, €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 manuf act ur abl e met hod;,9f LoLELAGaS PEeuecsRl CWREcdauizm in the

fabrication of an
capacitance typically involve forming 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



integrated circuit. 2 Anot her object of the present invention is to
provide a nethod of form ng a pseudo-SO device where source/drain regions
are formed on an insulator, 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 nmethod of formng a pseudo-SO CMOS device
wherei n source/drain regions can be extended for use as |ocal interconnect.
A further rofjjieat 0b &beindverd benndaries psowiie pa et hodowfodear hag a
transi stor having el evated source/drain regions that can-be extended for
use as .r doocagk/dnaéncosgieyts. . It would be\ &fifiilcuflgr thensebjrect of the
invention is to provide_a net hod " of form ng a pseudo-SO device where

el evat ed sﬁiﬁs@é/ GPHFﬁef@'gqldhsr e&rlé’n\soFﬁeﬂl%% 97T A9GRAt sRteTRANRETE

transi stor, sChél%rgggli’ on Sld foga\ggere angtt e/agngal n re&r oa{lneca'n be. .

ext ended for Btal erconnec “her™ o8 pr esent

invention dey dn@sPEB¥hESg 8 r@tJ&a@,efaf pfa@{zgl ﬂ;gc@n |é23Mr|Q:%r/a§hih Cr&RRACI tance
pseudo- SO device where el evated source/drain regions are 3 ~V 4 formed on

an i nsul atfior],1ceetl bhefédrmaisicst arf ias TFehaped ogrts .| | o6 .wWhetern t he

source/drain reg]i ons can be extended for use as local interconnect. In
accor dance Ai4’h ﬁﬁetﬁb}‘é’ét%“: GH ﬂﬁs§lpﬁ9§nﬁl%nf‘{%tﬁ‘§f‘-h83 BEFls'r%jrn‘i ng a
pseudo- SO _ devi ce_havi n%%e evat. ed squr ¢ eldrain can be extended

for use as9v&: fl/%rrﬁtl@rrc' neet seréac | evedmr%acrﬁr oW trp 4%t i on regi ons
separati ngLagwlraq%nbe@%hv@d NEGHANS cape PRy slad Midiling aréef@ﬁmﬁw or

substrate ysilicon gate
diffusion rather than by implantation. Salicidation is not
possible in this methed. 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 uéing"éelective 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.



el ectrodes and associ ated source/drain extensions are fabricated in and on
the sem conductor substrate in the active regions wherein a hard mask | ayer
overld es each of the gate electrodes. Dielectric spacers are formed on
sidewal I s of each of the gate electrodes. A polysilicon layer is. deposited
overlying the gate el ectrodes and the sem conductor substrate. The
polysilicon layer is polished back with a polish stop at the hard mask

| ayer. The polysilicon | &ypethes wijched oliaeke Whesahy: tihecpeliysi 14 aan | ayer
is recessed with respect to the gate el ectrodes. Thereafter, the

pol ysi | i coF T & Begpefedf afRsninge sl psrydorROEhidviaw wheneh isol ation
regi ons aration between adjacent active areas is desired. If a

| ocal i n%%%n%éiﬁ%lg GEETTRY Pt s eEdPRcRMt Lnttlaterar 8us, thae

pol ysi | i cofr-daes oS 1 R0 etlyin e .shal.l ow trench isol ation
regi on separating OIZ lgf?ﬁﬁo(g&;e&al}:%ﬁ@écg\éeéglﬂl?t%aparfdﬁ ey, O%h%n sour ce/ drain
regi ons camtegrexiedndedcaver the shallow trench isolation regions where a
contact can be made. The hard mask | ayer is renoved. lons are inplanted and
driven in to formel evated source/drain regions within polysilicon |ayer

adj acent to the gate electrodes to conplete formation of transistors having
el evated source/drain reffbrRI9tRamhebi ek ehit Flm Refesenti anvenbiad i rcuit .

BRI EF DESGR| RH-ONsOF - THE PR | n_the acco ing drawings formng a
material part of t %]I:g ﬁ%&crl p #V(c)%mtlﬁgrg P%e%‘%%al%ﬁ E?‘Q§ devif® ough 11

schenat i catierdilnl 4stEak 2d+£:£MQSSoHECHELEAN ntzat r r.red

enbodi ment of the pr eseﬁt i nveﬁi}?gﬁs It%ihg.@%zé}g%{?n% itfggi-l ﬁ)g/e??¥usc{cfa§t es in

crosssect i‘grid@rcoapeetent ati on a conpleted integrated circuit device

fabricated according to a preferred enbodi nent of the present invention. 5

_ DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now nore particularly

to Fig. 1, there is illustgated a portion_of a partially conpleted

integrated circuit devi c}g fuh 1%ef\i;heircF"i’%tjF'nigiceof‘stl?;le noEE8Palfi B silicon

seni condugtaivigebst hetRod Gt SAldiay hr EP&:@sié&H@tﬂa%n(gsgﬁvé@QA ons 12 are

formed as is conventional in the art. As shown in Fig.” 2, a gate oxide

| ayer 14 isPudEsddicasd bygbdvenitdat vapobe deposidd®FccCMB: @5 thernmal |y grown

over the ELurf%ce of the substrate. The gate oxide |ayer has a thickness of

bet ween abdif-1575AECIORC Fmgst rors.- A layer of polysilicon 16 is deposited

over the gate oxide-layer to a thickness of between about 1000 and 3000

- Angstroms. A hard mask | ayer 18, conprising silicon dioxide, silicon
nitride, or silicon oxynitdisde, a [ osi ted, over. the

pol ysilicon layer to a thiEr(':ﬂklfl!%[ss:f]i'lgfl%hS¥ 5] er ok AROThLERC LY 1Y

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



bet ween about 200 and 2000 Angstrons. The hard mask |ayer is patterned as
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 fornmed in the substrate by ion
inplantation using at |east the gate el ectrode 16/18 as a mask A separate
ion inplant 6 bl ockout mask could al so be used (NMOS and PMOS).

Appr opri at®dneld pocket Lhatbatdemp] aniits thay t2h$9i P& A4 MRI #BLEds KReferring now
to Fig. 4, a lowdielectric constant |ayer is deposited over the surface of

t he subst ritle @Rd WBAFS bR r bt caduncegdohed awmiorto dapave SRESEISI 220N the
sidewal I s of the gate el ectrode. The spacer material |ayer should have a
di el ectri ¢"Forfst a]{ﬁf:aﬁf IPESECIIRAFS. 0. Next, any native oxide is renpved

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 polysid iR e20iks it over.the substrate to a
t hi ckness of between about 1500 and e30(138 A%S%%?&ﬁ%%ﬁﬁg B%ﬁ/si li con | ayer

26.is depdsivesdibo ahbengtiodrentfernihgnatficedii-gotr abvihe ©af6 £l ectrode
16/ 18, as shown in Fig. 5. Referring nowto Fig. 6, the polysilicon |ayer
26 is pol ISHFYGtEEi APUERRMIEHIN mARigniscahapotdms HengxtENREdWEdh wepaki sh stop
at the hard S%nk%%‘génlgc I\iow, he \%I ysilicon 26 is etched slightly to
recess the poly&lFreonTayer: 2EBerSR t heS P intsrnFhy 50185 icms shown in
Fig. 7. Abquyicerestphrsetigtde gat.e skag e7reg. Lhi ckness Qf%e CWP is
etched away fromthe second polysilicon [ayer® 26 Row Ph&V 1Y silicon | ayer
y poly y y
26 is pattethed andemiconductor substrate. Polysilicon gate
electrodes and asscciated source/drain extensions are
fabricated in and on the semiconductor substrate in the
active regions wherein a hard mask layer overlies each of the
gate electrodes. Dielectrig spacers are formed on sidewalls
of each of the gate electrodes. A& polysilicon iafér 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



etched to divide the active areas by form ng openings to the STl regions,
as shown in Fig. 8 During this etching, the hard mask 18 protects the gate
el ectyode 16. The polysilicon areas 26 extend partially over the ST
regions. This does not increase capacitance nmuch since the STl regions are
very thick. If it is desired to use the polysilicon region 26 as a | ocal
interconnect, it is sinple to omt patterning of the polysilicon between

the sourcehgal B8:0fs 1 ibedd ANSISLOLA L YL, Arad Qddeceonnges ed. - For

exanpl e, as shown in Fig. 8 source/drains 20C are isolated from
each ot herregiinae the Polassidride@n cvayethbasndeen airched avwaya®oMmer the STI
regi on separating 20C and 20D. On the other hand, polysilicon |ayer 26
fornms a | cealionat eheomnectoisiateeansbear sadalr aiThe égirdnsa®Al ayek 26B. The
process of the invention allows the polysilicon |ayer 26 to be used as a
| ocal i nt &PEGHRBCt %W%?mﬁﬁeaﬁﬂﬂ%ﬂ&?@épéﬁ%t%ﬁkﬁ?%nﬂ? teakag®. e ¥ fdocess of

the present. | tLon uses a mask .to define. the .sourceldrain_polysilicon
over the %09;2g985%h?c%b%ﬁ%ﬁﬁ1“P%Ql8n§9§ fsl%ﬁqt}a efhﬁ§368?95i3ﬁ4§§$ to be
used as acsdll eidedrb@calcd NMRNRRRCELREEVEENL A 3RS Rhr S OMER{dr ai n
regions with very nuch reduced parasitic capacitance and no additional
junction ledakaged Fbuscaestrain tdegisosr ¢e/ thai fejydloasiibncof @an
significantly inprove packing density. Planarity is not a concern with CW
avai | abl e {P¢I5aBE8eqEERE bt el ectrics. Now,- the hard ‘mask 18 is renpved, for
exanpl e, by hot phosphoric acid, as shown in Fig. 9. Now, the gate

el ectrode 16 and the polysilicon |ayer 26 are doped by ion inplantation.
N-channel devices and P-ghainelpsdetipeesyase HoapedsgRacatel y. For exanpl e,
N-channel devices are doped with arsenic at a dosage of between about 2E15
. to 5E15 atons/cn2 at an energy of between about 40 and 80 KeV. P-channel
devi ces are doped with boron at a dosage of between about 2E15 to 5E15
atons/cn2 at an energy offt fdisne@fcapeny 189 afervei sy foTRéndopant s are
activatedng¥:rap'd therngl anne Iinq %t bet ween about 1000 and 1050 C. This
forms the "B1"6VAEAdPSDhr ¥/ H:T FG5537M8H$°30, *AE SHEWFPWPEi . 10. Dopi ng by
ion inplantation rather than by diffusion allows for better control of
dopant concentration and junction depth by adjusting dose and energy. 9

The gate 16 and source/ dragd. riegimeagh01ar ecisdndticdad y34)1 1astsdavin n Fi g.
11. For exanple, a metal layer such as titaniumis deposited over the

subst r at e.cxAssagedtibeaholepresy e tiRIPYE paeSesrahenpodinend ekadte with the
underlyin olysil:icon to formthe salicide |ayer 34 on the polysilicon
surfaces, PASSERGWAIVEREI ®ir eact ed netal on the spacers 22 and over the ST
region 12 is etched away. Processing continues as is conventional in the
art. For exanple, Fig. 12 shows dielectric |layer 36 overlying the salicided
gate el ectrode and el evakgg. sSOUIGO/ethadl Ball 891 OMSustr i@l @6t EE§sdayer 36 may
be borophosphosilicate glass (BPSG, for exanple. Contact openings are nade
t hrough t ecdiiehedt repreésgeratimh & ectpiletbd comrmptateds careutonpl et ed. For
exanpl e, netal plug 38 is_shown contacting a_salicided el evated
source/dré}erYlF@gifBgrﬁeaEﬁ‘a JTRFEEINGOL 8 BRe BT iaTPofePaPt| Pheti. A
passi vat i Jsayer ;42 .completes the integrated circuit device. The process
of the présent i nvention provides an effective and very. manufacturable

nmet hod for fabricating a pseudo-SO CMOS device. The source/drain regions.
30 'are fornmed as el evated regions partially overlying oxide STl regions
12. The transistor body 16 is forned on the silicon 10 d



substrate in order to avoid floating-body effects. The source/drain regions
of the invention can be extended for use as local interconnects with little
penal{y by way of parasitic capacitance or junction |eakage. Wile the

i nvention has been particularly shown and described with reference to the
preferred enbodi ments thereof, it will be understood by those skilled in
the art that various changes in formand details may be nade wi t hout
departing fromthe SBECRIPEIGN SYFOTEIEOBRERERREY GMEDIMeMBat IS clained is:
11 1. A nethod of formng transistors having el evated source/drain
regions in the fabrication of an integrated circuit conprising: providing
shal l ow trench isolation _regions wwthin a 5 sem conductor substrate wherein
sai d shall ow trench isoﬂg?' T PONs MSEP aP & el vdjaad¥ntoakig vel r egi ons;

fabricating,Ql ysi Lt | ectrodes and associated source/drain
extensions in and ogggg?%Q%%%§53%556 8r°§u%§Q?Eﬁ%?%lﬁ saralek?d ve regions

wher ei n a it yatdecaBskr b@ieracMel 1gs isd ga ectrades; formng
di el ectric spacers on sidewal k OF égcﬁﬁggggg%ﬂégégege&é%?%%ﬁ%?ﬁgﬂﬁﬁosPting
a pol ysi | isédrichay epmbeendyitng saibdtgate ebectsredaswandesai di &emicopduct or
substrate;, 15 polishing back said polysilicon layer with a polish stop at
sai d hard (PddR FRY&PRS t Herdgsf tfermetc Ak ngs bewrkvesdiidnpol ysi the ard .ayer
whereby said polysilicon layer is recessed with respect to said gate

el ectrodes; 20 thereafter etching away said polysilicon |ayer overlying

Setive areas 15 desiredt RaRLEr Lar TrBOUl Ty HACACKAPR TROP Iy e hnd
deposited by chemical vapor depasition (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



inplanting and driving in ions to formsaid 25 el evated source/drain
regions wthin said polysilicon 12 | ayer adjacent to said gate el ectrodes
to cqonplete formati on of said transistors having el evated source/drain
regions in the fabrication of said integrated circuit. 2. The nethod
according to Caim1 wherein said hard mask layer is selected fromthe
group consisting of silicon dioxide, silicon nitride, and silicon

oxyni tri des gekdias maskheknessi €f tetiaran (ghogt adPravzd .2000 Angstrons. 3.
The nethod according to Caim1l wherein said dielectric spacers conprise a
mat eri al hsypngpra adiee LBDt pockebfistlantinpflahéssmahaml sb ®e 4mpThAvterdt hod
according to Caiml wherein said polysilicon | ayer has a thickness of

bet ween about 1000 and 3000 Angstronms. 5. The nmethod according to Claim1l

wherein said step of polishing. back said _polysilicon |ayer conprises
cheni cal mechani cal poligﬁ?ﬁﬁgl%3’¥ﬁéqﬁbfﬁ8d SCC%rﬁ?ﬁéﬁfgeE%5?§11_mherein
said step of,ef ; g%gira?%ssab ogﬂa%'dde@%hbagﬂfa&Qﬁrft@lrerr%qbg@%aée 13

said polysrTico is recessed by one third of a height of said gate
el ectrodesand. adidmihediagcotdhag dwnyCltai Medvhessidrssaizdopotyei | i con

| ayer is not etched away overlying said shallow trench isolation regions
wher e | ocasidewskicomfeths grbedebi¢iabdset Wb abpeeematastiadelayens. 8. The
met hod according to Claim1l wherein said step.of inplanting said ions
conpri ses PHPLEAtENG & SERTECFBAS %?nsat%éﬁelﬁf‘%g’gaﬁ? 1% 5 E 15 at oms/ cn®
at an energy of 40 to 80 KeV into said polysilicon gate electrode and into
said el evated source/drain regions to form N-channel devices. 9. The nethod
according to Caim1l whenekn,Sahd sd€eirOfoxidel apt tagowai Erdcangheonpri ses
“inmplanting boron ions at a dosage of 2 E 15 to 5 E 15 atons/cn2 at an

ener gy of 8ubstBate\sunflagesakdrpolysly ithen agdtiveeregionrlaadmdent 60sai d

el evated source/drain regions to form P-channel devl&eP. 1Qf The net hod
accor di ng £BeCFaFn AL SATECERn YSiRIsE dpyfrofivcric acid (HF) dip ox

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



driving in said ions conprises a rapid thermal annealing at between about
1000 and 1050 C. 14 -11: The nethod according to Caiml1l 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
form ng transistors having el evated source/drain regions in the fabrication
of an integrated circuit conprising: providing shallow trench isolation
regi ons widhiidkndsa §€pb£ONMICIOR 1R bahe MG &lfy $@kdnghal | ow trench

i sol ation regi ons separate adjacent active regions; fabricating polysilicon
gat e el ectrrdges landnassper atéed source/ drain extensions in and on said

sem conduct or substrate in said active regions wherein a 10 hard nmask | ayer
overlies each of said gate electrodes; formng dielectric spacers on

si dewal k of each of sai ate el ectrqdes; depositing a polysilicon |ayer
overlying said gate el egf‘?q'ba%se é’r‘?ﬁ@égac’g‘én} Bt 313 ?GBE%/?%‘?%;‘?‘“?S

pol i shi ng hagk ssald [ ;Qyer - | i sal ard mask
| ayer; thereaf tde?be?gﬂ'%g %&C%Eééé“?’ Bo%%ﬁ?cﬁoﬁéq 3‘ e?’k\%ﬁeﬁé%y@%gﬁhg

pol ysil i caard ayghiohs, r 86 esk®h Wird IFigespect phPifAivhigake 8k g§) rades; 20

thereafter etching away said polysilicon | ayer 15 overlying said shall ow
trench i sdlaatd orskegf opsowbetre the gate electrode 16. The polysilicon

areas 26 extend partially over the STI regioms. 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



separation between adj acent active areas is desired; thereafter renoving
said hard mask layer; inplanting and driving in ions to formsaid 25

el evated source/drain regions within said polysilicon |ayer adjacent to
said gate electrodes; siliciding said gate el ectrodes and said el evated
source/drain regions; depositing a dielectric |layer overlying said gate 30
el ectrodes and el evated source/drain regions; and making el ectrical

connect i onsoddveydglaiapeagi@ss i N saisd adilelecthi s panas 1iecs0es f said gate
el ectrodes and el evated source/drain regions to conplete fabrication of
sai d int egizrkdsciar salicidgd I IndmitedcavsectiberweenCarnsitwher ei n sai d
hard mask | ayer is selected fromthe group consisting of silicon dioxide,
silicon niITHE/ ERADSFRIEOR It (e de ™l Fadueed MeErRAéEECOf bet ween

about 200 An rons, .. The nmethod according tQ Claim12 wherein
sai d diel et r|€?g§§§8eg§&c%#wﬁ?éﬁ%ﬁfnﬁgté??ﬁ?lﬁﬁ. ?ﬁf%ﬁedieﬁgb?r?%?dﬁ%stant of

l'ess than éhélsduéce/ééainTEEH&E%ﬂEE%n@%%Qrg&aﬂiffhéggy3ggkgﬁ§@§rein sai d

polysilicon | ayer has a thickness of between about 000 Angstronms.
16. The mepaidirac dending. t oo Emdrnth? ishaoei 8 sanckst eptaf cppl i shing back
said polysilicon |ayer conprises chem cal mechanical polishing.

available for subseguent dielectrics.

Now, the hard mask 18 is removed, for example,
by hot phosphoric acid, as shown in Fig. 9,

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 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.



17. The yrethod 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 el ectrodes. 18. The method according to
Claim 12 wherein said polysilicon layer is not etched away overlying said
shal l ow trench isolation regions where |ocal interconnects are desired

bet ween adj acent active areas. 19. The nmethod according to O aim 12 wherein
said step of inplanting said ions conprises inplanting arsenic ions at a
dosage of 2 E 15 to 5 E 15 atons/cm~ at an energy of 40 to 80 KeV into said
pol ysilicon gate eIﬁ@QﬁEde andandt sosacel/ &t avatredisnsir z@/areai N regions to
forn1N—channeI devi ces. 20. The nethod acc~ of inplanting said at a
dosage of S31gcifled ?‘b @*éVOWﬁtbnlﬁ%‘é) skl d dlcev gradr e chimrdialdevi ces.
girding t in.said step ions conpri | anti ng _boron ions
15 to 5 quglatgﬁ% ch a anlu@né?gé E%.%F?ﬁﬂ%ﬂﬁq FESnSEég%¥§ﬁ%an: fode and
sour ce/ 0" a1 feghontal SRl 2 nrd R0 ACGRLIL N, 10, L iylid2 wherein

said step of driving in said ions conprises rapi her mal “ anneal’i ng at

bet ween ahmiet uhA8O1 gy G sC122onAcoeidasl e fsQNALDGet TARSE S{O0% havi ng
el evated source/drain regions in the fabrication of an integrated circuit

conpri si ngheppevrdi hicwhaurdacesensh $shobmt i Gher egreastead thEtalach

sem condu substra e wherein said shallow trench isolation regions

separ at e g‘j CalBRAESRTL %/éa“rde@vﬁﬁsth?aﬁﬂ CERTIRF Pl y8i PFERRA gutx -el ect r odes
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 ectrodes;prdReRsRggdihecilids SPAGCLSHPELSisdavalils +ak each of
said gate el ectrodes; depositing a polysilicon |ayer overlying said gate

el ect rode®rand &ardesamileondigt ol2sabsts adiszlekBricaldper Bl i shing back
said polysilicon layer with a polish stop at said hard mask | ayer;
0verly1ng he salicided gate electrode and elevated
source/drain regions. . 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



| ayer is recessed with respect to said gate el ectrodes; 20 thereafter
etching away said polysilicon |layer overlying said shallow trench isolation
regi ons where a separati on between adjacent active areas is desired and not
et ching away said polysilicon |ayer overlying said shallow trench isolation
regi ons where local 25 interconnects are desired between adjacent active
areas; theseaid:Ricel eHDYLALr S8b b s1BSK : LAVSLdy | BRI Ngpand driving in
ions to formsaid el evated source/drain regions within said polysilicon

| ayer adj agemnicd/drsandrgatens|etittedaayvedicn | ¢ dan@gxsandegater alsect r odes
and sai d el evated source/drain regions; depositing a dielectric |ayer

over| yi ng ¥ailPGdt éNEPEEPRBYEES dfitielldFaledrevukice/ir alewy p8gi ons; and

maki ng el ectrical. connectjons through openings in 35 said dielectric |ayer
to sone ofpa}sraal‘s&%gﬁt gag?‘ééjf?rbﬁ%soléri’d’%&tégﬁt t\eﬁgjé%‘{ﬁ'ce/dr ain regions to
conplete fabrication of said integrated circuit. "' 19 23.-The net hod
according to Caim22 wherein said hard nask | ayer is selected fromthe
group consisting of siliwnniditae dgwvesithbfORadidddri@arandushtigon
oxynitride and has a thickness of between about 200 and 2000 Angstrons. 24.
The met hocsskryaordidndgesor thad v th wiedegienceatd thelmatfiereedpacers conprise a

material having a dielectric constant of |less than 4.0. 25. The nethod

accor di ng TPW AR thAErer n Ehivt PoPpsiriesntoed &y Hdess shitlkess of
bet ween abgqut, .10 a 000_Angstr.ons. 26. The nethod according to Cl aim 22
wher ei n salﬁg tsl‘feeg%(-)tf @gggi gﬁlrh%lg%accl.t(angglsdl og%rpl?%d;r‘i{th@ §c8ﬂ%?‘?%es

made without departing from the spirit and scope of the

invention.

What is claimed is:

R

11



chem cal- mechani cal polishing. 27. The nethod according to C aim 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

el ectrodes. 20 ABSTRACT A METHOD TO FORM A LOW PRRASI TI C CAPACI TANCE
PSEUDO- 501 GY105 DEVI CE A nethod of formng a pseudo-SO device having

el evated source/drain (S/D) regions that can be extended for use as |ocal

i nt erconnect ils desethbddef Shainimg ttrenshsisod dtavamg( ETkyatedi ons

separating adjacent active regions are provided within a sem conduct or
substrate. Pol FOPFFEORT Y4t & €T dde$hanBr s 10e@TSAD ERXERFAGYs are

fabricated in %chggtt %m%ﬁg%%%%te in the active regions wherein a hard

mask | ayer overlies €acC gate el ectrodes. Dielectric spacers are

formed on sidewal k gioeagihdfsidia Hakeeqbaci£008S orA rRGhYRE i £ON] ayer is
deposited overlying the gate el ectrodes and the substrate. The polysilicon

| ayer is poliskeaibasdusidh sulpoireste shepeat ddiel awad 1oaskrémyter . The
polysilicon |layer is etched back whereby the polysilicnn |ayer is recessed
with respect tdSCRETHARerIEMT GRParaThepdafcent adidveokggieneon | ayer is

etched away overlyi the STl regions.where a separation between adjacent
active areas is des?ggﬂ?C??lQ9I3§i¥s1§nF8Pc%ﬁFﬁxﬁl%Q¥rﬁé§?r@H@betmeen

adj acent acti ve,a6eascod Ney 0ol Yl iGOL. L aYElohS 0Ll ched, ayay over | ying

the STI region separating those active areas. hard mas yer is

renoved. |ons akeicoRbasted aiktHdteenni Bal® 000 LR¥abed whdr 4 80i0NS
within the polysilicen | ayer adjacent to the gate. electrodes to conplete

formati on ¥ t mawsi maekslimasd mycatldest edcB/ OF regidgteFeGeRErd@es;A . Avl . Av
AV A A A . A AP3 _ACHb. APPl . AP .A .A;3 .AP3 .AP;3 . AuO .Au .A) &0 . AX
"Au Bl eoOmn * XLk forming dielectric spacers on sidewalls of
each of said gate electrodes;
depositing a pelysilicon layer overlying said gate
electrodes and said semiconduqtor substrate;
15 ' polishing back éaid 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 adjacént 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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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.

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

_etching back said polysilicon layer is performed until

i3
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10X 10X 10X; * 18UX& Hdt ¥ OBikOMX& alyler31309X%8added (G3&one third of a
109&' () - GBcA| dEj @1 10%<0Cf 10%& ()- P10%&' ()- 3 10%&' ()- P f 10%&' ()-L
*109%& ()- \ 109&efphesef]sa@dd MBS LOMKTEPde#10%& () - f

109%&' () - S109%& ()-310%& ()-3" 10%& ()-=dYNO | 10% 10 10

106510%& ()-c1109%& ()-1:10%&' ()-* 10%& ()- Mc(10%& ()-ZI dEYNC | 10%< | f

1098& () -1 10%8g (%E %.?@geo(&cq? d&%f%o(hé@r&"%ﬁ%@re\{h 109 ()-M L

}A2YNG | 10%<c( ‘10

O%B&f()-"$10%55§sﬁ)1é ﬂiﬁﬁ§dﬁ'ﬂ%1@%3&eﬁbhed away overlying said
UWX YIZIT!xnbd | 10%<: 10%d& () -V
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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10B 10B-10B6s109B& ()-\/f .

109B&' ()--109B& () -L*CLOYB& () -[!!'!'!I""#dEmbd | 10%<P, &10%l& () -P 10%l& () - 3f
10%d& () -0L10%& ()-3#10%& () - 3PL0%& () - #3#t 988808046 PB4l 10 10

10! kP#8C10%&' ()-610%l& ()-!'1/

10%d& () - PY$10%l( & ()-ij 10%l& ()-%J ' "' (*dEPB4l 10 1Pi!

10%&' () - PY10%&' ()-CGL10%& ()-P1lO%& ()-yL j10%& ()-P310%& ()- ******& U, , bC
10 310%& ()-, 1Q%& (he AOKod )adHIUknG) tolO1d 10GFIQAURS L) a, step dic/ T/ aBbCl
10f 610%& ()-3)1 109%& ()-3-10%& ()-!3L*&I0%& ()- 109%& () -

3109&' ()-f/ h/ i AfbRAEDXIS land- G@LVERY#L0%E8I4 ) idns TRYENEY - ¢ RN (Do S PPf
10%' ()-0 10 10_10C910@8§é£:nﬂyl%}rlsllll'2bCI 10C: 10%&' ()- v 10%& ()-
10%&.()_510%&.6?;1$6d1ng id 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



10 10610%&' ()-' 2] 2222b33a?bC 10! P& 10%j & ()-! P& 109%& () -

Y10%&' ()-10%&' ()- 109%& ()-P 10%&' ()-33 4A4 444dEbC 10! $] 109%&' ()-"10%& ()-
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&10%&' ()-566666666bC 10! < 10% R& ()-< Cl0% R& ()-< 10% R& ()-F 10 10
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overlying said shallow trench isclation 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

—(.;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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15.- The method according to Claim 12 wherein said

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.

17
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10bP10%& ()-C 109& ()- 109& ()- 109%& ()-= 109& ()- 3109%& () -
10b42h??2??9@ @IE: / 10bP! 109& ()- PF109%& ()- 109& ()- YL109%& ()- 109%& () -
109& () - k@GAAAN6AeAIE: / 10bP, 109& ()- L*MLOY% ()-P( 109%& () -

& 10%& () - Yd0%& ()- 6#10%& () - eAAAAAAAASBXNDHC 10b3] 10%& ()- 10 10
106109& () - PF1109& ()- /109 ()--]10% () - &B[ BBBBCDCIEMHC 10b109%& () -

10%&' () - P10%& (0. T0Rme)xhod 08BEd)d kgl AR o hi RCZEGHKILMAIERLE 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 sourcé/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;

18
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109& () - WDDDDHEUE' EaBmbC 10bc(J109%& () - &6109%& ()- $CLOYE () -! SH109%QQL () -
i 1109& ()- 109 ()- EEEEEEEE! FxnbC 10b109%& ()- 10 10

10f 610%&' () -y/ 109&' ()-Z- 3109& ()- +610% ()-! FYFnFFFFGIENbC

10b| 10977& ()-109%7& () - 31097& () -f109%7& () -

10907& ()-9@L09% & ()-GH I 1119%JIbC 10b3Y10% & ()-V. 310% & ()-V 107 107

Ton & ()- S %100 & (FOLHIHE H95¢ LR Y Eb AT PLat Lt AR
iObO*Cloqﬁ&f()Efop at said hard mask layer;

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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local interconnect is described. Shallow trench isolation
(STI) regions séparating adjacent active regions are provided
within a semiconductor substrate. Polysilicon gate
electrodes and assoclated S/D extensions are fabricated in
and on the substrate in the 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 substrate. The polysilicon layer is
polished back with a polish stop at the hard mask layer. The
polysilicon layer is etched back whereby the polysiliconm
layer is recessed with fespect to the gate electrodes.
Thereafter, the polysilicon layer is etched away overlying
the STI regioﬂs where a separation between adjacent active
areas is desired. If a local interconnect is desired between
adjacent active afeas, the polysilicon layer is not etched
away overlying the STI region separating those active areas.
The hard mask layer is removed. Ions are implanted and
driven in to form elevated S/D regions within the pélfsilicon
layer adjacent to the gate electrodes to complete formation

of transistors having elevated S/D regions.

FIGURE 12



