, €3e[ XT@Bn6TCM 5. b A METHOD TO FORM A LON PARASI Tl C CAPACI TANCE
PSEUDO- SO CMOS DEVI CE BACKGROUND OF THE | NVENTI ON (1) Field of the
| nvention The invention relates to the fabrication of integrated circuit
devices, and nore particularly, to a nmethod of form ng a transistor having
tai sed source/drain regions and | ow parasitic capacitance in the
manuf acture of integrated circuits. (2) Description of the Prior Art
- Current nethods of ' e ol ve
orning sgurearaparh gt dhetfy EREAF LS CORRRAPE PPN chby
However, SO devices often suffer f{geprfl oating body effects whi ch are
~difficult to overcone. It is desired to provide a nethod for formng a
pseudo- SO devi ce which has the advantages of SO for the source/drain
regions, but which elimnates the floating body effects. U S. Patent
5,683,924 to Chan et al BARCKIRSEING QEt ABE BYVENILHNng el evat ed source/drain
regi ons. However, this nethod relies on the elevation of field oxide
- isolation 1 L V regions to defi ne the boundaries of the polysilicon over
t he sour ce{ dr \ egl 0DS, - be difficult to use the raised
source/ drai W r elge ns to al so ocal interconnect in this nethod. U. S
Pat ent 5,275,960 to Yaﬁaﬁﬂéhinxeénﬁ]od gachessf o Ny fabaxicatsend @dl ysilicon
source/drain region followed by formation of a T-shaped gate. U S Patent -
5,827, 768 i®tddrutetd alwdustl@s‘escetﬂweaﬁ?@rrﬁaFﬁoiPnan’qflf%Udi@éd s6fr&e/ drain

regi ons where patterning of the Igo silicon Ia %rrfc%r jpefore CWP.
The S/ D regebiad gl fFosrAed By T4 i Gn WPICREr ?Jn%% I/ ation.

Salicidation_is nat Si 1 t B-015:746€ to
MlicStr kaffgi’%ré%her}sdog%neplﬁgawﬁ(}fj d"r%(ragfzged§s%k5érac% ain ngl ons. U.S.

Patent 6, 0Q4+694at& (Chanrgies.al di scl oses 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 sel ective epi taxy_and formng a
transistor on top of the selective. e ?'E Xy. SUMMARY OF THE | NVENTI'ON A
princi pal 6B eBESEF LIRS LEs &R Fﬁi?% is to provide an effective and

very manufacturabl e net h%rgj nftoElg}:Hgdg P gUR96Y @@cgﬁﬂﬁa in the

fabrication of an integrated circuit
capacitance typically 1nvolve formlng source/draln regions

over silicon-on-insulator (SOI) areas. However, S0I devices
often suffer from floating body effects, which are difficult
+o overcome. It is desired to provide a method for forming a

pseudo-50I device which has the advéntages of SOOI for the

source/drain regiéns, 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. quevgr,

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 forned on an insul ator,

but the transistor is forned 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 for use as local interconnect. A further object of the invention
is to provigdgoasnebh@ds Die ftOldTbRgndat L 88SdStie haviyagletayatwed sadr ce/ drain
regions that can be extended for use as .r local interconnect,:. .- . , A
still furtseercedfesinofeqivms.nvént wonldsbe digifgvdude somesdicdheof formng a
pseudo- SO device where el evated source/drain regions are formed on an

i nsul at or THFEdt REUE FRALT FTbrr 998 OP§r FRJ2 bFP ST o SRt BFRE $IESSSuUr ce/ drai n

regi ons can .extended f S s_| ocal.,l onpect. Yet. anqt.her obj ect
of the pr é?e%tili.sn%ﬁg?%h 3‘@ #o%ﬁr%g\l}fcdg’%7ﬁﬁ)&°o$af“8?}hcﬁb egt 'I(?aC)lw parasitic
capaci t anGe Rs4dessh ndeyi £ e-hane pah oy al eths AN GRLIudRIn regiQRs are 3V
4 formed on an insulator, but the transistor is formed on sili.con wherein

t he sour cefadriawadr bgi dosng@mrbefext Fndbdpédrgatse ad.k5ecahtemt er connect. In
accordance with the objects of this_invention the nethod of formng a
pseudo- SO5 d&Vi-d68h&9i hir etle At d S§30FEE/ BRai FPTeiloRs of hBtiteth be ext ended
for use as |ocal .nterconnect ‘Jhser%chia%)éggﬁh?haolc# Qc\g[ trench.jsol ation regions
separ at i ng At A¢ERE Rt FUEIRGISHS BP6 B oV e withPRIZSseht¥bnduct or
substrate.; Blysisl beeRogale LAl @¥eS affe a5aPCIRLiefsSQYE CRS MR By
extensions are fabricated in and on the sem conductor substrate in the
active regiiditisber esnhar hatah mskopayertadtivet | | e laadkdaaiot hies gaite

el ectrodes. Dielectric spacers are forned on sidewalls of each of the gate
el ect r odesRos®ipdiey dn| thdp Tefad sU-SepBafrent vl vitigtPhdifte el ectrodes

and the sem conductor, substrate.. The polysilicon |ayer i ol i shed back
with a polén%"ﬁ‘ jo%eﬁf:hfﬁ_ea H&‘T’Qﬁh%sc{} If§§5‘¥9gﬁ%l%epé f\sé’lulric(‘%ﬁg?é%/er i s etched
back wher ehy,the Polysil bgos i ayeforl, SorecesershiMdh fresneeiobos the gate
el ectrodes. ql"her eafter, the polysilicon layer is etched away overlying the

shal | ow t refcded sehatkepirsegi rscasher e Taesppayat 1 ororbalaweeniadpacent active
~areas is desired. If a local interconnect is desired between adjacent
active ar embandtigedol y¥i i cBatenilydr, 543,886 &0 clerd HysoRerRy$e the -

shal l ow trench isol ation regi on separatin

4 . )
source/drain method using selectlge epitaxy and forming a

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

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

integrated circuit.



4 those active areas. Alternatively, the source/drain regions can be

ext ended over the shallow trench isolation regions where a contact can be
made:s» The hard nask | ayer is renoved. lons are inplanted and driven in to
form el evated source/drain regions within polysilicon |ayer adjacent to the
gate electrodes to conplete formation of transistors having el evated
source/drain regions in the fabrication of an integrated circuit. BRI EF
DESCRI PTI ON OF THE DRAW N@&Sther tdiej sat.c ofpanyi fige sHoMingent9bA1 ¢ & materi al
part of this description, there is showm: Figs. 1 through 11 schematically
i |1 ustrat TN G0 ss Me&bpH opfil £9epinss enpaeidn-30braferaeeghembodi nent of t he
present i 1on. _Fig. 12 schematjcally illustrates in crosssectional
representg%§¥g#%¥a58%ﬂl5?%&0?%t%§ﬁeﬁﬁﬁTeéiPEuF? WGt orabbugatk?l accor di ng

to a prefefracieed; et Qiat I t.inventign.. 5 . DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Re eélfi%éﬁ%g\;}v or & pa ﬁo‘irc‘lﬁa&%f’? Pb #g. 1, there
is illustrixitegyratedr tiesuof. a partially conpleted integrated circuit device

in which there is a nonocrystalline silicon sem conductor substrate 10.
Shal | ow trench isolation (STlI) regions 12 are forned as is conventional in
the art. As shown in Fig, 2, a gate oxide layer 14 is deposited by chem cal
vapor deposition (CVvD) of°%t r@?%qryoaasﬁ b ckhe Rresentadavefitidre is

substrat e.gl X] y. s.a thickness of between about 15 and 100
Angstronsﬁxkaﬁggg?gog %%??%?fﬁ%5%%Ténﬁsadgiﬁgéﬁiﬁ9%3 EPSt ABVESR e oxi de | ayer

to a thicluessief sbatweearahouteghQAq and 3000 ANgaty 25 ubeNQL d Jmsk | ayer
Sl

18, conprising silicon dioxide, silicon nitride, or i con oxynitride, for

exanpl e, iipt¢agonneet. over the polysilicon layer to a thickness of between
about 200 and 2000 Angstronms. The hard mask |ayer is patterned as
conventional and used to pattern and etch the polysilicon and gate oxide

| ayers to formthe gate glgctr.ode as sho in Fig. 3. Lightly doped
sour ce/ drai n ext ensi ons %rfﬁﬁﬁygfbogﬂgcgo$ﬁeEP?rfqﬂﬁ?t§ﬁﬁsf?aF% by ion
i npl ant at ippRwisieng ﬁéth@@séftﬂy%mgggeaegggﬁgfgk%rl@g;gnasegeggagiA separate

ion inmplant 6
source/drain regions that can be extended for use as

local interconnect., LT

A still further object of the invention is to-
provide a method of forming a pseudo-SOI device where
elevated source/drain regions are formed on an insulator, but
the transistor is formed on silicon wherein the source/drain

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~50I device where elevated source/drain regions are



pocket/halo inplants may al so be inplanted. Referring nowto Fig. 4, a |ow
dicelectric constant |ayer is deposited over the surface of the substrate
and ani sotropically etched away to | eave spacers 22 on the sidewalls of the
gate el ectrode. The spacer material |ayer should have a dielectric constant
of leSs than 4.0. Next, any native oxide is renoved fromthe substrate
surface, eBpewdalonyahhénaclaver s egitorheadtaeeiitd0 ihe gatg &l ectrode,

using a hydrofluoric acid (HF) dip or vapor, for exanple. Then, a second

| ayer of pPollyi§ion ¥BATeEn| thelepuvidegdrever rédriomiksin dkeckegaddlifgness of
bet ween about 1530 and. 3000 Angstrons. The polysilicon |ayer 26 is

deposi t ed 15 &%h Pﬁﬁ? JrESE RSN the hei ght of the gate el ectrode 16/ 18,
as shown in Fig. 5. Referring nowto Fig. 6, the polysilicon layer 26 is
pol i shed using chem cal mechanical polishing (CW) with a polish stop at
the hard mask | ayer 18. o yskbiC is.etched slightly to
recess the polysilicon | ay\ééc%%%bag%lgw%ﬁg %gergj% el Sgeghi%, as shown in
Fig. 7. Abawenghent hhe dnefhddie fjatcemihack ﬁseudd—@oqka§§§c@fﬂ£;ingvp i's
etched away from_the second polysilicon |ayer 26. Now the polysilicon |ayer
26 is pat tSrETEFeInGORY EREIF 1 diagigast hbatictay dearsaenbydf bsamiudg @geni ngs
to the STIlOrc%hi ons, . as I%Qown. in Fi_%sf g During this etching, the hard nmask
18 protect’s the gare eractr ode A& I7RE - poP3RI 9% dhearBassok bamend

partial |y :@¢8bnkhgepdtat £4 ocﬂ:-;sj.ac'g_r;lits ag;ﬁ?@? Ppélgsiioglcsr gase ca‘pﬁgeie& ance nuch

since the STl regions are very thick. Ssi'r 8dPt 9 t he

pol ysi | i corithagi ens@biasndudtenalsubteacONnNadydill iksnSkApPLe to omt
patterning of the polysilicon between the source/drains of-two transistors
. that are td95ETEERRRRRPSSTHratedanpheseddraimwxtiensEbgs &re sour ce/ dr ai ns
20C and 2QD; ri%aicggl la}f’ged Jrom ach other _since the polysilicon |ayer has
been etched away -over tHe SN TEGSERSRPWMHITFUPSETaRA POO:-heon the ot her

hand, pol wsitlikeop gk A fons g kgc | nt erconnect . bet ween sour ce/drain
regi ons 20A and 28%. The process of th@é?}!?l(/iea ton ' a Fé\?\g THe 531 §§FI i con
| ayer 26 tetkeelsetrases. | avialldcitrebCopaests WrldheuinaddbNos LaRAGhLance and

| eakage. The process of the present invention uses a nmask to define the

sour ce/ dr &n epehyef| Frermafereligesrgdes! 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 isclation
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



source/drain regions. This allows this polysilicon to be used as a -
salicided | ocal interconnect between transistor source/drain regions with
very.Jruch reduced parasitic capacitance and no additional junction |eakage.
This use of the source/drain polysilicon can significantly inprove packing
density. Planarity is not a concern with CVMP avail able for subsequent
dielectrics. Now, the hard mask 18 is renoved, for exanple, by hot

phosphori ¢ rRGkdacgvsNOWLd N FiGerfat oWt ,th&l@%to%r%%kwﬁe 16 and the
polysilicon |ayer 26 are doped by ion |anantat|on. N- channel devices and

P- channel rdenbaescarn ehélopethmiR@icake! Yhe Foka EXRIrench chanaeiorevi ces are
doped with arsenic at a dosage of between about 2E15 to 5E15 atons/cnR at
an ener gy r@gibesweker aboutomthenada80bKevad®- c idrenélardevaskslayer deped Wit h
boron at a dosage of between about 2E15 to 5E15 atons/cnR at an energy of
bet ween aF&TPV8 andl BKAFS THP 1@G5&A1 SNAr &- ka1 vidt &8 BYTRapl eV 31Rst nal
anneal i ng t n_about 100Q.and 1050 . This forns the el evated
source/drggﬁrggéﬁgﬁén3%%gﬁﬁ?§ﬂﬂiﬁilpnp&?ﬁégiifoqi%ﬁﬂﬁf 89]?8ﬁn?rﬁﬂﬁ§%?ation
rather thapthyedbfftshon @l | QWp1le RELLEF: SO Ara0k ideRARtnELNENt rati on
and junction depth by adjusting dose and energy. 9 The gate 16 and

sour ce/ dr @leveegionasulfe Al isi Iregiided 34, tias ™HMHovircaiticoki g£ dd. For exanpl e,
a netal layer such as titaniumis deposited over the substrate. A rapid
thermal prodedsatrRtPyiggitisles the metal 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 STl region 12 is
etched away. Processing gpfdp e zasrhSyCOPVEAN ir@ingg the art. For
exanple, Fig. 12 shows dielectric |ayer 36 overlying the salicided gate

. electrode and el evated source/drain regions. . Dielectric |ayer 36 may be
bor ophosphosilicate glass (BPSG, for exanple. Contact openings are mde

t hrough the diel ectric |HydhaamFcemperyieal devmimss ifeagiageaconpl eted. For

exanpl e, netal .pLug_ 38 i hown, cont acting sal ici ded el evat ed

Sour Lo dr AATFABLoR=35 A Hoh ReAeHg LB S o0t |57 RGHBE ol | ne 40. A
passi vation | ayer 42 conpletes the integrated circuit device. The process
of the present invention provides an effective and very nanufacturable
met hod for fabricating aFpgeudo-ti@oughOb] deviaeat ibE 150Ul Cesttatd inegi ons
30 "are forned as el evated regions partially overlying oxide STl regions
12. The t rcaesissEortbouyl 1 refantiasd oonat heefdfiatbrenb@ddment udsthet e i n
order to avoid floating-body effects. The source/drain regions of the

i nvent i on FF&TeHE eXYBREEP for use as local interconnects with little
penalty by way of parasitic capacitance or junction | eakage. Wile the

i nvention has been particularly shown and described with reference to the
preferred enmbodi ments thereofiz idcheimaliBg1 vpder sifnadiday thoseoskilled in
the art that various changes in formand details nmay be nade wi thout
departi ng sfacdmirnbhé seppreéeseryat isgope cofpl hted nrerdgm@tedNedatrcustcl ai med i s:

11 1. A nmethod of formng transistors having el evated
device fabricated "according to a prefeérred embodiment of the

present invention.



source/drain regions in the fabrication 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 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 el ectr DBSSRIFTUON IF dingl eREFERRSYAGRICHMRNGEdewal k of each of
said gate el ectrodes; depositing a polysilicon |ayer overlying said gate
el ectrodes and said sem conductor substrate; 15 polishing back said
polysilicon layer with a$$)lish stop at said hard nask |ayer; thereafter
et chi ng back said pol ysi 8y EPYWHEF B b2k lgallyskbi Ebm. | ayer is

recessed WHd o €5P¢ | te.electrodes; 20 _thereafter etching away
said polysili con Ia%%‘rlé%(/ée@%é;iag LG sRAI T RFTFEdH FSBPERTYA regions

where a sepafeaira@Bdbel vaeit adaecant nagt i is_desired; thereafter
renovi ng said hard mask | ayer; g%dlpng%gﬁl?i%&geﬁésd?i gllg%é&f%sﬁ%ﬁsmleo form
sai d 25 elsvdiced seniceidiratior sepisenatsi thi n sxaild cROk¥shbh COML & i o AYET

adj acent tq said gate el ectrodes to conplete formation of said transistors
havi ng el évdtddT884PRE/ Hh A5¢ fegmedsasnis heodwmtioationn ofhsairtt i nt egr at ed
circuit. 2. The nethod according to Claim1l wherein said hard nmask | ayer is
selected fromthe group consisting of silicon dioxide, silicon nitride, and
silicon oxynitride and i gkn of between abqut. 200 and .2000
Angstrons. 3. The net hoﬁcsglgtrw%i %gl 't%%&CI %i m £ eePé‘fLﬁes%i‘?%eIdi 4 ectric

spacers ce®prssted bntardnalcalaviaBgradepasition (CVD) or thermally
grown over the surface of the substrate. The gate oxide
layer has a thickness of between about 15 and 100 Angstroms.
A layver of polysilicon 16 is deposited over the gate oxide
‘layer to a thickness of between about 1000 andzﬁéod-q
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



di el ectrjc constant of less than 4.0. 4. The nethod according to Caim1l
wherein said polysilicon |ayer has a thickness of between about 1000 and
3000.,Angstrons. 5. The nmet hod according to Caim1 wherein said step of
pol i shing back said polysilicon |ayer conprises chem cal nechani cal
polishing. 6. The nethod according to Claim1l wherein said step of etching
back said polysilicon |ayer is perforned until 13 said polysilicon | ayer

i s recessegh ke nalicr do@fd aahed . wledsaidogaiei ehvestyr.odes. 7. The net hod
according to Claim1l wherein said polysilicon layer is not etched away
over | yi ng BpprbmshistleonWDDr packet ol lat iiow leegs omsy whiese Heodab lamted connect s
are desired between adjacent active areas. 8. The nethod according to C aim
1 wherein said step of inplanting said i ons conprises inplanting arsenic

ions at a dosage of 2 E Sfto ogs/ d? %%tof 40 to 80 KeV
into said polysilicon gaté %FE%T?&HE’ d “i*Ht o Sa? %Tev §00r ce/ drain

regions tog %Qg@ep AR s < I8YLGEPL o) vaetﬂet bodraccy i tandAdem 1

wherei n sal i mp antl g sald 1ons conprises inplanting boron ions

at a dosaggn@faidfottpieadll dbcrédnBipsnioat eate eneidar=nf223chotBe KeV into
said polysilicon gate electrode and into said el evated source/drain regions -
to form P-shdewrel ldef ¢be. 9402 Fhectmndeod dbeorBarer torTrdiah 1afkerein said
step of dr|V|ng|n said jions conprises a rapid thernal gﬁealing at bet ween

about 1000SBAWAdWYec? £4°1e¢8T 1§ eI Idd CdccbPTi Mt ot Araim 1 after said

step of inplanting and driving in said ions further conprising siliciding
said gate el ectrodes and said el evated source/drain regions. 12. A nethod

of formng transistors hagkRg eheveder & @xice/ dsakendegl From khehe

“ fabrication of an integrated circuit conprising: providing shallow trench
i sol ati on sebsbnstavistiface,5espartahlinctioy swbyer aeeivkeradimcsacdtahal | ow
trench isol ation rqg%fns separate adj acent__active re brlcatlng

i ons;
pol ysi | i coRRGa¥Rte| BATFIEE - aH+39 s WG CePOrAi HHiektE¥®sP8ns in and

on said vapor, for example. Then, a second layer of polysilicon 26
is deposited over the substrate to a thickness of between

,_about_lSOO'and 3000 Angstroms. The polysilicon layéf 26 ig
deposited to a height greater than the height of the gaté

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



sem conductor substrate in said active regions wherein a 10 hard mask | ayer
overlies each of said-gate electrodes; formng dielectric spacers on

si dewal k of each of said gate el ectrodes; depositing a polysilicon |ayer
overlying said gate el ectrodes and said sem conductor substrate; 15
pol i shing back said polysilicon |ayer with a polish stop at said hard mask
| ayer; thereafter etching back said polysilicon | ayer whereby said

pol ysi | i cathilcpeksi §f£@§Q§a§E‘3C&§Mett|&hEQSQ§§% fr.%n?adh% 9akBng! ectrodes; 20
thereafter etching away said polysilicon Tayer overlying said shall ow
trench i sqlcdlyisddicegi bagemtid.e a separation betmeen adj acent active areas
is desired; thereafter renoving said hard mask |ayer; inplanting and
driving inions to formsaid 25 eIevated source/ drai n regions mﬁthin sai d

pol ysilicon | ayer adjacepnt t e electrodes; siliciding said gate
el ectrodes and said el ev%?‘éat ggg&ﬁéFﬂnrJeﬁYeotng' &épB@FF?ﬁ@Eda el ectric

ayer overdsilg ¢8 d:084e 49 dagllodesa ng%e&o%ﬁ%%doagﬂags dpld egions,

and maki ng el ectrical connections throug eni'ngs Ji n-sai Fic Iayer
to some ofssRirdq@ahs, ehecinames rand g€l evatﬁdrﬁwrtqﬁ/sd@%bﬂlﬁ@glm to
conplete fabrication of said integrated circuit. 13. The nmethod according
to O ai m irmhersknl§apdotesrits ndsk dagpeerlestsuledited fThenpt hes Grioem

consisting of silicon dioxide, silicon nitride, and silicon oxynitride
areas 26 extend partlally over the STI regiocms. 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 qf“two
. transistors that are to be connecﬁed.,,For'example, as shown "~ &
in Fig. 8, source/drains 20C and 20D are isclated from each
other since the pélysilicon layer has been etched away over
the STI region separating 20C and 20D. On the o¢ther hand,
polysilicon:iayer 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



and has a thickness of between about 200 and 2000 Angstrons. 14. The net hod
according to Claim1l1l2 wherein said dielectric spacers conprise a materi al
having a dielectric constant of less than 4.0. 16 15. - The net hod
according to Caim12 wherein said polysilicon |layer has a thickness of

bet ween about 1000 and 3000 Angstrons. 16. The nmethod according to Claim 12
wherein said step of polishing back said polysilicon |ayer conprises

chemi cal nsehani/@alaipokeghbmg. IrhisTha 16REhes; acsardiingcbr € abdn 12 wherein
said step of etching back said polysilicon layer is perforned until said
pol ysi | i corsedhyesr & salécedsed dnalonateicodnett chdipieght toknsasthigat e

el ectrodes. 18. The nethod according to Caim 12 wherein said polysilicon
layer is R e IBWASILVET | Wi Ty Yeavd "Rkl FedneaemeAasssiati on regi ons

where | oc |nt.erconn s_are.desired hetween [acent agiive areas. 19.
The met ho??c%&é?’%ﬁ ?gédmgi arﬁi(%g:l\ﬁr?eaﬂeijﬁn\ggilar’:ﬂe %5F i n%f’éﬁt‘i‘srﬁ; C%ai d ions
conpri ses M| LUARG3RESE NS +ONS, 0 ; E 15 atons/cm-
at an energy of 45 ?o 80 e\’%ntocgg}gagoﬁég?f?%gﬁﬁggigm%ng?rode and into

sai d el evatatkisaudeasdtal n pegiansyt asf aom M ebaduwre] wdewi cgs. 17 20. The
met hod acc~ of inplanting said at a dosage of 2 E of 3 to 8 KeVinto into
sai d el evadedilridirsadns| sueseaesnt giediesgriosC ai m 12 wherein said step ions
conprises inplanting beron ions 15 to 5 E 15 atons/cm- at an energy said
pol ysilicon gate electrode and source/drain regions to form 21.. The net hod

according to Caim12 wh i i f.driyi in.sai.d_ions conprises
rapi d thermal annealing g‘%‘sbg%%gg%éfbgﬁfgla)goi%nﬁ&fggg’Cfgﬁ. eﬁmr%jt%od of
form ng trensicd @nsshaving etayatfd syewncehdragn gegions in the fabrication
of an integrated circuit conprising: providing shallow trench isol ation
regions within a 5 sem conductor substrate wherein said shallow trench

i solation regions separate adjacent active regions; fabricating polysilicon
gate el ectrodes and assol?4t et St Ge fdrSERCERt EhFhSPenPahEs bht &4 d

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 énergy of between
about 40 and 80 KeV. P-channel devices are doped with
boron at a dosage of between about ZE15 t0'5E15 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.



sem conductor substrate in said active regions wherein a 10 hard mask | ayer

overlies each of said gate electrodes; formng dielectric spacers on
sidewal | s of each of said gate el ectrodes; depositing a polysilicon |ayer
overlying said gate el ectrodes and said sem conductor substrate; 18 a 15
- polishing back said polysilicon |ayer wwth a polish stop at said hard
mask | ayer; thereafter etching back said polysilicon | ayer whereby said
polysilicon layer. is_recessed with respect to said gate el ectrodes; 20
thereafter etching away said polysilicon |ayer overlying said shallow
trench isol ation refrormmtehébeandseparad idreibetregeonadi@cerd active areas
is desired and not etching away said polysilicon |ayer overlying said
shal | ow t PéndAifed| 3ti GiF FBEFBNEnWhEF e %gcaﬁbESeﬁﬁﬂéi%oﬁhé@ﬂ%ﬂare desi red
bet ween aqgg%gn%u ﬁpég areas; thereafter ennvinggsaid hard mask | ayer;

i npl anti ng PRV By T OrORS £ FOPRTEEEY MeR APB IS WRN G afn 1 egi ons
within saidpbal yablaLOdRLeE adhafeslulss SaldlAake 8 ealdadenens0
siliciding said gate el'ectrodes and sal d el evated source/drai n regions;
deposi ti ngha dneketyin€ Joayer 10¥en!l ¥bnNghsaithdake iehesty Aangnel evat ed
source/drain regions; and naeking el ectrical connections through openings in
35 sai d dit@lecePiveil bgar usfecre. oés sahavgat €hel eotreadess amtadl evat ed

source/dr@ n regions %o conpl ete fabrication of said integrated circuit.
19 he 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-501I 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



sel ected fromthe group consisting of silicon dioxide, silicon 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 |less than 4.0.
25. The nmethod according to Claim22 wherein said polysilicon |ayer has a
thi ckness ffnfetavaennaboyt - 1000 At 2909 AYSEER B 26 sThepEt hod
according to Caim22 wherein said step of polishing back sard polysilicon
| aye=conprésesssigaiicakegichantalhgpdhvehingn &h bEhexvehbed as€aisdi ng to
Claim 22 wherein said step of etching back said polysilicon |ayer is

per f or med %tliqcaslailétﬁél:%???*é%ri“l’fdyg-rititéer@%’é%@‘édttyyw@ﬁfethi rd of a height
of said gate el.ectrades. .20 ABST.RAC?A NETI_% TO FORM A LOW PRRASI TI C
CAPACI TANGE 502 BY1OR"DRA CETA T BEh0B 51 9% or i ng a pseudo- SO devi ce
havi ng el evated source/drain (S/D) regions that can be extended for use as
| ocal interconnect is described. Shallow trench isolation (STl) regions
separating adjacent actiwril€QtiNSirie@tRbAVhaShatd Hat+a cselicpnduct or
substrate. Polysilicon gate el ectrodes and associated S/ D extensions are

f abri cat ecshaymamdidodesheibeabsvith ediereheeate i e megifersedherein a hard
mask | ayer qverlies each of the gate el ectrodes. Dielectric spacers are

formed on st tBEERCDF the'igdt eelBeeFotRAd by pdogsi Bkebked ayer s

deposi ted Qv i gate. el ect.rodes and_the subsirate. The polysilicon
| ayer is p%fﬁ{s é/eélq%atégg% ‘t’ﬁrjao%%l?}%%ggfoﬁnafof%eaﬂfgé?tﬁégﬁ T“ﬁ%els)g? The

pol ysi | i camadayaltnotteliepast Dag ke e @Ry shhes polysidddggan Jkaygt is recessed
with respect to the gate el ectrodes. Thereafter, the polysilicon layer is
et ched awaynwrgrilopi.ng the STl regi ons where a separation between adj acent
active areas is desired. If a local interconnect is desired between

adj acent active areas, the pelysilicon layer is not etched away overlying
the STl region separati n% tpose %];:t.iv areas. The hard mask |ayer is
renoved. |ons are inplant8adtahd ﬁ’ﬂ?% if*to form el evated S/ D %egions

wi t-hi'n the polysilicen |ayer adjacent to the gate. electrodes to conplete
. formation-of transistors-having .elevated S/D regions. FIGURE 12 . A . Avl .Av
AV ASA A A AP3 ACHb. APPI AP .A - A 3 .AP3 .AP; 3

11
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I'[ ogr st aVK@ | 1&%ect@ddedOand said semlconductor substrate;

A

O

15 ' polishing back said polysilicon layer with a polish
- s?op 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 sald shallow trench isclation regions where a
saeparation between adjacant active areas is desired;

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

25 elevated source/drain regions within said polysilicon

12
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2. The method according to Claim 1 whereinrsaid
hard mask layer is selected from the group consisting of
silicon dioxide, silicon hitride, and siiicon 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 methed 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.

o

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

_etching back said polysilicon layer is performed until

i3
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shallow trench isolation 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 intoc said polysilicon gate electrode and
into said elevated source/drain regions teo form

N-chamnnel 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.
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11. The method according to Claim 1 after said step of
implanting and driving in said ions further comprising
siliciding said gate electrodes and said elevated

source/drain regions.

12. A method of forming transistors having elevated
source/drain regions in the fabrication of an integrated
circult comprising:
providing shallow trench isolation regions within a
5 semiconductor substrate wherein said shallow trench
isolation regions separate adjacent active regions;
fabricating pclysilicon gate electrodes and
associated source/drain extensions in and on said
semiconductor substrate in said active regions wherein a
10 hard mask laver overlies each of said gate electrodes;
} forming dielectric spacers on sidewalls of each of
said gate electrodes;
depositing a polysilicon layer ove;lying said gate
electrodes and sald semiconductor substrate;
15 | polishiﬁg 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 eleptrodgs;

20 thereafter etching away said polysilicon layer

15
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overlying said shallow trench isolation regions where a
separation between adjagent aétive areas 1s desired;
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 scurce/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

—1.;mésk 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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polysilicon layer has a thickness of between about 1000

and 3000 Angstroms.

16. The method according to Claim 12 wherein said step
of polishing back said polysilicon layer comprises

chemical mechanical polishing.

17. The method accerding to Claim 12 wherein said step
of etching back said polysilicon layer is performed
until said peolysilicon 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 implantiné_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 inte said élevated source/drain regicns to

form N-channel devices.
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6#10% & () -! 109 % impLAVEINENNG VIG@s] Glomb@\i s€6\ 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 dewvices.

21. The method according to Claim 12 wherein said step
of driving in said ions comprigses rapid thermal

annealiﬁg 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 isclation regions within a
5 semiceonductor substrate wherein said shallow trench
isolation regions separate adjacent active regions;
fabricating pblysilicon 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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Lomr thereaftef etching back said peclysilicon layer
whereby said polysilicon laver is recessed with respect
to sald gate electrodes;

20 thereafter etching away said polysilicon layer

. overlyving said shallow trench isolation regions where a
separation between adjacent active areas is desired and
not etching away said peolysilicon 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 3 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.

725. 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 layérwcomprises

chemical mechanical polishing.

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

a height of said gate electrodes.
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