;wxe3e2U2RD4" 6XT?G-r A METHOD- TO FORM A LOW PARASI TI C CAPACI TANCE
PSEUWDO SO CMOS DEVICE The invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a nethod of form ng a
transi stor having raised source/drain regions and | ow parasitic capacitance
in tthe manufacture of integrated circuits. (2) Description of the Prior Art

Current ne f.re [N r i I typi ca i | ve
form ng so%%{?%éirrﬁ gggkogséﬁe&%ﬁﬁggnE%@?%@W&P@é&%bgr%@é)
However, SO devices often suffer fg fl oating body effects, which are
difficult to overcone. It is desired to provide a nethod for 1 \\\ﬁ\\\“\
pseudo- SO device which has the advantages of SO for the si\“\{“@\&wm
regions, but which elimnates the floating body effects. U S AL &b
5,683,924 to Chan et al BAESKGRGUND it ITGiE GNVENTIHOMQg el evated source/drain

regi ons. However, this nethod relies on the elevation of fj mm“\
isolation 1 regions to define the boundaries of the poly (} m t he

source/dra“‘n rI_elgeirlodﬁso.f Ith-emggbdn lemgi fficult to use the raised sQupse/ drain

regions to a?so orm’l ocal "1 ntérconnect in this method. U S. Patent

5,275,960 to Yamaguchi efrnal jhvéRecdies J1QisNdoac ke Al RALYSEET CON
source/drain region followed by formation of a T-shaped gate. U S. Patent

5,827, 768 imotégrrtetd alirdust| dsescéde dmy mairieopanticwlsed ,Ssawr ae/ drain

regi ons where patterning of the polysilicon |ayer is performed before CWP.
The S/ D reBebRd ffe FEMFBE By LHRRFIRTON heiRgr rehaed bSPYNRRA/EARARI on.
Salicidation i s not dogs‘sdi ble_in_this nmethod. U.S. Patent f6’c(r2\'15 740 to

M | cStrkaf POTEREHES 4%ePREBSHFF oTIITY PECSe 4™ s BT BT F8gPons. U. S,
Patent 6, 00d:89Fatn akaiet. al discloses a raised source/drain process.
The polysilicon layer is not planarized. U S. Patent 5,843,826 to Hong
shows a raised source/drain nmethod using selective epitaxy and formng a
transistor on top of the selective epitaxy. SUVWARY OF THE | NVENTI ON A
princi pal 6B) eeeseHinti®nprésERe PRY@NtAWN is to provide an effective and

very manufacturable neth 01:a Lor ni:noqua?ofs%ue%%-ég SCIVDSmrcecl;advri(_:lcief\1 in the
fabrication of an integr 4R r 8 l? 9
capacitance typically involve forming source/drain regions
over silicon-on-insulator (SOI) areas. However, SOI devices
often suffer from floating body effects, which are difficult
to overcome. It is desired to provide a method for forming a
pseudo-S0OI device which has the advantages of SOI for the

source/drain regions, but which eliminates the floating body

effects.

U.S. Patent 5,683,924 to Chan et al teaches a
method of forming elevated source/drain regions. Howevgr,

this method relies on the elevation of field oxide isolation



_ Anot her object of the present invention is to provide a nethod of formng
a pseudo- SO device where source/drain regions are fornmed on an insul ator,
but "the transistor is formed on silicon in the fabrication of an integrated
circuit. Yet another object of the present invention is to provide a nethod
of form ng a pseudo-SO CMOS device wherein source/drain regions can be

extended fefibfe €5 d&fiale itheebs0nA&Eies Aof WHNQ019B] €Ctofoddie thavent i on
is to provide a nethod of formng a transistor having el evated source/drain
regi ons tbBatrcandbairexteyidas.f oltuseuhd beochlf fiirtidtcoanesé .thg A still
further object of the invention is to provide a nethod of formng a

pseudo- SOradéﬂicéO%/ed@Jé\/a”leéél%éuF@efﬂeﬁfalfrPrrHedlosné antefeammetton an

i nsul at or, é t he transi st%r is.fornmed on silicon wherein the source/drain

regi ons caR BB EXPRTRRS s&358 Forat I mE FonfalegusRt ehéther obj ect
of the pr%%ﬁ@heb”f@ﬂﬂrﬂf' d % traleaevbgfyéa di}g%o% }9595&9 Fed QY parasitic

capaC|tance pseu 0- SO device where elevate ource/drain redions are 3

fornmed onfanlbwedl iz ofornaitiionheft kanssBaped igatfeQr Medsonp&sténton wherein the
source/drain regions can be extended for use as local interconnect. In
accordancé:@@?h7§ﬁetQﬁﬂ¥ﬁnQ$ &l ghsgloses the formation of raised

source/drain regions where patterning of the polysilicon
layer is performed before CMP. The S/D regions are formed by
diffusion rather than by implantation. Salicidation is not
possible in this method. U.S. Patent 6,015,740 to Milic-
Strkalj teaches a method of forming raised source/drain
regions. U.S. Patent 6,001,697 to Chang et al discloses a
raised source/drain process. The polysilicon layer is not
planarized. U.S. Patent 5,843,826 to Hong shows a raised
source/drain method using selective epitaxy and forming a

transistor on top of the selective epitaxy.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
forming a pseudo-S0OI CMOS device in the fabrication of an

integrated circuit.



invention the nethod of form ng a pseudo-SO device having el evated
source/drain regions that can be extended for use as local interconnect is
achi eved. Shallow trench isolation regions separating adjacent active
regions are provided within a sem conductor substrate. Polysilicon gate

el ectrodes and associ ated source/drain extensions are fabricated in and on
t he sem conduct or subst Amiceher bhfedicto echee pire8anvheneemt forhdrsd taask | ayer
overlies each of the gate electrodes. D electric spacers are formed on

si dewal | sPE®viden afetthod @4t foshiry radmeude-SOlydevicerwherner i s deposited
overlying the gate el ectrodes and_the sem conductor substrate. The

pol ysi | i cBRAUFSHASILI P FRIIOREd 2B ckoTiedh op Fot iLepudaspr atb¥heitard mask

| ayer. Th ilicon daver. is etched back whereby the polysilicon |ayer
isr ecessgﬁgx\?\%%l%érreslpsecéto 59 RB ﬁéflecoerf ect &6‘&?5’%8?‘@5&“&?’? Fhe

pol ysili cQRrbg¥£fed Sci8l&i®d away overlying the shallow trench isolation
regi ons where a separation between adjacent active areas is desired. If a

| ocal interconnect is desired between adjacent active areas, the
polysilicon layer is not etched away overlying the shallow trench isolation
regi on separating 4 tH&¥eanethes apieet o ttdenareseny, inveRniowr d6/ drai n
regi ons can be extended over the shallow trench isolation regions where a
contact c&f BECHH .afﬁﬂgﬁgrﬁfnggﬁm+%ﬁwﬁ 9%94&?@595d?MP§n§e%& i npl ant ed and
driven inyhg:hon MELAAIEL;20UL66AE Adh HADIRSANERNE, PALY Sid 1igpay aver
adj acent to the gate el'ectrodes™to conplete formation of transistors having
el evat ed sadecedskiadt). regions in the fabrication of an integrated circuit.
BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng drawi ngs form ng a
material part of this description, there is shown: Figs. 1 through 11
schematically illustrate in cross-sectional representation a preferred
enbodi ment of the preserft HURFERE] BRIeFt PF 1BhasdpyPRELRRI 1§ ¥l ustrates in
Cross sect| represe td . I i r Cj i evi ce
fabricatehkggg%?dgﬁégégﬂg%g;e gﬁﬁﬁg"%ﬁ%%%ﬁﬁgﬁ%ﬁgpﬁﬁﬁggp%%%ﬁ% e‘fnvention. 5
DESCRI PT| @uCke Jia BiRERERREY EMBEDEAMENTS &efaidda&orowsBDAE particularly to
Fig. 1, there is illustrated a portLpn of a partially conpleted integrated
circuit déeced intedcaineddtere is a .nonocrystalline silicon sem conductor
substrate 10. Shallow trench isolation (STlI) regions 12 are farmed as is
conventional in the art. As shown in Fig. 2, a gate oxide layer 14 is

d ited b hem cal . it CVvD th | | th
surface of the substrat & Sfid GaLE hRF dt] Ve o e LREERAERS Bt bet woen
about 15 aad 100 Angsty Qe AdANRL 9f pBalaSIddca Alel ardegosited over the

gate oxidée layer to a thickness of "between about 000 Angstroms. A
hard nmask dlayarted8soGod®fd =ity riglibfigNadé Okd fiead Trl a@OAnBLLALEE, Wit Silicon
oxynitride, for exanple, is deposited over the polysilicon |layer to a

t hi ckness tdfe brapeéstebois 20Medndn2600ippysthenesin The Rapdceddkaimyer is

atterned as
P regions can be extended for use as local interconnect.

Yet another object of the present invention is
to provide a method of forming a low parasitic capacitance

pseudo-S0I device where elevated source/drain regions are



conventional and used to pattern and etch the polysilicon and gate oxide

| ayers to formthe gate el ectrode as shown in Fig. 3. Lightly doped
source/drain extensions or LDD 20 are forned in the substrate by ion

i npl antation using at |east the gate el ectrode 16/18 as a nask. A separate
ion inplant 6 bl ockout mask coul d al so be used (NMOS and PMOXS).

Appr opr i aterhdd ROERetihbahatbAP! Bit StHEM rahgsPEr | 1P| AMReE oRef erring now
to Fig. 4, alowdielectric constant |ayer is deposited over the surface of

t he substsal rcandimtieiat thpi sattye Adrdied ragaynk Oche e HpReEed 23ron the
sidewal I s of the gate el ectrode. The spacer material |ayer should have a

di el ectriesemstianalofintegsonhant4. 0. Next, any native oxide is renoved
fromthe substrate surface, especially the active regions adjacent to the
gate el ectrode, using a hydrofluoric acid (HF) dip or vapor, for exanple.
Then, a second | ayer of _polLysilicon 26 .i.s.deposited over the substrate to a
thlckness of between aboﬁt §§Bﬁd3 %eéﬁdﬁ‘&% ngéﬁ%gSfﬁF*ﬂngS|llcon | ayer

26 is depogidedh dip thehtledBbadbeaksFnifpn Hheulsl oot &lvide jtiggel ectrode
16/ 18, as shown in Fig. 5. Referring nowto Fig. 6, the ponS|I|con | ayer

26 i s pol eréedtesisupreiegdiraah reghans calatpelans bengx t&MRId Wdrh usepaki sh st op
at the hard mask | ayer 18. Now, the polysilicon 26 is etched slightly to
recess théoﬁ@ly%ﬁﬂqqﬁﬂ$ﬂ%§¢eﬁ526cbéﬁtﬁ¢4:h@hﬁéﬂéwn§§kn¢%y%ﬁ°¥§¥iO@s shown in
Fig. 7. About one-third of t ate st t hi ckness after. CWP is etched
away front EREORRCHRASHS B 88 e?ﬁy@ﬁtﬁﬂ? ﬁﬂ%hpPﬁeaﬁﬁlgﬁﬁYﬁQ§ﬂ1 | ayer 26 is

pat t er ned, aogs £t £hath e LOGSARAIYE #8981 BYcERTGAG, OPENT g L0 the

STl regions, as shown in During this étching, e hard nmask 18
protects thecgsbdeslsnl ramclﬁteﬁheo@ﬂ&a//:‘dﬂdl(noBxﬁéﬁﬁSoﬁ@ &g end partially
over the STl regions. This does not increase capacitance nuch since the STI
regi ons afabyéegytediigk.andf ont the desicenfiuckoyseubherabe yit |theon regi on

active regions wherein a hard mask layer overlies each of the
gate electrodes. Dielectric spacers are formed on sidewalls
of each of the gate electrodes. A polysilicon layer is
deposited overlying the gate electrodes and the semiconductor
substrate. The polysilicon layer is polished back with a
polish stop at the hard mask layer. The polysilicon layer is
etched back whereby the polysilicon layer is recessed with
respect to the gate electrodes. Thereafter, the polysilicon
layer is etched away overlying the shallow trench isolation
regions where a separation between adjacent active areas is
desired. If a local interconnect is desired between adjacent
active areas, the polysilicon layer is not etched away

overlying the shallow trench isolation region separating



26 as a local interconnect, it is sinple to omt patterning of the

pol ysilicon between the source/drains of two transistors that are to be
corinected. For exanple, as shown in Fig. 8, source/drains 20C and 20D are
i solated fromeach other since the polysilicon |ayer has been etched away
over ‘the STl region separating 20C and 20D. On the other hand, polysilicon
layer 26 {R68® &ctiQkAladaRler CANBEEha PAIMBEN 13RULE68LEE AP LTI Ons 20A and
20B. The process of the invention allows the polysilicon |ayer 26 to be
used as arég@iats igdreeorReehdaldt boet #kdighgldapatiends eisylchdioakage. The
process of the present invention uses a mask to define the source/drain
pol ysi | i coagbums wWiere8 a congrct/ dami e rmegieons Thehherdl hasls ltayies pel ysilicon
to be used as a_salicided |ocal interconnect between transistor

sour ce/ dr BFROYeYi ordONR B ev eyl aneed ranfh CBd vigar 48 £P cfeEpfliavated and no
addi tional junction | eakage. This.use of the source/drain | ysilicon can
signifi caﬁ?i’gcig}rr%rr%lvne rp? cl%l%ﬁgwaléﬁé?t}f/o.f)}ﬁlalﬁacrol ;aiygrn%?j %Cééngtn§ r % th CVP

avai | abl egaeé SthsepiR tdi ebRpt bLESto M1 @ N _AEEn8BSKoAS Hatr ignoved, for

exanpl e, by hot phosphoric acid, as shown in Fig. 9. Now, the gate

el ectr odeelévabed tdmiypel Adsialinc oagiayeriR Gelar datberpedtbyniof ampl ant at i on.
N-channel devices and P-channel devices are doped separately. For exanple,
N- channel 19EG9E*Ee Q@ 4fdPdd with arsenic at a dosage of between about 2E15
to 5E15 atons/cnR at an energy of between about 40 and 80 KeV. P-channel
devices are doped with boron at a dosage of between about 2E15 to 5E15

atons/cnez at an energy Gfgret We8PraPPHIN HRNGES pkENndge dopants are
activated by rapid therna anneaFan at bet ween agbut %000 and 1050 C. This

forms the el evated source/drain regions 30, as shown in Fig. 10. Doping by
ion inmplantation rather than by diffusion allows for better control of
dopant concentration andn thet roacupghiny drfiwisgisnodoses and energy. 9

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 represehtation a completed integrated circuit
device fabricated according to a preferred embodiment of the

present invention.



The gate 16 and source/drain regions 20 are silicided 34, as shown in Fig.
11. For exanple, a netal |ayer such as titaniumis deposited over the
substrate. A rapid thernmal process (RTP) causes the netal to react with the
underlying polysilicon to formthe salicide |ayer 34 on the polysilicon
surfaces, as shown. The unreacted netal on the spacers 22 and over the STI
region 12 is etchedeggrypT R0 Qs iH PREFERAES SEMISOD MENABVENt i onal in the
art. For exanple, Fig. 12 shows dielectric layer 36 overlying the salicided
gate el ectrode and el evated source/drain regions. . Dielectric |layer 36 may
be borophosphosilicate glass (BPSG, for exanple. Contact openings are made
through the diel ectric FayeFrinf EvwedOrecRPrEbFRERE I &ig-cdnpl eted. For
exanpl e, tal .plug.38.is, shown contacting a_salicjded el evated
Sour bl araT S A 0 BBt EREEL Gh R 05 SnPBUEHE b G RIAE o ne 40, A
passi val | Gt dpetlaa’ 21COMRE CEPL AdQ d REBRALRG:C! { LU tndiRiGRraThER T OCCSS

of the present 1 nvention provides an effective and very na acturabl e

met hod f ogifiadyn Gainiegnaupse dusHdrMOS0deviEagL 1 e SeHstC akal at fok €gi ons
30 "are forned as elevated regions partially overlying oxide STl regions
12. The t(3Hs) stegiobedy218re sfdomarbchson st kengehttomallOin theubkstrate in
order to avoid floating-body effects. The source/drain regions of the

i nvention can be extended for use as |local interconnects with little
penalty by way of parasitic,capacitance._or jungtion.|eakage. LlLe the

i nvention has been part?%u?%? @ %ﬂuﬁ%?‘a%d ded? ?B%EI%ﬁt aﬁ%§fé¥2%%e to the

pref er T edaodiPnls chBREERT  vigoriddpdi cUBer ebPCb-DYdigBe 19k || ed in

the art that various changes in formand details nmay be nade wi thout

departi nggfdwamdvee hier stir fiade seb peheofsublse riameent Tioa. gdMtoxigec! ai med i s:

11 1. A method of form ng transistors having el evated source/drain

regi ons i ¥e¥eie Haghs daicbness eh hefiwapraedeuEi teuptd cfpAngsHgompr ovi di ng

shal Tow trench 1 5% 21905885936 W b Rited over the gate oxide
layer to a thickness of between about 1000 and 3000
Angstroms. A hard mask layer 18, comprising silicon dioxide,
silicon nitride, or silicon oxynitride, for example, is
deposited over the polysilicon layer to a thickness of

between about 200 and 2000 Angstroms.

The hard mask layer is patterned as
conventional and used to pattern and etch the polysilicon and
gate oxide layers to form the gate electrode as shown in Fig.
3. Lightly doped source/drain extensions or LDD 20 are
formed in the substrate by ion implantation using at least

the gate electrode 16/18 as a mask. A separate ion implant



5 sem conductor substrate wherein said shallow trench isol ation regions
separate adjacent active regions; fabricating polysilicon gate el ectrodes
and associ ated source/drain extensions in and on said sem conduct or
substrate in said active regions wherein a 10 hard mask | ayer overlies each
of said gate electrodes; formng dielectric spacers on sidewalls of each of
sai d gat e Hleekbuedassk depoEd td1n® depakyai (keoH dmyemosverl ying said gate

el ectrodes and said sem conductor substrate; 15 polishing back said

pol ysi | i cdwrrapaiatet hDR petlethhalst dppaantaimhhaldonbek impyented hereaf t er
et ching back said polysilicon | ayer whereby said polysilicon |layer is
recessed with respect to said gate el ectrodes; 20 thereafter etching away

said polysilicon layer oyerlying said shallow trench isolatiop regions
where a separation betme% E%ﬁ%%ﬁéﬂﬂpwa59i égar%a§iﬁ§”ﬁ Cr&dTther eaf t er

removi ng saind+aakd g9sk | aYflpoAndd '39'&?”#15‘93 U i !agei Bub @B form
said 25 elevated source/drain regions wthin sald polysilicon
and anisotropically etched away to leave spacers 22 on the
sidewalls of the gate electrode. The spacer material layer

should have a dielectric constant of less than 4.0.

Next, any native oxide is removed from the
substrate surface, especially the active regions adjacent to
the gate electrode, using a hydrofluoric acid (HF) dip or
vapor, for example. Then, a second layer of polysilicon 26
is deposited over the substrate to a thickness of between
about 1500 and 3000 Angstroms. The polysiligcon layer 26 is
deposited to a height greater than the height of the gate

electrode 16/18, as shown in Fig. 5.

Referring now to Fig. 6, the polysilicon layer
26 is polished using chemical mechanical polishing (CMP) with

a polish stop at the hard mask layer 18.

Now, the polysilicon 26 is etched slightly to
recess the polysilicon layer 26 below the hard mask layer 18,

as shown in Fig. 7. About one-third of the gate stack



12 | ayer adjacent to said gate electrodes to conplete formation of said
transi stors having el evated source/drain regions in the fabrication of said
integrated circuit. 2. The nethod according to Claiml1l wherein said hard
mask | ayer is selected fromthe group consisting of silicon dioxide,
silicon nitride, and silicon oxynitride and has a thickness of between

about 200 #3dxR000 APGS! IGHIP 1.3 cLHEATEIRP G AGE Wil QbR Tl ai m 1 wherei n

said dielectric spacers conprise a material ing a dielectric constant of
| ess t hanpél@sidicdhelagpithed.according to Caim1 wherein said polysilicon
| ayer has a thickness of between about 1000 and 3000 Angstrons. 5. The

nmet hod according to Caim1l wherein said step of polishing back said

pol ysilicon | ayer conprises chem cal rmechanical polishin 6. The net hod

according to O aim1 whél¥ r’Fh§aP81¥§éb16?“é%%ﬁ%&%é@kpégFﬁrw vA4 i con
| ayer is %rk I r@i sai.d pplysilicon |ayer is_recessed.by one
third of 3 ﬁe?&ﬁgo‘?l slaﬁied]tg‘aet ge3iget Prgdy by rbrmdy opénifigs>co i

STI regions, as shown in Fig. 8. During this etching, the

hard mask 18 protects the gate electrode 16. The polysilicon

areas 26 extend partially over the STI regions. This does

not increase capacitance much since the STI regions are very

thick.

If it is desired to use the polysilicon region
26 as a local interconnect, it is simple to omit patterning
of the polysilicon between the source/drains of two
. transistors that are to be connected. For example, as shown - -~
in Fig. 8, source/drains 20C and 20D are isolated from each
other since the pdlysilicon layer has been etched away over
the STI region separating 20C and 20D. On the other hand,
polysilicon layer 26 forms a local interconnect between
source/drain regibns 20A and 20B. The process of the
invention allows the polysilicon layer 26 to be used as a

local interconnect without adding capacitance and leakage.

The process of the present invention uses a

mask to define the source/drain polysilicon over the



7. The nethod according to Claim1l wherein said polysilicon |ayer is not
et ched away overlying said shallow trench isolation regions where | ocal

i nt érconnects are desired between adjacent active areas. 8. The net hod
according to Claim1l wherein said step of inplanting said ions conprises
i npl anting arsenic ions at a dosage of 2 E 15 to 5 E 15 atons/cn2 at an

ener gy of s¢Rirte/8Pake\krédildhssai dnpal ¥$ibws oth AR 19keeL Eedec gk i nto said
el evat ed source/drain regions to form N-channel devices. 9. The nethod

accor di ngusedChai an dalheirdEdn loaiad sheprobnneqit drettwegnsaransdisorconpri ses

i nplanting boron ions at a dosage of 2 E 15 to 5 E 15 atons/cnR at an

ener gy of SPULGLEARaIN | FRHL AL dfl%@ﬂ y&rYi Bagh gerdicadeperB8EtHRd i nto said

el evat ed source/drain regions t.o.form P-channel. devices._10. The t hod
accor di ng ctagaﬁllglaﬁci_%%%‘e? ﬁ%géi%dog?g]pjﬂ?c*ﬂ’r?’bilﬁ& PH%sai T 1DETSHpri ses a
rapi d therinl s30pe8) AngRpd1laa5R 0808 @&9@%@22&%&& 11. The

nmet hod according to Claim1l after said step of 1 np and driving in

sai d i ons dadkiRgr d6REPEY Si ML aviddieydi BdnsRi 8l @i rel Gethoggs and said

el evated source/drain regions. 12. A method of form ng transistors having
el evat ed sowidebdeafor regpsapidant dhelkabricati on of an integrated circuit
conprising: providing shallow trench isolation regions within a 5

sem conductor substrate wherein said shallow trench isolation regions

separate adjacent active, regiqns; fabricating, polysili.co ate_el.ectrodes
and associ ated source/ dre%ci’wn’ &x eeﬁlﬁrgng‘ais %ﬁdl%ﬁ%ﬁvﬁdgeﬁ?goﬂwloer’
substrat e gy 3@l @ndchhyLid Qs ashehslh anlPidargd mask layer overlies each
of said gate electrodes; formng dielectric spacers on sidewalls of each of
sai d gate el ectrodes;
Now, the gate electrode 16 and the polysilicon

layer 26 are doped by ion implantation. N-channel devices

and P-channel devices are doped separately. For example,

N-channel devices are doped with arsenic at a dosage of

betweén about 2E15 to 5E15 atoms/cm® at an energy of between

about 40 and 80 KeV. P-channel devices are doped with

boron at a dosage of between about 2E15 to 5E15 atoms/cm?® at

an energy of between about 3 and 8 KeV. The dopants are

activated by rapid thermal annealing at between about 1000

and 1050 =C. This forms the elevated source/drain regions

30, as shown in Fig. 10. Doping by ion implantation rather

than by diffusion allows for better control of dopant

concentration and junction depth by adjusting dose and

energy.



depositing a polysilicon |layer overlying said gate el ectrodes and said
sem conductor substrate; 15 polishing back said polysilicon layer with a
pol i sh stop at said hard mask |ayer; thereafter etching back said
polysilicon layer whereby said polysilicon layer is recessed wth respect
to said gate el ectrodes; 20 thereafter etching away said polysilicon |ayer
15 overlying said shallow trench isolation regions where a separation
between adjacent active areas is desired; thereafter renoving said hard
mask |ayer; inplantThy Saiee &b windgsenrcendrain fragnamai d025rel evat ed

source/drai.n.regigons within said polysilicon |ayer adjacent to said gate
eIectrode??q§CF38$d$ﬁg i YR ePeFddt r blies BN ex@n@lel edametakour ce/ drain

[ ; It | ' [ [ 30 el ectrodes
regions; depasi Li,0g %sde%éﬁgﬂH %s!géﬁé59¥§é|3%é¥yéﬁ@ gugg%gate. A
and el evated source/drain reglons;

rapid thermal process (RTP) causes the metal to react with

the underlying polysilicon to form the salicide layer 34 on

the polysilicon surfaces, as shown. The unreacted metal on

the spacers 22 and over the STI region 12 is etched away.

Processing continues as is conventional in the
art. For example, Fig. 12 shows dielectric layer 36
overlying the salicided gate electrode and elevated
source/drain regiops.. Dielectric layer 36 may be
borophosphosilicate glass (BPSG), for example. Contact
openings are made through the dielectric layer and electrical
connections are completed. For example, metal plug 38 is
shown contacting a salicided elevated source/drain region 30
and connecting to an overlying metal line 40. A passivation

layer 42 completes the integrated circuit device.

The process of the present invention provides
an effective and very manufacturable method for fabricating a
pseudo-SOI CMOS device. The source/drain regions 30 ‘are
formed as elevated regions partially overlying oxide STI

regions 12. The transistor body 16 is formed on the silicon

10



maki ng el ectrical connections through openings in said dielectric |ayer to
sone of said gate el ectrodes and el evated source/drain regions to conplete
fabrication of said integrated circuit. 13. The nethod according to Caim
12 wherein said hard mask | ayer is selected fromthe group consisting of
sil.icon dioxide, silicon nitride, and silicon oxynitride and has a

t hi cknesss@bsbeiveein e 28023884 20{8h ARGSHoayBeridetd Ne 11RE hod accordi ng
to Claim12 wherein said dielectric spacers conprise a material having a

di el ectri sovoost@mminofregdoast hinthe Oinvgnhtiob5 cafhbe nexbetieat dordusg t 0
Claim 12 wherein said polysilicon |ayer has a thickness of between about
1000 and 3B08°ERYSHHGRSONPECtFhE ikt hbtt kR dGPailY PB €BRi%E 12 wherein said
step of polisgigﬁ Q@Ck(§ i_d golésilicon I%ye& conpri ses chem cal nechani cal
pol i shi ngP217°* The FRRITSERECoPEi Mg T o- T iR 9 wherein sai d step of
etching back said polysilicon layer is perfornmed until said polysilicon

| ayer is recessed by one-third of a height of said gate el ectrodes. 18. The
met hod according to C aiwnil2 wher ¢hiies®ish Plsy delehCpart ayeraris, not et ched
away overlying said shallow trench isolation regions where |oca

i nt er connebpwn aard dissqmdedemiibnrafgeenss tacttheepgeéasred9. The net hod
according to Claim 12 wherein said _step of inplanting said ions conprises

i mpl ant i n§MRPEERERES gifteraoty d&syddlope Mmdepstogds b $8o5e ol IR at an

energy of .40.t0 80 KeV.ntaq.said polysilicaon gate .el.ectrode and into said
ol ovared 4BuFBS) B1ai T aeg B o RarHeRs el ohe, FEbet P ndy be

made without departing from the spirit and scope of the

invention.

What is claimed is:

11



20. The nethod acct of inplanting said at a dosage of 2 E of 3 to 8 KeV
into into said el evated P-channel devices. girding to Caim1l2 wherein said
step ions conprises inplanting boron ions 15 to 5 E 15 atons/cn2 at an
energy said polysilicon gate el ectrode and source/drain regions to form 21.
The met hod according to Caim 12 wherein said step of driving in said ions
conprises rapid Aheethdd arindakrmaggatraes ey alhayting. 806vatrell 1050 C. 22. A

met hod of form ng transistors having el evated source/drain regions in the
fabrication of SARTFHMEGR E§IEPREULR BRepFasiifgtiprodf dAmgiBRINadRSt r ench

i sol ation regigns vxg hin a.5.sem conductor substrate wherein said shall ow

thin
trench isol ati Sﬁr?lég? o%osf“psré‘ﬁépgt'e adj acent active regions; fabricating
polysilicon gate elgciyodes and1SROLLALEH SQULGELAN %Q%ﬁ‘? EPSiHIRS ol N and

on said sem conductor substrate in said active regions rein a 10 hard

mask | ayes ovesémbSomAdtodf ssdkldrgateweéeeid adas shalMbwotededectric
spacers on sidewalls of each of said gate el ectrodes; depositing a

pol ysilicon | ayeelavier yweagjonsi segaratel adiaariys aghdvearelgsams .conduct or
substrate; 18 , . .
fabricating polysilicon gate electrodes and
associated source/drain extensions in and on said
semiconductor substrate in said active regions wherein a
10 hard mask layer overlies each of said gate electrodes;
forming dielectric spacers on sidewalls of
each of said gate electrodes;
depositing a polysilicon layer overlying said gate
electrodes and said semiconductor substrate;
15 polishing back said polysilicon layer with a polish
- stop at said hard mask layer;:
thereafter etching back said polysilicon layer
whereby said polysilicon layer is recessed with respect
to said gate electrodes;

20 thereafter etching away said polysilicon layer
overlying said shallow trench isolation regions where a
separation between adjacent active areas is desired;

thefeafter removing said hard mask layer; and
implanting and driving in ions to form said

25 elevated source/drain regions within said polysilicon

12



15 polishing back said polysilicon |ayer wwth a polish stop at said hard
mask | ayer; thereafter etching back said polysilicon | ayer whereby said
pol ysilicon layer is recessed with respect to said gate el ectrodes; 20
thereafter etching away said polysilicon | ayer overlying said shallow
trench isolation regions where a separation between adjacent active areas

i's desired and lagerehahudgnavey sAid gaekysibbetbad AN RYShikybng said
shal l ow trench isolation regions where |ocal 25 interconnects are desired

bet ween adj acedfleragtion af essid thwansdftorsr avinqge sniatedar d mask | ayer;

i npl anting and driving inions to formsaid el evated source/drain regions
within said polSPFLREBRAIBYEFIIRSdEnttheo TaRF dcyt e afespiddes: 30

siliciding saiq Q@%gagggcéipg§§tand said elevated . source/drain regions;
depositing a diel ectric | ayer overlying said gate el ectrodes and el evat ed

source/drain regions; and making el ectrical connections through openings in
35 said dielectric layer to sone of said gate el ectrodes and el evat ed
source/ drain r&gi Ghe hetbodpieterdialy itoatilapmof wadrhinmtsagaated circuit. 19

hard mask layer is selected from the group consisting of
silicon dioxide, silicon nitride, and silicon oxynitride
and has a thickness of between about 200 and 2000

Angstroms.

3. The method according to Claim 1 wherein said
dielectric spacers comprise a material having a

dielectric constant of less than 4.0.

4. The method according to Claim 1 wherein said

polysilicon layer has a thickness of between about 1000

and 3000 Angstroms.

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

polishing back said polysilicon layer comprises chemical

mechanical polishing.

-

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

etching back said polysilicon 1ayer is performed until

13



23. The nethod according to Caim 22 wherein said hard mask | ayer is

selected fromthe group consisting of silicon dioxide,

Si

icon nitride, and

silicon oxynitride and has a thickness of between about 200 and 2000
Angstrons. 24. The nethod according to Caim22 wherein said dielectric

spacers conprise a material having a dielectric constant of |ess than 4.0.
25. The net hodsaegopsl yh 1ixdal dae22 i WhesebdssRivd BakYehit&obr layer has a
t hi ckness of between about 1000 and 3000 Angstrons. 26. The met hod
according to CheighR2oirrid gageai dletepodds pol i shing back said polysilicon
| ayer ~~~conpri ses chem cal nechanical polishing. 27. The nethod according

to daim 22 mherein said step of etching back said polysilicon | ayer
per f or med untl

of said gate elec

. AHy?. ALR Age.

A

"?. A ??EGs! 6

is

sabd polysi LG diayelol &1 LRSS 9R0, Y008 41 Td of a hei ght

yém&;fﬁﬁ%xA(lg?nétRee@heﬁ%ag&oeenggﬁsmm A R AFLR

~d 14

shallow trench 1solat10n regions where local

interconnects are desired between adjacent active areas.

8. The method according to Claim 1 wherein said step of
implanting said ions comprises implanting arsenic ions
at a dosage of 2 E 15 to 5 E 15 atoms/cm® at an energy
of 40 to 80 KeV into said polysilicon gate electrode and
into said elevated source/drain regions to form

N-channel devices.

9. The method according to Claim 1 wherein said step of
implanting said ions comprises implanting boron ions

at a dosage of 2 E 15 to 5 E 15 atoms/cm® at an energy
of 3 to 8 KeV into said polysilicon gate electrode and
into said elevated source/drain regions to form

P-channel devices.
10. The method according to Claim 1 wherein said step of

driving in said ions comprises a rapid thermal annealing

at between about 1000 and 1050 <C.

14
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- 2" S10%&' () - ! FYTEB3F bCHPYHSIMG 10% b

T0%E () - SyMLOVoR (32 TN A0 T EELT S AT FasioRs g Fyin @
1090 T& () s8%&10% L& Ednb&Hd O gs.lft)s"tr%@é %Qgrégxb%ém/@%a@lbw trench

10%&' ()-y45789:j &UbCl 10% u&' ()-10% u& () - &&, 10% u& ()- 10T 10T
10Tf 5s109%0&' () 1¥46MVaO%IR {9gidrns separate adjacent active regions;

fabricating polysilicon gate electrodes and
associated source/drain extensions in and on said
semiconductor substrate in said active regions wherein a
10 hard mask layer overlies each of said gate electrodes;
forming dielectric spacers on sidewalls of each of
said gate electrodes;
depositing a polysilicon layer overlying said gate
electrodes and said semiconductor substrate;
15 polishihg back said polysilicon layer with a polish
stop at said hard mask layer;
thereafter etching back said polysilicon layer
whereby said polysilicon layer is recessed with respect
to said gate elgctrodes;

20 thereafter etching away said polysilicon layer
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thereafter removing said hard mask layer;
implanting and driving in ions to form said
25 elevated source/drain regions within said polysilicon
layer adjacent to said gate electrodes;
siliciding said gate electrodes and said elevated
source/drain regions;
depositing a dielectric layer overlying said gate
30 electrodes and elevated source/drain regions; and
making electrical connections through openings in
said dielectric layer to some of said gate electrodes

and elevated source/drain regions to complete

fabrication of said integrated circuit.

13. The method according to Claim 12 wherein said hard
mask layer is selected from the group consisting of
silicon dioxide, silicon nitride, and silicon oxynitride
and has a thickness of between about 200 and 2000

Angstroms.
14. The method according to Claim 12 wherein said

dielectric spacers comprise a material having a

dielectric constant of less than 4.0.
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of polishing back said polysilicon layer comprises

chemical mechanical polishing.

17. The method according to Claim 12 wherein said step
of etching back said polysilicon layer is performed

until said polysilicon layer is recessed by one-third of

a height of said gate electrodes.

18. The method according to Claim 12 wherein said
polysilicon layer is not etched away overlying said
shallow trench isolation regions where local

interconnects are desired between adjacent active areas.

19. The method according to Claim 12 wherein said step
of implanting said ions comprises implanting arsenic
ions at a dosage of 2 E 15 to 5 E 15 atoms/cm? at an
energy of 40 to 80 KeV into said polysilicon gate
electrode and into said elevated source/drain regions to

form N-channel devices.
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annealing at between about 1000 and 1050 <C.

22. A method of forming transistors having elevated
source/drain regions in the fabrication of an integrated
circuit comprising:
providing shallow trench isolation regions within a
5 semiconductor substrate wherein said shallow trench
isclation regions separate adjacent active regions;
fabricating polysilicon gate electrodes and
associated source/drain extensions in and on said
semiconductor substrate in said active regions wherein a
10 hard mask layer overlies each of said gate electrodes;
forming dielectric spacers on sidewalls of each of
said gate electrodes;
depositing a polysilicon layer overlying said gate

electrodes and said semiconductor substrate;
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overlying said shallow trench isolation regions where a

U

Jw (

separation between adjacent active areas is desired and
not etching away said polysilicon layer overlying said
shallow trench isolation regions where local
25 interconnects are desired between adjacent active areas;
thereafter removing said hard mask layer;
implanting and driving in ions to form said
elevated source/drain regions within said polysilicon
layer adjacent to said gate electrodes;
30 siliciding said gate electrodes and said elevated
source/drain regions;
depositing a dielectric layer overlying said gate
electrodes and elevated source/drain regions; and
making electrical connections through openings in
35 said dielectric layer to some of said gate electrodes
and elevated source/drain regions to complete

fabrication of said integrated circuit.
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silicon dioxide, silicon nitride, and silicon oxynitride
and has a thickness of between about 200 and 2000

Angstroms.

24. The method according to Claim 22 wherein said
dielectric spacers comprise a material having a

dielectric constant of less than 4.0.

25. The method according to Claim 22 wherein said

polysilicon layer has a thickness of between about 1000

and 3000 Angstroms.

26. The method according to Claim 22 wherein said step
of polishing back said polysilicon layer“comprises

chemical mechanical polishing.

27. The method according to Claim 22 wherein said step
of etching back said polysilicon layer is performed
until said polysilicon layer is recessed by one-third of

a height of said gate electrodes.
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