacrificia N Chy a@%ﬁm%ﬁ@ SANAgei ot thel gsicki.comhepagers teid hi n sai d

openi 1g;,- 20 g}glhljln tback sai d_second polysilicon layer to | eave said second
pol ysilicor spacer3 onty'ohn 3t@ewaliniphteai duhictibnpebysirtarspacer s
Yger@lﬁkﬂl@%fif@ié’itf@ﬂq sacrificial oxide is exposed between said second

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.

10



0 8 DEC 20Q4, 25 second polysilicon spacers formlightly doped

sour ce/ drai n-extensions; renoving said oxide |ayer and said sacri f-'@ J ﬂEC 2004
oxi de | ayer exposed within said opening wherein said substrate is j%osed e
within said opening; 30 growing an epitaxial silicon layer within said
opening wherein said first and second polysilicon spacers also increase in
size; doping said epitaxial silicon layer for threshold voltage control; 35
thereafter formng a gate dielectric layer within said ‘opening overlying
sai d second polysilicon spacers and said epitaxial silicon |ayer;

depositing a condusting | ayer within said opening; 40 and polishing back
sai d conducting layer, said first polysilicon spacers and said second

pol ysi licon saiLd_polish stop layer wherein said conducting |ayer
fornms a gat eﬁgﬁgg{t&(?% %o £§F‘alf‘9r M §F§éi hprvénrassnspaeres eor m sai d

el evat ed sousGeles Al o] hereby conpleting formati on of said MOSFET
havi ng an eIevatedPagﬁiﬁe g?é?%ug?rﬁﬁtﬁgg FRPFREALARR @4t eon of said

integrated cim€edtadedi €8rcd¥c device comprising:
providing a sacrificial oxide layer on a substrate:
depositing a polish stop layer overlying said
sacrificial oxide layer; .

depositing an oxide layer overlying said polisgh

stop laver;

_ forming an opening through said oxide layer and
10 said polish stop layer to said sacrificial oxide lavyer;
forming first polysilicon spacers on sidewalls of
said opening wherein said first polysilicon spacers
form said elevated source/drain structure;
forming second polysilicon spacers on said first
15 polysilicon spacers;
removing said oxide layer and said sacrificial
oxide layer exposed within said opening; |
growing an epitaxial silicon layer within said
opening;

20 forming a gate dielectric layer within said

opening overlying said second polysilicon spacers
and said epipaxial silicon layer;

depositing a gate material layer within said
opening; and

25 polishing back said gate material layer, said'first

11



'"p g DEC 2p04, stop layer conprises silicon nitride having a thickness of

bet ween about 100 and 1000 Angstrons. 28. The nethod according to'@ﬁaQEEzmM
wherein said first polysilicon layer is doped prior to said etching“acC e
said first polysilicon | ayer and wherein a doping nethod is selected from
the group consisting of in-situ doping and ion inplantation. 29. The met hod
according to Claim 26 wherein said second polysilicon |layer is doped prior.

to said ePEhYfiglbaek sardesecand palisidecei aMess and pherei n, a doping
met hod is_selected fromthe group consisting of in-situ dorg%lng and ion

i mpl ant at F8nS238. PPAésSheshon é@@f@mditﬁn@rte@ydc@inml&i\@@er@ﬁnaﬁ?cq—bepi t axi al
silicon Ig}_ger i.% g{rown to a thickness of between about 10 and 500

Angst roms. 313 FhECREER0BaMEBEr dngliey aCleal moR6calYeTreiim sad € eqpeuct i ng
layer is sel Eﬁgega%r omthe group consisting of: polysilicon and netals. 32.
The nethod accor ding E8CEPR ME26 aike Aaite svaite P aliirshiing dwaek-st ep conpri ses
chem cal nechani cal polishing. 20 ‘

Ale\l . Ae\. A(\. AFH\, . Ae\. Ace\. Ae\. A e\. AFe\. Ac(\. Ae\. Ae\. A@ Ae\ . Ae@. A3e\ . A3

e@?ﬁk@?.A#=A$Hé/E¥hHBHX¥géording £o Claim 1 wherein said polish

stop layer comprises silicon nitride having a thickness

of between about 100 and 1000 Angstroms.

3. The method according to Claim 1 wherein said step of

forming said first polysilicon spacers comprises:
depositing a first polysilicon layer overlying said

‘oxide layer and said sacrificial oxide léyer within said

opening; and

etching back said first polysilicon layer to leave

said first polysilicon spacers only on sidewalls of said

opening.

4. The method according to Claim 3 wherein said first

polysilicon layer is doped after said depositing.step
and prior to said etching back step.
5. The method according to Claim 3 wherein said first

polysilicon layer is in-situ doped.

12
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- The method according to Claim 6 wherein said second

polysilicon spacers form lightly doped source/drain

extensions.

10. The method according to Claim 1 wherein said

epitaxial silicon layer is grown to a thickness of

between about 10 and 500 Angstroms.
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100/& LA RN A A A | 1
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second polysilicon spacers-also increase in size.

12. The method according to Claim 1 further comprising

~doping said epitaxial silicon layer for threshold

voltage control.

13. The method according to Claim 1 wherein said gate

material layer is selected from the group consisting of:

polysilicon and metals.

14. The method according to Claim 1 wherein said

polishing back step comprises chemical mechanical

polishing.

15. A method of forming a MOSFET having an elevated

source/drain structure in the fabrication of an

integrated circuit device comprising:
providing a sacrificial oxide layer on a substrate;

depositing a polish stop layer overlying said

sacrificial oxide layer;

depositing an oxide layer overlying said polish

stop layer;

forming an opening through said oxide layer and

14
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forming second polysilicon spacers on sailid first
polysilicon spacers wherein a portion of said sacrificial
oxide is exposed between said second polysilicon spacers
within said opening;
removing said oxide layer and said sacrificial oxide
layer exposed within said opening wherein said substrate
is exposed within said opening;
growing an epitaxial silicon layer within said
opening and doping said epitaxial silicon layer for
threshold voltage control:;
forming a gate dielectric layer within said opening
overlying said second polysilicon spacers and said
epitaxial silicon layer;
depositing a gate material layer within said
opening; and
polishing back said gate material, said first
polysilicon spacers and said second polysiliceon spacers
to said polish stop layer thereby completing formation of

said MOSFET having an elevated source/drain structure in

the fabrication of said integrated circuit device.
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17.

The method according to Claim 15 wherein said step

of forming said first polysilicon spacefs comprises:
depésiting a first polysilicon layer overlying said

oxide laver and said sacrificial oxide layer within said

opening; and

etching back said first polysilicon layer to leave

said first polysilicon Spacers only on sidewalls of said

opening.

18, The method according to Claim 17 wherein said first

polysilicon layer is doped prior to said etching back
step and wherein a doping method is selected from the

group consisting of in-situ doping and ion implantation.

19. The method according to Claim 15 wherein said step
of forming said second polysilicon spacers compriseé:
depositing a second polysilicon layer overlying
said oxide layer and said sacrificial oxide layer and
said first polysilicon spacers within said opening; and

etching back said second polysilicon layer to leave

said second polysilicon Spacers only on sidewalls of

16
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20. The method according to Claim 19 wherein said second
polysilicon layer is doped prior to said etching back
step and wherein a doping method is selected from the
group consisting of in-situ doping and ion implantation.

21. The method according to Claim 19 wherein said second

polysilicon spacers form lightly doped source/drain

extensions.

22. The method according to Claim 15 wherein said
epitaxial 5111con layer is grown to a thickness of
between about 10 and 500 Angstroms

23. The method according to Claim 15 wherein during said
step of growing said epitaxial silicon layer, said first
and second polysilicon Spacers also increase in size.
24. The method according to Claim 15 wherein said gate

material layer is selected from the group consisting of:

pélysilicon and metals.

25. The method according to Claim 15 wherein said

polishing back step comprises chemical mechanical
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26. A method of forming a MOSFET having an elevated
source/drain structure in the fabrication of an
integrated circuit device cComprising:

providing a sacrificial oxide layer on a substrate;

depositing a polish stop layer overlying said

sacrificial oxide layer:

depositing an oxide lavyer overlying said polish

stop layer;

forming an opening through said oxide layer and

10 said polish stop layer to said sacrificial oxide layer;

depositing a first polysilicon layer overlying said

oxide layer and said sacrificial oxide layer within said

opening;

etching back said first polysilicon layer to leave

15 first polysilicon spacers only on sidewalls of said

opening;

depositing a second polysilicon layer overlying
said oxide layer and said sacrificial oxide layer and
said first polysilicon spacers within said opening;

20 etching back said second polysilicon layer to leave

said second polysilicon spacers only on sidewalls of
said first polysilicon spacers wherein a portion of said

sacrificial oxide is exposed between said second
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source/drain-extensions;
removing said oxide layer and said sacrificial
oxide layer exposed within said opening wherein said
substrate is exposed within =said opening;
30 growing an epitaxial silicon layer within said
opening wherein said first and second polysilicon

Spacers also increase in size;

doping said epitaxial silicon layer for threshold
voltage control;

35 thereafter forming a gate dielectric layer within

said opening overlying said second polysilicon spacers

and said epitaxial silicon layer;

depositing a conductiﬁg layer within said opening;
40 and
pelishing back said conducting layer, éaid first
polysilicon spacers and said second polysilicon spacers
Lo said polish stop layer wherein said conducting layer
forms a gate electrode and said first polysilicon
45 spacers form said elevated source/drain regions thereby
completing formation of said MOSFET having an elevated
source/drain structure in the fabrication of said

integrated circuit device.
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’ . wherein sai 1lrs

The method according to Claim
polysilicon layer is doped prior to sald etching back
said first polysilicon layer and wherein a doping method

is selected from the group consisting of in-situ doping

and ion implantation.

29. The method according to Claim 26 wherein said second
polysilicon layer is doped prior to saild etching back
said second polysilicon layer and wherein a doping method
is selected from the group consisting of in-situ doping

and ion implantation.

30. The method according to Claim 26 wherein said
epitaxial silicon layer is grown to a thickness of

between about 10 and 500 Angstroms.

31. The method according to Claim 26 wherein said
conducting layer is selected from the group consisting

of: polysilicon and metals.

32. The method according to Claim 26 wherein said
polishing back step comprises chemical mechanical

polishing.
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