;e3ecl &" " #4$( $YB&TI &dj ' A CMOS DEVI CE ON ULTRATHIN SO W TH A DEPCSI TED
RAI SED SOURCE/ DRAI N, AND A METHOD OF MANUFACTURE BACKGROUND COF THE

| NVENTI ON Field of the Invention [0001] The present invention generally
relates to CMOS devices, and nore particularly to processi ng CMOS devi ces
wi th raised sg 91 i i ;l% { )ip9n of
the Rel ated Ar%lt?g%z?]z?ﬁg%@gbqﬂgﬁngi (r’)rfl-"i %ﬁ%%ﬁﬁa T?rEgng%I sogir‘l(&:iestlE c# ain
(RSD) layers with sSOURGCEARAIN ANDeAMETHOROF MANUFAGTURE duri ng CMOS
devel opnent. Some sol utions such as NiSi formation, which consunes |ess
anounts of silicon, are being devel oped but have several limtations such
as poor thermal stability. Mreover, conventional processing of

hi gh- perf ormance CMOS devices with RSD | ayers on a thin filmsilicon over
insulator (SA) substrate BACRGRCGUND OFTHEINVENTIONPI Obl ens. First,
there are challenges of formng an RSD device with silicon selective

epi taxy. Conventional processes of RSD involve selective epitaxial growh
at high tenperatures (typically > 8 nd chem cal etch/clean processing
during a pre-cleaning process of Fﬁi‘?@fg%égnwge/dr ain (S/D) surfaces.
This epitaxial (epi) process is known to be the cause of several

t echnol ogi cal chal | enges which hinders the manufacturing of a CMOS devi ce
wi th RSD on an[Q00i} EhdpresiDinveriiors genetally réliatgh to EMI@S devices, aytinerecauses

transi ent enhanced di ffusiq ED). of dopant soyy ce/ drai n extension and
el ) & haPABRDALY FBiages e M ORRVIcR: THB PR 90T Co G R eBLRuRR Hlrm
epi taxi al gggep. This is known to induce significant short channel effects
such as tﬁreshol d voltage (Vth) rolloff. [0003] Second, the interface

bet ween the epitaxial |ayer and the existing source/drain regions on the
substrate may cause sizable ampunts of variabjlity and lack of uniformty
of the silicide |ayer which isDesiratignofties Relgtedaditt axi al process, as wel |
as an increase in S/D resi stance. Third, this pre-cleaning process can
~damage the thin shallow trench isolation (STI] region that is also nade of
oxi de. Fourt h, [00821E&I¢ probienishef copvdnsisna lraikaly@urdefdaidt(RBDal®yefsowimdiliadn t he
sidewal | spacer during the epitaxial praocess which may contrihbute to a

y )
varyi ng dfSStHVBEPIBTY fove bern herapd dpriRe bR devriapman) Beme splutARetichRt er
the epi t axil foRhARS WhichREh&es 168 Ahlohfisor 'sfmaﬁt%rélgeiﬂgﬁé\%fo AduphaRnCe.
-Overall, the conventional epitaxial process Involves a co I cated surface
- chemi st r ysdvaral limifationsesich ng podr ther@leDSabidivy. ddorebberg coreentional pagedsérgofver y
difficult, t e it viabhle for roduction jn_the industry. [0004
Ther ef or elig W@"?#érm@cs d@_@é eufees HERSID N oa oy %lhcqrh?\geéwsglsl&ﬂrﬁpbr ain
| ayers okt bk bRt {d e oHiohil phoBIoR s, Aer B ALYl BE G S@IRSD
whi ch overcones the Timtations of "the conventional processes an '
st r uct ur edeviSUNMURY c@i-sel¢dE ve RpfEa)l Qénvetmpl processesvofESD hevolvar setpoting, t he
present invention provjdes a raised source/drain sjlicon over insulatqr
transi st ofP1§& E@Wéﬁbbﬁggit‘ﬁﬁpeéatﬂiﬁsi acgRy ﬁéﬂ? B@G“‘ﬂ cheayical Stcgﬁew%es%%r'
the BOX | §uSlo ool i : Mo atg,; i r the
gate diel ect I‘gl -%fﬁregvﬁéai%hp lglr)fég% g{/feh? Qggfda%oggﬁeﬁﬁ%"(’g@ S\i/lvgf%%% T’?lkllsre@liﬂdrarlg%é%?ﬁl ayer
-conpr i si nprogesd éphmiwrew tegthe cawak pf saverat eechmalogicdichallegeowhichbunders the | npl ant

) acent THESEGHHEEPH GMOS datish v it Ph oF Rlratin SPlo Fin' fiedtiah hpsmiare
"surface thale datisdd ti8ient &ﬁ@nfé‘ea HiIRGEn BIET ophintt (BubtdfailleRleRSibh lafid h%ite}?

devi ce further conprises at ast one 1 nsul ating spacer surrounding t
gat e r egi that artlabe&iy innadieed bathe zhpmetegenhefwd thehepitariab step.afiblis ihlenown to

source/drain regi,gn h a thickness greater n the det er m ned

t hi cknessitgpcq %gtxlgggnt;gqréphan%]r %@ﬁ?‘ck ?@gﬁﬁ‘&aé@’tw &ag roaﬁ‘tf‘éner ally
rounded corner IAq the: i . I i I
Fegi ons. Pur ¢ nOPUSFS ol (HEsietoce Beksn B cififial fer e ittt cb ariy
anor phousregidnk onithe shbstirite anglchyse sizablesambunes afivdridbitityranddaskosfunifoemity e of
epitaxially related defects. In other words, the source and drain-regions
conpr i se WesBicidsdnyeswhich indornadzafter thecpitarsial Rraesps, aavedrassaiineraasedn S{he
invention provides a CMOS device conprising a buried oxide (BOX) |ayer; a
silicon over insulator (SO) wafer over the BOX | ayer, the Vi ng
a predeternined thickness; a gate structyre over the SO vv#mmum@mgmmr
dielectric between the gate structure and the SO wafer, the gate
dielectric 2 positioned at a first height above the BOX | ayer'®“&h i npl ant
| ayer adjacent the SO wafer, the inplant |ayer conprising a i
material; source and drain regions in the inplant |ayer and tm@mmm‘ﬂmnwm
wherein the source/drain region has a thickness greater than t €\ o000t
predeterm ned thickness of the SO wafer; and a shallow trench i SOt on

) B - ™ ~\ 7



[ 0007] The nethod further conprises formng at |east one insulating spacer
surroundi ng the gate structure. Mreover, the inplant |ayer conprises one
of polysilicon and anorphous silicon. Additionally, the gate str ucture is
formed by depositing a first gate polysilicon |ayer over the SO wafer;
deposi t i ngesigianei mraamlscpferclaaﬂmﬁfpm@ss @atdanage weithincBRlldwWYehch [HERASA L1 Ng a
sacrificial nitride layer over the oxide pad;, and depositing a sacrificial
second gat@Thaegien that t;ralﬂoayede af\oxidet l{bushnlemms af theiepitaxiel layerdfacetshare

pr edet erm ned th| cknes t he, SO wafe n 55 nanoneters and the
Phi cknoss T Choatet S 81 Soora HESSS abED o SUR 300 e §¥ TGS,

[ 0008] Th tofl I
t eper at u?’a”ﬁ%% T SOURBIBE B, R W St e BT ploBls herehy

S/ D and pakgativelyciarpaciigg deyicegpecfognarees Oazefallhﬂieg‘bhvefmdusltdpﬂmxlaﬁir&césoget her
with high usability and manufacturability. There are several
di sti ngui é‘P]‘M\jesfaé‘é’mﬂl’@éte@ﬁ“rtf?fé CHeIRISHY N Fh‘?\l@?ﬁqs%hg el/e EMQP deviee- oMgreayew itces

o0 B CE e P MR TSRS BOBR B, &L 5 orce

(step) betwe surface an Al so,
according to tgao(m Therfort Herdtid Qﬁeedtfbfegi fovel CMOS Hefice With!r8REE strcF@4RY 2l
epi t axi al - based RSD characteristics, which are inherent in conventi onal

devi ces, dayers epsarf wtrathén ﬁb@SQ&i and @mt@dedfmmnumturmehtf sanea whiehnevendonzssi on
of oxygen nd ttthe I? er al over rowt h of a kuctlve epitaxy on the

pol ysi | i cShF itatio r“ve'ﬁ{%‘ QfP?Fdsets&n AEYHFESent i nvention, a

non- epi t axi ai RSD polysilicon layer is globally formed over the STl region
and the active areas. [0009] The present invention achieves the foll ow ng
advant ages. The present i nveRUMMARY QK THERINVENTION basi ¢ probl ens of

sel ective epi ~ased RSD devices for CMOS on ultrathin SO by form ng RSD
without relying on the epi. At the sane tine the present invention

post dopes the ped0s}ih VieRorARE Roraiidly tel el M%bﬁti&x%oﬂﬁestJ‘ﬁus%@%&‘éé/ﬁfa% n as
~a buffer layer. Al So, the present invention |leads to the reduction of the
pol ysi l'i ceﬂlcgmpeemasuj:ktor usnsisortdeics amepusiegn batiedrexide (BOX) layet; iastOI(@EY f or

the RSD pol ysil i pl anarj zation. Furth re, the present invention

achi eves ﬁé% tb?lbgﬁ? agf;%argagd?elﬁgtpﬁo&g tg@gbgg‘?&\?ez} §A'C EER WP VEE PG onal gat e
struct ur e gfdidcedid; @R perfornmance | ogi ¢ CMOS device fabrication. Mreover, the
‘present invention provides a nmethod of isolating the source/drain

el ectr odesmpbnhbmertayljas:@mpbeaosvvhfea,rtm poplgsti lhyer somptising acdkpessted gnagdral;STI
surface as_a Addi tional t he rese enti on ides a pethod
To sol ve. SRR B TaindsERLt AP b Al e e SR te Bt i PR p-ike
corner of 1s§ﬂtloﬁq9?gl}bé%6ﬁ’ug‘ﬁbé?ﬁtHeQ@uﬁ:@/dFeﬁﬁr i, &gle%siu%m ﬁsﬁmm

| i ner oxidation PTI ON OF THE WNGS e inventi on

wi || be beurfaoe thatdehigherghan amnppehsurfase |06vher33tecﬂ;clactned deeslcvlpepfurthnr of a
preferred _enbodi invention w.th ence t

b i " £ 6pAMS g RhorRinsfifiny SERL MR AT S5 Bt FHRLMAN o1 e
NFET COWD?fb@@ierxﬁfne@ tiiMeR s 6l Qv @R RGFR/ i Yeditn hm\ A{RAER tgréarfefeﬁﬁd @e; [0012]
Figure 1 is a schematic diagramof a partially conpleted PFET conponent

-of a CNDSpwel@teUemd tliicknesgyof the SKY “mf@s emreoweht: Sdhregipn has @@bB@raﬂy guméedz( a)

h t t NFET
ovi co. actBe aheRah BRI BuBRboRialls FORE: FHGEAR gl duappne 4 dopat
schemat i ¢ fepedmpriset ode BASSIVHidon #naHR] iRfks BiFdn, CRABRIRALY, tHe PufMaRd @ﬁa\{h ce

according to the present invention; [0015] Figure 3(a) is a schemati.c
di agr am ofegionsaare fre¢ bglem@mllmr@etemﬁ ctsofipothenwords, the MBS atwldraia ragions di ng
to the pr %&%Bﬁse' anl\{c?n-epl&xial material. Alternatively, an embodiment of the invention provides a
CMOS device comprising a buried oxide (BOX) layer; a silicon over insulator (SOI) wafer
over the BOX layer, the SOI wafer having a predetermined thickness; a gate structure over the

SOI wafer; a gate dielectric between the gate structure and the SOI wafer, the gate dielectric



[0016] Figure 3(b) is a schematic diagramof a partially conpleted PFET
conponent- of a CMOS device according to the present invention; [0017]
Figure 4 f a) is a schematic diagramof a partially conpleted NFET
conponent of a CMOS device according to the present invention; [0018]

Fi gure 4( t ent
9 AR aEEHRTIIER: HrSIAMOK 18RI 66l B RET eagpagent
a schenatimplatit ehgreammprmng)adepmitéd/mammpl stwrde MfdEdraimasgionein the implafiValer

devi ce accordin pr esent |nvent|on I[110020] Figure 5(b) is a
schemat i canditbgsghwaferawmmmm pQureesdra merpéran pe thicknseereateigthanthenos devi ce

di h t
G agr am drederRnRd RS Mkes dETSOP Ratek A38 Aty bipctfinic GaTFERaHeing: g
.to the pr@g&i@ialﬂy%@ﬁeﬁ%&ne{‘ RRPpdsitiingl aso&(thé BOX Riy&S WABRIA &n Gp7e Emacefofa
parti al l y cg&‘gl eted PFET conponent of a CMOS device according to the

present ithe 8T ragign is highet alﬂ)vguheaB(?)?(alﬁyarshm the festrdheight. dTegCdiO Slevacepfurtheral | y
| et ed NFET di t t

PNt | oot I pinsplgfing Yacer SO EHRIRE T cals e g AThRirEag imined

conpl et edpRikkdss o MRONETWaRf isdeS ViR Mdnﬁﬁlefé‘fsc Qﬁ&i iHEthcﬁnésE' Bf er‘%%@xl%/drmn

I nvention; [0025] Figure 8(a) Is a schematic diagramof a partiall

conpl et edreieR s mihp(mgnmf 200-80CMigstrdmsi édsoatiealogamtdayen compriseseme of
i nventi on;q£§ 0026] ure 8 b?l is a schematic diagramof a partially

[0006] A method of fabricating a CMOS device comprises depositing a silicon over
insulator (SOI) 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 é thickness greater than the predetermined thickness of the SOI wafer, wherein
the gate dielectric is positioned lower than the STI region.

[0007] The method further comprises forming at least one insulating spacer
surrounding the gate structure. Moreover, the implant layer comprises one of polysilicon and
amorphous silicon. Additionally, the gate structure is formed by depositing a first gate
polysilicon layer over the SOI wafer; depositing an oxide pad over the first gate polysilicon
layer; depositing a sacrificial nitride layer over the oxide pad; and depositing a sacrificial
second gate polysilicon layer over the sacrificial nitride layer. The predetermined thickness
of the SOI wafer is less than 55 nanometers and the thickness of the source/drain region is in
the range of 200-300 angstroms.

[0008] 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



of a' CMOS device according to the present invention; [0027] Figure 9(a) is
~a schematic diagramof a partially conpleted NFET conponent of a CMOS

devi ce according to the present invention; [0028] Figure 9(b) is a
schematic diagramof a partially conpleted PFET conponent of a CMOS device

accor di Ngeviepy] Hﬁﬁn@thﬁﬁﬁ@feahﬂ%%ﬁth@ esdri® HERhtidH St Qodnfidndl YeRiceLAiRIMaL | C
diagram of a partrally conpl eted NFET conponent of a CMOS devi ce according

tot heI lppﬂxcesses i Fivstyrthe preserft @daofior-prpuides 4 @¢ight differense séeppbetovedn dur SiFh of a
art PFET t of d d
P csent FHSABNG e GASBRIECER GUPdace: Alsg, 4/ rEng Sh e eoC G Getels the
tiall h
partially, r?~8 Sk s%‘ggg éb@%ﬁi‘-ﬁé}ﬂ%(Sgch%rfggﬁéé%&tn&%é’ il Pt he

present |nve i on; ur e I c diagram of a

‘partial | yorbentbel ﬁ&lEﬁEEﬁCﬂQﬁmeﬁnpolys‘ﬂla)x@{Eﬁs %\Anteﬁfaaalccmdemgmbﬁ ofhe
present invention [0033 Figure 12(a) is a schematic diagramof a
partial | 9xm9npar@tth@| Agraoveraipuiheriselsptive fmmw qremed@ wilicon Eatsg Mereoyes,

present i nve 003 ure 12

ot al | G0k Bioa pRE imiehflfd ioniobiig i RSDTRIBl B B 5Pty B
present LHRMERE 5P Nveolcd AR khddcHiVE Bredss () 1S a schematic di agram of a
partially conpl et eé NFET conponent of .a CMOS device according to the

present i nven{0088] 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 source/drain 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
scaled conventional gate structure for high performance logic CMOS device fabrication.
Moreover, the present invention provides a method of isolating the source/drain electrodes
formed by stepped STI and polysilicon etchback using the STI surface as a marker. |
Additionally, the present invention provides a method to solve problems associated with the
polysilicon rail 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 scherﬁatic 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;



[0036] Figure 13(b) is a schematic diagramof a partially conpleted PFET
conponent of a CMOS device according to the present invention; [0037]
Figure 14(a) is a schematic diagramof a partially conpleted NFET conponent
of a CMOS device according to the present invention; [0038] Figure 14(b) is
a schematic di payI3TFRure2@pistal sehdiatfeQimrah o a Eﬁllgfeaﬁgm NPET 2ofabifent
devi ce according to the present invention; [0039] Figure 15(a) is a
schemat i cofia €)f@Sndevicaaddpiiing torthe peemént dliveatiaOS devi ce according to the
present invention; ,0040%(ij gure 15(b(%_ is a schematic diagramof a PFET
conponent of al s £0) Bacshematy disgramof gmattialy complsted BRET pompanent
Figure 16} Al agr i)l e .preferred nmethod of the

i nventi on?ffm(é#%g‘(‘g"ﬂ?‘g"’@hé {so tggi)fegé\l}tgllgvgng% illustrating a preferred

.nethod of the [WSFFig@fb’ 3@ alsORddticrdispshm ﬁ%_phﬁiaﬂgfcbfh e FNEBMcomponent
illustrating a preferred nethod of the 1nvention. TAlI LED DESCRI PTI ON

OF PREFERREDC WENFSortng tarthe MkeEOIIONnfiom44] As previously nenti oned,
there is a nee a no . device with raised source in layers on
b uterat b n r OHBhERu A B is s ot iRl e Ry PR LSBT fprRdten
over cones,f heMbSutRks Bty . processes and structures. The
pr esent i?\%/en%\llid())n %ﬁov?%ggﬁggir?g?ﬁg%@%@lfdg?%&%g a scal ed~tl owmn CMOS
structure on a[00d7yFigared (s awchdmaticrdiagad of a partiallgicampletalNFEDYomponent

pol ysi licon dg&())si ti.on and using a newly designed etchback process rather
than sil i ebnCHPRdevigeaceprdingtp the pEesemt 12%AURME i onal processes. [0045] For

s o amaer St Bl istEnthde Aledite ULl pRER ESimponeny

illustrated in e source o rain

regi on i sof 4 CH0S$ dbwEdg acchiding ©Sthd pfeagnt am@ndidbf;0) show the full structure.
Those skilled in the art_woul d recognize that a mrror inmage of the
structures exi K0IPbFiggeecHabis arspleraptis dizgsam of 2 PMlaBVéZ@mPE@C%NEETQRm@t t he

c_orresponﬁf'ap@ §1idpvi8é cscg&fhj% Ortg% %@entﬁﬁ%gﬁgﬁ-i vely,” exists on the other
~side of the gate's ruc?ur_e 5 rRe present i’nvention general |y operates in
the fol | ow ng [EO20FFiguredi(b'8 atsoReriticldigheNinGE apaftadvtonpldt OPFET &&n?éﬁenﬁs an

exanple, an electrical signal enters at the source/drain region 79(a),
79(b) andopmEMQS dpyiegiageordieg torthe pesisent d@jiesHOIZ0 t o t he conpl ement ary

drai n/ source regi 79 79 . As ntioned, only on f the CMOS
device 1. 21 SPRTEERE Y 3 Bhamtif ffidion 37 R el SR PBrcH b erinbRasal
devi ce 1, ofa MDY dEFic@acebidifi £ 198 pRredl efio® general Iy rounded corner 37
formed above a buried oxide Tayer 10 and a(&ate di el ectric 25, which serves

as the conduct [@022bEigriech(bhistanshemativediggram o4 @ partirlly semplaeCRIFEF admpenegt on
79(a), 79 Lque feature of the present invention is that the upper
cur f hoe 38 SPMORISHHEREBRANE Buft oledfu AR o higher than the gate

di el ectric int pioRaFRigdRe 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;

t0026] 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;



This-is beneficial because, during processing, an elevated STI region 35
allows a portion of the inplant |layer 65 to renmain even after a subsequent
et chback process renoves nost of the inplant |ayer 65. This essentially
allows for a non-epitaxially~ased process, which is beneficial as it

elimnates TE ?@lﬁe M 3 .

effects such s‘ﬂﬂr S o?(g) %/So %ng‘g 2b~ﬁ?%§g?@o@?uﬂ%ﬁﬁ%§&; ?g?%gﬁggﬁégrtal |y
curved Séf a OMOBdedice atdording tethe phaemrinveitionf pol ysilicon remants

remai ning on the STI after polysilicon deposition takes place, thereby

i mprovi ng devil@29bEigusy HYALs a sghematipoljsgramet 8 partiad]y sepleted NEET camporgnt and
nore partjc to Figures 1 t hrough 18  there are shown preferred
enbodi maﬂtg%?ﬁlgwﬁ? g%c_é)ﬁqsmgH{(/@%tpf%ﬁmlgﬁeé&lﬁfl’ogres_si on of the processing
steps for the[d%%ﬁ]'mgﬁwwts isschiiBatk! @s& R JrARRIAIY oRPRAEPIALT E6inpohent
Figures 1 (a) through 15(a), while the progression’of the processihg steps
for the PFETMOSJdeviee adoprdihg tqthe pessentiinvemtibhpn are detailed in Figures 1(b)
t hrough 15(hb). Spicificall ., as_shown in Figures, 1(a) (NFET) and 1(b)
(PFET), an ul {904 Frsus@dl(aﬁlﬁ@rsclmm(t&cbagr@ﬁ Adprtiadyicompletes, FEF spmponcat

t han 55np% ] ' ' bt . e a buried oxide region 10..
Thereaftgﬂl&zli\lr[]ag%gggég%:gkgggﬁ@ghﬁgrgﬂdg@%@g? 30 are sequentially deposited
over the SO Y6032 Fifire T1(b) 8’4 sdRerp@it dipram of agasialllyicoinpletd BFEET uGforient
protect a channel region 26 (shown in Figures 5(a) and 5(b)) and is, al so
used to RER FMGS devikeaccordiag tp be PrseNtIAVAINENST| regi on 35 (shown in Figures

ayer 50, wh) DA PR At oSl R Ban il SARBERN R Fobhlan®
pr ef er ablya MDY Hi08 socdRting Wk GHésest ikferionaPDY OXi mat el y equal to the

target thickness of the subsequent RSD | ayer, which is preferably
appr oxi mat el y [003d9] Bipnreahid{b) isarssherpgdipgram af agpartially compistest PREE compensst |

h i i 2(. NFET d 2(b) .(PEFET), STI i 35 i f d
shoun | n BRSSP T BB T ST ST P
i ncludes the 354 nggfe @thﬂi@ta's@lﬂbxﬂ%ccd}ag%ﬂ%f 'a'baﬁ&g?‘ﬁ?% ﬁt«a{d&@?ﬁ}?@oﬁﬂéﬁlﬁi 37

of the STI, shown subsequently in Figures 4(a) an . 048] Next, as
shown i nofa §M@S dayiay aqonFding tathd pBsbt iGWMAEDR, the nitride layer 30 is

r enoved in .etc roce t her.eby canfi ing a,st .th the STI

oo ae A rdapTkgite T RLR Sr et 2 i S rRite Pt mbdpt L

20. Ther8@5@&08&1@6&&@&0@&@%t?nég}ﬁ%eﬁt(iﬁpéﬁ%nyg ng a wet etch process, and
0

si mul t aneously the corner 3 35 is rounded, as best illustrated in
Figures 4(a) (0MBZTFigardl4ahip a(sEiEMtic didgrampf apegsllyfcompletadi NEET hempomanér s

37 of the SEM(S d revents .Eé)ss' bl e ol.ﬁsi licon rail problenms from occurring
in the n8k¢ g YICF AePORting ° Pt .td YSPOPi con rail probl ens i nvol ve
| eavi ng re”“agﬁa@SPFighf@léﬂﬁiﬁ aRehetiidd &Qg}?ﬁr&q rifal§ complAQHPERT b&ifipétehe!

pol ysilicon reactive ion etching (R E) ereby neQatively affecting device
per f or mante CMBS deviby accoudiog fugtht IpecsemtrimeangioB7 of t he STI 35, the present

i nvention achi bet t devi ce performanc conventiona Vi ces,

whi ch do ot | IS BiERts PRk gnrheliiicRasan of aNEICE Ggaborent ofe pYEERAET e
step hei ghlordifie 1d@e SldschtGli Giion2 above the SO surface 20 is preferably
approxi mately %00 angstrons. [0049] Figures 5(a) (NFET) and 5(b) (PFET)
il lustrate th§00d6kFigatelH(bf istalehématirdiagram offadtFETacomaponsitl af adZM@est devieack
40 is patterpned using a tetraethylorthosilicate (TEQCS) hard mask (not

shown) . #‘FF@"‘Q%%&'FP&%F\MQ}Q‘(%‘U@PQCK 40 is designed to be reduced inits

hei ght in | at e il | : SO
depositing a E(gﬁi/l?&?{:eoln@ﬁgyp}gdr‘yg%,%fa%?g]fug@gg‘§at ‘E‘gﬁrﬁg ngeﬁ%(gd?%fgﬁgg@g?%oé{’ down
hei ght of app{opdRfEigate/1718Q fivw dibgeim ilmstriting Opreféerel ayethioddst, tha@inveitionge

| ayer 46, and a buffer dumy polysilicon |ayer 48 are sequentially
deposite@d Next, a R E process is perforned, which forms the gate stack 40.

ot ysi 11 con- ¢ O] Fole 1€ EOTHnbrRERLGH TR Serid oRPRE! MR EBES

optionally planarized using a CMP process after the polysilicon 42
deposition, then the thin oxide 44, nitride 46, and buffer dumy
polysilicon 48 may be deposited, and then a R E process may be perforned to
uniformy define the gate stack 40 over6the boundari es of the STI 35.

[ 0050] The next step of the process, as illustrated in Figures 6(a) (NFET)
and 6(b) (PFET), is gate reoxidation, wherein an oxide or oxynitride-

i nsul ator |ayer 50 is deposited over the SO wafer 20, the STI region 35,
and the polysilicon gate stack 40. Mreover, as shown in Figure 6(a), an

N Ext ensi on/ N Hal o i npl antation occurs in the SO wafer 20. Region 51
represents the resulting N Type unanneal ed doping region, while region 52

e " - - o o N Y



1, 2-are subjected to gate postdoping inplants. Specifically, as
illustrated in Figures 11 (a) (NFET) and 11 (b) (PFET), the devices 1, 2
undergo a preanorphi zati on process with neutral species followed by N-type
and P~ype dopants for N-date and P-date doping, respectively. Thus, the

pl anari zed pol ysilicon ﬁﬁ'l‘%’lL‘E'?ﬁDﬁ§@KIm9'&50WKEFERR%]§’Uf fer to decoupl e
the gate doping from source/drain doping. Regions 66, 67 (along with

regi ons 51, 54) represent EMIBODEVHENTSORNAHEINVENTION egi on, whil e regions
68, 69 (along with regions 52, 53) represent the P~ype unanneal ed dopi ng
region. Thereafter, as seen in Figures 12(a) (NFET) and 12(b) 10 ( PFET),

e Bol vo1 ! S0kl BRolg TG Bef S LIRS DBl iy Rtig

renmai ni NgopRkMsdih 145818 RnGMFRhinSEs SOPariPd Method F haBlMAtARg ﬁlﬂgdaﬁ{é which

Mor eover, because the polysilicon RSD 65 was deposited at a

t enper at mvercomethcripnu\atmsl ot sheennyantional processes dog stracturdd Tlhﬁpnemm ve any

signifi can her mal. ore, of TED due

bt axi annvesbt RIS Shhod b Brginacaler g Wt MER Rivetie pii TR SOT ¢ he

present iyiueRtdiQR sBARYIRES 1&3&&?91951 sifiddnl & P@ﬁﬁ@n Ai &g Pﬁ‘é RRsikh&n ST!

region 35 and the gate dieléctric 25 interface. That 1s, e upper surface

36 of thetciback pgcess r8beritharstilicot s&twtﬂ/eyemtagyﬂscd1ha:nntdnﬂogzitpeo®s£dsect ric
evated STl region 35 allows a

interface 25. This js beneficial b
por t1 on of thégg%ﬁif@?ﬁsgn pyandlng. i ol o CMORACNIFS oPoRback

t
on- op! t AT ARTER gdidgl e ﬁ?**ﬁré}le ‘ﬁ‘?y%ﬁl‘ﬁ%[ Bitss P RN MR

t he NFET Figutedes(goas kEifb)¥how the filbafudtuae. nTHASSKkilled siethie arti waild iécaghiae thaBy
doi ng NSD arsenic i?r\ri’spgl antation here using the existing thin nitride spacer

60, the RHREEGEdMaZy aidhs ﬁf&mtwas ?@stpfarsWh SR the deyices bekinRyagtice (fpresamplsnthel 26
as possi . I urting
~short chgnneﬁptolﬂa gg%?g??b e(:auéehgél eerﬁsg%ﬁslglg S e(?sm# ;f?l%%rpcorrpar ed
to boron strnctardQK&TThE'buﬁentrlﬁ@anﬁOn génerallyosi@ramestin thefpllowsnghanifer, Taldpg ément
the resul ti n]g N-type unanneal ed _dopi ng region. The PFET |IIustrated in
Fi gure 1NEHT devies hshayemdbigus 16() as %éx%‘?lé%a@lﬁ“ﬁ(@bmg{l@@ﬁ@fs atdhe gur es

14(a) (Ng %) eposi ted

-adj acent t e@ﬂﬂ Ag%‘?%ﬁ@g% gggdrﬁ%g usi n EB&I‘%@B&&#Egl %?losthgan Rl E
process rcomplasentdig didim/Soyrcotegivn 79€a)nTa(b). d&s hmyﬁamedﬁoxﬂn oh@halﬁbf thelGMOISi con
gate 40 durl nq overetch. |If the overetch affects the surface 80 of the RSD

| ayer 71deyise t%éﬁqﬂlaﬁnt%nth«}/F@Hrml@)élarﬁuglhM(bgth\ms?M%dn@Cf‘dbﬁo@Flﬂléeﬁ 30

prot ect d’ﬂ bh B3HEY; % o ' Bv&h blii&foxd

deposi tion. %$gure 15?% gesﬁ%\%ﬁoﬁﬁ%EE{% seféaraglérf%ﬁg‘l\gn (PS&%%rg%%gié—rZw and

i npl ant atai gate d1el|et:tmm269whi¢h strvaads the condbetispbareier Beiwear tegatod0 antlitich gi ves
enough | at er i nim ze | at er al encroachnent of the boron in the

a acln
PFET dev.sewca) msaﬁ? rqg'gort a)su Geqlaique; frathre;qf dhopresery mventiqgagithat theippst ong
Wi th regig wﬁﬁ 36 ofthe s{gfng?o%%tls E&@ctﬁﬁﬁyhi ha.lgmame ateycﬂae&ﬁe%s&% ?sdop' ng
regi on, e region 54 represents the'r trn type unannea dopi ng
regi on. [0S berdfeiaddbtanse, dnsing pracsssimgy, anl elematEd §U|‘I egichB Y dlowsNioHiomofl 15

(b) (PFET t he deV| ces 1, 2 undergo a final id thermal annealing (RTA)
process ttef impplantilayer 65 & repmpin qven af%ﬁavhsgque&hefcgwk@r%weawvas mgsd e ur e

‘of 950-1 I . ry | ow
Ferpor at b, HSEE 6 BAMEANLH K ASlolthriafidoh e SRS i B
process ibenéfivdalan htwlmnaad TED qﬁfeocs efsheopahtsahid fo tedeced @hamtlsameba“feces in
the devices 1, 2. he i nvention provides the absol ute_m ni mal

redi stri t§H‘€1} Whﬁﬁhﬁéﬁam&e (fV@t) rcﬂlogfa pedirionaliyne genesdly @nvedd GHPGR/@% devi ce

fabri cat i.g n 87
(shown in gure %‘?"B%ﬁ p%yggfgﬁfa§%¥%§éﬂﬁ}§eﬂ§aﬂ@ﬁ%%ﬂ}%@)aag{ﬁo ?ﬁqﬂé dopi ng
regi on, \depositisre@k&plact, (hefebwimprovingdsvice Petfarmaresd regi ons 75, 88, 89
(shown in Figure 15(b)) represent the resulting P-~ype activated doping
region. Region 70 represents the active region of the device 1, 2. The
various regions of the device undergo various doping, inplantation, and
anneal i ng processes, which result in new material properties and physi cal
structures. For exanple, region 67 sho in Figure 13(a) becones region 73
shown in Figure 15(a). Additionally, region 52 shown in Figure 13(a)
beconmes region 74 shown in Figure 15(a). Also, a portion of region 51 shown
in Figure 13(a) becones region 85 shown in Figure 15(a). Moreover, another
portion of region 51 shown in Figure 13(a) becones region 86 shown in
Figure 15(a). Furthernore, region 69 shown in Figure 14(b) becones region
75 shomn |n Flgure 15(b) leemnse region 54 shown in Figure 14(b) becones

o a -




after the et

[ 0059] Furthernore, the present invention provides a nethod of fabricating
a ' CMOS device 1, 2 as illustrated in the flow di agram of Figure 18, wherein
t he net hod conprises depositing 200 a SO wafer 20 over a buried oxide
substrate 10, wherein the SO wafer 20 has a predeterm ned thi ckness The
next step invojgoas] R&eH i 20.
Next,, a STI rgagl (6)]n 35 |dsgqtog‘&%etge g%gﬁ%%&e?hfﬁgfébﬁudﬁéﬂggra%ﬂ%uﬁst rat ﬁf(%
wher ei n ttheregTe showgi prefeg®diembodinfienguofitie presém ieveatigrnEhaplogressiondeéthecor ner

37, and wherein the gqatle g’k;glcrect ric 5 i's positioned Iovver t han t he STI
1 egi on 35PTOGFSIRE Stepg LRrdne; tHE?\Qd%b y themgessiinyentionags datajledgndiguresel @kt ri ¢

25 and a ﬂit%hgl'-l'ﬂsgig' Whild ﬁglp%%egsﬁﬁﬁetff R ﬂoéesgﬁ@%?élp & 96t tﬁaggﬁif%éo&@f%@q}xgmm er

20. The next “ste Cess |nv

.P-hype dopresent lnvphtamt.ﬁé uaaﬂedmmg@remb)mt)@gh 25tbpnsbetctm:auyrmseﬂ&wh gyer 65,
and heating 260 the device form source and drain regions 85, 86,

88, 89 i nFighss il (WFET) @tybt(btsﬂ’ﬂma aheltrathin §21 wiafe2 @0 (evseshennel région),

/d 86, .8 89 h th th
o1 edet er nRRIERIoE R 35m it ke EiRisiched Mg KR Eied e Xids P BER WBonpr i ses
form ng 2ygkredftel, 2avixidfadi ZSSdﬁldaﬁt'rlGS l% Q@Ere(?.@que%iaﬁy'ﬂéﬁbm HNr tﬂ?aeS(glaJi/@fer

structure 40, and anneal | ng 280 the device 1, 2 at an elevated :
t enper at u#®. Tleonddn paras lpﬁée@rrﬁcmlda’j@nusaﬁlrtommtwtdeéxaanahmgmeZ&(shuWnunm for a

decoupl | HIEwehS (e amt o)A 1 isS Bl el em %rﬁef)ogsmgﬁmgwpéﬁ al
together_ i b Biuies 2 isd 109 rrfpmf@&wmhtowmy IS B BRYRRAE

di stingui shing features of t present 1 nventlion over convention
and pr ocdeyx30, which vail ba/lwbée;qaemlydemowdmmxtgeincnmhlfg potess) o prgferablynt

and ¢ he gliPisRipBEaof cpRheed fn b mncamplahiedel Gaherast b okssnelbean
el evat ed sﬁueqﬁtttm?a yRR ki is n@t‘eﬂ:ﬁﬁgpa?b%?éﬁth&mdma gon s emain even 13

back procéss remdves e "polysili ayer 65,
t her eby provi o[ﬂﬂ@]ﬂdnnimqut ‘stap! loﬁthelmgce:ss fshownl @pBigres 2(H) NFET) aud 2(8) REET),

di t th t f |
o taxi ansSesrseRsS T imed Efrabe BlridolpyidySOH st RS Ramioken cChr P onal
devices, mb&ds ﬁr%llfd@@ﬁk%TI@ﬂEy §;hhétfd?1r\vﬁﬁ bids 4 in A z?fcfuﬁﬁéc?éorﬁ&'%ed}ttﬁ@t Ion

‘of oxygen, and the lateral overgrowth sel ect %epltaxy on

pol ysi | i c¥H, @mmsubtﬁqewbrmlﬁgmesdﬁahgnd«bb he present i nvention, a
forned over the STI

~pi t axi al | |. 6 |
Fegi on 35 and AN as shoua i Mehes S0BETL AR S0 TGN, emirids psee iai n
i t
egi on yarmpRELER Y W%‘m@ rogha: LeABy EE DAY Sl HESRGSUERRSIANA T e
fol | ow ngemlntthTI'EatfacwgSStmélghléthadelw S@I surblhe®D. TherFaftary the pod ayidadsan
| i | | te th /d 79(a
70(by andoRatebEinef Bhuficd RRCeR o ALHIGH B 6he Srhd BTN SHTOARYE, b
dr ai n/ sowWeE@IILREHQ n 19K iBes 4(3?(1‘@ET)TJ}MS4:(b)t(IW :\I}P‘ ¢his \y?&e‘é@ét*‘r%uﬁﬁn?thg corners

traditional transistor work However, cel, 2inc es a STI
- region 3537hzfvhm§1Tb359wnm$ pqssbbwrdpsihmnaﬂlprdﬂemmfmmbmmmmg ia theurexestepaf de
| ayer ang at e I%el ect 1C i r%‘gce 25, V\GI ch serves t he conductive
barrier HE WSS ¢ gabalisen 1S el ey P Ps FReny T be sais polgalicon

“uni que f egduNganoSTE mneaﬁeeﬂter Ré'lérﬁﬁ&bx? atévetleﬁtetchhﬁ the%ttgfeg&m%g of the

STI region 35 is structural er than the gate ectrl terface 25.
This is laéfwetﬁng:deazicelmtfauamcedﬂhumg)ypomuhsgthngpprmm K] eﬁ/the 8@I £3,Ithe pgbeam 35

all ows a .portion._of t | ant | ayer 65 to remaj n even after a subhsequent
et chback ! ’S%‘B@g §°1}‘%‘fﬁ338§er:$¥t°e(PPrfP%%a‘tcﬁﬂTaérFPnY%W’é’Pa vicehwhighyde petihave 9

al l ows f X |

o1 m mat o0 e S PR eI RS IR IndBEEE Jne b Blgh Cor PG R Bavihe

ef fect s sheSOhsurface 26 ixoprefevabily apperoivfately 300hhgdtromsAddi tional Iy, a generally
.curved STI corner 37 reduces the anount of polysilicon remants remaining
on the STI after polysilicon deposition takes place, thereby inproving

devi ce performance. [0062] The present invention achieves the follow ng
advant ages. The present invention resolves all of the basic problens of

sel ective epi ~ased RSD devices for CMXSgon ultrathin SO by form ng RSD

wi thout relying on the epi. At the sane tine the present invention

post dopes the polysilicon gate using the polysilicon on the S/D as a buffer
| ayer. Al so, the present invention |eads to the reduction of the
polysilicon gate height using the same chenical nechanical polish (CW) for

the RSD polysilicon planarization. Furthernore, the present invention
achl eves RSD on uI trat h| n SO| WI t h ~an aggr e55| veI Y. 14 sc_al ed conventi onal



15 CLAIMS What is clained is: 1. A raised source/drain (RSD) silicon over
I nsulator (SA) transistor device conprising: a buried oxide (BOX) |ayer; a
SA wafer over said BOX |ayer; a gate dielectric over said SO wafer; a
gate region over said gate dielectric; an inplant |ayer adjacent said SO

wafer, said i [aet ‘?N’PE' ' Is 1.2l drain
regi ons aboven[gg?gc} lfl ﬁ’r?ég?]{a‘}l aye*{f%ﬂr@@%%ﬂﬁ@ga {eé?[%l@gén Sta?p?ﬁa elquv&@r ench

i sol at i onwkezé b)polyailicon gamjstuck 40 ispattbrivedurstry dtetidthyleghdasilicawh@EEIS) ha@ d ST
region has an upper surface that iIs higger.than an upper surface of said
gate di elBatk(net shownrhEhepolysiticert gate staek 40 isrdesighed todhsirpduced inyitaheightdst one

i nsul ati er ndi ng, sai te reqgi,on, 3..The devi.ce of cl.aim1l,
wher ei n Saieh MGG TR e Boch AP Pt ol mphitle ¥ SR Brer a0
sour ce/ dr;ﬁréférdb%gh@'ﬂng@ﬁargettséﬁlﬁdiﬂ@&ﬁ héigRASfSippidxdfiatt B ID0RIE FEAEY, FHHIR dxide

t hi ckness of said S wafer. 4. The dévice of claim3, wherein said STI

regi on hdsye 4deneitrdd layercif dndla bufferatummyp polysiticemlagerdBlare sgjuentidiiyr der s sai d
P e S st Pt ek GRS AT
which is preferably approximately 300 angstroms, causes polysilicon thinning at the
boundaries of the STI 35, the stack 40 may be optionally planarized using a CMP process
after the polysilicon 42 deposition, then the thin oxide 44, nitride 46, and buffer dummy
polysilicori 48 may be deposited, and then a RIE process'may be performed to uniformly
define the gate stack 40 over the boundaries of the STI 35.

[0050] The next step of the process, as illustrated in Figures 6(a) (NFET) and 6(b)
(PFET), is gate reoxidation, wherein an oxide or oxynitride insulator layer 50 is deposited
over the SOI wafer 20, the STI region 35, and the polysilicon gate stack 40. Moreover, as
shown in Figure 6(a), an N-Extension/N-Halo implantation occurs in the SOI wafer 20.
Region 51 represents the resulting N-type unannealed doping region, while region 52
represents the resulting P-type unannealed dopant region. Thereafter, a low temperature oxide
(LTO) cap 55 is deposited over the oxide/oxynitride layer 50, which is best illustrated in
Figures 7(a) (NFET) and 7(b) (PFET). Optiohally 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 thé polysilicon gate stack 40. In the next step of the
process as dépicted 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 approxirflately 620°C or below. The polysilicon layer 65, which prevents



6. The device of claim11l, wherein said source and drain regions are free of
epitaxially related defects. 16 7. The device of claim1, wherein said
source and drain regions conprise a non-epitaxial material. 8 A CMOS
device conprising: a buried oxide (BOX) |ayer; a sili con over insul ator

(SA] wa sai havi n et er m ned

t hi cknesggﬁ%ﬁd@g@?@wﬁg% @aﬁﬁglzoslélcgp%‘ged\\ﬁgmgllo gredg 8C Igllcglcv(aPPrc bet ween
sai d gat gepdsiticd @PEeVayH &Rérﬂatﬁ@iy,\ﬁﬁfaﬁforph%ﬂb 91119&5 FayE'ﬂ @bLGHoWn§ nfagekt i oned at
a first hel ght above said BOX | dyer; an inplant |ayer adjacent”said SO -
waf er, saleplommbloamthé dg\ecesdoﬁppmklrzrtgyatadbpolsnmeﬂtumt Ehusythe doped ce and dr ai n
regions in sajd.i nt |ay eém%nd said SO wafer, wherein said source/drain

regi on hAQWSe/dmin gtog pa i formed, using 8?’&0{5?@@@?%‘%%@9@%% ah 8RROSEH t0s 3
SA  waf el n@éﬁﬂoﬁ‘al}ﬁﬁéh?lt"érﬁ&ﬁ% di s%é%@%&mﬁﬁ%’oﬂ e}@a Gudengrgl |y

rounded cor ner pos oned "above sai erel n a upper

surface aflowailié cohformally Gépds&e(hlag&%S t@ﬂfé\'ﬁieeiﬁleﬂltﬁm ded¢qr than said first
hei ght. 9. The CMOS device of claim8, further rap)rl sing at |east one

i nsul ating spd0e82] Next, duFigures 106) AINFET ard 10(®) (H‘ , it is shown that the

polysilicon layer 65 is planarized using an CMP process (for example, an Obsidian CMP
process may be used as is known in the art), wherein the nitride layer 46 on top of polysilicon
gate 40 is exposed. If the optional CMP process described during the process illuétrated in
Figures 5(a) and 5(b) is ﬁot used, the nitride surface 46 rriay not be exposed uniformly
everywhere by the current Obsidian CMP process due to the STI step 35 created in during the
process illustrated in Figures 3(a) and 3(b). In this case, the Obsidian CMP process may be
optionally terminated when the dummy polysilicon layer 48 on top of the nitride 46 is
exposed and the planarization is achieved. Thereafter, a short etchback process of the
polysilicon layer 48 is performed to expose the nitride surface 46. Again, this etchback
process is not necessary if the optional CMP process described in the steps shown in Figures
5(a) and 5(b) is used. Regardless of which of the preferred and optional processes described
above are used, the resulting structures are shown in Figures 10(a) (NFET) and 10(b) (PFET),
where the dummy polysilicon layer 48 on top of the nitride layer 46 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



10. The CMOS device of claim8, wherein said predeterm ned thickness of
said SO wafer is less than 55 nanoneters. 11. The CMOS device of claim 8,
wherein said thickness of said source/drain region is in the range of 200
300 angstrons. 12. The CMOS devi ce of clain18 wherein said dopant | ayer

[ . hod of
Fbr1 cat (REED, B RTtionu S8 BB EREE LSl e [0 Beh b alpmre i ted P
over ins létcfh? 9foc@§ost))pﬁﬂ§ oh tRYSTI &(1@él§drﬁ1‘ée 9% ¢ge Eeﬁ%mﬁ ggg'gﬂ b&65 }%&ﬁ?ﬁée@

said SO wafer has a predeterm ned thickness; formn die rc
over sai dheS@isedabence/dfaim regiom. Meﬂ‘caizémbedaumbhpob'mlhaon BBIX65TW3s deposited a0uer

e s i
di el ect riggn{de gre%}e' ﬁ{gn%ﬁﬁ’tl?h 3Y PED N to %?iég%%%as&f %sgfrg{uggﬂ} ng one

of N-type and ~ype pant” atrons in npl ant

| ayer; ardplairet] 1l@v61€bdi B@ttiegRote) tHeQréfef Ol Eftioapovid e dlhélglﬁld?ﬂ&eﬁdeq%ﬁ)a' d
i npl ant | ayer and said SO wafer, wherein said source and drain regions

have a t hetrasaske §Fkggion 3tmad tlgqagaye dielectric 25 interface. That is, the upper surface 36
of the STI region 35 is structurally higher than the gate dielectric interface 25. This is

beneficial because an elevated STI region 35 allows a portion of the polysilicon layer 65 to
remain even after.the; etchback process removes most of the polysilicon layer 65, thereby
providing a non-epitaxial layer for dopant implantation.

[0054] In Figure 13(a) (NFET), the NFET 1 undergoes an NFET source/drain (NSD)
arsenic implantation. By doing NSD arsenic implantation here using the existing thin nitride
spacer 60, the N-extension/NSD doping is positioned as close to the gate channel 26 as
possible, thereby maximizing the lateral doping level without hurting short channel
characteristics, because arsenic is a slow diffuser compared to boron in a PFET. Thus, region
71, along with regions 51, 67, represent the resulting N-type unannealed doping region. The
PFET illustrated in Figure 13(b) remains unchanged from the previous step.

[0055] In Figures 14(a) (NFET) and 14(b) (PFET), a second nitride spacer 61 is
deposited adjacent the first nitride spacer 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

11



predeterm ned thickness of said SO wafer, wherein said gate dielectric is
positioned |l ower than said STl region. 14. The nethod of claim 13, further!
conprising formng at | east one insulating spacer surrounding said gate

structure. 15. The nethod of claim 13, wherein said inplant |ayer conprises

whor oi - dabantseand ectPiabBie waberata” B BUGe MR A psee gL RSB 71,
Pol ysi || e ke 2Yery 158y HETHE 1n AE BRT!G AR IOM HEmP EyiOlhes 1 ¢

first gate polysilicon Tayer epositing a sacri nitride layer over

sai d oxi d@‘[‘@@%ce&ﬂﬂ thepil$ afealing prozedsi which all of e alopagateeeivolitytheldecioes 1,ayer
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region, while region 74 (shown in Figure 15(a)) and regions 75, 88, 89 (shown in Figure

15(b)) represent the resulting P-type activated doping region. Region 70 represents the active
region of the device 1, 2. The various regions of the device undergo various doping,
implantation, and annealing processes, which result in new material properties and physical
structures. For example, region 67 shown in Figure 13(a) becomes region 73 shown in
Figure 15(a). Additionally, region 52 shown in Figure 13(a) becomes region 74 shown in
Figure 15(a). Also, d portion of region 51 shown in Figure 13(a) becomes region 85 shown
in Figure 15(a). Moreover, another portion of region 51 showﬂ in Figure 13(a) becomes
region 86 shown in Figure 15(a). Furthermore, region 69 shown in Figure 14(b) becomes
region 75 shown in Figure 15(b). Likewise, region 54 shown in Figure 14(B).becomes region
87 shown .in Figure 15(b). In addition, region 53 shown in Figure 14(b) becomes region 88
shown in Figure 15(b). Also, region 65 shown in Figure 14(b) becomes region 89 shown in
Figure 15(b). Finally, regions 71, 72, shown in Figures 13(a) and 14(b), respectively, become
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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&0)- [0059] Furthermore, the present invention provides a method of fabricating a CMOS
device 1, 2 as illustrated in the flow diagram of Figure 18, wherein the method comprises
depositing 200 a SOI wafer 20 over a buried oxide substrate 10, wherein the SOI wafer 20 has
a predetermined thickness. The next step involves forming 210 a gate dielectric 25 over the
SOI wafer 20. Next, a STI region 35 is formed 220 over the buried oxide substrate 10,
wherein the STI region 35 is configured to have a generally rounded corner 37, and wherein
the gate dielectric 25 is positioned lower than the STI regibn 35. Then, a gate structure 40 is
formed 230 over the gate dielectric 25 and a non-epitaxial implant layer 65 is deposited 240
over the SOI wafer 20. The next steps in the process involve performing 250 the N-type and
P-type dopant implantations in the SOI wafer 20 and the implant layer 65, and heating 260
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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formed over t e STI region 35 and the active areas. Thus, after silicidation, the source/drain
region (collectively 85, 86, 88, and 89) are shorted between the active region 79(a), 79(b).

[0061] The present invention generally operates in the following manner. Taking the

NFET device 1 shown in Figure 15(a) as an example, an electrical signal enters at the
source/drain region 79(a), 79(b) and passes through the channel region 20 to the
complementary drain/source region 79(a), 79(b). Thus, the invention works as a traditional
transistor works. However, the CMOS device 1, 2 includes a STI region 35 having a
génerally rounded corner 37 formed above a buried oxide layer and a gate dielectric interface
25, which serves as the conductive barrier between the gate 40 and the source/drain region 74,
85, 86. 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 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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around the step-ike corner of STI edge by rounding the corner during pad oxide etching and
liner oxidation.

[0063] Combining the advantages described above, the invention enables the
manufacturing of maximum-performance CMOS devices using ultrathin SOI substrates by
building raised source/drain regions through deposition at a very low temperature, thereby
completely avoiding problems such as silicide formation on thin SO, short-channel
degradation, and defects-associated problems at the epi-substrate interface caused by
selective-epi-based raised source/drain process at high temperatures.

[0064] While the invention has been described in terms of preferred embodiments,
those skilled in the art will recognize that the invention can be practiced with modification
within the spirit and scope of the appended claims. Moreover, only one half of the CMOS
devices 1, 2 are illustrated in the drawings for ease of understanding (for example, only either
the source or drain region is illustrated). Those skilled in the art would recognize that a
mirror image of the structures exist for each of the devices 1, 2 in practice (for example, the
corresponding drain or source region, respectively, exists on the other side of the gate

structure 40).
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10z What is claimed is:

1. A raised source/drain (RSD) silicon over insulator (SOI) transistor device comprising:

a buried oxide (BOX) layer;

a SOI wafer over said BOX layer;

a gate dielectric over said SOI wafer;

a gate region over said gate dielectric;

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

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

2. The device of claim 1, further comprising at least one insulating spacer surrounding

said gate region.
3. The device of cléim 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.

5. The device of claim 1, wherein said dopant layer comprises one of polysilicon a‘nd

amorphous silicon.

6. The device of claim 1, wherein said source and drain regions are free of epitaxially

related defects.
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material.

8. A CMOS device comprising:

a buried oxide (BOX) layer;

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

a gate structure over said SOI wafer;

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) regidn 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, further comprising at least one insulating spacer

surrounding said gate structure.

10. The CMOS device of claim 8, wherein said predetermined thickness of said SOI

wafer is less than 55 nanometers.

11.  The CMOS device of claim 8, wherein said thickness of said source/drain region is in

the range of 200-300 angstroms.

12.  The CMOS device of claim 8, wherein said dopant layer comprises one of polysilicon

and amorphous silicon.
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10z 10G'10% &d@osmnjgoa sificon over insulator (SOI) wafer over a buried oxide (BOX) substrate,
wherein said SOI wafer has a predetermined thickness;
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 wafér,

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:
depositing a first gate polysilicon layer over said SOI wafer;
depositing an oxide pad over said first gate polysilicon layer;
depositing a sacrificial nitride layer over said oxide pad; and

depositing a sacrificial second gate polysilicon layer over said sacrificial nitride layer.

17.  The method of claim 13, wherein said predetermined thickness of said SOI wafer is

less than 55 nanometers.
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