; €3eRO D| X<6T>R4' -nyny r METHOD TO FABRI CATE ELEVATED SOURCE STRUCTURES I N
MOS TRANSI STORS BACKGROUND OF THE I NVENTION (1) Field of the Invention The

invention relates t9°the fabrication of integrated circuit devices, and

nore particul nmet hod of form ng an el evated source/drain MOSFET
structure in %ﬁ,ﬁu’”ﬂﬂﬂmmwﬂon of integrated circuits. (2) Description of the
Prior Art Con transi stors have gates that are of a greater

hei ght than the source/drain regions. Hence, during the subsequent contact
openi ng S{EPHOR HEO (RARR BUATEr BLEVATHER x8@ERCHADRPA BN nETRHGTTRESdaMage ( Pl D)

because the etching of the pre-netal dielectric will first be conpleted at
_the gate before the source/ dM@PnTRRYPEATORFe exposed. Furthernore, during

f or mat wﬂm,mm”mmmﬂ j des on the source/drain regions, there is a tendency for
the ju m’ consuned as junction depths decrease to | ess than about
100 nanomedgepes It i s j 0.S0 l...probl ens of PID and
junction consunption.Bg8§b§8ﬂth8r %%Ewggggggﬁpﬁ the art have proposed

el evated source/drain structures. U S. Patent G 133,106 to Evans et al

di scl oses source/drain regions and gate of the same hei ght where the gate
is forned byeagddmmyngatekeplacenent nethod. U.S. Patent 6,271,132 to
Xiang et al shows contact regions over the source/drain regions where the

contact regions have trhe sarehQicghtreasiddie watte WabhrRadensn 55671, 738
teaches short channel FET with polysilicon source/drains shorter than the
gat e. btnSegPatendt &iac2d%, HEI itcesYU aad nayx@9 haaA2 dudl aAdng estso sdhow danmascene
gate processes. SUMWARY OF THE | NVENTI ON A princi pal object of the present

i nvent imernhicsl tod proawiice am eflffeacttiadke smd-aefdr amem MGEEREF abt eugethed of

form ng a MOSFET havi ng el evated source/drain structures. A further object
of t he iinn\duet ifedprisats gy b dentegmtiedtl ofrdwrts ng a MOSFET havi ng an

el evated source/drain structure having the sane height as the height of the
gate el ectrode. Yet another object is to provide a nethod of formng a

MOSFET havi_ng an el evated source/drain structure having the sane hei ght as
the hei'ght BFETHL YR 2 €61 dofe* 2 Aherein pl asma i nduced danmage to the

gate is .educed. Conventional MOS transistors have gates that

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

Hence, during the subseguent 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.



A further object 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 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
the height of the gate el ectrode wherein plasma i nduced damage to the gate
it 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 substrate. A polish stop layer is deposited
overlying the sacrificial oxidelayer. An oxide |ayer is deposite

overlying the polish ét 5‘]})1"&’537&0.% K#%ﬁerrﬁ ng* itg"ef Sied'd T oxi de

| ayer pal i st | ayer tqo the sacrificial qoxi y First

pol ysi I%?gg%lagp?aggl}%%g/ (‘3:1(%‘;‘)"()lrrl nesgrélﬁocs%rc?esvflal I(Us %‘f Cét%eerg‘pe(’?ﬁelnig?\/\ﬁgeeé e%% t he
first Lysi Li.c r r e iy ur cel/ i r uet . Second
pol ysi Freay Shactr e e s B B e g L RE, e
oxi de IayRr rendraciidicidle Qdde { ayesRxPaseth V@ﬁrml% 4hecopening are
renmoved. An epitaxial silicon layer is growm wthin the opening. A gate

di el ectreil dcy®md sndfaided w tdi nedhenwopen ng, oyertyi ngahfeesesond

pol ysilicon spacers and the epitaxial silicon layer. A gate material |ayer

I S deposgicved aurttdat trheyiopeniager Thiee gadercatf @rash teyeonsf whekepohgsili con
spacers and second pol ysilicon spacers are polished back to the polish stop
| ayer tdssvtaist ceeeplans mevYorrae | oanefhal MUSFET bhavi agtan ePe@at ed
source/drain structure in the fabrication of an integrated circuit device.
BRI EF DESERPH OV OF JHE SHRAve NG PhL t faBRebnPBRYF Y 8PaRPAYS 1L 8FRTNg a

material part of this description, there is shown: Figs. 1 through 11
schemat q?/#%?i%?r%?%r?%rcFB§§-§€€tgﬁﬁ§r rEp?esBﬁngFﬁnGazﬁPeagﬁred

enbodi nent,, of _t he_ prese invention. Fig. 12 schematically illustrates in
cross. et 1ot rept E2ehia FontahEi oy’ PATEGF A eaoar FL Bre e e
fabricated according to a preferred enbodi nent of the present invention. 4
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now nore particularly to
Fig. Z there is showngammhkkustr aeticonngenarparti on of a partially
conpleted netal oxide field effect transistor (MOSFET). The sem conduct or
substrate 10 is preferably conposed of silicon having a (1007?
crystal |l ographic orientation and has been doped to be a p-type substrate.
It will be understood Byptrhosepsii ldbg@dtn afhé har preventwhin weri g s
through 12 illustrate an N channel MOSFET integrated circuit device, a P
channel ERFERTPHLEGr aRe8TERFELIVE @EH V&Yoo Haatarpdd ssinitirdyet

substituti ng opposi olari.ties . to those given for, the N channel

embodi ngﬂfﬁ“gﬂﬁsg, ﬁ‘Pﬁﬁ’&%s:“ﬁi"llélﬂ \ﬁ&ﬁva&eésvﬁﬁec/éiﬂa&fbegtr%%‘am@ maki ng
both N channel and P channel devices upon the same substrate. In an effort
to sinplify the description and the drawings the dielectric isolation

bet ween devices has begn soplppfRarddaldy show angd, Wd 4 oof s bgodescribed in
detail, because they are conventional. For exanple, shallow trench

i580I at i pRok2dE0RS matPlods AW oL & TMES®Er | Kb 18y S8 €podiietgr substrate.
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

having the same height as the height of the gate electrode



Now a filmstack will be deposited on the substrate 10. For exanple, a
sacrificial oxide layer 12 is grown or deposited on the surface of the
substrate to a thickness of between about 10 and 200 Angstrons. Now, a
“silicon nitride layer 14 is deposited over the sacrificial oxide |ayer 12
to a thickness of between about 100 and | 000 Angstrons. Then a silicon
oxide layer 16 is deposited over the nitride |layer 14 to a thickness of

bet ween about 100 and 1000 Angstroms. Using conventional |ithographic and
etching nethods, the top oxide 16 and nitride |layer 14 are patterned to
forman opening 17, as shown in Fig. 2. Referring nowto Fig. 3, a
polysilicon layer 20 is deposited by chem cal vapor deposition (CVD) to a
sel ected thickness of between about 80 and QOO0 Angstrons over the film
stack dhGredmt elfamey indnad deeadsedind Ny 9tk st Hof§3LFeeon | ayer will be
used to formthe el evated source/drain regions. The polysilicon layer 20 is
doped by ion inplantation, followed by rapid thermal annealing (RTA), for

exanple, at a later step tq.activate the dopants.. Alternatjvel t he
pol ysilicon |ayer 20 &ﬁ&”ﬁ}qqﬁsﬁ?lF%%p%ﬂﬁ:PEF%%? %i?i@%&hPéyéF can be p

or nd hj 0%%% ri.cati 6 ri . Fi

polysiﬁgggﬁjﬁ%f%r .dﬁ?gkgggﬁggqﬁﬁci;?gségén?§g¥€?g?%ghgdgﬁgﬁ§tgg§cers 22.
The sag{d-fi fﬂhé”%é%é|KB%§hé?a§CE§ea§e§ﬁh€t$P shopghayek: NeWoaesecond
polysilicon 1layer 24 is deposited over the film stack, the poly spacers 22,
anti WéHd e e opei g ddns@gpsShemndufikbgsidicTharpehysil i con layer 24 is
doped by ion inplantation, followed by rapid thermal annealing (RTA), for
exanpl esliwnimztedate all dopants. Alternatively, the polysilicon layer 24
may be in-situ doped. This polysilicon layer 24 will be used to formthe
lightly doped source/drain extensions and so shoul d have a | ower doping
concentration, p or n doped for CMOS fabrication, than the first

pol ysilicon layer. Ref&rfFhglndWrtBeri §PI6CtséEord PEPM-AS gnétePady
spacers 26 _are fornmed bé anj sotropi c etchback of the polysilicon |ayer 24.
Agai n, PhefQuBingi i YPSBRT gBaVAPEr 212C4EVE 88 SR VECER HEdE NOWIHES op

oxide layer 16 and the sacrjficial oxide |layer 12 where it is exposed

ot ween FRE1SoEBRo BUEy RERREE: G5067%: BoiahyGh, CHebfarani S 45F it et ch
process LSS I - 5l suhs e herg cal i ca
poIishiﬁag?égﬁ)bggsh%t%Rgg?%dsggg% S %% gﬁl g%ﬁﬁiﬁﬁi%%Kyﬂﬁg?ﬁghgtrates t he
MOSFFT deutegoal tehshaprvah alidike @ide i@yarsh Refarimigatew to Fig. 8,
epitaxial silicon growth is perforned fromthe exposed silicon substrate
within the opening 17. Note that epitaxial silicon growth will also occur
for both poly spacers 22 and 26. In this way, there is an added advant age
of forming a shorter cHangeicordpneeeptittdxitdie sihiasie ey eth89 within the
opening 17 is grown to akﬁreferred thi ckness of between about 10 and 500

Angst r oV eTd Opiat MEtACSifqre eyt P IV JE Hope P st hgvabad

i npl ant ation foyr threshol d volt, ntrol. T itaxial.sili |

i L A R Sy
| u e 1. G a e ri I S over e

ot de e dd pahdast & B RELESLT n MPLe ol SpRRPRLLPE UEC 1

prefer al&(ﬁbomig:'é&ig Odl}%egélf‘}éitxgncc}?& ’?&@H £ B S| ?Jﬁi 48YELye Al teppatiyaky,

silicon . ermal Ty grown as e gate dielectric layer 34,
Ref er ri ngaow {0 ddiths g B By BAECLROUS-TRERT 8bp! 8¥§Er36 g deposited
over the gate dielectric 34. Thi's layer nay be in-situ doped polysilicon or
a nmetal ooy is formed through the oxide layer and the polish stop
layer to the sacrificial oxide layer. First polysilicon
spacers are formed on sidewalls of the opening wherein the

first polysilicon spacers form an elevated source/drain

structure. Second polysilicon spacers are formed on the



| ayers are planarized using CMP where the nitride |ayer 14 acts as the
polish stop, as shown in Fig. 11. This conpletes the formation of the
MOSFET with el evated source/drain structure. First poly spacers 22 formthe
' source/drain regions while second poly spacers 26 formthe lightly doped
source/ drai n extensions. The source/drain junctions may be silicided as
shown by 38 in Fig. 12. Because the source/drain junctions are el evated,

t he probl em of. junction consunption is elimpated. The integrated circuit
tovi LSt S o o SSUGHUBnt | AR OFHE hERRPT | 3y SBRhlBL ohs
illustrated ijn Fig. 12, insulating |ayer 40 is deposited over the surface
of thé”?ﬁ%%t%%ﬁ%f EIe et %b%ﬁ?%ggh%r ﬂﬁﬂ@gtﬂFSUSEmPHEgrns Pating layer to
t he uqﬂgfg%iﬁglsggigon%uggogrdgvicegw s&g@ as Egetgee%kevategts%%gpe/drain
22, Sifice PheTbott ta7draf Y Flneti 9hS"RalE " PAE SR CRENGRE ast RE Gate 36,
plaandigggg . da to.t e,k eat.Ly d ﬂﬁ% |, lL.ayer 42 is
deposite adggﬁgt?%?ﬁgd??o?gggﬁgerggP?ﬁcgﬁgcghgggﬁgoﬁgébe wgghtt e el ements
of thestdbegdrabedseitedht spéc@@%s'ayl@t Lar kayenhxd4icomnlieles ithe fabrication

of the integrated circuit. The process of the invention provides a

MOSFETAdgxt eemst &hian ehgwat ed sepbestenakwn tdlihuthd edeavirrg. rerieced pl asma
i nduced danage to the gate. The el evated source/drain structure al so

el i m ngees jaherioh ¢ewsunptfiignstdwoilyy idiildosi daticsr.s \Wid esadvend nventi on
has been_particularly shown and described with reference to the preferred
enbodi RBAY§ 1L AEPBOFPACETR AIreh@riddest ¢ by Howe rdiigled 9P t he art that

various changes in formand details may be de without departing fromthe
spiritiﬁﬁﬂrsggﬁée Fﬁgﬁiﬁﬂﬁﬂﬁ TR OO MBMPS§§?éh?1 Df*orm ng a

MOSFET i I d. / in. in the fabgi i f
't eor SOEH EEToUrL FoY BE BoRpr LS pbuik g BT 197 Tl <axi de | ayer
on a S&R%%%%%géd5d¥ﬂ%5¥€id&bf@g“”iSh stop layer overlying said sacrificial

oxi de [aye epositing an oxXide | ayer overlying said polish stop | ayer;

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this descripticon, 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
device fabricated according to a preferred cmbodiment of the

present invention.



form ng an opening through said oxide |ayer and 10 said polish stop |ayer
to said sacrificial oxide layer; formng first polysilicon spacers on
sidewal | s of said 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 |ayer and said
sacrificial oxide |layer exposed within said opening; growi ng an epitaxial
silicon layer within said opening; 20 formng a gate dielectric |ayer
wi thin said opening overlying said second polysilicon spacers and said

epi taxial sil b@:@@R‘I@f‘%‘bN BeP Sl I g:r%R%}De R MENF@yer within said

openi ng; and 25 polishing back said gate material layer, said first 11
pol ysilicon spacers and said second polysilicon spacers to said polish stop
| ayer thereby conpleting formati on of said MOSFET having an el evat ed

source/drain struc@uﬁ%ﬁﬂlﬁduhdwﬂmaﬁénpdytﬁﬁufgyxy|i5eg1@teg circuit
device. 2. The nethod according to Claim1l wherein said polish stop | ayer

conpieses is |sheoom rirt ril ldendtand tnigora dthic knessiof detavgearabsauly 100 and 1000
Angstrom . 3. The method according to Claim1 wherein said step of formng
sai cFefirlsit gsblnyadidl corl dpalier i cofrdsesransistor (MOSFET) . 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. 1 through 12

illustrate an N channel MOSFET integrated circuit device, a P

channel FET integrated circuit device could be formed 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 gimplify the description 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.



depositing a first polysilicon |ayer overlying said oxide | ayer and said
sacrificial oxide layerwithin said opening; and etching back said first
polysilicon layer to |leave said first polysilicon spacers only on sidewalls
* of said opening. 4. The nmethod according to Claim3 wherein said first
polysilicon |layer is doped after said depositing step and prior to said

et ching back step. S. The nethod according to Claim3 wherein said first

polysilicon layer iNow nesiilmdopeck 4211 be dbsosetd@deoaceneding to daiml
wherein said step of form ng said second polysilicon spacers conpri ses:
depasilidtngatae secondqol gssathpton dayecrovecliyi ngxsdedleyedelbayer and said
sacrificial oxide layer and said first polysilicon spacers within said
operirryn ard dards eedbaek shedssefand pbl ybel Froatlkrayer toal eave said
second. polysilicon spacers only on sidewalls of said first polysilicon
spadetsckrEeseHef reehoecacebParng®t 8nel aPH BRAREFENG -sal@Wsedond pol ysilicon
| ayer, j s doped after.said depositing step and prior to sai.d .etching back
ot o+ BCTRGTA 16 HERBT o g CoTEPAR 6 CwHAPE| fineard Eadorid ol ysi | i con
| Y8l 1% 11590811 90P8%, Bns IRGTE! B0 LREGLY 0oL Fedl Ml vhe! n sai d
Angstroms. Then a silicon oxide layer 16 is deposited over
the nitride layer 14 to a thickness of between about 100 and

1000 Angstroms.

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 £00 Angstroms over
the f£ilm stack and conformally within the opening 17. This
polysilicon layer will be used to form the elcvated
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 dopants.
Alternatively, the polysilicon layer 20 may be in-situ doped.
The polysilicon layer can be p or n doped for CMOS

fabrication.



pol ysilicon spacers formlightly doped source/drain extensions. 10. The
nmet hod according to Caim1l wherein said epitaxial silicon layer is grown
to a thickness of between about 10 and 500 Angstrons. 13 11. The met hod
*according to Caim1 wherein during said step of growi ng said epitaxial
silicon layer, said first and second polysilicon spacers-also increase in
size. 12. The nethod according to Claim1l further conprising doping said
epi taxial silicon | age€erfrahd moeshae & ivpl t4ageonidlots i Nidcod ieayeet hod
according to Claim1l wherein said gate material layer is selected fromthe
gr oupOcamsiesicheg dlckp dloy Sidrinc ae ldnd Inetred & .pdl4;  sipeecemed hazl. acTloe di ng to
Claim1l wherein said polishing back step conprises chem cal nechanica
pol i shioxg.fitsalAaxgideod aoferf drviawy sa MOSEERthavi sigermnl @yevat ed source/ drain
structure in the fabrication of an integrated circuit device conprising:
providing a sacrificial oxide |ayer on a substrate; 5 depositing a polish
stop layer overlying said sacrificial oxide |layer; depositing an oxide
| ayer overlying salgkﬁbﬁwﬁ?%ﬁ Q%&&ﬁlllcon layer 24 is depodsited

over the film stack, the poly spacers 22, and within the
opening 17, as shown in Fig. 5. The polysilicon layer 24 is
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 etchback 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 exposed between the second poly
spacers 26 are removed, preferably by a wet etch process.
This step is to facilitate subsequent chemical mechanical

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



form ng an opening through said oxide | ayer and 14 1U said polish stop
| ayer to said sacrificial oxide layer; formng first polysilicon spacers on
sidewal | s of said opening wherein said first polysilicon spacers formsaid
" el evated source/drain structure; form ng second polysilicon spacers on said
first 15 polysilicon spacers wherein a portion of said sacrificial oxide is
exposed between said second polysilicon spacers within said opening;
r enaviing it DXiHte MaEysIT ady Sed th Seer | Féfdb@d ]l 0xf dehé aygi dexposed Wit hin
sai d openi ng wherein said 20 substrate is exposed within said opening;
gr ovliayeran epitaxial silicon |layer within said opening and doping said
epitaxial silicon layer for threshold voltage control; formng a gate
dielectric layer within said opening 25 overlying said second polysilicon
spacers and said epitaxial silicon |layer; depositing a gate material |ayer
wi thin said openi ngRebemr podi BhwngobBeR - s@i depbhduétilnglagen said first
30 polysilicon spacers_and said second polysilicon spacers to said polish

st oA 1hepeb Rl ErPngt her AEPPEAdOR 1SAFENVEBRET riR&E g tdritel evat ed

source/drain structure in the fabrication of said inte rated CIFCUIt
devi tke opening 17. Note that epitaxial silicon growth will also

occur for both poly spacers 22 and 26. In this way, there is
an added advantage of forming a shorter channel. The
epitaxial 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 grown 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



15 stop layer conprises silicon nitride having a thickness of between
about 100 and 1000 Angstrons. 17. The nethod according to C aim 15 wherein
said step of formng said first polysilicon spacers conprises: depositing a
“first polysilicon |ayer overlying said oxide |ayer and said sacrificial

oxi de |l ayer wthin said opening; and etching back said first polysilicon

| ayer to | eave said first polysilicon spacers only on sidewalls of said

openm?garéﬁarg hg1aBEh9deacaal dingMbowEeaeMhé WhekesR Saldf ijrst _
polysilicon layer is doped prior to said etching back step and wherein a
dopi agtBeiBOoghkespselest adobr omst ke cghoup ¢arsi sti.ng of in-situ doping and
ion inplantation. 19. The nethod according to Claim 15 wherein said step of
form ng said second polysilicon spacers conprises: depositing a second

pol ysilicon | ayer overlying said oxide |ayer and said sacrificial oxide

| ayer and said firsffhjel yorplede sspaeerfomiathion sd dlopedd$IET and et chi ng
back said second polysilicon |ayer to | eave said second polysilicon spacers
onl y véihsiedewaltiesl rurg e/ opm 1T e Trstthided ac doindi th@Paly Graeen® Wherein sai d

secondﬁ%gl silicon bﬁ er is doped prior to said etching back step and
wher &P Ma E8Gp SRS RSy NG @ 1S 186 ¥t VI idin $9ROTHF AL ETRIESRTRG20f i n-situ

dopi and.ion.inpl.antation. 21, gh met hod according 1.0 Caim19 wherein
sai dr%g)éf@o% epg1l rlIlﬂlliyc(ﬁira?*-’:’sep({(:lceorusrﬁze r(%aﬁr@heﬁ Fioped’ 'sou#%%/ drai n ext ensi ons.
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 eliminated.

The integrated circuit device is completed as
is 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 the
gource/drain junctions have the same height as the gate 36,
plasma induced damage to the gate is greatly reduced.

A metal layer 42 is deposited and patterned to form
electrical connections between the elements of the integrated
circuit. A passivation layer 44 completes the fabrication of

the integrated circuit.



22. The nethod according to Claim15 wherein said epitaxial silicon |ayer
is grown to a t=-sickness of between about 10 and 500 Angstrons. 23. The
met hod according to Caim 15 wherein during said step of growi ng said
epitaxial silicon layer, said first and second polysilicon spacers al so
increase in size. 24. The method according to Claim15 wherein said gate
material |ayer is selected fromthe group consisting of: polysilicon and
netals. 25. The nmethed geseLdingrt endl ahiehbivhepebirigakd apol i shing back
step conprises chem cal nechanical 17 26. A nethod of form ng a MOSFET
havi mgSERT efevatedwsonr &8/ dlal-ats8r getivee /dRat he stabriceate ovahmaan
integrated circu,~t device conprising: providing a sacrificial oxide |ayer
on arsdbstdapiashadeépdsceingamapel ishtskopaltayer Toneerlyvageshi d sacrifi ci al
oxi de |l ayer; depositing an oxide |layer overlying said polish stop |ayer;

f or tbograa/dpennngtrhrough saisd eliidenkayer jamd ti®rsaicchspoiptsiprst op | ayer
to said sacrificial oxide |ayer; depositing a first polysilicon |ayer

over fyirpaggsaidioxiddéibayer and said sacrificial oxide layer within said
openi ng; etching back said first polysi~_~con |ayer to | eave

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.
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15 first polysilicon spacers only on sidevaalls of said opening; depositing
a second polysilicon |layer overlying said oxide |ayer and said sacrificial
oxi de layer and said first polysilicon spacers within said opening; 20
etching back said second polysilicon layer to | eave said second polysilicon
spacers only on sidewalls of said first polysilicon spacers wherein a
portion of said sacrificial oxide is exposed between said second 18 25
second polysilicon spacers formlightly doped source/drain-extensions;
renovi ng said oxide |layer and said sacrificial oxide |ayer exposed within
sai d openi ng l&&gin said substrate is exposed within said opening; 30
growing an epitaxial silicon layer within said opening wherein said first
and second ﬁoygsilicon spacers al so increase in size; doping said epitaxial
silicon | ayer Rorethedsnél doypingge MORFES hazsngharesfledtfst ning a gate
dielectric layer w.thin said opening overlying said second polysilicon
spacers andSQareeépraaRi &k ryctiEsn lRaybe: fadpasiting £#Tcéducting | ayer
within said, o eningéd40,and,polishing back sai d conducting |layer, said

first integra circuit device comprising:
providing a sacrificial oxide layer on a substrate;
5 depositing a polish stop layer overlying said
sacrificial oxide layer;
depositing an oxide layer overlyving said polish
stop layer;
forming an opening through said oxide layer and
10 sald polish stop layer to said sacrificial oxide layer;
forming first polysilicon spacers on sidewalls of
gsaid 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 epitaxial silicon layer;
depositing a gate material layer within said

opening; and

25 polishing back said gate material layer, said first

11



pol ysilicon spacers and said second polysilicon spacers to said polish stop
| ayer wherein said conducting |ayer forns a gate electrode and said first
polysilicon 45 spacers form said el evated source/drain regions thereby

" conpleting formati on of said MOSFET having an el evated source/drain
structure in the fabrication of said integrated circuit device. 19 stop

| ayer conprises silicon nitride having a thickness of between about 100 and
1000 Anggiigrssil 28n Tmaawethohdcealdi sgedod Ghal ps 2biwher spacsaisd first
polysilicon layer is doped prior to said etching back step and wherein a
dopi ng nethozhid el ech esk dp ohayéde gheupbgonsinsiengngf fomesictiondopi ng and
ion inplantation. 29. The nethod according to Claim?2.6 wherein said second
pol ysi | i cof $ay@rMOSFEDpeav png ornt ol suhtedt shitngebdrkist eprawdudserein a
doping nethod is_sel ected fromthe group consisting of in-situ doping and

i on i npl akk athontalBpicaheomerhode ddcdnbpayatedCrarm2é Wserisian sai d
epitaxial silicon layer is growm to a thickness of between about 10 and 500
Angstrons. 31 The net hod according to Caim26 wherein said conducting

| ayer is cted fromthe rou conslstin alysilicon and netals. 32.
Thg met ho a %8rﬂ?ﬁé ELaEFa Hp ﬁﬁe?é?ﬁ"&gl&HSEF §%ﬁﬁjqxﬁ9}¥ﬁ p conprises

cheni cal g@Sﬁaﬂg%k Bglngx%% g 5991 O RL EA LA R AR My

F. ALF. Af .
e. Ay. A=@ &E’Q@M%E%WQBO&C%@&LQ@] qabeahed]cals@].cal ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cal] ca!
"#)9: WRS| } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $S{}
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 layer within said
opening; and
etching back said first polysilicon layer to leave

said first polysilicon spacers only on sidewalls of said

operning.
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.
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epitaxial silicon layer is grown to a thickness of

between about 10 and 500 Angstroms.
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Ll. 'T'he method according to Claim 1 wherein during said

step of growing said epitaxial silicon layer, said first

and 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 whevrein 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 lavyer;

forming an opening through said oxide layer and
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form said elevated scurce/drain structure;
forming second polysilicon spacers on said first
15 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
20 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
25 overlying said second polysilicon spacers and said
epitaxial silicon layer;
depositing a gate material layer within said
opening; and
polishing back said conducting layer, said first
30 polysilicon spacers and said second polysilicon 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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opening; and
etching back said first polysilicon layer to leave
salid 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 comprises:
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



logl (10928 ()-1&10%Z& ()-1$1002& () - F& 210%Z& ()- 331098 () - FSMLOYZ! () -
..... - dEbC 10g 3109%2Z& ()-1109%Z& ()-1 /109%Z& ()-.m 109%Z& ()- @ Z109%Z& () - F

i Lovgs: ()-::575=50;;;bC 1091098’ ()- 10%& ()- 10908 ()-!10%%’ ()- 10Z 10Z
10Z8109@& () - ; ; 0<a<<<<dEbC 10g
10908 () - 10%0& () - @OY%O& ()-s: 10%0& () - 3YL0%O& () - &LOYOE () - <=J=~===>dEbC

10g! #mLO%O& () -3 & 10%0% () - FF10%0% () - 3S10%0% () -

s- 10908 () - FLO%O&: () - >>I >V>>>>dEhC 10g. 10%08 () -, , 3" 10%0& () - F

C*MLOYOS () - Y(109%0& ()-F & 109%0& ()-Y$ 109%0& () - >2?h?k?l ?2nPn??2?bC 1Og
10%& ()-410%& ()- 100 100 100810%0& () - 110%0& () -/ 10%& () - ?@ @ @AARIELC
1093 MLO%& () - FL0%& () - FALO%& () -

10%<&' ()2Bf MU<&nd ) hSd 0ot + @ At AB2BE BBIEDGiherein 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 silicon 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:

polysilicon and metals.

25. The method according to Claim 15 wherein said

polishing back step comprises chemical mechanical
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source/drain structure in the fabrication of an
integrated circuit device comprising:
providing a sacrificial oxide layer on a substrate;
depogiting a polish stop laver overlying said
sacrificial oxide laver;
depositing an oxide layer 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 exposgsed 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 conducting layer within said opening;
40 and

polishing back said conducting layer, said first
polysilicon spacers and said second polysilicon spacers
to 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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28. The method according to Claim 26 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.

29. The method according to Claim 26 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.

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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