21 SEP 2005 A CMOS DEVI CE ON ULTRATHIN SO W TH A DEPCSI TED RAI SED
SOURCE/ DRAI'N, AND A METHOD OF MANUFACTURE BACKGROUND OF THE | I\I\/El\rl'lzd\ISIEiPJDQE
of the Invention 166166 [0001] The present invention generally relates to

CMOS devices, a ' \ i Cﬁ@ W?f" ' rai sed
source/drain |a§{g?@§n§ﬁﬁhq[§?aﬂ??ﬁfﬁﬁnm§8m@é. p idogril 0 Fﬁ*\gs el at ed
Art [0002] The probl @OURCEORWIN, ANDEA METHED ORVANUFAOTURED) | ayers
with silicon selective epitaxy have been observed duri ng CMOS devel opnent .

Sone solutions such as N Si formation, which consunes | ess amounts of
silicon, are being devel oped but have several linitations suqmmmﬂmmmwwm
thermal stability. Moyreover, conventional processing of high-

CMOS devices with RSD | ayersBé?@ GROUND bbn%rﬁjglmmw i nsul at ore14sfsT)
substrate are subject to the oﬁ ow ng problens. First, there are

uuuuu

chal | enges of forming an RSD device with silicon selective epitaxy.
Conventi onal processes of RSD involyve selective, epitaxial g h
tenperatures (typically > 825 C) a deléwzme Byendiopn/ c| ean prﬁ@@m\mm““\“mﬁ ng
a pre-cleaning process of the doped source/drain (S/D) surf S. 1S
epitaxial (epi) process is known to be the cause of several t e¢Hinol ogi cal
chal | enges whi ch[0b)HidEesprédeat invanioh getanaliynglack taCUMISdadsscandmbdte RSD on an
ultrathin SO . First, the high tenperature  cycle causes transi ent enhanced
di f f usi on (PREDjulYEY @dERgsEEng gM@%é?‘G?@éi“ﬂthé%ts 1538/ A [avsTsHn any Wigathiy Blm

al r eady int§ uced in the channel region before the epitaxial step. This is
known to induce significant short channel effects such as threshold
voltage (V,h) rolloff. [0003] Second, the interface between the epitaxial

| ayer and the existing source/drain  regions _on the substrate may cause

si zabl e amounts of variability abescrigger oftheReletsd Ay of the silicide

| ayer which is forned after the epitaxial process, as well as an increase
in SSD1i 21 SEP 2005 resistance. Third, this pre-cleaning process can
damage the thin H062] Thw groldamb of salvaiitiomal faiSdd jource/drain (RSD) layers with silicon

selective epitaxy have been observed during CMOS development. Some solutions such as
NiSi formation, which consumes less amounts of silicon, are being developed but have
several limitations such as poor thermal stability. Moreover, conventional processing of
high-performance CMOS devices with RSD layers on a thin film silicon over insulator (SOI)
substrate are subject to the following problems. First, there are challenges of forming an RSD
device with silicon selective epitaxy. Conventional processes of RSD involve selective
epitaxial growth at high temperatures (typically > 825 °C). and chemical etch/clean processing
during a pre-cleaning process of the doped source/drain (S/D) surfaces. This epitaxial (epi)
process is known to be the cause of several technological challenges which hinders the
manufacturing of a CMOS device with RSD on an ultrathin SOL First, the high temperature
cycle causes transient enhanced diffusion (TED) of dopants (source/drain extension and halo)
that are already introduced in the channel region before the epitaxial step. This is known to
induce significant short channel effects such as threshold voltage (V) rolloff.

[0003] Second, the interface between the epitaxial layer and the existing source/drain
regions on the substrate may cause sizable amounts of variability and lack of uniformity of

the silicide layer which is formed after the epitaxial process, as well as an increase in S/D



region that is also nmade of oxide. Fourth, remants of the epltaX|aI2Haggfmm
(facets) are fornmed at the sidewall spacer during the epitaxial process

whi ch mayegamicel hulg, hRe ple-¥REYLWPIrddbStchh BathigenhOthin §ﬁﬂ6@&1‘eﬂél@lsﬂlaﬂ6@€$ﬂ$
that may be |nplanted after the epitaxial process, thereby negatively
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product i @Buick d4he dbpriusthiynayl ROQH] anldielfet te@pitdxia peodess, ﬂldﬁﬁ)@/diefgﬁﬂve@ novel
CMOS device with raised source/drain layers on an ultrathin film SO and a

met hod ofimiragiingatey e mﬁgomﬁ@cga@*eelawll%wm@mélrmtavnbplomsrwt\@heéﬁs of the
]E: 8? \e/g(r)];[ Ingg%lgllgégﬁg%u acy ]gﬁc{]rwétsr%mut%éﬁ 00%551 g WO%%%\Q ?113 M?)reydv%w 1t3{asno|é'§1 very

res I nv IOﬂ provides a ra

sour ce/ drgaffiruBitd hﬁlaéntervaau fonSM @S produisinsh $ednddayi ce corrprl sing a buried
oxi de (BOX) Iag waf er over the BOS &Eyer; a gate dielectric over
the SO wafer l %Oﬁéfﬂ@relf(é@ﬁbﬁeas/@vee@rf@ yagvs!l CMQY &vice with mised squee/figip

insul ati rf%)llf r &Y A ul%thﬂpf?f?l? 'Sb? a§d Qﬁétlﬁﬁ of ﬁlathg@thﬁn ﬁlgis%e i€h E{Ié}c Vﬁ& tﬂE

| east I nsul ating layers conprise co-planar ‘upper Sur aces; erein a
conp05|tummummnshémkmm&&nﬁbmﬁpkmt%agmﬁaMaMuma.conp05|t|on of the second
insulating |layer, and a conposition including both the third and fourth
insulating layers are materially different fromeach other; an inplant

| ayer adjacent the SO wafer, the i pi\aRiagRYer conprising a deposited
material; source and drain regions above the inplant |ayer and the SO
wafer; and a shallow trench isolation (STI) regi on adjacent the

source/draln r mher n t he. STI io has an .u r surf.ace tha

o oner Chan LS RS el b AR AR iR 00O IR SN °

i nsul at i RgulcamMedi siliByn &%raﬁ!ﬂu&@cﬁnianmot S&/i@abmptisial abusbd o£idePBOXG l88Y aof
an oxide and oxynitride, the second of the insulating | ayers may be

adj acent S@ wafer ever sie BAS lvax iarggte dielgesric aved ﬂtﬁ‘o’i@r%fér & e yegieRpaehe gate
O?(' de (Lﬁlecmg ?eaglmr)mdmg)t latj g&sla &?81]1 éﬂ%o@@e 15% rf%m?%%ﬂt&?@ggﬁ%bl?%@ﬂ?héﬁ l%zﬂof

first an secon I nsu ourt

t he i nsubatinfigatimyieyss Eﬂiypﬂﬂﬁ c&djlﬁﬁembpe't mrfaJaes tnthiereth & bemp@sidicigofl thy Brst and
conprise nitride. The SO  wafer may have a redeternlned t hi ckness, and
the sour e@?uéﬁtmgdaxeégq wmagwoné?&@eée%%iddw@é@g layp aRd A CORBPASIEgEncluding both

e EAIRERL e SOl ISR LR I g B Lot
drain re@dmnanth§&®the&uuheunmmmldmpamhpmamﬁadmmy&ﬁonnaméemmnw2mﬁmhmn
polysili Crgglor?sna ovg%eplmplljant ?Iyletll a? % the §OI wafer; and a shallow trench isolation (STI) region
adjacent the source/drain region, wherein the STI region has an upper surface that is higher than
an upper surface of the gate dielectric.

The first of the insulating layers may be adjacent to the gate region and comprise any of
an oxide and oxynitride, the second of the insulating layers may be adjacent to the first insulating
layer and comprise a low temperature oxide (LTO), the a third of the insulating layers may be
adjacent to the first and second insulating layers and comprise nitride, and the fourth of the
insulating layers may be adjacent to the third insulating layer and comprise nitride. The SOI
wafer may have a predetermined thickness, and the source/drain region may have a thickness
greater than the predetermined thickness of the SOI wafer. Moreover, the STI region may have a

generally rounded corner, wherein the STI region borders the source and drain regions.

Furthermore, the dopant layer may comprise one of polysilicon and amorphous silicon.
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regions may be free of epitaxially related defects. In other words, the

source angyi&HaNy! GELARSe FRYSH lbl§aq11§y l%)f‘eeecﬁ‘ebﬁ&()hﬁl ERERY deBcts. AR other
enbodi nent of %e invention provides d& CMOS device corrprl sing a buried

oxi de ( B@9rds, alyfemmcae agid |dir o o neghasmayi qesplriat ® nox- ama)(la\}vafamrlabvlém emhediBent of

| ayer, th SO waf er havi redet er m ned ,t hi ns at e Iructure
ovor t he o g erouge sESS B PRy R EEeBioS i8] EaRhEEL
the gate jSUHHCEUIPwaR 8l &IRe BOX 1BYer] ®ASOI WL hhﬂﬁgb@tdde@rﬁlaﬁé@ﬂﬁcmé@ow se
co- pl anar upper surfaces; wherein a conposition of the first insulating

| ayer, a saGradosiuré overdfe 3w g@b@hwawrf@tullaswla’ﬂ@gllwésron appesite sides wp B Aafcon

i ncl udi ng, both the t rth insul atin ar e )

ai 11 or entuprath BB et PR O GHb T BT oo bR R BB R e
and the 3onposiieh of HREirgahlfAinglSeE,l GmpB&itibh bORE Becdhd ansmaﬁﬁg 1alyeﬂ grlfdaabove
the BOX | ayer; an inplant |ayer adjacent the SO wafer, the | ant | ayer

conpri si rﬁgl@oewp@sﬁedléhhgmtbﬂiedhlrd gwslifowah dnsdlaging ayers ag BASTIR Y @1 srephpant
! ayer and Ott%ﬁl gﬁay\ﬁi{ ?eétn%g gx%ler[ﬂ hhe@%te s?rHEt%fc/ %ﬁ%eg%()fg\ghtgp tlbea at@‘dlte[ycﬁ&ness

acl
greater tha erm ne ess 0 nd a shal | ow

trench i sekdibhehat(aSTrs) hei g@Qiaboyvay BOXK aygeneingllhn layeoadjstedt mensmenvaﬁmdthe
positioned above the BOX |ayer, wherein an upper surface of the STl region
i s hi gherMakey BypheonBoRinga Aspositedimateienl s sopese aﬂ%ﬂl@m regigng jry the upplagtiayer and
insul ati I t ny of
an oxi de En R e R e e ot
to the f |th$kn&s@9ﬂﬂﬂt§imgvafbraym a sintlowargach selagoh (BT} Egmerfm'lmga gorerdBy (LTO) ,

athird of t elnsulaln e adj acent tothe rst econd
nsul at | KB PE AR BOE EPRHeahy BEX 1afd AOTBH A RPRR Seree G BT LRGN
| ayers ”Br¥11%%etaéyo@€%t}3(t)ﬂ 15}t}?tﬂah't}'iéjﬁﬂsf‘l$éi'élﬁt' ng layer and conprise nitride.
The predeterm ned thickness of the SO wafer may be | ess than 55

nanonet ers, andlfirief theiiokutatng layfers mhyebfsma@ef/ tdrtld gaty syictme nlaymnnrwetahbof

range of 200- 300 .an 5. ant ri

pol ysi | i &GPX Cﬁe gﬁ"ﬁﬁ) sdg'fclolni(%the gag‘%gkyﬁgt @'aben%}/arcg%ﬁ%atf?rgtgﬁaq%
devi ce CqQaRiiah@s @l QSd Tolvt@mpersi lre@megym W diensul S layed Blay bver a
buri ed oxfl%ré a( B&)ﬁgubstratggemﬁer ein the )SaO| waf er hf’;ls aigrw;%eta}e,rm ned

t hi cknessdiacertip tis rsgrdeeeing inniating leigerandsemgase ilider andsplodth gt ieshal | ow
trench ﬁQJlfﬂ#ngq& b %b%gg L Ol RVGE tﬁlgﬁrly rogﬁ%%&ﬁ@foﬁné%ﬂ%ﬁhﬁetfﬁe STI

region is con gener ormng a gate

structur q)redeeafrrrmlmel tgakeesd béﬂl@(SK]Ilvia,ferdﬂegdsa lessribaraib nanpinatets, ahdhethiokress ohe

gg wef erthe E eurr(];e%rg]mnr glcc)JQ %a%fbel\lll_ltt eprgnga}eno 200 3%8 gngs? rar'lgt Allsrgplthaer}itoggrllt glysér Imr:!lyt he
comprise one of polysilicon and amorphous silicon.

[0006] A method of fabricating a CMOS device comprises depositing a silicon over

insulator (SOJ) wafer over a buried oxide (BOX) substrate, wherein the SOI wafer has a
predetermined thickness; forming a gate dielectric over the SOI wafer; forming a shallow trench
isolation (STI) region over the BOX substrate, wherein the STI region is configured to have a
generally rounded corner; forming a gate structure over the gate dielectric; depositing an implant
layer over the SOI wafer; performing one of N-type and P-type dopant implantations in the SOI
wafer and the implant layer; and heating the device to form source and drain regions from the
implant layer and the SOI wafer, wherein the source and drain regions have a thickness greater

than the predetermined thickness of the SOI wafer, wherein the gate dielectric is positioned

lower than the STI region.
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waf er. and the inplant |ayer; and heating the device to form source qnszl_: 5
drain regions fromthe inplant |ayer and the SO wafer, wherein tg] P%
and drain regl[mmghrﬁmeamamgkmaﬁ& &ﬁ@ﬁ%@formt%éhm 1etahtemerlmmmg gpdeed

t hi ckness of the SO wafer, wherein the gate dielectric is positioned

| ower t havreundirgTthe gelglsmctms [I\@rmeBwp@mgltd@@rwcgmplsmm@mﬁ@oly@bm The
met hod na

f
et ety LA SRIBT SR 0 B PR WS DB M BB5EL s e

one of pebysiliche Ayer mﬁtmrmmgws dspdsltmgran oAlidipad oner! thy first bete galtysilisdir uct ure
may be forrmed by depositing a first gate polysilicon |layer over. the SO

vaf er; dépesideportinga sxrifeiapaifiidpiayer oher the pxide pae andeenpsiting éé%rlﬁ%é?wnd
dep05|t|n r|f|C|aI r Vi L.t idiing a
sacrifi Clgg € pé)iy lcqn laa/a{ %vel [lfeygsas'ﬁ%“lé;‘glnnef{“dg\{as er, ﬂfe F?Edqus%g@%%ftpg sgﬁfﬁtﬂg iS eI
layer. Thef@nedeselkess tnadsi hirekitessanaf tht tickSeds ofwed @urdealaibecdi@smay ham tho
nanoneters and the thickness of the source/drain region may be in the
range of rzwg-c8800-4AF8REYRES Anot her aspect of the present invention
provides a tr & r [Rla TP & g% iad
G 1 con over Tt af e A LS EaTErn et R R FihsisRr e Brifudy B
havi ng a opidedBO)ryeech snhnomlmesmsulatogéﬁ@a[) stafanoverrtbe BOSY latyerethS(SOI\Amf@T at
| east two spacers, on 5 te sides of the ggt@re%os[tr ctureél g | east

i nsul at i rli‘@‘llnéﬂé’lr%de%ﬁ@ﬂlﬁ’ éléi‘c PSH SRS UEHE QXS HEas ‘?’%Sp?f?rﬁgPur e,
wher ei n &l § ¥R bd&@%@étweaqdh@x &
conpr|seE@§ ﬁ%ékggéﬁgﬁgﬁmsur?ggiéﬂeg“ggﬁfﬁ 31@%%%33|tpon of the |rs§g "
i nsul at i ngd teymte staictuce miesdin ilent (astttive specsridd ithresal lest iy magl@rn,g layeds a

conposi tion i.ncluding both the first. and sec: e terlally

i 1T enCOMPHT SHEAMGREF 5T nh i SRy g 86 Re e BB t he

i npl ant Icamgbslﬁ&mﬂhgls&@naud;araqgg ﬁ Hﬁd@Edjrﬁlbosnﬁihliﬁ@l@dlagﬁoﬂl’tﬁé first @i @osnd
above the inplant | ayer and SO wafer; a shallow trench jso] ation

(STI) regbansrseads aaksitally Hefesen rf@éll erchiofher; ea@lmﬁlant Iaperadiagentiee 591 walehithyy has
an upper 1§1Bfaxi1ﬁﬁy?ltc%%{pr1s fy cg &rlteﬁ rﬁ’?z{f'er%n ?91’39 hnPda nq(égioﬂg e rgl%alhgalallh layer

dielectri iTs the Insualati ng adj ace
st ruct ur ena et SOIMPifes and b yhal Riv t&iéhcﬁxscﬂlzeloamgl" 0 xagidrt ;[djathent tfnbeouietddmdl I(aglohhe
insulatin | ayers _may be adjacent to the first insulatin r_and

conpri se vAeradiheeniddpapnpes WW@Y {urteey that idigher Gan g upiee s 6%?8 éher&’&f be
adj acent to.the first and second insulating |ayers and conprise nitride,

and the seconé of the
The first of the insulating layers may be adjacent to the gate structure and comprise any

of an oxide and oxynitride, the second of the insulating layers may be adjacent to the first
insulating layer and comprise a low temperature oxide (LTO), the first of the spacers may be
adjacent to the first and second insulating layers and comprise nitride, and the second of the
spacers may be adjacent to the first spacer and comprise nitride.

The STI region may have a generally rounded comer and border the source and drain
regions. The implant layer may comprise one of polysilicon and amorphous silicon. The source
and drain regions may be free of epitaxially related defects. The source and drain regions may
comprise a non-epitaxial material.

[0008] Embodiments of the present invention provide a unique solution for a low
temperature RSD formation on an ultrathin SOI, gate postdoping, decoupling S/D and
polysilicon doping, and gate stack height reduction, all together with high usability and
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spacers may be adjacent to the first spacer and conprise nitride. Zaeg}q
regi on may have a generally rounded corner and border the source a 0

regions. mlﬁ{}‘ﬁf"fc[mélﬂf‘{} 'ﬁgﬁ;ﬁ,me&mﬁh st e% eewﬁ dnﬁm@ﬁks%ﬁﬁm%@%érﬁhous
silicon. e source raln reglion

ree o epitaxiall'y rel ated
def ect s. 1IT\Imuslouvaeownﬂtldmaldavm@gmdmocrms;es E@mmmlmelnaemmf tbppiesent alvention

mat eri al 0008] Enmbodi nents of the e t |nventjon provyide .a u
sol ution Pfcg)‘r*deaa Haht C{‘& 'é“rea(?tﬁi’)eb%“%? gri[]f’%h%?‘f‘dathe ﬁ?lgrdhﬁ;{q‘ffrﬁ i8Sy fglceg<’:(§1§‘o

post dopi ntgemflil?lg%’@l b nlg{lt@o?th pr&@hﬂﬁﬁl édu%f?”théi‘él?é R0 noMBHis@adrabaek hei ght
reduction to et hi'gh usability and 4 [R\LIBU 37343. doc: SAF 21

SEP 2009 eprtannlﬂ&sthRSDmlhmtaytel1§ff¢er\eh1aln eresehaeerdlin cingeitiogal devioasy shdvasipesss, of
enbodi nent ﬁiﬁﬁf t he .present Yentl on over. convent,

o1 0ces 8o @oBETleGt BdR GaBHEE G HE BB aR e nUEHOT BIF Y SR O 4T T
differ en%ﬁllﬁ)@} (ﬁpﬂle E@Fym%h Lhe Sbleovdy, fa@&)‘?dlﬁg'g) M deRdRs 6 1BE Bebdnt tavention, a

i nterface. ccording to enbodiments of the present invention, t here
is the nmnn@pntsxlelr&&w ot)lvsxevexr Rl erapgtoarilnforiad et RS> Jiregian ped ihstai:td:\@ arggsi ch

are inherent nt.i on vices, .such as, facet gr ai ns,
an interfaci aub‘%@ﬁ% Ofi'a\’i‘?'g Olg e RS HIveliiap %Cﬁgv?g't Zf?%ﬁ‘%%ér‘éapo '

sel ecti v&EmRRlithaxy oPhe ph8eRhwestibh ﬁ‘e@@lvl@ﬂ of tHYDas o yRblendCIREdENG ebDbased
enbodi nents of the present i nvention non- §]§| t axi al  RSD pol ysi | | con

I%e(rj |ngﬂD)5];a\rw<5§ fpor MEP ovelirathieSQipy F%@aw avithpe réb/mw the Bris At theo9]
E
0 'rren%l%e?]met%?bo%lﬁénqpéft&l@é%@%ﬂt%ﬂeﬂﬁ&{ s?dogpﬁle Opg)wsﬂwo@gae%ﬂg&%gm o

Enbodi men resen I'on reso sic pro

sel ﬁctl vq)o@rsllrdaaeecﬂhehdawednaflhees bhiffer 16MOS Adgo dmhﬁregmgéntmﬁﬁﬂ'pllteseni OIvAmtg RSD
wi t hout relying on the epi. sane tinme enbodi nents o res

i nvent i odeaé%mt%ﬁﬁéu‘%tl% %&WWSF‘E@H gaiethe1ght ping the same plhepairliness afB??I?PﬂléS

sour ce/ drﬁm)af r fhe YD & c¥1v4 ﬁé/o% ri%lnﬁﬁ iR IRRES e fboallﬁ?en&roqstﬁé'ﬁreéem/em' on

| ead to t'he reduction “the djoéliym I con gate héight using the sane

cheni cal inewhanicdatve3D sh ult(ﬂd/ﬁ’)SO‘Imtm dmengBSExi pdy ylddi @@merpﬂoaai@atezsavmm
Furthernmore,. enbodi nents of t res .nvention ach eve n ultrathin
SO it h anhigb grasurvet e Ml Fhivdnialiat Warder FubaiPett pr Ml al

per f or mangenhi0l hfoviddEmeBYi eelsm{;ﬁg ﬁ@tsb&@e/dMiH 8683t Nes %ﬂ@@bﬁ&@ﬁ;&d@‘rlfah@
present invention provide a nethod i sol ati ngmt he source/drain

el ectr od@sul}fsdrq@e@tcbpaomuemgeue $Ti Swaﬁide aqo@myskuer i Sdhtienadiybeehodimemgotthe ST
surface as Addi t nbod nts of

provi de & r?‘F‘SPWBHeI{%(Sm%?V\}%C ?)?18@'108%%50 s%r(? | g{n Ss§ R ﬁht e tg%ﬁé@ﬁﬁlf%@éﬁ ;&%{%Lﬁﬂ
around  the step-like corner of STI edge by rounding the corner during pad oxide etching and liner

oxidation.
BRIEF DESCRIPTION OF THE DRAWINGS

{0010] The invention will be better understood from the following detailed description of
a preferred embodiment(s) of the invention with reference to the drawings, in which:

[0011] Figure 1(a) is a schematic diagram of a partially completed NFET component of a
CMOS device according to the present invention;

[0012] Figure 1(b) is a schematic diagram of a partially completed PFET component of a

CMOS device according to the present invention;

4a
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the step-like corner of STl edge by rounding the corner during pad &xi §&P 2005
etching and liner oxidation. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The
invention will be better understood fromthe foll ow ng detail ed description
of a preferred g t i Jnlfi% t
drawi ngs, in whi @ﬁ?ﬂ%g‘%?fgiﬁ—}sgﬁgrcg&%% Mgﬂa g‘ (gg tfaﬂyg&&?gagéggﬁ%’?c netl

partially cemptPtaEslddVidelaceadmgne tHe péseat intdibndevi ce according to the
present invention; éh‘ng] Figure 1(b) is a schematic di a?ram of a partially

conpl et ed PFET b gmre@(b)as 2 giiedatie disgemediadrdially comptates RitElseamponent
i nvention; &g@% %3734ﬁ d? tSAF 21 SEP 2005 [00131 Figure 2(a) is a
schemati ¢ d‘? feviceAsrRrAmg o e ese B BYWPET conponent of a OMOS devi ce
according to the ﬂ@'i?jfl?@ﬁre@@ﬂ%ﬁ §emaliOGhgdart dtﬁlﬂaﬁla?lS/Ql)m Rtcd NEPEBRhpshent

di agram of a par i al conpl'eted PFET conponent of devi ce accor di ng
to the preseid CMO®ddtvicmyccdrdng D trEl[geseat iayantions a schematl c diagramof a
partially conpl et ed NEET conmponent  of CMOS, devi ce accor to the
present inventi of01plogeE 3#‘?)@‘&1? éCh:?(’BS‘C Fi@gléims‘éfr?é??ﬁﬁ”é’ campkit f‘éfrﬁl% T companenty) |y

conpl et ed PF%OEM%W&%C (?rd n%t %}Q ?ﬁen%% ording to the present

i nvention; I gure a Kehemati ¢ ’iagram of a partially

conpl eted NFET Croop®IERtre 4¢4) ida Q%ad@diagﬁnﬂfﬂaq{adlaﬂg chbfplehedl NFEB esthponent
invention; [0018] Figure 4(b) is a schematic diagramof a partially

conpl et ed gerden accerping toNRPIERsYl iIECHeROr di ng to t he present

i nvention; [0019 ' ), S

conpl eted NFET c@#ggﬁ#ﬁ&e%@ﬁ 1sa%\1}5g1§ f?e a%tga o azillé/ p?ehé)dalgl&é'laj:&%{ponent
invention; §OPCMOEHSHESLacREMIngitS tie Sﬁ@mﬂmmﬁlom agram of a partially
conpl eted PFET conponent of a devi ce according to the present

i nvention; [ 0021[00|19}g1ag@ree§(zﬁ)ls 4 schamatit diagtaicofd nagtadimcempletqsiadN K B prpponent
mvent i on:  Po0SSoErpavestaE U bR BErROR hgr am of a partial ly
conpl et ed PFET COBROTEiBre 5(b) is a schematic diagram of a partially completed PFET component
of a CMOS device according to the present invention;
[0021] Figure 6(a) is a schematic diagram of a partially completed NFET component
of a CMOS device according to the present invention;
[0022] Figure 6(b) is a schematic diagram of a partially completed PFET component
of a CMOS device according to the present invention;
[0023] Figure 7(a) is a schematic diagram of a partially completed NFET component
of a CMOS device according to the present invention;
[0024] Figure 7(b) is a schematic diagram of a partially completed PFET component
of a CMOS device according to the present invention;
[0025] Figure 8(a) is a schematic diagram of a partially completed NFET component
of a CMOS device according to the present invention;
[0026] Figure 8(b) is a schematic diagram of a partially completed PFET component
of a CMOS device according to the present invention;
[0027] Figure 9(a) is a schematic diagram of a partially completed NFET component

of a CMOS device according to the present invention;



of a.CMOS device according to the present invention; [0023] Figure 7%2)3@5005
a schematic diagramof a partially conpleted NFET conponent of a
device according to the present invention; [00241 Figure 7(b) is a

schemati c di agr . MNP | > Q}@% Vi ce
according to thgf@pz)?];gl lrllr?®i(l§n)vlscaa¢rlllts %g%ﬂng%gE‘?“ Ef%réﬁ%?ﬁ){%tedaﬂg% gma I gﬁite
di agr am of ofa EMO$ dévise woohdingttethdWrbsencianpaipant of a CMOS devi ce according

to the present invention; [0026] Figure 8(b) is a schematic di agramof a
partial |y conpl E028] Figwe 10 sahemati¢ diggramae acavtiably camplstadi WEE'T eomprsent
present inveniion. [0027] Figure 9(a) s a.schematic diagramof a partially
conpl et ed Rﬁtﬁ;h@gﬁ‘ﬂ%‘ﬂ%%% Orgfr%gogi@e%?ghnc‘f%n“&?&ordi ng to the present
invention; 5 21¢9h) BO0R 1089281 sdefUli€ dRERn oS HirSh \ e PRI SR Rneft
partially conpl [et eg] PgET cggrrpongnte 5? aéCIV% a%vi cé ac orebli ng to tr%fge
present i neEnCMOS dg0G2@Eoingup ehelikésent insetionchemat i ¢ di agram of a

partially conpl eted NFET conponent of a CMOS device according to the
present inventi §931] 5gwe)l 1) g echempty dingrag of arpeally copmpletidNIEY component
partially .device according to the-
present i nggﬂtehg?ﬁqf\gg%&@{%ﬁp@glpﬁ%“ i%%’s}g[;@thernati c diagramof a
partial ly conpl p089] Nett 1¢Byponsdhemant dagfa ¥ Al capted PRET eonigb@ent
present invention; [0032] Figure 11(b) is a schematic diagramof a
partial |y ebapbMOSdeprErcerdinsdadinpresnt mvemion: devi ce according to the

present nvent: sl B98I E 1 £nfRl o RSB b BNl ppen

present i NngEOACMOS dé@E3LordingUb ehelptedeht ineionchenat i ¢ di agram of a
partially conpl eted PFET conponent of a CMOS device accordi n% to the

present inventi BH34] Bigws]l 2(h) dus schedety diagram eforrantal iycoip canponent
partially gprrﬂvg(?ﬁg VNFET (():ra 3nglpt of ¢ & SN0, devi ce according to the
present | nveh X T’dff(%;f i% P el%{f%f g élchemati c diagramof a
partial l'y conpl pias] RElrt 18QRONEMEMaRE didglaME? [RVILS BEPREG NIBET Sorhpthent
present 1 nventlon, )
of a CMOS device according to the present invention;
[0036] Figure 13(b) is a schematic diagram of a partially completed PFET component
of a CMOS device according to the present invention,
[0037] Figure 14(a) is a schematic diagram of a partially completed NFET component
of a CMOS device according to the present invention;
[0038] Figure 14(b) is a schematic diagram of a partially completed PFET component
of a CMOS device according to the present invention;
[0039] Figure 15(a) is a schematic diagram of a NFET component of a CMOS device
according to the present invention;
[0040] Figure 15(b) is a schematic diagram of a PFET component of a CMOS device
according to the present invention,
[0041] Figure 16 is a flow diagram illustrating a preferred method of the invention;
[0042] Figure 17 is a flow diagram illustrating a preferred method of the invention;

and

[0043] Figure 18 is a flow diagram illustrating a preferred method of the invention.




[ 0037] | Figure 14(a) is a schematic diagramof a partially conpleted |\1]F§EP 2005
conponent of a CMOS device according to the present invention; [00&8
Figure 14(b) is a schematic diagramof a partially conpleted PFET conponent

of a CMOS device accordi EWWWEWW@RW] Figure 15(a) is

a schematic diagramof a conponen evice according to the

present invention; [0040] RMBODIMENTS OFTHE ISVENTION agram of a PFET
conmponent of a CMOS device according to the present invention; [0041]
Figure 16 is a flow diagramillustrating a preferred nethod of the

met hod of the i KAl PSR ighipSeapedises B985 Lora yesf PR Paf Vil eRea
il ustrati goyrde/@laff %gr@gn AEbiQchiRfildh ROI bAY £ Meitl of hakdfadeling 88X afle WhieFD
DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON [ 0044] As previously

nment i oned, otdresmaesd the dimimaonsf afithaconeveiona\oGcedes iand stdtires. al leauiesent
source/drain layers on an ultrathin film SO and a nethod of nanu]{l)iggt@ljri ng

the same, WEBHON poridebrBsthodof forminga saked-dorn G OSHPERTG Sharey es
and st ruct %@%C%ngs&fn?é&% 15%\{%ggyympgﬁslgaéggﬁﬁo%aﬁﬁ%&%ﬁ’a Rlwil, QegL 2

scal ed- down ructure om a al sed sotirce/ drain

| ayer by pelctibidkiptadesciapies thiah Gilicain skl¢tsiva gpidaxn@véd/indeavapnedal pedoebdeack
process rather than silicon selective epitaxy used in conventional
processes. [ 004§045pForgaseofgmdarstrading oMy arg habipfyheGMORfeviess 1y hareomos
devices 1, . L . i 1 : i t he
sour o or " sl L e ERR ol RalnbR, SR RS LRoc T O i B MBI

ful | strucFiguges [BitHsad 9Bib) kiesl the fuld etriddtire W@Hb(d skitled@gmiheartwaild rezopgire thiat
i mge of the structures exist for each of the devices 1, 2 in practice (for

exanpl e, t RENTEHHRRESHS e sty @rasienisbior sahrefdhe deyicsn 1. ¢ wpractice (for gxampleshs on

oper at os. | RoTREOPSE SRl Seliceuelih Soepone L B R R URR AR AT E L

15(a) as astreotapios, dewpleéeﬁc invee@n ghenny opnites & tad folloevingsmbnmee/ Bikdh@the
region 79(a 79(b) and passes through the channel Iir,*‘i%gi‘on 20 to the
conpl ement ARETeyide) lsbaradn Fagyroh (o an exyopls)an cectrigah sigpH&Ber ol Ve one hal f

OT the C'\/D§ource/drain region 79(a), 79(b) and passes through the channel region 20 to the
complementary drain/source region 79(a), 79(b). As mentioned, only one half of the CMOS
device 1, 2 is illustrated in the Figures 1(a) through 14(b). The CMOS device 1, 2 includes a
STI region 35 having a generally rounded corner 37 formed above a buried oxide layer 10 and
a gate dielectric 25, which serves as the conductive barrier between the gate 40 and the
source/drain region 79(a), 79(b). A unique feature of the present invention is that the upper
surface 36 of the STI region 35 is structurally higher than the gate dielectric interface 25.
This is beneficial because, during processing, an elevated STI region 35 allows a portion of
the implant layer 65 to remain even after a subsequent etchback process removes most of the
implant layer 65. This essentially allows for a non-epitaxially-based process, which is
beneficial as it eliminates TED effects on the dopants, and also reduces short channel effects
such as threshold voltage (V) rolloff. Additionally, a generally curved STI corner 37
eliminates the amount of polysilicon remnants remaining on the STI after polysilicon

deposition takes place, thereby improving device performance.



devicell, 2 is illustrated in the Figures 1(a) through 14(b). The C?r\ﬁg P 2005
device 1, 2 includes a STI region 35 having a generally rounded co F %[J)U
formed above a buried oxide l|layer 10 and a gate dielectric 25, which

serves as the c ive.barrier. between the gate 4 in
region 79(a), 78?%@&/&%5%1%}%" F:Oetgf ﬁFz}a 1855’%‘#2[“%% saétﬁctq'la?gggé&?egnﬁ@gﬁ@ﬁé?ﬁ?’ne
upper  sur fiaGe aRGhe6n pRgersell erfISRIiAENtSOf the pidsEtiGhvenAbh YTHY SHagresdifiadf thbe gate
dielectric interface 25. This is beneficial because, during processing, an

el evat ed STirocesghpste@Fonthe NEE Bppeided by thef presehieinivenpioante desited i6 Figucesrlémai n
even after subsequent_ et chback process renpves st.o e implant |ayer
65. This es‘g@H‘é'il 3Py “gﬁ“leé‘iﬁsprf’@ies%gfh%ﬁ-%%BT%%@I“&ISF?[STE%‘E%II’B%&%%, itﬁ‘h is
benefi ci al i inel e : t a : I uces
short chan n‘gﬁsegé lflg%[%dgh qgefjc aﬂ-agg I})Itl Ei;gfg;&%ol ?@q@g}l?lgégggvﬁ%f}%w’oasf E&wﬁ B

Addi ti onal IBiguras g@NENEET)Yand U(b)&BFST), ag altraetiin SOI walkdr 20r{agechahind regimynt  of
polysilicon remants remai ning on the STI after polysilicon deposition

t akes pl acepreferpbhydpss thamtmm wgthiflswseeis pesifigfedahers a hurtef oxgds rogign 100046)
Ref i t h J i . i cul ar. i h
13, °! { L\Q?eng\‘r’géeag‘ﬁ}o\%ﬁ O%*?d?“%&? ?52 @@ﬁ‘g‘é%ﬁg‘ngeﬁ ?gra%e'f S%ﬁ%%'i%?g ‘s‘@rﬁgﬂ‘?“ﬁ%ﬁ@%@ Nfﬁgg

progr essi omPITHeRidea8 28 354 SrifitRPRyérQised tveprblebtla dhagndl dedod6 (shewniesent
invention are detailed in Figures 1(a) thrgggh 15(8(%/, while the
F

pr ogr essi orFigires f@) prdoblshdés alseyped tohelp fanrheToysded feraer tthe HEL regivadant
' ti det gi.l ed jn, Fi 1(b) throuoh 1 P fcally.
shown 1 Argurettiedfs dedHEguabe)e bRLANRE T BRRSE chiaPe

(e.g. channglerBegivpidh will B¢ afteé@Rhily ldssicll danndanechifg prucedsNBPBefedably
positi oned above a buried oxide region 10. Thereafter, an oxide pad 25 and

nitride | aydimeggongdeand seiftavrddeio|by agpiesimately cauad fo thedarget thigkness of g The

i d d 25, i ificial,l tQ . ion 26
Cshoun"1n Ry SuIBH ki RS YRertiF oo EE0q Sog ARB8Re P212", Clea
corner of the STo4EIh eHe ndkt st&;ﬁmﬁ@Ffdaedig ohasin Z{gresas) REHDD) addi2{b) PFEE),

wet etch renmoval. The thickness of the nitride |layer 30, which will be
subsequent | an $Hrregien 38 thrformedeaftes thehiitigiefoxiste XY stack 15 iemasked|eiched Fissi oned

and configured to appr.exi.nat el y .equal. .t o, t.h i e
aubsequent arsst ofie R STHE GideH aBicr SatRaehbeEro DREE BRI O s
[0047] In t$H, sn sibeuadtlytih Eigiracrssandstiown i n Figures 2(a) (NFET) and
2(b) (PFET), an STI region 35 1s formed after the nitride/oxide/ SO stack
15 is masked et dA84B] Neii s shvor ndigyrat Bl @FE heand B(b) (PRED. ¢hs Rifiidedpyeiaf dh

aids in f Orrrtl}rl%gedal.lsriﬁ)guei1 Qgtdet&noﬁrggéss,stﬁer%y ct:(;}l%guring a step with the STIregion 35. Asa
result, the STI surface 35 is higher than the SOI surface 20. Thereafter, the pad oxide 25 is
removed using a wet etch process, and simultaneously the corner 37 of STI 35 is rounded, as
best illustrated in Figures 4(a) (NFET) and 4(b) (PFET). This process of rounding the corners
37 of the STI 35 prevents possible polysilicon rail problems from occurring in the next step of
the process. The polysilicon rail problems involve leaving remnants of the gate polysilicon
around the STI boundaries after polysilicon reactive ion etching (RIE), thereby negatively
affecting device performance. Thus, by rounding the corners 37 of the STI 35, the present
invention achieves better device performance than conventional devices, which do not have a
rounded STIregion. At this stage in the process, the step height of the STIregion 35 above
the SOI surface 20 is preferably approximately 300 angstroms.



STl, .shown subsequently in Figures 4(a) and 4(b). [00481 Next, as 52 wn in
Figures 3(a) (NFET) and 3(b) (PFET), the nitride layer 30 is renov S,Eé)lzﬂﬂj
a wet etch process, thereby configuring a step with the STI region 35. As a

result, the STI g@(?z't?i Pfggﬁ%\%é@%mqgggd %\S@?ﬂ)ﬁ iRt thd A& stgg of the GiveRdid:e Ir ,

t he pad oxide 2 usin etch process, aﬁd I mul t aneously
the corner whéredd pdiydilictn dase staukrudael patesnedogsie d telrasiiylatiedilicae FTBOS Bisard ( a)
(NFET) and 4(b) (PFET). This process of rounding the corners 37 of the ST
35 pr event maskératishewmo | pgipolysidigon gate siselofd esrdesigneshio bededucehip itsheighbinnext

R e B R G A L
pol ysili CO?réf&%ﬁyih\é@in%%@a@%%hl@%(@h@agﬁ& @ﬁpﬁwimﬁg@tmm Tih! £6id fHdde

devi ce performance. T , by rounding the corners of the STI 35, the
present i hapend4,omitichilaeeso,bat pouffdediromy pelybibicomlaye 48hanseguentialy i onal

orocess, 1 Hebaiiey NettgnRYSprert Temimas vt atms e exusiclo” e 318950 ¢
pr S o abl el T 3O A0 Mg B SR A0 OBl €5, 5(2)

(NFET) and PFET ustr at ext step the 1 nvention, where a
pol ysi | i comogedagics bfthk SAD35 shpsthtle4thmdy bs optipnally planaeethysiog b (P piocedse

(TECS) hard_ mask (not shown). The polysjlicon gate, stack 40 is designed to
‘be reduced 2ftht the Sokysiligen 41 Aeposition,then wisdhin-pideda) gitridei Vot RiiEer YW 40 i s
formed by W EVETR I r [ : get

scnl od- dowt R ot A pfy S dUGieibd AR G R B proc Rt AR EER RN AR O,
ni tride | ayefinelfhe gatedtaak BQfolverthe btomndaped ofshd STOI6.| ayer 48 are sequentially
deposited. Next, a R E process is performed, which forns the gate stack 40.

If the STI 35, L[Q#i04Khe sexsstept 1 Rrogeshes divstialed {n Bigwres Al (NBHD) a0d §{@es
Lhe ! 0 . . Sty ‘ ]
oot onal |y GRELLR £ Bbduifon, BAKAAC 65406r SRl intacol HFerSoAC herudPy D

deposi t i onoveihtha SObevafdni20, theiSAE refdon 36, and the pdBisiliao ghre fthelr 4@ uvioyeover, as

pol ysilicon 48 may be deposited, and then a RIE process y. be perfornmed to
uniformy SheyR Htigpe Ok an Nelaxtrnsi/ Mo implapg figan e SGlevdian 205

0050] Th t . s | -
o by " MRt 1 Bte s B rRURRE N B An Sl BERE rapfbrlblle B3I (NFET)

and 6(b) gat e reoxi erein an oxide or oxynitride
i nsul at or Iregpresents@hé ®sulepp Ritypdunaoneled dopaB@egiomfBereafer, & hew Shiperatyge oridss,

SERRGA T E N N T M TR R
Figures 7(a) (NFET) and 7(b) (PFET). Optionally a nitride spacer 60 may be formed along
the side of the polysilicon gate 40. As seen, in Figure 7(b), a P-Extension/Halo implantation
occurs in the SOI wafer 20. Region 53 represents the resulting P-type unannealed dopihg
region, while region 54 represents the resulting N-type unannealed dopant region.

[0051] Figures 8(a) (NFET) and 8(b) (PFET) illustrate a further formation process of
the nitride spacers 60 using rapid thermal chemical vapor deposition (RTCVD), wherein the
spacers 60 are widened. Moreover, the LTO cap 55 and the insulator layer 50 are removed
except for a portion configured between the spacers 60 and the SOI wafer 20 and a portion
configured between the spacers 60 and the. polysilicon gate stack 40. In the next step of the
process as depicted in Figures 9(a) (NFET) and 9(b) (PFET), a layer 65 of polysilicon is
deposited (e.g. non-epitaxially) over the NFET device 1 and PFET device 2, preferably at a

low temperature of approximately 620°C or below. The polysilicon layer 65, which prevents



Regi on 51 represents the resulting N-type unanneal ed dopi ng region, \mi 'QEP 20
region 52 represents the resulting P-type unanneal ed dopant region. *° -~ b
Thereafter, a |low tenperature oxide (LTO cap 55 is deposited over the

Wy i de | . i oh s bost il ( ;
(NFET) andberen migsaionniochs HRER 20" is PR B LB AR B Fof LD o) ong
the side Oée/pBL‘ilﬁoP?iy?gm.cﬂﬁerﬂgﬁ\%lﬂgn aftRrptRafsilitdh lEi'f WAR si&wn) may be

P- Ext ensi on/Hal o i np ation occurs in the SO wafer 20. Region 53
r epr esent sddpositgdesaet therigviPes ) Reprefiaatie al eldwdempergture. efivonthe dhpdde r egi on 54

5 2) ( NFETYOUsGBpIsprwsRct i et PG conipubt RgrositsmienisepPopeeddf e
(2) ( gispngisfar ) i ecanipii! g bt ,
her oi n ¢ PR B AR ARG gl o KA BB, TR

i nsul at or Aiawes thd QoroendlBTiep&sted &x8LES toftRrfree qiepitdxidi defendsi gur ed bet ween t he
spacers 60 and the SO wafer 20 and a portion configured between the
spacers 60 and [0982]¥¢xtsinHigues %a)e(I\QiEﬁandld)O(b) (PRETS. 1his,showp it Be t he

j.cted i Fi N d b PEET) , . 65 of
ol yar |1 coRopaliCordaus b anipustred ihe eh MR pRRFy Fob b e i YOHre® %5
PFET devi Cgrogessif A ¥s @knSwn biPifie bRITRAHeAdiA iR ndttide PiREItd oxefop lof pORGear

é
bel ow. The po?ysi I"i con | ayer 65, which prevents 9 21ngP 2005 dopant .
m gration gate d0ishexpobesindfihe pptionas CYEHpoicess desssibedyduring the peosess dllustated éml

Shown) may P BRICsaUB OB PL byl Eh AR St S RAPRPYF Bt SRRLRE (7
t enper at ur gyerJkige by BR AABRDbsAM CRIdpRLRs A0O@UEE STI & 3ScleMbdBCiuing Hige
conformal deposition techniques as opposed to conventional epitaxial

growt h t ecprocensBustrated in Figuoasaéntand 34Y). dothicenselths Qbsidiay SMR procestay be
allows the confqrnall eposited | ayver. 65 to, be ee of it.axi . def ect s.
[0052] Nexf’l?“?“ﬁ‘ﬂlé#’gﬁ‘r“éée 1 e&)‘ﬁi%ﬁﬁﬁpawaﬁ‘fﬁ% e op of ?Bﬁ‘té‘%)éhg{%ﬁ that the
polysili Cg@é@%&@& bEnRiAR8A iZRHievad. "DheéhfelVR sR6PeREBack phces s e, an

Gbsi di an process may be used as is known in the art), wherein the
nitride | apelysiiorolayerci8 inperfuingditd expose thgaiteide gurfase 4&pdgeid, thistetghhackopt i onal

e L
ever ywher esQy ahd§(b§ i useit REQSAISIsHT wHIdh FIBE pRfer@d @nd Optidhal fFbtessdselpscdthed
created in during the process illustrated in_Figures 3(a) _and 3(b). 1
thi s case, abows aphusedi the rasniting sueutss arpyshpwn ipBgrEs () (11(1%%1?% "Wétlgé’) \%%Fnﬂ he
dummy  pol y%vihlej‘ectﬁg dtllr%}{l?/rpof'y%ih%gn Ia?rgr zﬂf or} {5% of kﬁerriiﬁjl%ef'a@e} &6 of the gate structure 40 is
removed by the Obsidian CMP process, and as a result, the polysilicon gate 40 height has
been reduced to the desired target height, simultaneously with the formation of the S/D-
blocking polysilicon layer 65.
[0053] In the next step of the process, according to the present invention, the devices
-1, 2 are subjected to gate postdoping implants. Specifically, as illustrated in Figures 11(a)
(NFET) and 11(b) (PFET), the devices 1, 2 undergo a preamorphization process with neutral
species followed by N-type and P-type dopants for N-Gate and P-Gate doping, respectively.
Thus, the planarized polysilicon 65 on the S/D regions works as a buffer to decouple the gate
doping from source/drain doping. Regions 66, 67 (along with regions 51, 54) represent the
N-type unannealed doping region, while regions 68, 69 (along with regions 52, 53) represent

the P-type unannealed doping region. Thereafter, as seen in Figures 12(a) (NFET) and 12(b)

10



exposed and the planarization is achieved. Thereafter, a short etchﬁl%
process of the polysilicon layer 48 is perfornmed to expose the nitfi P 2005
surface 46. Again, this etchback process is not necessary if the optional

CWP i bed i.n th h in,Fi 5 d .5(.b) i d.
Fogar i oesPEETiatht: ROl fordage: 35 GReBOR 1 hibrunth Sen R dtenBifudtifgaf 1°°
b ' - =TI NEET
ond 0(b) {EBRIERS sfcBpthbion e SHUALERASS PRl pAIRDN HBhpli=T)
nitride | ageraidd solirdelieai ddgtors IMuRbudrebetQuieshe pelpgiiat BSD 65 evabdepoditathat @VP

process, and as a result, the cEol ysilicon gate 40 height has been reduced
to the desloretgmparatjse, theingantedsexiensioarangd hgloydapprty dp pat eeriveanysignficaphe s/ D-

bl ocki ng pelysilicon J.ayer 65. 53 t he d f ,
nceor di o BeoAlsYPES IR thres B et e br SRE S (L8P SR RS BIORESS, o
post dopi ngeﬂg’l‘ﬁ)h@f,‘ﬁssavoﬁléﬁﬁ Fhitketinbde, tiRSprédehistértion Providdsiadieighs diffbfeare (s(dNyET)
and 11(b) (PFET), the devices 1, 2 undergo a preanorphization process with

neutral  shaweasthe ST cgia Iyankithe gate distecrictdppatefogsankhat fsothe NppBitserfageBo

P- Gat e dopi ng, tjvely. Thus,,th | ized lysili 65. th
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the N-type unannea oping region, while regions 68, 6 al ong with

regi ons 52renfad) evenpiftesthn etchbivk pPodeypremonenmestiof chedmybysilicon éyiend), thdnehyeaf t er
as seen in Figures 12(a) (NFET) and 12(b) 10,21 SEP 2005 (PFET), the

pol ysil i COWOP’%aB@éﬁééﬁb@é%gfahd%a&h‘g%é@%t{ff’y etch or alternatively tined
vet eteh) procRisa) HifRaRE FaPINGES, BENIRY HEndlidaaR NHET iR/ NSDY

pol ysilicon 65 conprises the raised source/drain region. Mreover, because
t he pol ysi irsemning8mteHonnasy disppdiSDeatseaic implamsationdrepeusitg the existing thimplitideed

ext ensi on and hg| pants do _not receive.any significant her cycl es.
Ther ef or e, SRR 6& _@'SI 'ﬁ*i‘tBFS‘eFlfBSg’tfi?pf“tg I8 ppeitioneg)as 8_&’§"eﬁ’ t&%ﬁfte ﬁ&anﬁfi% Busly
expl ai ned, pééib@%ﬁ%ﬂimfmmquﬁﬁaf pin 1898 WittoBVRHiA SR A¥hites a hei ght

di fference (step) ween the STl region 35 and the gate dielectric 25
i nt er f ace. chinateristics, bbausgpuemicianfshve dEiseraonipared &7 boroagi @ RFBS. Thus, region

structural i gher. than e gate die]ectri.c interface 25 This is
benef i ci al J7ﬁéigfaﬁswtfawg&n§5ﬂt%resﬁqsemé& s Ny BoutiEnpde sonpeeERRe The
pol ysi i COPFI'E”PYlﬁfs_trgédtirPFigﬁl%nﬁ'(l%)Sr@IYl@i?}s ahdBhgdd BoR i RGP €SS renoves

nost of the polysilicon [fayer thereby “providing a non-epitaxial |ayer
for dopant i npl EMS4} indigurf QDK (N TiFiagd d 4(b) GREET) ( A\RETN nitrids SRIET 6] is

under goes geri)olgllltzgl-rad?g:%rrltct é és?lrlljgricqel\é%QZer 60 using RTCVD. Thereafter, an RIE process

removes the thin protective nitride layer 46 on top of polysilicon gate 40 during overetch. If

the overetch affects the surface 80 of the RSD layer 71, 72, then optionally an LTO cap (not
shown) may be deposited to protect the RSD layer 71, 72 before the final RTCVD nitride
spacer deposition. Figure 14(b) shows a PFET source/drain (PSD) boron/BF, implantation
following the final nitride spacer 61 formation, which gives enough lateral spacing to
minimize lateral encroachment of the boron in the PFET device 2 during the subsequent final
thermal cycle. Region 72, along with regions 53, 69, represent the resulting the P-type
unannealed doping region, while region 54 represents the resulting N-type unannealed doping
region.

[0056] Thereafter, as illustrated in Figures 15(a) (NFET) and 15(b) (PFET), the

devices 1, 2 undergo a final rapid thermal annealing (RTA) process to anneal all of the
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ar seni [ npl antation. By doing NSD arsenic i rrpl antation here using ttﬂ
existing thin nitride spacer 60, the N extension/NSD doping is posit
as close to the gate channel 26 as possible, thereby nmaxim zing the

| ateral doping |evel without hurting short I h teristi

because ar depangs, pasd ergqf%m}’éﬁqﬁpﬁ‘ﬁéﬁat‘g%%%{oéhﬁbgaggewgf re?[‘%ﬁ%rﬁ{ﬁs’aéllﬁ@? 71,
region 71..alpn iLth reg 6 } :
unanneal ed7aésp€2’ﬁ‘8€¥mgtg\fe%$wf§@%e% %ldldlijeg?é%?l ggﬁ l|l€Irn %E?Vg‘ﬁ’? gll] é{%l(g lgc)yhtege’ﬁgfns
unchanged RAMHIREsRE @Y 'oﬁlysanﬁéaﬁmé fE&,@WhiblﬁlalFbgﬂm%pM @} ei (NN denats 14( b)
(PFET), a second nitride spacer 61 is deposited adjacent the first nitride
spacer 60 @siThgreRFEMD: invhrtiarirovides tha aRiolute miigak redpsiihiien of depaptgifor high

't The. ovepevmngt fesnub dru L GMUR e bt pReBRhT L 45,8 b EN A"
opt i onal |y 130y |3 6380 67 Know BRI TPIL] RerteRRcht estuliie Pl-ge adivaled dBSRg

| ayer 71, Inal RTCVD nitride spacer deposition. Figure
14(b), showsgien, RAEE rsgiun G€(sthoannin FRSD) | Ho) end BERNE 7] &8n BAfshown if Bigiswi ng

the final nitrid 61 f i on, iich gi |

to i nim Tt hBraP e ENARRPeGRO HES OBy RGEORED rauciens SR En,
t he subse Faaly,. . . i ; i i

 epr esent q#gégn bt (ﬁ? tdle\rlllgpf{]ie.mg}ef\)éﬁbﬁs reggﬂ's Bf%thé devid @RUErpY ¥dtiohedippns 53, 69,

resu _ ype u neal ed dopi ng region, while region
‘SI'ﬁ rep ][ tes e ﬁﬁ@latn_th;eiloh,ezﬁﬂlahnMng\Lptgcpﬂeu vericteebwdindep maferialegipsries pod plijsica

ereafter, as illustrated in Figures 15( NEET) and 15(b PEET).. th
devi c;as I1I sgrugiyErsr gor %amnlﬁare&l%rpi%a sheywn Waﬁ)g‘&%ﬂgépgjﬁﬁ)nlwo%é)@é’é@)@o ©
anneal a 1,21 b .d gmf,ﬁ]- : f idh T4e9mB ure
of 950-115 .urgeiggi'séaélﬂggﬁ%&%%nt ggl a ﬁg%jﬂ%lllrplg(%gﬁ?égh%%r%%% at vfebg1 ?fl | ow
t enper at ur Eﬁﬁl&@dS(aijGAﬁoﬁdi portion of fegionp§ Ehovusin thigirerd (ap yesbass reghoa 85rkawn

process is the only annealin rocess, which all.of th i i
Phe. devi codn Fiewrs 1 SehaHgresy e, aicHe OIS SHEGt o s THaLBBaa PSRN, mal

e
i1o/§ER12005

e m ni nal

redistri bUtr:eglag%B sﬂwggltﬁéxgﬁﬁggb.? gﬂrﬂl?e%]i)%f PBE 60 St Sl Sk PALOMB e Vi ce

fabrication. gl ons own In Figure 15(a)) and region 87
(shown in Fegiondsshqin) )n FignredSent Likesiseosgloni fgshsnyindiguse il4G) brtoaspragéon

2o L Sl [0 e 5 e 0 Bl g,

A e R Sy e

anneal i ng [Figoedsds, FivhllgiregiosuT t, 72nshosuy inkigurdsall3(9) @@@éﬂ@gﬁésspaﬁyebhbgq%%ﬂ
regions 79(a), 79(b), shown in Figures 15(a) and 15(b), respectively. After this, silicidation
and backend processing complete the process (not shown).

[0057] A method of manufacturing a CMOS device 1, 2 is illustrated in the flow

diagram of Figure 16, wherein the method comprises forming 100 a STI region 35 adjacent a
SOI wafer 20, wherein the SOI wafer 20 has an NFET region 51 and a PFET region 53, and
wherein the STI region 35 has a generally rounded corner 37. The next steps involve forming
110 a gate structure 40 over the SOI wafer 20, performing 120 N-extension and N-halo
implantation in the NFET region 51 of the SOI wafer 20, and performing 130 P-extension and
P-halo implantation in the PFET region 53 of the SOI wafer 20. Thereafter, a non-epitaxial
implant layer 65, preferably comprising one of polysilicon and amorphous silicon, is

deposited 140 over the SOI wafer 20 at a minimal temperature of approximately 620°C and

less. The next step of the process involves implanting 150 gate postdoping implants on the
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structures. For exanple, region 67 shown in Figure 13(a) becomes region 73
shown in Figure 15(a). Additionally, region 52 shown in Figure 13() SEP 2005
becones regi on 74 shown in Fi gure 15(a). Also, a portion of region 51

h i F 1 85, Fi Mo
oot e Moor iV 157 PlyPEiSERe atelite npaise P Eing 135 2N fag s Maiipdibess Dhoun
in Figure lﬁ(ﬁﬂaceﬁﬂh& Qzﬁé gi?&&ure '21@9 rIﬁ@n Q\g-t)z)@ QU Pk%e@oﬂ&%ﬂréﬂ(rﬁ%‘lagiﬁgﬂ{rﬁgﬁ L4(b)

region 75 shown in Figure 15(b) kéw s region 54 shown |

becones r egreoform8y 1&hinvie lmplﬁltgayeeﬁl.SElb)lly,ltlm chdnbetl;@nndarg@smn aﬁﬁhahhpwn in
Figure 14(b) bec s re on 88 shown in Figure 15(b) regi on 65
shown in FiRjOseEs iﬂ(‘fg})an@ aled Sempegatine a@grog(ﬁg%ﬁlyglhtheppwroé 9§@1 B0 Ui nal 1y,

regi ons 79(a) . ARV uith R e 2R, IR 12780 S5 st O3 s o,

this, silidydddpbsiting aIla BAE KL PolPsiHERSIEY I 26ABhE SO iater ROOERSSitin g 914 an
shown) [0057 A rret hod of manufacturing a CMOS device 1, 2 is illustrated

in the flowxi Wg’r‘h‘rﬁVGt thﬁﬁgﬁrgétel?@lysumn yar 4hdeprsitingd 16 arsperifinial nitgderdaygr 100

NEET © oo o e Y Ridetaq 4 ARl Rifte P« RASHGHebol ] pofifion T8

general ly r@épg@qa&m&mmtﬁ&la}Mmext steps involve formng 110 a gate
structure 40 over the SO wafer 20, performng 120 N-extension and N-hal o

impl antation in [ﬂﬂ@]rﬁlﬁﬂﬁemwgft dlre [ eseof inybiB@roviddser meBod ahfibpeatingrarGM@S130
P- ext ensi on andlg ﬂi n@ B t1of intF.PFE]‘&r ion 53 of the SO wafer
20. Ther eaf%¥I a2 A AMStpdy the floy pesip of b whitely BF ZItRed SOMPPFSS ng

one of pol Y@pbélﬁﬂé‘ZWQSQWBRPQ@@ve?' |Hu?1@ﬁ'oxfd§ sutﬂﬁ%sﬂot @fﬂer@ﬂmothQSQT white 268hs
wafer 20 at a mninal tenperature of approximately 620C and [ess. The next

step of ther peduersunddthickness. Thepleatteémigvalses fg»anmg;i'd@tacgam digle¢tripRanve the t he

Feast one (TR Hf Mo EyTIgBOR AT kst Fad Fine O LRk B e e,
N-type and &hérma@hesmregéﬁiB@lislkdnﬁ@lh@m@ﬁdv@rasgeaé@ly &%h&&féswerlﬁoaddr\vﬁéﬁan

i npl ant | ayer 65. Final the device 1, 2 undergoes an annealing process
170 at an dh@g@tcétthcewpférlapqmeormppowmthm the Y TI regidne3 . diige, Dfat®S0uch&0Cis

0058] As | t d the.f f .Fi 17 st
30 15 f or mia il RBEe F e eree e 4 PR S Bhareoe R b any B RS0 bt e
SO wafer Zfer d@mlﬁdfdﬂqol irhe ABxt s@ps GethRPoctss iBVAVe pltforhifgSE5008E V-type and
ponS|I|con | ayer 42, depositing 116 a sacrificial nitride |ayer Xg over

the oxi de pgatyPagopansénpleriatonsiingheiS wafemd andithe aﬂlplslédmdﬁé}e@mé hpating<l60i con

layer 48 the device 1, 2 to form source and drain regions 85, 86, 88, 89 in the implant layer 65 and the

SOI wafer 20, wherein the source/drain regions 85, 86, 88, 89 have a thickness greater than
the predetermined thickness of the SOI wafer 20. The method further comprises forming 270
at least one insulating spacer 60, 61surrounding the gate structure 40, and annealing 280 the
CMOS device 1, 2 at an elevated temperature.

[0060] The present invention provides a unique solution for a low temperature RSD
formation on an ultrathin SOI, gate postdoping, decoupling S/D and polysilicon doping, and
gate stack height reduction, all together with high usability and manufacturability. There are
several distinguishing features of the present invention over conventional devices and
processes, some of which are described below. First, the present invention provides a height
difference (step) between the STI surface 35 and the gate dielectric 25 interface. This is

beneficial because an elevated STI allows a portion of the polysilicon layer 65 to remain even
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over .the sacrificial nitride |ayer 46. [0059] Furthernore, the pr esentsep 2005
invention provides a nethod of fabricating a CMOS device 1, 2 as

illustrated in the fl ow di agram of Figure 18, vvherel n the method conpri ses
depositing 200 a SO wafer 20 over a buried OXI d g; {late 10,. Wherein the
SO waf er #Er ﬁ@setchaafﬂma@smww&amﬁﬁ o ihreeclysitigna Tpvek §5.4 eP% HOBAER 187 i ng

210 a gate S e IS
formed 220°P g\gglgﬁfa#’r f%ucr?oi)é la gh Slbs lso‘“?éc%&ddgé)toﬁ e-serrllf‘%rﬁlﬁt g{r‘; Fe%lsggé 35
is confi 9Uﬂcﬁldextiﬂer{&@‘é?se"l/eﬁﬂ?gﬂ[ﬁidl%ageﬂmdw@maﬁﬁcﬁK/hlohmﬂe inhereel m the gate

dielectric 25 is positioned |ower than the STI region 35. Then, ate
structure czb(nvcrslonﬁlcﬂewwds 38¢h wfecets, pelysilicen gaiss antinterfacig C@n@naaﬂ@ho pi t axi al

i npl ant | ayer IS ited 240 t he S eps in
t he proces ngFRf(?pq' éhegéﬁ%%aiwﬁfaw;&‘sef %4&5 1Kg ‘f%ﬁéy %ﬁ’]a CRe y[séggn 5%5 Sitovel,

i npl ant at i 0, able bafm] ] 565g Hagat i ng 260
t he device %érdﬁtbqﬁe?%egg@&%mén% dra[lS]%%ra:laglsons YSSIISFR“)(Sﬁ ay@ %qbl nyt he

i mpl ant | afpeme®bvearnict: $HaegiGOBS5 wad the a2tive amimr &hns, afier sslmxdact@ndharscwrﬁé@ﬁatms

85, 86, 88, 89 hav thic ater th t he predet erm kness
of the SOITegindeo anfﬁtlvekﬁ@ g@&“&é } 3& shart F“?Sg “g’ W%ﬁg@?&%@tﬂ( ast one
i nsul at i ng spac ARG i ng
280 t he @Mig‘jorhfq)r%segﬁhgﬁ{ﬁgﬂgva r&l([}ﬁ;{;%%ﬁpisrlﬁ}fje‘r{gﬁbkf/ﬁé%nn%gf pr esgént

i nvention NFETIdde@eashmvmuﬁFlgmieuﬁ(a)as ﬁmexamﬁl@mbkenqnmalatgmbemmat ther mat i on
on an ultrathin SO, gate fost dopi ng, decouplin E and 5| licon

dopi ng, an@ur‘@éﬁré\mﬁﬁ@lﬂﬁé dRb) pedipassesdhrough thechapnehieg1oR; egh usability
and manuf agl iy %Elllthlbfydralmgﬁrge Ferg éé b, df‘h?lts Qﬁivéﬁﬁd?lgwgrﬁéﬁyé §§d19$natl he

pr esent |nve FOR Vel Convent fonal  devi ces an processes, sonme of which

are descr i hgtidigl vaowks. Bilowéver,itheCMES dnticel 1) 2antludem affiTivéglas3 ahdveagyht
difference (step) between the STI surface g(f% d the gate djelectric_25

i nt er f ace. gensrallyjrqundsd gemprcd Hforpedahnye a JHr ¢ lagerenp agatetigedip e ass of
the polysibs can i ay&k a?ﬁme c%nﬁx?c'i‘i%ﬂ r‘fi‘étel%tfv@er?dlxe gﬁ@ 4899@&1%%5@&(3/%1&% Rlgfohback

process rengves nost o he pol y5| Icon |ayer t her eby providing a non-
epi taxi al 853881 A oiqetofeatnte ofithé pretent invantiol is that tiecppdi sngacteoBthfehanEIs ent

invention, there is the non-existence of seyeral d RSD
char act er i Bgiass3S inpiregiuralphigherdhanthe gafe diplgrait ‘lnB’rﬁféF&i{e aﬁ%‘%? be§

facets, po{)é'cil.lge' 4 V&gé]rgéeggin%aaﬂ e;le%\f%ﬁfsqﬂ horC i Ms a 31’0&1% dRithe RDIGRT nayefﬁ‘951

t he Iatera overg l'ective epitaxy on the polysilicon gate.

Mor eover, to&@ﬁﬁhﬁhvla@ aftér 4 ubsqpnesenthbackvrodesoremoresmnst@fitticaxipidnt RES 65.

polysi Co'rl!hlls%)s/seegltlaGllSy z:llsowgslfc())rba Illclnxepltamally—based process, which is beneficial as it eliminates
TED effects on the dopants, and also reduces short channel effects such as threshold voltage
(V,,) rolloff. Additionally, a generally curved STI corner 37 reduces the amount of
polysilicon remnants remaining on the STI after polysilicon deposition takes place, thereby
improving device performance.

[0062] The present invention achieves the following advantages. The present
invention resolves all of the basic problems of selective epi-based RSD devices for CMOS on
ultrathin SOI by forming RSD without relying on the epi. At the same time the present
invention postdopes the polysilicon gate using the polysilicon on the S/D as a buffer layer.
Also, the present invention leads to the reduction of the polysilicon gate height using the
same chemical mechanical polish (CMP) for the RSD polysilicon planarization.

Furthermore, the present invention achieves RSD on ultrathin SOI with an aggressively
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formed over the STI region 35 and the active areas. Thus, after
silicidation, the source/drain region (collectively 85 86, 88, andl BREP 2005
are shorted between the active region 79(a), 79(b). [0061] The present

invention generally operates in the fqllow n nne in e NFET
vt ce 5 sAERED Pomen L 2iE feschut 15 i peb i e a oM S Bt bobicaibnt or o
at the so i i ; r

regi on 20 %Gﬁﬁgéﬁ?g#%%gﬁﬁgﬁ%%@mg@§ g%)nﬁﬁig)g OEZSS’F“gﬁg E7%( a;, l%créﬁ?gng us,yt he
i nvent i on wappsd 831 and podghilidoo eerthbacknaingitlst $F1 surfadesas aHoavkere rA dditienalliike

device 1, 2 includes a STl region 35 having a generally rounded corner 37
formed abovEeSERLYFEIPPRAEesadythodtggolye prablerpy assesdated with hegpolysilicon yajl

whi ch . . -
sour ce/ dr ai poUthERefrAREUghbE SRS AL e b e R T B RBineane on
is that thdgineppgidatsasrface 36 of the STI region 35 is structurally higher

than the gate dielectric interface 25. This is beneficial because, during
processi ng, an dPeedGeaanténing thegidvant®@Bs deéscobgl abopathe ipmergiontehablenthe ant | ayer

65 to remain even.after a subsequent ck process remyes S f the
mpl ant 1yt o o BRI er EOTRS AEtie] AR Mt AN ales B
process, WHuillidgSal€\@ut@fdtin dszidds thboufR SpoSifion AR @Y [REetpRtirBandepant s,
and al so reduces short channel effects such as threshold voltage (Vi'h)
rol | of f. Adempleelsiavegiding pgehlemsduck ag sitividd f@Matieropmtbin SQI sbatrckannehe anount
of polysiljcon rema remai ning on the STI afte olysilicon deposition
takes pi aced,egfaﬁ%?oéb)?n&]?%ﬁ?t%ﬁsﬂﬂatﬁ‘gBfoééenﬁét r%’ﬁ‘@é{ratFé'ﬁérgT‘fefﬁgseﬂ. gsent

I nvention %eiéb@V@épiIHa&derﬂsécPé’Muf&/cﬁHM?Fﬁc@Q% highRénprRfRE! i nvention
resolves all of the basic problens of selective epi-based RSD devices for
CMOS on ul t r at HP964® hiteythé trventing [RSDean desailtted ireteyms of peferied empiodingnts; he

o e S RKTETE e TR P T B SO e
leads to thﬁtﬂiﬁﬁ%&ﬁrﬁ&n@fsi‘&pe%fmelapﬁéddh&@l@ir&atmoﬂas&@Vt_tnl%h@ﬂalfJﬂet_he ERIBS

chemi cal mechani cal polish (CMP) for the RSD polysilicon planarization.

Fur t her nor alevichel,pr are dhtstratad grithe dravargsi fenerse fMderstaptingdfdrienargle, euly bitlzay

ivel,y 14 21 SEP 2005 scal ed t |. gate structure. far high
Pert o mamedh S oeein fekjeh 3 TusBReRariigR: SRt indFu Soii ShoteBiantiat Auant i on
provi des a migioh @agfofitiOdtciund ekiRefopehhedfeld dQees 1 f PIpRactR¥ (fof beanse, (|

and polysilicon etchback using the STl surface as a marker. Additionally,
the presefPEsppading draipposouthesegiomuespoctively, exibty en freobhesssdeanf dlaxgate ed with
t he pol ysi lsirﬁc(?tﬂrerzﬁj)l
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around the step-like corner of STl edge by rounding the corner duri ngz p:glg
oxi de etching and |I|iner oxidation. [0063] Conbining the advantages 17 SEP 2005
descri bed above, the invention enabl egtfigrg manuf acturing of

maxi mum per f or mance CMOS devices using ultrathin SO substrates by

bui | di ngl}&gr se gegr ce/drain regions through deposition at a very |ow

t enper at IYHAMEHYS conpl et el y avoi di ng probl ems such as silicide
formation on thin SC] short-channel degradation, and defects-associ ated
probl ens at the epi- substrate i nterface caused by selective-epi-based

rai sed sdur ce/diicA spitev/dsin @SThisgivon enpenatlaipeSOl] puBHIorvikyice copprising:

i nvention has e%ndg)el? 158?( ll n.terns of preferred enbodi nents, those
skilled in thé art rec HI'ze that the invention can be practlced W th
nodi fication aWdihidfetder gep(uBUx Ripet; scope of the appended clains. Moreover,
only one half of the CMOS devices 1, 2 are illustrated in the draw ngs f or
ease of underéitg&ﬁ‘di plgetyie ererspidmillevafenl y either the source or drain region
is illustrated) I art would recognize that a mrror

i mge of the gt aheclt g§§§)§§]xsiaist éodrleltggg K of the devices 1, 2 in practice (for
exanpl e, the achastespandilaggdiyarondppdeity déesrof gaid @ateiregipovlieveh yaid axleadts on
t he ot her side of the gate , structure 40). 15 21 SEP 2005 CLAINS What is

cl ai med ifeur insulatingjlayess comnTise FenPRINAT YARGDJUrEACES: ddiRredy & FOmpRsIfiof ithq ks )

transi st , ver
oy d BOX B o B e S . B o R o
sai d gat ehaihel @od fourth 1a$uleltergslayefmc mattsullatirff@edtaﬁ;per sacbrmthmposr te sides of
said gate region, wherein said at ast I atin i se
co-pl anar uppdl TealRCEse et st SSTOHo T e P SHE = RRESTRL | ng
llayer, agpepgsition of the second insulating layer, and a conposition
including both the third and fourth insulating | ayers are materially

di fferent fronpegenddiaerregians dhopt and tnpipeylayajand eaid SOAwafgomdyaf er, sai d

i mplant | ayer a%%ﬁﬁ)or“', F‘r'er?c% 1901860910@'1" ) rgglorq%ajgcen?sald source/drain region, wherein said

STI region has an upper surface that is higher than an upper surface of said gate dielectric.

2. The device of claim 1, wherein a first of said insulating layers is adjacent to said gate
region and comprises any of an oxide and oxynitride, wherein a second of said insulating layers
is adjacent to the first insulating layer and comprises a low temperature oxide (LTO), wherein a
third of said insulating layers is adjacent to the first and second insulating layers and comprises
nitride, and wherein a fourth of said insulating layers is adjacent to said third insulating layer and

comprises nitride.
3. The device of claim 1, wherein said SOI wafer has a predetermined thickness, and
wherein said source/drain region has a thickness greater than said predetermined thickness of

said SOI wafer.

4, The device of claim 3, wherein said STI region has a generally rounded corner, wherein

said STI region borders said source and drain regions.
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source and drain regions above said inplant |ayer and said SO mafer21aﬂﬁzam
shal l ow trench isolation (STlI) region adjacent said source/drain region,
wherein sai d TREWeViedb QailAS vaRkrdiRBEA ifplahaeer tORpriscs ofik Gh@c&%ﬁh@m 4d upper
surface of said gate dielectric. 2. The device of claiml, erein a first
of said ian®uplens pigicémyers is adjacent to said gate region and conprises
any of an oxide and oxynitride, wherein a second of said insulating | ayers
is adjacent to the first insulating |ayer and conprises a | ow tenperature
oxi de (LFO ., wnereibe &f cliifii 1,aviRteis gdid sbursdhildriig rbay sy e iise afgmaentiyt o the
first and second insulating |ayers and conprises nitride, and wherein a
fourth ofrelsgidefeasul ating |ayers is adjacent to said third insulating |ayer
and conprises nitride. 3. The device of claim1l, wherein said SO wafer
has a predeterm ned thickness, and wherein said source/drain region has a
t hi ckness gr eatherdetibanf daindl,priegeh esidisanate il dikinesgond congisd a Goh-epaixesl. 4.
The device of claim3, wherein said STI region has a generally rounded
corner, Wwh#e@dln said STl region borders said source and drain regions. 16
[ RRLFBQL02509. doc: nxI 21 SEP 2005 5. The device of claim1l1, wherein said

i npl ant | ayer conprises one of polysilicon and anorphous silicon. 6. The
devi ce ofg.cl aiATCMOSevie songaisthgsour ce and drain regions are free of
epitaxially related def & 7. The device of claim1l, wherein said source
and drain reg@&%§w§8ﬁ%Fﬁ§é ikﬁﬁﬁ-epitaxial material. 8. A CMOS device
conpri si ng: i i ; @ A Y rqc a)
nafor over said AR e r A e R A AR Nl

t hi cknesgredetaymiredshickiesyre over said SO wafer; at |east four insulating

| ayers on opposite sides of s i% ate structure, wherein said at |east

four insulati r?ggafeaiy‘é‘F%‘rec‘bvrﬁSF‘?@§ ég"-aé;?ranar' upper surfaces; wherein a

conmposi tion ofy tdag thinfiSulatingIaiedd dghpodi¥eedidesdfSAARARI stlubrDvhbReh SRTANEAst

insulating |layer, and a conposition including both, - '
four insulating layers comprise co-planar upper surfaces; wherein a composition of the first

insulating layer, a composition of the second insulating layer, and a composition including both
the third and fourth insulating layers are materially different from each other;

a gate dielectric between said gate structure and said SOI wafer, said gate dielectric
positioned at a first height above said BOX layer;

an implant layer adjacent said SOI wafer, said implant layer comprising a deposited
material;

source and drain regions in said implant layer and said SOI wafer, wherein said
source/drain region has a thickness greater than said predetermined thickness of said SOI wafer;
and

a shallow trench isolation (STI) region having a generally rounded corner and positioned
above said BOX layer, wherein an upper surface of said STI region is higher above said BOX

layer than said first height.

9. The CMOS device of claim 8, wherein a first of said insulating layers is adjacent to said
gate structure and comprises any of an oxide and oxynitride, wherein a second of said insulating
layers is adjacent to the first insulating layer and comprises a low temperature oxide (LTO),

wherein a third of said insulating layers is adjacent to the first and second insulating layers and
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the third and fourth insulating layers are materially different fro ﬁa{‘EpmS
other; a gate dielectric between said gate structure and said SO wafer,

sai d gat e di.gl& fifrlde, and Qs etdi P9 Bl lofRailiiiAsi ti!ﬂg{l) ts i@?g!@er@% diBiitgl ayer; an
i npl ant layer adjacent sald SO wafer, sal ofil ant yer conprising a
deposi t ednsut@ingriaah andoumpaeamdidtr ai n regions in said inplant |ayer and

said SO wafer, wherein said source/drain region has a thickness greater
than said predeterm ned thickness of said SO wafer; and a shallow trench

i sol ati onyof STlppr@AD/UDRY b aith 9eNk@h k¥id P%@Q%in@@ﬂﬂ&{new BRK &1 wireHis
above said BOX | ayer, wherein an upper surface of said STl region is higher

above sailessBOi 53 mapemeterran said first height. 9. The CMOS device of claim
8, wherein a first of said insulating |ayers is adjacent to said gate
structure and conprises any of an oxide and oxynitride, wherein a second of

sai d i nsuljati nghe ¢AMPRIRvics oPLLREEWhedr@n A8 tibliRbs o Ma1 RUIRAIAIAYioRiREn the
conprises a low tenperature oxide (LTO, wherein athird of said

i nsul at i mgngeanfe0§-308 anghitmosnt to the first and second insulating |ayers and
17 [R\. LI BQ 02509. doc: nxl 21 SEP 2005 conprises nitride, and wherein a
fourth of said insulating |layers is adjacent to said third insulating

| ayer and|conprieS8gOsi dekicd 6f cldsh 8, MigréYeiid dayiagelapdr cohtitesShnewigokiliceai d
predeterm ned thickness of said SO wafer is [|ess than 55 nanoneters. 11.
The CMOS aéwimoeplons giligeim 8, wherein said thickness of said source/drain
region is in the range of 200-300 angstrons. 12. The CMOS device of claim
8, wherein said inplant |ayer conprises one of polysilicon and anorphous
silicon. 1B3. A\ weilvddfdibricabrg c@MOdevideMand shethod @epompasidgimet hod conpri si ng:
depositing a silicon over insulator (SQ) wafer over a buried oxjde (BOX)
substrate, wfEPesingailcasgvensdptoneO Wafes g¥erar bHrisd xtdsi (BRSO ni ng a

I ) O oo At g, 2 shalfow (rench 1501t on
' forming a gate dielectric over said ’SOI wafer;

forming a shallow trench isolation (STI) region over said BOX substrate, wherein said
STI region is configured to have a generally rounded corner;

forming a gate structure over said gate dielectric;

depositing an implant layer over said SOI wafer;

performing one of N-type and P-type dopant implantations in said SOI wafer and said
implant layer; and

heating said device to form source and drain regions from said implant layer and said SOI
wafer, wherein said source and drain regions have a thickness greater than said predetermined

thickness of said SOI wafer,

wherein said gate dielectric is positioned lower than said STI region.

14, The method of claim 13, further comprising forming at least one insulating spacer

surrounding said gate structure.

15. The method of claim 13, wherein said implant layer comprises one of polysilicon and

amorphous silicon

16. The method of claim 13, wherein said gate structure is formed by:
' 18
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STI region is configured to have a generally rounded corner; formng?d ggd g5
structure over said gate dielectric; depositing an inplant |ayer over saigl

SO wafer; pe I Qf N o QPayt inplantations in said
SA  waf er andaég?ghggég¥§%%F? ;g¥?ﬁgﬁggﬂgg%¥ﬁgcgaid device to form source
and drai n regignsitihg enoside gad opdr ant firagete pahdilsanday8Cl  waf er, wherein said
source and drain regi ons‘_tha\{e, a t@i ckness.greater than said predeterm ned

t hi ckness of _§%90(§‘“9€]a SpfiEta DRSS BYSFT OVES %i“cg%?ilge H?d_eIaB tric is positioned

| ower than Sahg[%o”?igi:g]]éra%gdrg[lial;eAL‘ona_gﬁe hE@doPlay &l @v‘e%zgiézs;(ijcfrfﬁrchmﬁftri@é)lqpéri sing

formng at |ea insulating spacer ” surrounding said gate structure.
15. The nmethod of claim 13, wherein said inplant |ayer conprises one of

polysilicon a anor.phous silic 16. T t hod .of clal wh i id
gat & str et ur e seTomugeny 1. YETeotg picfisTRoe duthnhs i i shuatgh8 s
deposi ti pgnasfiahshe@dt € polysilicon layer over said SO wafer; depositing

an oxide pad over said first gate polysilicon |ayer; depositing a
sacrificial nitride |l ayer over said oxide pad; and depositing a sacrificial

second gate polysilicon |la ver. sai.d.sacrificial nitri.de l.aver. .17. The
met hod oﬁgcl aiﬁﬁgT‘ffhoak?gflél‘%?é’a‘?}bﬂwéﬂgﬂﬂafﬂeﬁse StaHfS@I?FIC }s({ e e%@?ﬁ 1%&]% waf er
i's less thap o p20030PaRsesMs. 18. The nethod of claim 13, wherein said

t hi ckness of said source/drain region is in the range of 200-300

angstronms. 19. A transistor device conprising: a buried oxide (BOX) |ayer;
a silicongjover, i nsul at.or. %S% fer over said BOX | ayer, said SO wafer
havi ng a%pre@e‘tr nrs‘lnsfllor’u(ai "'t foc r{és\g%;' a gate structure over said SO wafer; at
| east two spageusedoxidP@BX]ayat des of said gate structure;

a silicon over insulator (SOI) wafer over said BOX layer, said SOI wafer having a
predetermined thickness;

a gate structure over said SOI wafer;

at least two spacers on opposite sides of said gate structure,

at least two insulating layers disposed in between said spacers and said gate structure,
wherein said at least two spacers and said at least two insulating layers comprise co-planar upper
surfaces; wherein a composition of the first insulating layer, a composition of the second
insulating layer, and a composition including both the first and second spacers are materially
different from each other;

an implant layer adjacent said SOI wafer, said implant layer comprising a deposited
material;

source and drain regions above said implant layer and said SOI wafer; and

a shallow trench isolation (STI) region adjacent said source/drain region, wherein said

ST1 region has an upper surface that is higher than an upper surface of said gate dielectric.

20. The device of claim 19, wherein a first of said insulating layers is adjacent to said gate
structure and comprises any of an oxide and oxynitride, wherein a second of said insulating
layers is adjacent to the first insulating layer and comprises a low temperature oxide (LTO),
wherein a first of said spacers is adjacent to the first and second insulating layers and comprises

nitride, and wherein a second of said spacers is adjacent to the first spacer and comprises nitride.

19
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at least two insulating layers disposed in between said spacers and i gkp 2005
gate structure, wherein said at |east two spacers and said at |east two

i nsul atipg | aygE G- RO AR 190WRERANaidBPEY afeShs 3 EftterMifiiRhitkRess QRROSI i on
of the first |nsufat| ng layer, a conposition of the second 1 nsulating

| ayer, amdieircenipasirtd/dniniregibrublisrthisbndss gheatef thrag taid pdedstermnetd shpiakressofar e
materially ifferent fromeach other; an inplant |ayer adjacent said SO
waf er, sé%l‘ﬁslgr}ﬁ‘f"’gﬂ't | ayer conprising a deposited material; source and
drain regi ons above said inplant |ayer and said SO wafer; and a shall ow
trench isolation (STlI) region adjacent said source/drain region, wherein
said STR2regiloadhase afitlappdy wheneinamal $ Hatgios hhd gpeverallyanurated upper, vdrdince
of said gatg I(ﬂi electric. 2&. The devi.ce of claim 19, wherein a first of

sai d i nsaPACIAgeaioR harders said souteeaid YN LehioNsgat e structure and conpri ses
any of an oxide and oxynitride, wherein a second of said insulating |ayers
is adjacent to the first insulating |ayer and conprises a | ow tenperature
oxide (LT®), Thadedirnofxldiinrldy wherewadan igpdane tayei eompdjsas et ofipplyshiconiapdt and
second insul ating,layers and conprises nitride, and wherein a second of

sai d spaégﬁogﬁiogs %Hf%{}c/ent to the first spacer and conprises nitride. 19

[ R\L[ BQ 02509. doc: nxl 21 SEP 2005 21. The device of claim 19, wherein said
SO wafer has a predeterm ned thickness, and wherein said source/drain
regi on h3d a tThF drviesel dpwadevhensirsakbiodros ad dadt rgiad afhireadfessadrlly sai d
SA waf e?elat@@de!@t@ device of claim 19, wherein said STl region has a
general ly roundfed coner, wherein said STl region borders said source and
drain regions. 23. The device of claim19, wherein said inplant |ayer
conprises _one _of polysilicon and . anprphous silicon, 24. The devi ce of

cl ai m 1925wherl8F feysd of daiw O WaRGIdR2K %‘P“Fcé@i“gHéa‘%’feé‘qnﬁé%mels%P?‘h%”éP‘}a}

rel ated defects. 25. The device of claim19, wherein said source and drain
regions conprise a non-epitaxial material. 20 [R\LIBQ 02509. doc: nxl
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