10

15

20

25

30

35

40

AN ADVANCED TECHNI QUE FOR FORM NG TRANSI STORS HAVI NG
RAI SED DRAI N AND SOURCE REG ONS W TH DI FFERENT HEI GHT
wWO-R@EEM4 THE PRESENT | NVENTI ON The present i nR€nUS®N4/031038
generally relates to the fabrication of integrated
AN ABVAKIRD; TEGHN IQUEF (IR FORMING TRANSES RORS HAMANGi RAISED DRAIN
| ocal |y naipse@URERIGANGNS MITHAIFPRRENTUSPIGST N ai Sed
drain and source regions of field effect transistors
havi ng extrenely shall ow pn junctions. DESCRI PTI ON OF
THE RELATED ARFIEDReOF AHEIPRRESENR INVENAT@§rated circuits
requires the formation of a |arge nunber of circuit
el ements on a |ven chip area accordlng to a specified
The Pr??F’?tdﬁYel““P‘h%ﬁfta Y slaiesria ey fabripation ofiptegry CSfclfﬁmcaégignore
particutagiyhtoahofirestioarg locally @istd yenfitc@dtdteadgiomh aickianraied drain and
age
source t AR of KLUk eop SHE DR LR RIS kL TV, e
nost prom sing approach due to the superior
characteri sti CBESCRIPTEN OF TOper@tATED apeed and/ or
power consunption. During the fabrication of conplex
integrated circuits using the CMOS t echnol ogy,
The fabridatipipiSintspratedrapiceitsenqauirey ther farmdtion of ¢ large aumben of pizgwitedlements
on a glv%ﬁ‘rbﬁipsir@a[ §cc@fh‘i’ngproczh @ﬂwﬁﬂed tcfl@lﬂﬁ '1a|§7|519cr SGexﬁPa@ly{ Qrﬂi‘iﬁﬁiht? bf process
|ca ransi st or

e S
teohnofPied BISOrPYD 7 Hb C BTt IO P SY TBPGpogsg s sorage
chips apd dhdﬂﬂeeCMOSaetsmeibgM isicgrremiyshdmpe grontising app;a&_h due to the superior
characégstﬁcg é]%fé:wpcﬁ' d lélqﬁlié ngé%d LRBb: ﬁt{ r CQJSHFI i@t ﬁﬁ'r]’]ﬁgn{h@ rf!itﬁﬁ:@tion of
drail r an

ra ce re ns wt
COmPIGMWﬁ@EquTd%Se%FI%*é‘ﬁ r?éﬁ0$ é“@i‘%‘ﬂ"&ﬂ §b’g’§%»°d o eanpdeneniasp transistors,
n-Ghainél tr@gistids and ptdh@ni Ufaﬁﬁstbﬁgla&n forthB® 0@ O4vd Wigfrbptiatdy substrate.

Typicaﬁ{r e%{ﬁ; gqéiq?lgl?tor Sl%%pecmle P] %tgx%]ne ql g\Xnnael QXaﬁ\%stor or a p-channel

transisi9p pregoasideded, lsemerises pa-eafled ptlwimtwrﬁsimtatq ﬁ?gmftda%ﬁ@ﬂ intqifgee of highly

doped d&@ﬁdddatsbﬁfbé Mgighs xtflmlﬁaxpﬂaé’r[i@& délﬁa |cﬁ>¢{hnéi?9iﬁﬁld 8ispded Bdween the drain
o e N

t concentrat}
region SRE R S RRPL WRdoptpetvinpt Hetgholiet shun Sriied ppo sae
electrogchfonmel aboegihe nhanneltrb@om aginspastted therefiolm tiartbot inpwating fldyer. The
conducgjvﬂ %ﬁQEe Qﬁnﬁ@%gﬁoﬂ%eﬁ&% Ga l@@%o?&ﬁ@'c@n&ﬁghﬁﬂ tIY&\!"inQﬂh't}S of the

also referred to as channel
majority heseh LA {4 AR t Her %éh’ﬁ%lel’*ﬁef‘?“bf’f Fhérﬁhf!ﬂ‘&*/‘l EeioRy inpffe dransistor
width disederctitvedistanserietwdae tasdutte ant edimtdgig, whjolris Uso eferred to as
cat i t t
channe?@&lg{h eg&f ﬁfé c?rcr)lﬁig % \Nﬁﬂ tﬁQ %}%aﬁeht% E}k rgﬁﬁly 8‘6:1’(1}12 zg%gl?ductlve
channek eblngath@ iiggujaying dayes HPQﬁ'e@Pilﬁ%m& tPAraa tneeified cppizol dfolttls?eto the gate

electrodd Xthd Joﬂﬂhii:ltlSit}OBfSthe Ei@hnd! m:gsmf QBEORially haeﬁxhimrtﬁé cHa@ddgkiBtics of the
ese C riteri

wos teBRAERT Bx" it PRE BF bR e lsct 08wt gfifSiritgpon ana o
size red@tedthefeof previflestieandnedased ereuiting speEh of Hiaritegratge ciofuits.he
transi stor di nensions, however, entails a pI ur ality of
i ssues associ at ed ther ew th, whi ch have t
The shzigkpes el sipngistop Fimgsiops o*t?l“&‘?v%f FRais t@“‘éﬁvaﬁt isgpes associated
therewitiigt wlhinie taey tostee adiirdsyeddec aseas hotguiidhly afsantiel adverigdeh obfained by
ditMeRrdabiadl e b Qfnst 1 leRilkyst his respect is the
steadi reqﬁ%arleggﬂr?t ei@?ﬁn@?ggt %tO\fv pn junctions. That
Is, the depth of the source and drain regions with
One prblﬁi&lﬁaﬁtthis Qedpicti iR e feqGicnient Hﬁelxt&metmﬁlagab @ni jasdtiond. i Thgt is, the
depth c{f%)e{e(r: ugcﬂegae t h ralﬁ rllcpneslm[h %I 0 aasn 1n9ert?ce H)%;(l:lg(f QS ?h% ga%e insulating
layer and the channel region has to be decreased as the channel length is reduced 50 as to maintain

the required controllability of the conductive channel. The depth of the source and drain regions

substantially determines the sheet resistance thereof, which may not be arbitrarily reduced by
1
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the required controllability of the conductive
channel . The depth of the source and drain regions
wg@aiwsoaied al | y determ nes the sheet resi stanceP€Esm™o4/031038
whi ch may not be arbitrarily reduced by
correspbuingle prurrdingghy domot easemgitivmén disp sowtcecodcdninr i5giopy since an

extremélf‘ higlﬂeioﬁzﬁllt' b&ReRPf oAl Er@%' Bive €84 A Rcre MM GRKAR EXLAE mﬁ{tl{ermore the
Opant concentra

fon may give rise to jncre
dopanty ’é‘%?&aé‘&é IRQrPLSA FeIong 3F Y41 F‘FﬁS‘r"@nCCPH%“‘H‘B FER et PP i“tté?ﬂl activated
by comvientienat i'upsiethemgl amsal at/clasem‘yhoht gigaitehcafictiag iho nserath fopaot profile
within % 5%9 a?l[i edran %%%at ’ﬁgt sy f&o Q\ﬁgﬂIefiodﬂgllmef %Fﬁ HgﬂeWy the pn
nea cycles w negati vel fectin e over al
Junctw%ﬁoaanmcrﬁ?sa#|q°eam°9mentr4twe satirce e‘“&l‘ﬁ’él teprer e gRyps 2 Pfolonged
duratiod R&tthd sorréspsnd@gdﬁﬁnbﬂe@c@h aﬂn&eby,lmxgm ifREhdnes theyddph& profile

formmé) {I]IGJB unc 1?]ns t enlttlévnci;llg gl?e%glalsdo %}1 n ocf(%ﬁ]ec o?'e:n?tsa twh(fc finally may lead

toa nowr@ncamtaldﬁ V@fatlph ef ko fmé@mh@v@gchambbhgtbycl es, t her eby,
however, influencing the dopant profile forrri ng the pn

Junctlon evitable thermal diffusign of th
i an b5 € PP P A1 ey UG 0. U B sCopis) Beions. the
conductiretyi teieofhisdfequémlyfineradskd/ ba ddrménged motad nitielde |of mygtehior tenductivity
compar@dqtoaz{ L8ARtaoh & ditilohheoweRAUG Rl RE paRE R on’ R B Metgﬂc silicide is

drain _and source regions, the conductivity. thereof

reStmt?dsz F@q@?@ﬂ’t ‘PfythF RE ﬂ‘é‘&g%‘b‘ Ry ‘F‘@F%’F’i‘}@“tam fendpetiviy] i iyesegesions is
therefoUg@apledto AN dettli iof itlieycceesppadag pnojuactivnghMorelopedn many CMOS
technol%%é Co@mg&?éf@‘(n%r meféggfr‘i?ildgpg Hgﬂﬁhﬁo%glgoﬁrrﬂgpgwp tﬁJ thQ electrode,
whereir} g slallopnignotion dlepthyhasefaiserito qrﬁat%sommmtshaﬂown?thl ﬁtlh‘ééf‘em the gate
electrode€ Gh&BSy ipSoidifs &b @inGRYPIngFovemehthen ARy Ghipetibe gate electrode
conduc w@r espondi ng pn junctions. Moreover, in many
onduetidB¥h nol ogies, a corresponding netal silicide is

simul taneously fornmed on the gate el ectrode, wherein a

In one %?daltzﬂvgxlrb&?& sl o eBhRe Ert}ﬁ([rﬁlfncﬁﬁoﬂ"sl may &rﬁﬁﬁeﬁ%yQal\éﬁl%Xhe source
ow net a 1 Cl

hal ate el ectrode, there
and dralh SUE Aoty el e B G BHER, TeB1r SRR eyt e alne the
drain-sg@ateedgplasic tanocheratianduat naceptyble IIWeblwhlla}pplvohnﬂ]for the possibility of

formin PIF‘IZSFIL cﬂl%étﬁ\%lﬁﬁfgr gg@or@%thgﬁt? g1lg r%‘&&?b;ﬂﬂﬂéf aQE al depth of the

y Taising the source an ain regions a
pn junctipps dya fetp frorregad; s of Hpariredfirinand ?Oél@‘ied?\gl?%t erface and

mai nt ai ni ng the drai n-source dopant concentration at
With re?erence to ? bk }A gvt}rplcamo%ven ?na 80 ﬁ%cfi“?{/g’trnei“gf‘g raised drain and
source @gilorltwdbnqve@q deagyibggl trm;o,ne db‘éﬂng restricted by the

actual depth of the pn j unctl ons due to the i ncr eased

he rai sed draln ur

Fis. 1 th Y TI9R HECISRIPAL P e SEBEH FOHAS ol 8ot g carly
manufafthovg ftage. f’Dllemrnrglstoallg(bdomb'raﬁmtharsdbsst@urkﬂé foegmsmnse bk silicon
substralré%‘fvap %O‘fI 8360 RAGdn dulhtFFP LB RS ﬂfciudln'é:tagoulngd ﬁﬁﬁ‘l@(ﬂ?gt laf&! |bove the

cross-sectional view of
substraig 133 s Soal AL i 102 EREACTitd igkLtsn g s pRaropriat for
forming frajusttine ﬁn&@@haﬁ@ﬂpégxﬁe&eﬁehﬁ Bl kst amad, @heliihsisfo® 100 may represent

an SOI kr%ﬁs@&&ﬁtf?aowﬁesg 5{ ?ﬂcghulgfetr&ﬁi f t‘i’lg Ba%gl ggppﬂoﬂx{dteﬁ? B0-100nm.

I NS e 1 ncC
A gate |ejgptipde %xﬁempﬁ@dsqfu@ﬂﬁatcen mifoanesiu@@tf@meu glipqp layer 102 and is
separatéd Nl&teﬂbﬂnllﬁ% éa@é/ﬁlﬁulitﬂﬁ lhyﬁ‘ar flos. mfﬁ’e pitd hs@lafiddl lgyd'ﬂ €98 nlahak formed
r ri a orm n ncti.on n a a
o R BHLLE0R S oI80BR S 0y AR b
approximg{siye® émlmarThS@smp absofsmantivefidetive ¢datiok erasss aghp sirgace 103a of
the gatcg %lleclitg(%@ 1oy ghilel@e sidBwiilter 058 Mee0?fas JRATR X Riftning surface of the
- n

silicon layer 102 are covered by an oxide liner 106.
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A gate electrode 103, conprised of polysilicon, is
formed above the silicon |layer 102 and is separated
wo b@seivom by a gate insulation |ayer 104. ThePQBUS2004/031038
insulation |ayer 104 may be forned in sophisticated
devi ces by a nitrogen containing silicon dioxide Iayer

The trg\ﬁsislibraiob I'Als Qmﬁi lq P&DIH£ nggl%u?& Ml &c&dé‘iﬁ@m{ghtﬁe f(ﬁlsc’)]wutg eprocess

an anti-reflrecti covers a
flow. I b% %Pbatfatf Rl gax ke @qt@mdrhycﬂemmct%.of EeSpasEve Menr\m ig the form of
a silicdiDiik §dbetERObr dIhaMdkh ofsn $OESubRAR], ﬁhﬁ@m&h&f $acwvafatd 88 comprise
a cryst?BJél %ﬁﬁo% ﬁiﬁglr th%ol%ay %f?rl(r)lgde rnﬁag V\S% an%g [\lvlt)l(l we?l fﬁ@?{}lgd wafer bonding

Rsi ot
techniqugp.nelhe] ﬁh%f@cW@ahQ:?e hagiingh tltﬂh@pfqprlhf@vmhwgnqgs ooy siherf bevformed by

correspdA@ing l{)@&kfsat‘é@lnlcgl%s {Eﬁéfh Kkechtgﬁtcﬁlf ﬁ@&aﬁl‘al%oﬁﬁﬁh’g ACHU E%W% silicon
I ve substr es I N e or m_of I CoNn

layer g, %‘E??gf%bsgﬁe. R 4 Aepd PSS pdise Y soparia ﬁ@wﬂmﬁ Filicpp on the

exposedrparf8@| ofshb §OF attetrator tlenpik sdsiaater To¢ apitaxing goivlith cohnique of a

semmdn@x‘/&& ﬁlé}@ltial rf@é J%Sosflt?({nr@gmﬁcﬁe%%fcqatﬂg geﬁ’é"sﬁ&l ﬁlaterlal layer forms a

wel | - est abl i shed waf er onln tech nl%ues
crystalfigg Sruchrd I CapforRyity M dproreit 13 SO fBs ¥ndslying Figfsrigkas long
as the fleporied nimyeriad is &0 ﬁdﬂnﬂg}aﬂfo@ Clexs & suffhiuntlg Windlar SlGFucAase and lattice
spacm? tﬂc?me (iﬁ#lcegﬁtctg%ﬂh ?lgln% eftteﬁl% ngggr dtgé P(J%rglaﬁ‘?rﬁofv tEle sﬁlcon Payer 102, an
insulatigdpese informpd hesinme thiekaatsHng R compesitinn Baf arh épmm@éfeﬂ)r forming

the gaﬁeUhiuMﬁn Qhyet h64 S@b thREA rs@ﬁlﬁst&&teﬁ h)@ldb%ﬂ‘ﬂﬁlmsdef)&hﬁm techniques
£h It aX|

may b “tS eriafci ‘%e sgaebgwté| tlflotﬁ ?ﬁgmeﬁfﬂféerr ﬁe Cglr?mf ﬁ@'er of appropriate
thicknee frodsipesitdd niwer-prksureaghemichlovagrer depositja alldxit, g agtirefledtive @oating,

for 1nskaﬂc&&iﬁfﬂi’fsgﬁ &fysﬂ‘i\éo‘hrbxhhﬁld@réﬁataaxleélktrl%é tdfel'{fei)bkrlt%d Qhd ERDatterned by
osited material

rial

sophist e pot gy 501 a1 et gogyf | & FEequsinifapgpic etch
proces$ fpr phttarcing tte gareceléchots ms &qmadlemgpdsﬁed MydllmOmlmr Ofhdréudter, the
gate 1n'§|ﬂ gt?orn IX}!'eP 904‘&53‘?%& fi’eltterréﬁ t‘n?({ uqagéﬁué rﬁ?et éx(?& lﬂ{er tl&elgay be formed by
I con | ayer an i nsul at |ng ayer 1s

an aPP’H’QWtﬁ]Q[ dﬁ“ﬂ‘l‘ﬁd@R‘W@g%n BIAFSA conposition that are

appropriate for formng the gate | nsul ation layer 104.

Fig. llirgchhrlﬁéit‘? %ihow‘?’so@l an|s1(s: grfa g&alr?a)éli d o me ge/ Orﬁev&ﬁpféa%?{oelements
107 cogpprisedr h’é raeafdteéltal SalCldeS ysilidop c@ﬁldlea}&élt e@hlbaf) Pr oddratele high etch

selectitif}yl #HNE&Pect So HRARALAREE Hiad l@Me’T ROE 3 Hiaf tl%@%ﬁeﬁaimvrﬁ'@oﬁe readily
atl n

removqd S b ot iyl it B i ioGtn  Chey PR dEAceRihg oy s gpmed by
well- edt@yelredap@nnh@pmsuctuémgamjdcaopsthnatforemntembebyy phapha-stliagati etiemical
vapor @BQ&QJ)I{ tolﬁgg;ﬁ?ogﬁxmﬁﬁe @a?ext & J %9&1@@ tfgél&lgss%ﬁlﬁ sfuggeqéent aﬁlsotroplc

subse Uent ani sotropi C etch process for patterning
etch procasy veyrcieHahie stpp30% F‘B’rﬁ“ttFFeh‘E‘Pé 9€F L8 tb‘?fPtiyslie‘FVil%We spacers 107.
A widthayes of thh egaeaf todris rdabiigy gaatreuabnesw é}{ptdpﬁa{e@yﬁlﬁusﬂlﬂg’rtlﬁahlckness of

the s111g(§1 r?ﬂ%dte ?Aé@ﬁ nglrég aslggi?'a? 9,&{?;[;1 oln %ot (%,Q?amal( é 8wth 1'6510{15 acp acerrl]:cqx the gate

an ‘appropria
electrofgy HEds gubsqzn@allytﬁe%m@ﬁ«m @alsll’ayefs‘ﬁémsloﬂ fhe transistor 100
having formed thereon sidewal | spacer el emrents 107

[ tride t
Fig. lc scﬁpl%atltcgijya&%a éllge éeé/ ce h(lb aﬁtﬂ%?leﬁlsvg@: %8‘%? \glllglgp {/ﬁlgtoﬂé 16§]§bove the
siliconrlagan el®f, whereinea Ustdel Idystang:p ofk ilderekione 108 @@ s thet gri¢ elebtzode 103

substaxﬁﬁﬁ? Edrees ZIS Wﬂlegﬁac%leﬁgl'tﬂ YOfaQEF)F lﬁfﬂh@sr th@ nﬁﬁllnﬁf-: Flﬁéfcﬁess of the
process. The wall spacers

iner o3 (1 ra b T, HG; Sorliovfcd HecHnAdtids SHEratPhate foving

proceswe pSwittngdimm fierdevies hastoen ib¥igplinshalisnivaide adé thetctadly etched
SO as ty @:H)%Ee ﬁilggﬁr%h ﬁﬁr l(ﬂfat % dﬁfohg ﬁlgtnarg lnBtr Joggrecl.l Wﬁ{e %Lce?s ]t07 the gate

ess and a subsequent ani sotro
electmi&fr bQ:”eé‘gd Aphise kPR Siragiprgs gwb,élso“@h Batorg pnd/efeafier gherremoval of the
oxi de 106, thereby | eaving3he spacers 107.
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A wdth 107a of the spacer 107 is readily controllable
by appropriately adjusting the thickness of the
waRlosoen2anitri de | ayer. Hence, a | ateral extenB¢DOSN4/031038
epi taxial growh regions adjacent to the gate
liner @idectObontell-egablisbedselpmtingnproceldings ey de wamied dot/ sdé heto remove oxide
remdu%@%ﬁhe%%ﬂmﬁ&?ﬁthat’z &) habe SCRRMR It GRA boreRD cﬂ’ %he sdlécon layer

sel ectively grown silicon r g
102. g‘lﬁ"&?g‘efr A C%"i i S@Sﬂwle‘angéPW’ielzexr\ﬂﬁérp@{t}?na°f the &iligpn Tayer 102, thereby
formirg}j th¢ silicra rediodshid8 rvahi ospscifiBthickns ich@nipainiy @htﬁ%fl@xdﬁiqulrements

There;fgs tﬁé‘@ﬁéc@ﬁﬁd))?ahé enfotd 61 B%Pe% i ﬁw;m%gs%c% lgvﬁt%ﬁe %% (2ng hot

pl ness’ o
PhOSPWiC&&ldm’@“'h q’H’ébltSraaﬁﬁeélﬁlaretoi@eleﬁsvﬂg o Hcqnrigxide and sippn. During
this clok @bdess, kel réydue hsf oh |t61y\nofl@hd3§£-ts%$@:&8de Do RMmidyN&lsd HeMemoved.

Therez}f&lf a(%g}(\;eﬁﬁoraf‘P%Ee%w?%lgncglngzs be Qérforme as 1s%lr’uf ?a)é%gorltw%f‘tor devices

tirve pose The 'si
without duvige the pdditensl selegtivalyestawe sdtvoe regiotsy1048he Thpaise s appropriate

numbel Q?,smteh'@ll g@i&rseinﬁﬁ the OBk 3@110@@@ R NYppohphfly 9&1gned implantation
e.and/or after

sonveBht Lo SRR b0 B S 5 A s b
cl eani ng procedures may be carried out so as to renove

Fig. 1@’%bl@§1af1@a$l'ydslﬂ€§s @lﬁdtrﬁ’ftsﬁﬁfr lcégrhtf@m%aﬁto% m?{mrﬁa%ra?lgiytgrr formation

ated in a surface reﬂlon of the s I con Yy
Pf°°eSibszngn¥?{é?Sé@F? dpree differgbtidivelispacatst 1% Eisy 1 rdinr sewall spacer 109,
for instroposeupriped bf sitisorofiokide i8ilddaaradjagene ko ﬂlﬂ20x1dehkh[e€hy6 and has an
appropan{e'Hlf&EneEJH%r Sb%fil?l%?lrhg? a\?mp§%%68lglg¥%l{ l}l %e vpc?nlhfeofe t(ijle gate electrode

kness 1 n-con I nrequire
103 d“T‘Hé raéa‘r%wnt {RRlangaion SpAUEDRE. | A sqoe sp@qertiyo ds tnshted npxpdo the first
spacer @0E AndNepPLRASS thefqe(ﬂlrom B’}Sdnadalﬁﬁonﬂllﬁnbﬁm@ﬂ fﬂ@&we{&@f&ﬁhﬁ{de%ne 111 and
A, ex an _excell en sel ectl Vi
2 third S%flgeaol\ri:@dﬁglﬁl de ancfﬁeselsp%cgﬁ 0 I%nléE lﬁf'%pr%‘fr@ﬁel‘f)rs?}g“é%ds” as to
obtain tthpedesized denant] @8ensipnt iggions 113hadght dragl et savge £OBnsTRY4, thereby

definin@la%Bard6l LORY Fﬁbet%&ﬁﬁﬁ@&&&gmnﬁl 18 %ﬁ%k&ﬁ@d cH3h 4 $gth 116.

n'% case 1.0r

DR B 2 b S s 108 i it
ctched 9] the sunask yogroovef té kénticondn@g lays 100 8Theldtade, uﬁxallfamhe additional
liner l@fﬁgg 9@5&1@&1%r1‘3“%£ fcﬂfna§ ndcﬁggzlcler ?ﬁaﬁqfléflg?%[pagg‘ 109 r1smc“3oniprlsed of

prop rlate
Slh°°n§'éta6% H’éelglef ! 435 epretsried capng U aalswéqm ek fcaofsamg the spacer 109,
howevqdy @bssitdy | with @ &ihbin6cgcdudy Blickafds. ovﬁhg todt1%C BRABIIERE | ¥amage.
Therefc?tte1 Qe 115&610% rr@:i}sﬂesl.te%ﬂv d agldeg‘lé g({(}ltlonel larfer \igéangl?}gﬁlg%%e deposited in

t ransi st or
this cagehGeneradiyt the fermatign q%mapmacgrp ae%rido anchl i may Yechccempflishet by well-

establishedl epaad:l teGRAEIEs, 106 aJ scrhitdd vaNCR Dk ﬁl%@p@cfer $b7, ¥R in the
oca o the oxide |1 ner 106

°°“esp°“‘§“%%1”5“5&”%‘%5?%‘%6 o SO St oF O T GPPOstRg tpRieses of e

respectijo spater loyens dort instanocg pompritel of silicinmiitrige, ofhetding thg aftret spacer 109 and
i

e o o ot 00,5 S M s

SPacest i r st spacer 109 and separated therefrom by an

addi tional |iner 106a, follomed by an OXIde line 111
t r of. th se ace
As a r@srﬁg @he 5\5099 déég?fofe%r 1Jo<1.625 g:ts gh% goréng i O ob reﬁ ﬁ%nol?ow pn

junctiopfe &y Fhé dfOHE’u p)éri e é%‘teéﬂ?ﬂsoﬁl 3 é"(jlill@ risverthglesm providéngd fcm o lan dontact
resistar8O o the dfaBind @6ur3e1143g10h§1 Bfm)br&@dlhﬁihe Addtishad EUI&J’HV@I? GtdW silicon

regons 8, ANCHP B ok st S e By siustioBrioge pifedspabgpin e

silicidatigyp propgss dogpprat Qéwbrwﬂy if¢at ¢@ne>man@1>onsj 13, tnheid thaeilick@6on grocess
restrictéd/l t6&lidpyh &tieO8HerRiohs 1 1¥eand Wi RGE aRPLLERAR %%ns 178
senlconguctor | ayer 102. Therefore, usuaT y the
additional liner 106a is deposited prior to the
formation of spacer 110. If the first spacer 109 is
conprised of silicon nitride the liner 106 is
preserved during the anisotropic etch for formng the
spacer 109,
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however, possibly with an i nhonbgeneous thickness
owng to the etch i nduced danage. Therefore, the |iner
wae@siedp2be renoved and the additional |iner 1PGHURZY4/031038
al so be deposited in this case. CGenerally, the
Althoygly the tresassofiow escsibert abaye 11G0vides 10T aiedificas: mgyoveenents in forming

raised aﬁﬁﬁ raat i sshed rég‘iodéle{ﬂe&sisastﬂlﬂ 2B Qﬁﬁx%(felﬁ&g]@ﬁh qg%a;&;s to process

cr referepnce to the spacer

ﬂex1b1€vﬁr SO a%%o ?rﬁlancg (_ﬁr?er (geglcs Raﬁfwalagﬁag%rrexwmﬁlu%§ ttt;eformatlon of the drain
and sogy@mrerg@qqs ddd bgyloph@lp]@@nahers i theckaeogéctiodn 1 Bhis alst ASHEA$ doped,
thereb?ﬁnc&ﬁﬁné ﬁﬁ%ﬁ&dcﬁ@itﬁﬁ@&@f Th 956%%1 tfrﬁl.rsm{opiitr@tﬁlglﬁgft boron 1s used as a

donan ch E° Eléscon nl(}rl

panty ey, “f%r SHIBRS § iy iffusfvityr dging @nnegh P’toﬁ%ss?seéiali Hhésireason the
maximgmcdmpetatert enerdyyfof dophny thekdudgdl fhidldiain Paionen M Mgy hbiee selected as
high a® PEY&IS ve 'ﬁ@sn%blreQE L{)Iléw of Pﬁaﬁﬁl | ) edggcﬁg?rlleggtlc%n&ejpﬁﬁglt %%\gﬁn and

enables the formation o
source; rEEipfel I o et Hbe EBkeEsis POthe sate3nsulghion dayne V4 arvepessibly of the

channeb repiord L 15wt kespeck Wdﬁﬁl@ﬁl@@hdlbﬁﬁélﬁﬁﬁﬁ@%ohﬁl {oR© nel ﬁ): Bt taken into

4 rovi di ng addi, t| ona
consia¥fs? BULE Bl WS snptinlor bl girebn foeap ok ngmising the
drain aeéé‘dlr%ed?hﬁré@éﬁlﬁﬁ@sa hi ghly conductive nmetal suicide,

mhereln t he S|I|C|dat|on process does not adversely
In vievé otft% Lot bge ext en(i p nor is the silicidation

bf oces & Pedt A et 8’“5(§/ "crr?ée%‘ﬂf‘ﬁth@? enables g fermation el logadly raised

Semlcoamtqrhegldnsalwrhelandars eutraoeedr feyitoiiy fbd dsthtd @ithredpb@ to the height
and/or BfeQRERS cddcOMHES Sirt'hpaqtﬁﬁp?l%wg{ 1% LHES obt g{neé | gni T cant

i mprovements in fornmng ra aln and source

regions, there is still roomfor inprovenents with

regards to proceS&MMARY OF MHEINVENGSONO enhance the

devi ce performance. For exanple, during the formation

of the drain and source regions 114 by ion
Generajlpyfheptesent Bientiop bi dedcled te mischiigus thatesabiodhe MdBatian dlesitaxially

grown h;exail:bhdﬁcﬂﬁ D@gionst Rt eiyfetent MEiRHis Nehdldd €diSORAY ‘EIB% \élt gcxﬁnciegtrauons

o YRR o OBl T ot T L
lefereé‘i heighsp \off trylseﬂusqnn@ndmﬂaaregmnomsmobtﬁmd bhimsask®@sS@iB or more
spemflédhl%gﬁﬁé(b)rml%ﬂsrﬂ?laﬁnz%ﬁﬁlﬁngrmr 1 Tt @ngétgglgs&ﬁoﬁﬁéj bCor more

oth alnr 1 Ons not e selecte

. SFTIC\%‘{TFW B%gl SUrigp|2efitsh CR’/‘FaéWI fOW%tPaqcﬁﬁsngTheréPéﬁ r@@ or more
further pembnditioo megie@ythay be th@sdr sidna aewdnsd @piift Ax@al rg@@;btﬁﬂﬁoé%@s“may be
perfornQHtso' 43Sh qgﬁ'hér hﬁcrkeﬁ% Ft‘ﬁi &e)k)éﬁggl {ﬁ' ed %&)Sam Su!)v?tthl lheglons ¥1n<{ newly

4 and possi b annél regro
gr°Wm$ %%Bé’é‘{ grPthWP‘EFslPrﬁ‘& BEHEY-BPofsd ermicendupigr tsa@rom Tos seqnerse may

be repehl@d bfea plakagiey ¢ﬂﬁlﬂerﬁﬁlﬁsﬂ1ﬂﬁﬁ§$ﬂe@@ Mﬁiﬁly%@&vﬁﬂ%énﬁ&nﬁﬁ@or regions are

s AP, 0PRSS, SR K S oSl
hei ghts P B [te mpre conderen toxdeyios spenifia raqeizémantgu eMk)t'E&trere nabihesillustrative

embodifnbits bOMEBLdsE 1rQ/Ent|1c910 Hide s&ﬁ'cérﬁl%télef&ﬁ)gpﬂyf bo Ee\}\%’cﬁg&? BSrmed by

nced flexib or "1 nstance

epitaxial SEREh o ERA Hor e 1 1ot UeP Rt QotrcERed demisanducto

regions gﬂayt lh?eseéeptwdx ireducgl omthicknesgi oy for i isstaot adkitedng SHIMYEBRY so as to
premselg:edTIElEa hé}%ﬁ-w&mb @&ﬁllelllt reﬁlg\ﬁn h@%ﬁ zeJi ?Xr%g on IS
directed to a technique t at ena ormati on of

epitaxially grown sem conduct or reglons mnth di fferent
Accordingitg ht ﬁu’ﬁmdﬂ@l%trﬁivéfe&[b@ﬂﬁuedﬂbﬁﬂﬂe ﬁl@ﬁﬁiﬁﬁﬁvéfﬁdnoﬁsmethod comprises
formmgvgqﬁlrs?ﬁﬁta%aﬁ%rgathdxﬁ%'l’(q afi L o(s:gs Ir’m Ii%ltj ah%rdt seﬂlchng}lcé?ﬁreglon while

tional process
keepingips segands S@?w‘rﬂd}l@@fdre@@m @@?fﬁ‘bctT@Fn reefjiso ngisqdasemp@nductor region is

formed btiRi dx@6keld oS KIf NG BRR sOhicHRfubtor region and a second epitaxial growth

mask is formed above the second semiconductor region, wherein the second epitaxial growth
5
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speci fied regions by neans of an epitaxial growth mask
whil e sel ectively exposing one or nore other
W@ eovsoauct or regions during a first epitaxi aPCOUS2D4031038

process. Thereafter, one or nore further sem conductor
mask expgseons pakorhef ethp owechdasehiaomiegondegi. t aKinally,gp owtdnd raised
s ST, QB BT e Tl DT S (SRR Sl MRanctr
Teg.gr owi ng epitaxial growh regions in the new y-exposed

sem conductor regions. This sequence may be repeated

Ina fuljtlfer @m%(ﬁ%alt tﬁe&n&ﬁod%&ﬁe? rchgéljl%s gxltljgg&%{ Jﬁg %r ﬁngl'et (ﬁ))éllrﬁ V\gééles

em con
while epwvélfy Fovias phleask anesy ﬂ%@ﬁw@ﬁhﬁrsee@gurw@i syRicopdIctoy FWS

that have different heights so as to nore conforn1to

ol RS R e REE R i R

emwomhw@e&%&mnlconductor regi ons may be selectlvely forned
by epitaxial growth, and thereafter one or nore
sel ect ed ortlons of these raised sem conductor
Tn a furfhen F’Eﬂtﬂ IMeR} syd ded @dspyes Vg}"éﬁﬁfég megh 11 3 AP semsgnductor
region Pyoimplnging a paymxdodam isprgick.he regi on so as to precisely
reduce a hei ght thereof by subsequently renoving the
oxi di zed portions. According to a further illustrative
In a furghep @bodament ghe If‘?‘i@dﬁl"@éeé ﬁ?mPrl‘ﬁ?%f?F‘F‘B‘ﬁ a metahsilicilg in said first and
second g0§grse@énduofontagpng first epitaxial grow h mask that
exposes a portion of a first sem conductor region
whi |l e keepi ng a second sem conductor regi on covered.
In a furffige pmbegiment g theight of etleass ane ofibutitsbindrthysegond raisedyermiepnilyptor

regionsli @on@ﬁéﬁ&ﬁ@ﬁm@@ﬁet dpﬁ&lﬁfgr(txhﬁ sé by t%tadﬁ!@tm SR Gt Hid MB@I Qfcide to
romt h mask is formed above the

am”“%%%%%ﬁmgiﬁi%gHQHB 4“?5 "1™ wherei n the second

epi taxi al grow hnask exposes a portion of the second
In a furBRPLARRGHET: Qi HRY hﬁﬂkecﬁdr}ﬁkédysemﬁ:oﬁcﬁﬁ% tbofidhls B8 differing heights.

sem conductor region is epitaxially grown in the

exposed portion of the second sem conductor region. In
Accordmgftol Istlh arfugid) dusiretinte dnlbedinenhaftkhé presdne inveotipy ik eshod comprises
epltz.zxuig o g {ﬂrsp ?rgdwé) E}ecgig{ F”l‘%g E?&g?@ag@ ?e%éowa)ge a f1rsc§ anﬁ a second
semicorREIgh dFesigh s é“dp@tﬂﬁlb offtflu dtraling agyj Widption magks ghoyphe first raised

semicoRbRE rdfRdt. Nef; t¥PRcAARAREd SaREIn@EctdrSrepidh rlgdae&ideuyrttxmlzed to
form ain %%Ozeﬁé)oﬁlon ﬁ)av eSSee(r‘.T(]) oggse&tsemlconedgctgr reglon ]gnaH %e ox1dlzed

ons’=ar
portiongfihg ssmémajseééwm@@rrddetet @glonesgsebntltp}'y rermivednt ing a
p-type dopant species. In a further enbodinent the
thod further. conprjses mng a netal suicide in
tn  furf {0bqaaiet SRfyean prueon ok el eRatiaRHF TRRgRREN |
selectivalyfremotieg sadvinadi lagen from aheveghid sefond senhie@sitictonegioh. t he
first and the second rai sed sem conductor regions is
controlled during the epitaxial growth so as to adj ust
In a furghegprahodifpent é‘fle%?é?‘kf qﬁé@léﬁlf% ar¢ feﬁ%“dt EMECOPHICIOR RELQNS omprises a
structurh D¢16MR¢ht leXteSdih Pabdvod furABElofSOIMITEE: Jh@ §co® senlicbnandtét b Fi6is.
enbodi ment said first and second rai sed seni conduct or
regions have differing heights. According to still a
In a furfhgr erpleadiment epid ptesicrydl clomsaidiomprises afsaterriecpdeseirypture.
i nvention, a method conprises epitaxially grOMAng a

Ina fur;h:e{ §r%1bo§}%en thggxge g fur?he% 1en%1usd '?o?n%?xg g %}sggsagl g]dgxgal?spacer agjacent
to said gate electrode structure prior to epitaxially growing said first and second raised

semiconductor regions.
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sem conductor region, respectively, and form ng an
oxi dati on nmask above the first rai sed sem conductor
w0 e@somo2Next, the second rai sed sem conduct or P€EYSH04/031038
is selectively oxidized to forman oxi di zed portion
In 2 fugthepeanboficnes erhdler dissledivsiy ok el doxidiegl ontionFdf Ral lsyeond
raised tsaﬁlc&?ﬁhgbrzl%gloﬁ%smté)ﬁ e ffrﬁ%n@?éé alsBd §6fco ductor reg1ons having
conductor region is selectively F enovea.
dlffe”f‘%l;r%lﬂgf embodi nent forming an oxi dati on mask | ncI udes
depositing a mask | ayer and sel ectively renoving said
r; ct
Ao A Sl R e AT AREE Bnicongugtor aevie
Compf’rS?Sr%ilfS%lﬁﬂie elecinda fumadl akomela i semigepidaeier tesiop rnd gepargted therefrom
by a fisst gate ﬁMﬁBtloﬁla@ﬁgm flﬂl(faﬁadj 4R @b@uﬂcam’gw&lﬁaﬁ&m?xf arﬁlﬁix@nds above
L on em 0 i ons a further .
the flrgetn%a m%lgttlé vhil W%} et trat %Eel Ement © ('SInsﬁ?(inge%ateaa&Cé’EOge is formed
above ajsesend W@C@ldlﬂmlt nggien andnis geplarataditbereiaorh by inveqond gite insulation layer.

AdditioRt150dsdbd ﬁﬁéctl Hl?ﬁll 48 @&r&o&é‘fbﬁ‘lgs f@{lﬁjédila%@ %?Lkah(ﬁta%b\%ecﬂ@ kdcond gate
er adj acent to s ectrode structure prior
msulatfdglal@ﬁf PARiasrEapd é‘?lée\ﬁ tﬁ‘ﬁ défgelrsdfe o e gt ieight cond rai sed
sem conductor regions.ln a further enbodi nent sal d
In a fu?tﬁ&&n@t)dl%hte{éid el Ma ETRY éeﬂgco%@ﬁc%r(}%(élgdsza%jlop fngn of

second rai sed sem conductor region resu ts in
Semm°§ﬁ?°6°rfl?3fe§f°r5‘ﬁ%l°%%‘t’é‘ﬂﬂatl’n&l@éﬂ sem conduct or regions
havi ng differing heights. According to yet another
illustrative §gﬂ%§§’&&pﬁbﬁ8ﬁﬁﬁ§ﬁf%m ention, a
sem conductor device conprises a e el ectrode
formed above a first sem conductor region and

FurtheﬁAﬁﬁaﬁtage@ dow J&Qgﬁg léﬁhﬂaadilﬁdexﬂs bithSpre@atl ﬁvéd’ﬁi‘éﬂ |aﬁ:t defified 1@Y1%rappended
ral sed drai ree regio

cains 8q tFheol s B8 fhaRe - AR ERHOF e RS Pl Py R ey kG wio
referenfeé posthe pespyhanyingohrawives in \afllsleoond gate electrode is

fornmed above a second semi conductor region and is
Fios. 1 jgarat ed tIG Befrom by  a fecond gate insulation | a
g5 IaGdistieBrErLYy, shay SPSHHatal Sat® of RV eiignal diraigor @q}cwcludmg
raised dirf and wedcardioex fieing vamdns wentihausecosgds;gat e i nsul ati on

| ayer with a second height that differs fromthe first
_ height. In a further enbodi nent said first and second
Figs. 2036 shputiieBy sPewicstsswtiendl danseof fwe 4iffaent csemérgedusior regions
during vay@is ri:atfeEriog stages) ﬂ&ﬂélﬂ&élé&vél?h‘ﬁﬁed sBBlth_'ductor reglons are formed

having %ﬁ%{gﬂ@d@\g ?ov'éﬁ]h Dﬁﬁ\{va re gceorx]l tsglﬁ{/cgrhc?u\é%ptrg ons dle fa organce with
illustrafifie erleo dirpesinefcbe EP@MF@V@HGH witdl  become nore appar ent

with the foI | owi ng detail ed description V\,hen t aken
. Wi t ef cet t he acco ravvln in which:
rigs. 1458 rFOEETH b Piaf FooRw b9 Gl Sl ral Raloaul reone
raised gffitagiat @mmhtrpglml byt ¢ apwinst epitakél i grevth nrbagek, rvgheredi gedindividual

height graﬁju@te@ﬂﬁa%&%tﬁl@ oi’cﬁ%o%rb?ocgéé” ng various manufacturing

stages; Figs. 2a-2e schematically show cross-sectional

views of two different sem conductor regions during

vari ous nmanuf act ur DEJAHIEIDRRSCRIREIGN N sel ectivel y

rai sed seni conductor regions are forned having

. different heights above the first and second . .

While the preseHdgedn iediseribed ivitharefemnga tro the\ambRdinepty o5 ilusirgted in the
followiegrhiadile® rdescrpliod e vallese ™ tHeNN@RINgONit MB6ld be understood that the
following detailed description as well as the drawings are not intended to limit the present
invention to the particular illustrative embodiments disclosed, but rather the described illustrative
embodiments merely exemplify the various aspects of the present invention, the scope of which is

defined by the appended claims.
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Figs. 3a and 3b schematically illustrate a first and a

second sem conductor region that receive raised
wepitsaxioad growt h regi ons by a conmon epit axi aPCUS04031038

process, wherein the individual height is adjusted by

a selective oxidation process. DETAI LEDDESCRI PTI ON

The p%@éﬂt @nJeH@orpfseb%%Ht ot mée&)'iﬂ:e?p tHaf tlgeﬁlﬁfabtlgﬁglc e Retecti vely epitaxially
erence to enbodi nents as il lustrat eCP ll']

grownfsslin c uﬁBr ae(gtogll? Fr@a ba é@ﬁtf%@lffsqqn%f%}ffer% t}fpﬁs pihgrcult elements or

differcgit arapsg e, seinfcosdustol dutbzatonOas efamptt dficatuit fleméml fF@Whiy the above

conceﬂ%a@'ble %gvﬁ%%&{usﬂrtdsgdﬂaf@%xt\‘ﬂeh s‘%ﬁlea B@ld%f%w tji]a%? f’%ﬁ glerrr]lgrtlts wherein
énded mt* T nvention He

due t%ﬁ%t@@ﬁ?%#@ﬁfw G&et Sanv%‘b’é%ﬁ%ﬁﬂﬁ%% ok specidic| dpsig, criseria may have a

significait ﬁt&pact hethd eﬁeny bigginéd ﬂrdiﬁisfoﬁbérﬁﬁ!m&fdao@bfrﬁl@ﬁaﬁceﬁﬁfe%hlyamtance of

sourceea)ﬁg '&Etn{ qu}{ct ?ﬁm élgul%g dx?tse%ﬁ af?]ues at %ﬁ?re vge tl(fCﬁtéons which may be

I'on,
taken &}ﬁﬁ)é%é@ &1 edrrespoTdmely austing theviesighit of ralsedbdtsedandnsouhe regions.

MoreoSQNHE Pbsititlods th@@o;ﬁﬂlasrp@&és%ﬂ &l 10 sofRk a4 Hl\ﬁﬁl ﬁéglons with respect

xi.al sem conduct or 'regi ons may
o & sGRUBPUEF i PROUHET fHed BOUr Pl AR B8 15 OB ey need fo be
addreseddeméM®aléy fafi differeentiraitecismafts andenilavordiegions. A further design
crlterl&PQStﬁer ﬁt:.tgncegﬁ ?hees)fm ﬁ"lte%c 'ugugihlﬁf 'forﬁ‘lle@ F691%§r 1].(‘519 rco?ﬁ@ét qglstlwty of

he above concep t rTH%/ be a Vanta eous use
arain 5P i Feplage. A hToPE] 1 UFCiE PERURTSPICHS PR SRSHER PG Vith respect to
the bowdre peitiondiie stwicbiductoe tiyee Beh@athiy éistahaaBayedesepsidlely Rljusted for

varlouy?ergioﬁ% bppscém(?éonﬁlpc?&rl sm)s(fra %% 9&) ﬂillwtdgély enﬂ? l&i‘:\ cFew.ce Performance

I cant t ransi s
Moreopay dSoM AEPHEY. nqﬂ%ﬁr aum@@%m& traHStsr?é n@apqnmteam@ wfrcg ood dwain regions

of red@ded hdigdi Fo hdl BCiak® MGto HBAOUREAL IificReabddl fo&l%ﬁﬂfonV(ﬂzbﬂleﬁlda&ffuswny of
e taken in

voron Loty S a BRBrorEr il ot R Pl ghe o slected
s0 as fogivaiddundpaideeradation of p gateriegiatios laykb mbdv erverthbless providing for an
optlmlﬂpédpﬁhtq}?ofﬁg il A6 sHRRARY dPRERERR nhvihg B8 TdMEGheldae Source
nd drain regions with respect to a sem conduct or
f| I'm in which raised source and drain regions are
It shofldrfmdctr beeptedadat inothb dolhaidige Hmechtiva dimbbdi@hdsy a ffiast and a second
trans1sﬁi)lr feﬁx’éﬁrﬁ r&éﬁéﬁ%otthﬁla%%?% ﬁlr}gé)ggwg%\éln&gn&?gltr g%%ns which are to

her desi gn criterion
recelvesmlta%la]éy preva semicandugion agiops.f Sheigsenbinvestion. kaveeveto plroakt not be

restricte@® $¢ ﬁ'hﬂsi/stdr)éldﬂfenfi[ Bllltrm@ﬂﬂ: Iﬁmﬂl&(h@plﬁeﬁigtb QR cir¥dit aeh&ﬁp%ﬁlrlng the
format}og o(:f sgligaive h ro%ﬁSI %tamg] p% tﬁ1 reglgl%s o és]gtlﬁﬁegt ﬁlai u%%M&sp ics; mor is the

i on
referenlcayter tWOI—lérféeéentt mnscq»d@,qtanmlmwmbe sopsifatdk|ay wmdiriggngdas the
embodfn&htsV(ﬂidld%ka hEI@ﬂl' ARy bé’frea@lliI %ﬂilﬁ@ riSI Lé%lglrah%’usas&&ﬁ;eﬁt $dhiébhductor

i.ndi vi.d %ﬁ'ﬂ% perfor n?nce

wreas oyt ab Sl PSR G G oo e HERHAFLY EEHTG) ssiponducto
regiongTay require rai sed source and drain regions of reduced

hei ght so as to take into account the increased

penetration de th and diffusivity of boron.

With rﬁfﬁﬁgéquPeﬁ’tng ¥ 2pd dA e 3ds Fatheefinsurtiveeirgiofimantseof the present
inventibmplibmivabd describ@l anmberdstailtny be sel ected so as to avoid

undue degradation of a gate insulation |ayer while

nevert hel ess providing for an optimum dopant profile
Fig. 23 pehematically) rstaharoamcnoqaég}ewnoﬂmwmgortdnetor deiiesedP0 at an early
manufdaﬁtlngéltstagbt Sﬁw%rﬂcéﬂdﬁ&t&eﬁem ot @&'nﬁrﬁéﬂ a' Jﬁbﬁthﬁe 201, which may

strati i nents
rpresch 0 b B OGS ST U Bl B (it M 10 some
embOdMnﬁﬁet!le ohbstratspkid t ageregrsaint @ ipdikcemicon@giaprsgbaatec luchras a silicon

substraEeo hﬁﬁ§§ Forc @ Pherédhl Akd ¥ e} 1§fer1n 2‘59 n%ﬁ L0l ugghlgﬂﬁy crystalline
lpre ent i nventi on, hOV\BVGr shou

S‘h°°n B i clRdORY (FubAdimepts, thy Shete, Z%tm%yreb@s%aéﬂ | fpsulating

applled to any circuit elefents requiring the
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formati on of selectively grown epitaxial growh
regions of different characteristics; nor is the
w0 edosnessee to two different sem conductor regi POFUSMOHE31038
consi dered as restricting, as the enbodi nents
substrgle sfot imsteere Y aipmonriaie fubstragaidiving fanppl ittedeon @n ansplatnh@layéry such as

a silicBf aRkiab ﬁfy@lmon%mhclg RAYGCE He BMEARGICRT Wykt &b 2k exam le in the form
i ndi vid ted characteristic of the'epit axra 11

of a Gy¥HHS g%e’bor{fj lﬁ%‘?"ﬂ)‘? bf gpptgndat Wf‘ﬁvafl%eflelf"é’r‘?c@fquﬁs Ftiaﬁfé o CMOS

technoPegy 280R (silicda caridsubitor) frechiidiedy ik Ichisaitlyadonst @eredrbretraB2d to3 formmg

highly calEc{]ﬁaﬂEs@ﬁ%@ jcds! ]ﬁé}ltcé oR g%{chlapgn%\ﬁok&ﬁn&%s %el s%ren(iIcolthucrtT(H layer 202

a schenst | a Cross-sec
represwt%wwtalémé EHiced Haercy bk aaléeliné@ F @oPraximatelie &r5Pym that is formed on
an insTRALE St ofte refbREGE to E’l Buﬁ&l%)ﬁ&ndqﬁ& QEmIeMIuERr %@\ch 200 further
compnsesgiJ %us? %gvut‘aehrseggStZrél@ ééox\f/g] ﬁ&evi;csr ﬁé/ ?‘Irb %cqb S}c@ are Xeparated from

ate I'S SUI
each ofliepprgplostrichldy ingwlated hy s rselae«nbﬁulnmm@ Tk ésobtibs stnedee 220 may

be pro?iddd [HBiYe E&&r(ﬁ%et%ncﬁ 1381&lt16n SO ﬂgyﬁﬂéﬁ ExtSPEIW AL She S#EHate 201
si | con substrate, orped thereon a

s0 a5 B yBudinllé capPRRDeresgRIbSlbips SRaEU B SeihigFe regions 240a
240b. chityist@bt¢ inned ghdtitbo firdt apé rsecohd dotibke regemb @d0ayEdI0B ,ard hRistrated as
nelghb%Hpgc‘tdE\%eere%%s T8 Yas tgp{roﬁﬁ eﬂ)‘i‘ 195'@adb93¥ lc@lhblﬁlgerﬁ xjgch‘a'irr Qit geld effect

i nst anCe any appropriate substrate havin
trans“ﬂ’i%r"é‘@ﬁ"a&ﬁ“ Pﬂ‘§’uF‘ﬁ?qdﬁgeqt%\ﬁ}’érflrS‘s‘H@rﬁe‘a‘S“dad%CP|fé$}ﬂnsd?~@%| b may

represdnd ye2hs thmw\knlgﬁllt‘lcalﬁlﬂ spaaall ephri fiem SN dﬂ&ﬁi d\dﬁﬁlﬂi singl¥ @hip area or are

even lfcg?ed III% ff ?%1%@8 & ar%a@ tvF]lei‘n ];he s QrateaZ r or 1nstancF C(%J?fgrgnt areas of a

hou dvance Io i ¢ CI
semicopduct] BRfeCEs lte@'efm&eogymats& off differentn d;memsmmﬂ apiazial growth

reg10n§ achne |pﬁ@dee|fSr GtgtRa didtu RPN HRe pBYigh@h RInerab®fistics compared
ranS| St or devi ces. Hence, i1 n

hl scaled
to mte;r’)ra{e?‘lm “5% eﬁ%o%ﬁn}?gﬁflg *t H&%semi conductor | ayer 202
represents a crystalline silicon layer with a

The flﬁshh&ikﬂ:@cﬁﬁl d%fvmaﬁ&rl%' 18} 14y %oé&qu gtaaaéledtl%désoidﬁ d2(§% f8fhed on

sul ati en referred to as buried oXi

respectpt s aA LB JVEBT G0t Somorer ToPRSPUOSTS 168. 2P fos fnstance
comprigkgly 0fC silicangdionid@ 44a fametdaors eidorulls dﬁ\fth@@aﬁe&gdzmd&4ﬂba, 203b and
surfacev‘ﬁyrﬁé}ls%tf Ss%ﬁ%oﬁ&nﬁgﬂ f1£ﬁpb@?%hto tsnggcegogghe %,eﬁg %lrect%f §¥03a 203b

|nsuae an |1 solation stru
are coverqd iyt ﬁif@ctz‘?ocmlam@s PP i288d Which hey feprasets ftharasidep ehan anti-
reflectiivs Gba’ﬁngOl]FuﬁhdfrtﬂleeUh&picbﬁIaymlefbtr Qﬁh@an@@%nﬂr&e& BE silicon nitride, is
formedszfcgi?’ : {hgz:ﬁg'ft agxglls%%on?%te‘tng? ﬁeépo?é (i d&:y Sfé:‘lg%@i}leot&:@%/ 8t§h mask 222 is
formedroxgji the senzmduct@mblce P90 sush that the smn@dlevma‘bgmm 240biis sitbstantially

comple@dl‘fjcoi/@&@ R6la PRV 6] or 801N $lo%4H8@n agfaQQla?fe?nolvjlll &fstﬁJ @E&g layer 221
e regi ons sp as to orm

hborin e
in the seﬁogxﬁ gﬁ‘g%e 1‘85108 g#& %Jﬁl‘gﬁlaép G(Blg{ltraanPtr?Hl%Ftah glfo]cget
transi stors, whereas |n ot her enbodi nents the first

A typlganq)r&fé%oﬂgw%y 'f&?mﬁge OLbthi %Qlﬁtorz(féggem e{seﬁ{osvﬁ qt ig. 2a may
ach

areas that are si gn| I cant spaced apart from
S“bsta“&ewérncwdf I’ﬁli‘ensaﬁleﬁrﬁ‘ﬁlise“éﬂﬂ % ipaerstyr oxgloencdyeth fefencedity Fig. Lo,
whereinl itief f2€@atton CdTi the a:foﬁafanHtﬁﬂS’thll& Izberné‘yubéhdfo%h@hﬂ@a by':'@éll established

photolijchrcl ltaﬁiprg ﬁ?pﬁgh Iﬁ gl{dee{ht,h g urthgr%}r(r)}rec %gﬁr#ét o(fl%l&?iaantatloly cycles

ornmation o er en
with fe@ﬁF Vg wnagking g mas *@g?eeﬁqgn@do asto Qﬁtaphsm dpsir¢dpyertical dopant profile

in the §eﬂﬁ@gd@tcﬁda}@f DO Fdr ShAMst Rl QEHRI dePRE Qi BAEa, 2400 in accordance
racterijstics i nte ratﬁ C|rC|tSt

ed to
with o W E SRR HB oA add ben@rrTi e dntr-olibhas deried vit
referengeplyiFig d a.2i40be prest@binventionitisectdamaskel 2.cor ndesce208arisd0Bla resist

material, G5 T&i¢he®Brior to a first anisotropic etch process so as to form sidewall spacers 207a

from the spacer layer 221 in the first device region 240a.
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respective gate insulation |ayers 204a, 204b.

Mor eover, respective |liners 206a, 206b, for instance
wa@orsided of silicon dioxide, are forned on sPCPWALN$031038
of the gate el ectrodes 203a, 203b and surface portions

of the sem conductor |ayer 202. A top surface of the

Fig. 29 %h%m@ﬂlc%fﬁ' Emsth@&%ﬁcona@&& d'é(nhe Q&y £ 8 Fh ¥, .ﬁ’?‘%ﬁ Gk kh\éeanlsotroplc

a ers , represe
ctch DB ST PISK SN SRS 2 bt aﬁffrh@rmqﬂmdm@r%ﬂ@ gage clectrode
203a. yhaewer, limligr 26284 ptch oask 10tianayeDmarpofds 6f the 1ihér@08a in the first

dev1cerljeé15ﬁ gzﬁ)a drecf‘ refnﬁgg&e% ﬁqg\é aQ?urEacg %grn%H 2%3%9 % sggl\zlzio%guctor layer

regl ons
202 {Tg¢ rfélscta’\? erFmP‘Wé of ¢ éla?fd%&qaomawbwwmmeé tkyhanyharpraphigte etch

procedﬁ&cahﬂdmd)@i\ticﬁler ErR@ddienBbAten itge 151¢P306ANE tdlprée L ONRIi@h @lokide, may

Lo avoid 195 At
ve st FVEEFS, 0P o8 el Sl SRR RS SHRAY s 224
may bejsiepice. rTégﬂe@fF?r,Zﬂ%bld Gleanige arcedsssenae bt perfirgied s@ps o remove any

materlﬁtlﬁhdlwé %ﬁxstﬁe elg’ogéﬂmu%ée PIRGRSS 34 hfivér i@ E‘exﬁcﬁ’ré qhﬁ QodtdMinants in a
ctor nﬁ\” ce 200 as shown in Fig

surt EEI il R > gL o S G pioalivr 221 rliably
maintafnsea ipteglity Xl secomeiddenidehregied @04bnciubstquekilyy.a firat epitaxial growth
procesWﬁﬁSf%‘erbel;fbﬁnefd%vﬁagllnotﬂe QJmJunﬁg S}?dg% %&ﬂ&é?t cﬂcatsl'ﬁr lgb%p’ epitaxial

%s[k e acconpl i shed [-es

growthymaskaPr e ogreap Hﬁvwed@wg@ﬁ% fo ante %’P@fﬁ“ﬂé&ﬁﬁi"&‘h’é@f growth on the
secondFderick eargmmob CitipApane slagmlr@ham A7k @fd thy CheBydy J0Ba serve as a
“local’ gr% glf aﬂ@%ﬂrﬂg él’? t %H?!XHP roav%h Qc? rtllieogu ger égrtl%n i}Zga and to the

a desire cal” dopant
undere’é?éﬁ?&é@ﬁ&%’t Bt magyhare pop feraed didngfthe Bétrtldﬁ@m@@t ofidie liner 206a.
deV| ce regions 240a, 240b in accordance with the
vi.ce ci f.ications ddition tg the conventional
rig. 2o SuEBaBRRS, MoSR BT Bormath R dsEe it ol B GRS grown
Semlcopflilotqiieeme@émhat 1elnttively grémen Eltthhflnaédwcz 2@&giorf DA0a. A thickness or

height bk %Bﬁﬁuﬂl@@%%ﬁfe%l&fnd@ct&%éﬁﬁ 268 bR ed hFink cn&)(#taxm | growth
PI‘OCCS?S?C% to.a fir ani sotropi ¢ etch process so as

U e P™ p%f8“é‘15% rota i SCIRECS pade? Triglie vl growth
procesg for fféreniffg ansdpitebastiycgrowe gémicoidbtar Feigtpn i lthe&@litﬁnﬁ&ich@éﬂ‘dg}bn 240,
and po§E191‘9'51nt @(ﬁnﬁﬂq}oﬁ %@y(ﬁh&mo&?vépﬁgx%oﬁeﬁf Svﬁgn ta &arality é)f differently

HE etion of he anisotro process,
dlmensem FP‘@?"&BM’IW%EF&’@@?@CQDW@lqﬂaiﬁéo be &rmpd ripréke fingjln desined height

of the $emmiédn@udgatregiod ecdar Qd&e&@3&n sbiag eﬁU&ﬁmeﬂtﬁ oEé Gr m%he ddpent species
tions of

may bg dgé?od{@esd{( hh‘?‘r% 0 Ithsé Elgp%aF ovﬂg &.O {hf 4%?&”%&“8“}%{1{)6\55)& g%Sa ghereby

rst eVIC regi on
providipg ferxasoigercasad progess ploxibilisnén abSegueft implanwtion sepsdioc faming drain

and soﬁr@é/ &rglo%E)B lc;ﬁhi@ﬂ |ta$1611| V£ oh& ERYRIm &L, thp ﬁlﬂlldl Reighf 5@ Tpi¥axially
ﬁ rgsélsne %[& agpmprlatet? procedure and,
grown fer‘{“?o% 1 arap PROFHRAY P n‘Z’oea is
conprised of silicon dioxide, may be achieved by a wet

In Fig. ejc@se@5rﬂ0§&§mg§| 1@¥ﬁlﬁsﬁ‘g§ tlUt gl?d's{aqgalfy){lg ersV{‘P?e Fl?s@ Yievice region

er-etch areas e Create erea
240a S% Eﬁ Pa%’ib@a?f}aé‘&ﬁ?“ﬁ@ aﬁ}‘ 6@&‘%@1‘35@%@} %/Opéam%ﬁeﬂédh%érsagev@ region
240a durignvsabsqyentTiti@itiopic efobSir6be@Sfof paRIniApethe XRABEE §pdbdr d38r 221 in

the sec&qir JVIQQ§6 ?o%%goﬁand/or to renmove any contam nants in a
ace eg| on of the sem conductor |ayer 202, wherein

the remai ni ng spacer |ayer 221 reliably nmaintains an
Fig. 2d Kdhe@sticaly Qhovishe SRERE Q00 %‘ft'eﬁ Soxﬁlﬁ&idﬁnofzﬂlébamsotroplc etch process,

SR Ao SR A LB SESES, TR R
the 11n@a§0@> iscpagisdly "reraqyied dx itteel segmdvdewcmkmfum tsb] @s seepast the surface

portion§ @Y B &f [tBYIs @i cefidBrosS % a@ﬁ 2H® @H&Elq ﬁ%)é glﬁé“ %o[inlgul‘éf‘ng{;al process,

row.h on the secaond devi ce region
“nderet?%"f&?l&fe%%? oy fiaedien Somed o at 1t Heo expbansdy B 26gATSoVbe fist
as a "local" growth mask afd restrict the epitaxial
gromh to the surface portion 223a and to the
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underetch regions 224a that may have been forned
during the partial renoval of the |iner 206a. Fig. 2c
wagedsmetdecal | y shows the sem conduct or devi ce PODUSRID4031038
an epitaxially grown sem conductor region 208a that is
devicegegien 240se | Aftegnmvaieaning tpheedsey Bt ra@vinganatapl oxnidR&4Qad cdutaminants
from th@'e DéStiridle Jb?dl(gllthZ% aﬁdh(ﬁ“ cg{l)rlsé %lnatu: ¥ dglgcﬁ‘ﬂ@ gr(}]wn regions 208a, a

sem con uct or. region adj ust ed
further fyecond) aﬂpltg’flﬂ)‘mﬁ‘ﬁwﬁ‘r 81‘9@%% “is eerlorRsk wheeeiy ﬁwfpca%swé@geters are
selectddesUhst ®, otitdin Gloetpiiredttetyht Of bl epitdxiblly @ 6wie Pégi@Xinadhe second device
regiongfzﬁ%'tilf] fglr O?%?ﬁarlfeg%wtiloﬂ’rme?%maﬁle eleltt %c))( Ié:%&' %:oé tgge 9%!"2%‘3 %%)Ob In other
embod&nﬂltiaoﬂynm fprthey %Wﬁalnmw@tnprmqsh lsa@dbet ¢agied ouépfpt atnmher device

reg1on5(h6tp§10\bﬁﬁﬂlaﬁhz@|Ué61ﬁl:dv%ﬁéd0>fy djfegﬁe@ﬁ&néﬂlt‘ﬁxﬂl é@ﬂﬁi ﬁiﬁ‘ﬁddurmg the first
i.taxi con ctor_re

epia B A ¥y RS R TS B A HaF B aote FisgSeond pitasal roms
step, #henireend wergeterse gie 0391c2@8 aso Mbrtce @bwin anringomgiate height, which in
combifIRR iiahL §Jbséa9§1t Q%ltmli SroRD: q'Qstult§ Regk ﬁﬁalms}?& height for the first

i nt.roduced during %tama growt h of
and seeqafli deyifnitretons 2+°ég%48h a afurt%?eé«tfy e di ng “for an
i ncreased process flexibility in subsequent

Fig. 2é Mlﬂﬁﬂk@ Q3w 21%91%?/1%9 EOJ ﬁ{emc&ﬁ%lgt{o%l dt t%@ d&‘a%ﬁﬁﬁlal I,growth step to

regl ons 1on | t1on

form fi“PﬁdtﬁeﬁlFCOH C@ﬁfeg&‘ns £Hd 9@{%0?15%? theIzgte glesinpfle@Rh anskhigeing pdditional
epitaxiaBglo@th r2@18ﬁ?s my oii ﬁ)@@)ﬁiﬂferﬁéﬁuﬁﬁ@rgﬁdxbm@ﬁh Y08x F:nBdNthd ddmbination

of the e{)}%ax%a%%t vlvrr reglons %SCa %L% r]@su%ts in ‘%mal tlluclsntlersg E%jazth% 1S ézgger than a

COVEr's AV e &Gt o
corresppading fy@bﬁt@mﬁs APy imihgi sdcoad demae esgical 2406 n0iealinsgandd, ghe second

deviced3#BH @40 mhy €epbdsérita FlEMNRE tFRALOH) widReh A rrb(ﬂlge@thlckness 219b of
rocess for atte ni.n

uent ani sotr, c etc
the s O RS Rea P Lper i oo aE B EE o o Bl
to deepl4(lmplamt oroR domscihntht isemicondustanayert PE2, dﬂl\vle cnauﬂéhﬁimgfthe superior
perforlﬁm h?&ﬂ QQhﬁBelttﬁﬁSla&l &QInrgqpé 19101%55%5' h&%ﬂcﬁ’;éa air ﬁ%éﬁﬂeie‘ggavmdmg

formation of sidewa pacers acent
an undpp éegg%ﬁaaoré?f&% ATy lam P%ﬂ\/larpenﬁtrﬁémg .%ﬂlffwebb?rgn fons. In
other f3p¢cts, alld Aespeetimeviedkhis 0h,e2 19emmydoeobemue¢ sé¢ @gtooimdR4dbILS @djust the

overallaS £1t§1§1g0§F &rFlg %ﬁ'(f fzsggge eé on?néf 5 € SC%?CO%(PU%’[OI‘ t ﬁevwes or to

uct or
corresm@ﬁmlal adpysiothe é@tanmméve@tl aretal @ﬂmde ﬁ%l@@mhlﬁhyreﬁm@albéemed for

enhanofu@' ﬂf@@omﬂtﬁtl\hﬁf &l sSﬁ%c@Km @afieRgidhd il &f & RRe&1, bid iR&ottom of the
ce region 240a. After any cleaning

0d
Semmoﬁ%ci(gé?f iwm removi ng material residues and
contam nants fromthe exposed surface portions 223b

After ﬁﬁ@ q‘)eégndcéﬁﬁﬁxgiﬁ $6@ ﬂrb@es@ Rht @ﬂ(ﬂtl@k |Iﬁﬁn%8ﬁ\ﬁné’ ﬁlg)'c%gﬁna%oﬁéresumed
further (second) epitaxial growth

pro
substagfigly G e tmih P Fhis $RSCTHFE CHLS TR EAle 18- df @n¢dfle B is. the
spacers207as2d7d aﬁdl)tlﬂlcb]p hyére QOSa; ealsbrmaygt’mtremﬁveanfoe ﬁnstaaxd ‘@l hat phosphoric

acid, agllfioé/gpregp%ﬁ&g? 1}\;\1Plﬁ1£lg§ons @)Qc%édusqr !:oq"f oqlgln s gézgsb é #sz@ may be

epl axl a rocess 1S ess
performgd s 8 POeP al{lr‘\‘ @ﬁlﬁf@r d@mp%rﬁsgs Wéﬁrsafwmrn@pndmg drain and
source @PgibX hr&hudgfg%&ﬂactme Q&RBSioh Segichs DErNGRARdreEordpontiy Metal silicide

reglonsf I%El}tf ek (rjﬁ)r%l%X a F%Sé 1 et olr}%le g:) chl)ﬁI é%or re%%s%qg%g?f glljilb 1% accordance
Wlthdqsiﬁérﬁqm@tﬂe@pl taX| al step and is still covered by the
epitaxial growth rrask duri ng this second epitaxial

ess ters are selected so.as
n snonfl S5taT HED e o Euhalitiet i PEfmen Gy Rt it And s g rrosions
240a, 0blar¢ Isesasamdslaqthensolz&pmt souciate 200Winhoth¢regutotiBnents, tHeeseparation
betweeﬁ't@@ld ff’ergl?ﬁéxﬁceeqe%%s%& Iio%ecteps%rl&" ﬂesrgp@{égteﬁ %99qgn9€¥blﬁgon but

qlons 24 the evi ce
may 51mp y be represented by any physical boundary, or may be 51mp1y defmed by design
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Fig. 2e schematically shows the device 200 after
conpl etion of the second epitaxial growh step to form
WO a008mes9seni conduct or regi ons 218b adj acent torP€TESIpaL/e31038
el ectrode 203b and form ng additional epitaxial growth
requiréregits0 bsse® bB apenifid ofitedd, tubk aprfmlcmitw of) b Q3MRuit dgiodN and the like.

Hence 91% %%pauﬁgggnto rﬂ%ef ¢O I Hi ﬁarlce re% r?s f&%tﬁﬁh@ Jqut%&%W obtained

a res ’hi ckness
by thetfﬁraleatlios of thedfirst aud seroad ef@h m@slﬁomq h?é fvhergin, pYying k¢ akgnment errors

due to2th® Q)hbtﬁhihb@raﬁl@ﬁﬁﬁdvdleml Eﬂmh@@h&ﬁrsZﬂ&bsecm etblﬂ&faﬁﬁmz 225 may
result t1n n m ?nd 1dtgvr|ec1§ rtl? I on ex er1e a 0 o 1c tch atmosphere durin

p-cC harii Pe??ans eP Ifcﬁe nr%dfl 8 t?n cRnese &
patterming pf tﬂe suclwalrlasp@cer} %)é'macd) ﬁ@irmgt pattendag ofntde 3iigwalt epasens €@7b. In
such ch&@s! A€ 1k @d%@% a@@ﬁﬁag@&ﬁw seforh& withen PSS Ijﬁité ﬂﬁékn&s@ S0 as to

ron ions into the en1c
nove oA TR, P PR b PG ?“gft LS sl posing
any undertisgymederiplrigyess te ti@ranksatropigetthembimtr eased hei ght 219a
and nevert hel ess avoi di ng an undue degradation of the
gate_insul ation | ayer 204b by penetrating
In the &i‘“ﬂ’f"&glieﬁ‘@ desFiBee Wt&% seferppee dp Figs: e é’eesspafqﬁéaweé%]e&f i Nig 2a) is
an1sot1hbﬁic@1ﬂ5t pat2irf3a in thkFhstridyicd eghml 2804 @Hils Beif cdvered in the second device
regionI ﬂgf) l@@’ Ldlnéqg lefs‘iocé h%ﬁﬁ’%&?arl %thﬁ %&?1? I} ﬁn (f‘?stotfewgg fflé 1on 240a in
an e regions of the sem con evl ces,
the forgy pf %ﬁ@mrm’ﬂl 9- Quifhesather handyjthg mm@tts@@@\merrﬂémlm serves as a

“globaBUleFit-A1 I @GWBANMasMH @l dcend MEVi€AkdgYonf QIO’BE(Eff ‘Fl’g 2b) In other

embodgr{llelfqr%? %Itegs%gggpfag r%g Lrlrcl:aiglr% p%l g%‘o%?‘ﬁ#ﬂ%g?u%[}ﬁg%e %1rst and ecorrllﬁ device
regiong @& oHH@b.c siorilatlpye the Odhvertfonelr afphaick.eawineftes plotming adorresponding

51dewa§51r é}%éﬂs Pé-RAC Q@fb in tH@ flf'ét' raMf' SdcohP ﬁWl&CIteEfohp 9409r 95(%5 2 c@ﬁ%spondmg
resunmed substantia

coh g, RGP B HE Lo B G OB dodier SpiiRet i subsequent
procest li rspadeg,sfoR hfance? éinan g0 dahthe capedpaytingslind 2a6b R0bdintained in
the sec!xﬁa’ dggcer Egg}{ %%b fﬂ{e 1irll'é§£(%'ﬂ‘}§agtﬁ{ed“s%fveﬂﬂ Ql’?eoéﬂgsreh&en@(ébgmal growth

an corre on|n antati on cyc
procesg, dp rce@blaﬁfennn‘glﬂs&aé@a&ér Hybagd J}er@aerrﬂaxﬁr 8851)@ af pSiebalerepth mask,
substaﬂfallycprakbhﬁnm tie eiﬁtaklalegrodzﬁpaﬂtsemafdubter afatcrisl OL GRS S&bYd device

region 2§§b eCEle \s/ue eg nd;ﬂrgangfﬁlgtrurgmga gﬁ)gg’sg%agr%é% | c%glﬁhuednagllé'l gesglgbed with
referen@@rtp d5poAdi n thetlaer §9¢tc idéo peighonan emﬁgmzﬂegrbwﬂlnmskatit may be
advanthgeaﬁest td Probfae tﬁe’ihﬁé%dzo%@ hé Q@dﬂ@hﬁ) faniRGEARBS tﬁé&ess%%pared to the
%In accordance t tbe{ijl %n re |remsnts #L b
°°n"°"6‘8n o RREPHFR AL Nt PSR- P‘Eﬁ‘&’t t B¥PeLRh 8kt when
corresndnémg|CI®mnamdocsscsond pdlefvnntcé sp @gito nend¥4 Qay niadkdial mselues from the
exposea%gﬁgc@tp%ﬁlm z&ﬁe(cf %@é 3b) ﬁnorScB RICA A @pn%%% g FQ%&%E@S}ES. Moreover,

nbodi nent s, aratlon bet ween i )

since t&%\"i‘iﬂlfél°f‘é?§‘?r6ﬂ§“5r‘i’ﬁ§/ Slicorelodds dinen ?‘atﬁréalr%ﬁP"els‘%‘?‘itQQéhbﬁ?r austance
compris¢dedtClilidos dicxidepMay Dififer frouy tkd mbsiom&afaeﬁfla&@ Rf €& spyceAnyer 221,
for 1n§%§é§ c%%%)rel%gﬁ{}dﬁtédgeﬁ) Er(ljcﬁa X %grle?ﬂo a?g ftalltﬂ)%dotb Mwﬁ degaztlzvgzrﬁ growth
parametgrp @ftalv &aasquirgd. oForgngtance mettemw%tulte oérﬂ@p qpﬁexmh gewthpsppees, may be
corresﬂoh&n§@ﬁ@ﬁp’i&d Mslt@hﬁ)s{aﬁﬁalfyl av8id 28§ geﬁ@&ﬁﬂ&oxd&‘ﬁbﬁﬁon on the exposed
liner Zé&gl ons 240a, 240b is substantially obtained by the

ormation of the first and second etch masks 222, 225,
wherein, owing to alignnment errors due to the

With r&@&h&l tb tF‘i‘é%Qﬁz?ﬁﬁ)éb' fﬂl‘t’tm:r\/iﬁ{i’s‘u'aﬂvef QﬁﬂUdﬁxl%nEshﬁllfdocv% d@8ived, wherein
resu

h
the ““F‘ﬂ‘f’%“r‘ife‘ki’?gilf gt ?Péféi‘léﬁy ﬁ‘i?&’f‘ Sﬁ’ﬁ&” OF Fes 2Enindiviaily epqed by 2
selectied @didagibmpsypéssr e duri ng patterning of the sidewall
spacers 207a and during patterning of the sidewall
spacers 207b. In

In Fig. 3a, a semiconductor device 300 comprises a first device region 340a and a
12
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such cases, the liner 206a may advantageously be
formed with an appropriate thickness so as to have the
w@apaliiety to withstand two ani sotropi c etch PCT/US2004/031038
procedures substantially w thout exposing any
second gryene rggiony 341t ftiedlrstl dryies sgton he camprset 1 ek eleetrals 303a formed

above %”pénﬁmnduét@r 16 efoMiE §urﬁl g9 %Ilngﬁ donwhﬁ I'&Eﬁr%fn%[t@ @ﬁl%trate 301.

1 (cf a)
Repardjfy B Pwabea%zq%fnsé‘tet Shfaatclsr ther s St g riaggplgere as are
alreadP $Omtedhoult evitherefigerco te tiedddvivet 100. soznckrde\gheeinsidgioonayer 304a

separa?e‘sl% gatehﬁic%%%{e 9&3tal fgﬂ‘{/ ﬁé sanlc&f?iﬁ@thr %gé%%é‘x';\ﬁ&ls&m‘(@ J?(%ewall spacer

Int I rst I cCé reglon
307a i ﬁ%fmér’ﬂa{’@érr Hdeypilg of e s%eleftfﬂ@ﬁ 3R3nand isnepaeiad pherefeommpy a liner
306a. S Ppitaiallyayeivn 22hicediets Bgoms 3@Ha08al fornefal A@adedd tod BRWiibposable

s1dewa|liﬁa Ssplé(t:ehp 36‘/1116 1%1? %?rg)gctlg e%v hhc%ness %r %elgﬁ49B (g%:lepléaglab% g)‘own regions

er e acer ayer
3082 mpeeyti plndpendlingr ﬁﬁ?ab émem@r:g/mu the foimm of an Q’Eld’aﬂfﬂp@@% nbhe second device

regiond€04b Clﬁetlyf @&hﬁ@ﬂfb’i %ﬁﬁ)onaﬁg Qircﬁ% t@'blhﬁfﬂeﬂts t1Qatt §€ indicated by the same
conven ona 0 ) e art.er rm rrespon

reereied QUGRPL, Ssspt VLSRR W50 PPN HCA O PEL G AP ORBgr ] the various

compoglents Bvemr:da g olmsseQdk@aiev@d ®¢x10na3 490 myag siiiferdirory tletse formed kop the first

dev1ceSrH§19n §§0at I&ﬁ H‘E?%%If 01231% ’epmallpegr(t\ﬁ[ FE%Q)nE oS s%sténlﬁgl%ethe same as

gl ons so In a sub sequent process for renovi ng
for th"ffbﬁs‘t qerice Zepien 340R sinpg he reexyg éosaﬂ’i‘é 30%h e {PBRAPRY CPIP’H%‘? epitaxial
growtlﬂﬁlﬁbbss s Thaisatheahslédiraenfot ke 1see 000b. devicor) thgidevic® 4@bcomprises a
mask 11; @ 32'1 nft‘) nngaql@e Eﬁ%pﬁsgc? Be sﬁﬁgo\ﬁenﬂrﬁigt \pﬁeraﬂ letﬁ&iéﬁe@g ﬂf the mask layer

axi a In CO lon wt
321 is £§ﬁ)‘8‘6%"r s02@7t5 bgrqglettﬁ Substaptiglly| aayléror zg\lpést s%ufg:agqbbﬁgpce an oxidation

of an AWM fe MASKal valeR Skidedd talah %xﬁfzﬁtgamtbhdihg F&Qnﬁzﬂic& axé fhsk layer 321

may hgve a thlc%%sggfm C?qurlfll%tglgrlesrga(%fe nm t (s)er\]r rta %msx% en com rlseci: of silicon
regi on e Su uent mnmanu uring process

nitridet h%c}dltb@akbo ra| etahaasl $27 &5 ey QVbEﬂle\NﬁQOhd |de\f1eer weioo 314@}3 The etch

mask 5229 maghe !:(fmﬂrn:@d lolf € FesiéOBRed S Ly Jeer Ql%pl@ﬁ‘rlﬁp'lﬁa@éﬂa@lhavmg the
e advant ageous to provi

capabis 1 SOGRC BRERI IS PorO BB R AEE4ayer 321 from the

first dovdrpegied340a. t he conventi onal approach so as to
substantially maintain the integrity of the liner 206b
when correspondi ng cl eani ng@grocesses are performed so

A typigal presepsefiony dotafoyming ths fleyice 38 1BeVF ibfiet Ak may sewRidse the same

procesﬁe@rafs PEEriqueryt deedithed 23 reRfencdtodFigl [@h tp r2b Ofo dsatotsBRctivielySform the

epltaxﬁﬁgro%m %ltglo% Q“a 3?§bglc §n§faﬂfl\/%rtﬁ? \ﬁ/c?nvrané Qlcﬁa%lg? ﬂgghﬁéllﬁler 309a,

ICS'0 1CO
309b mayebd forraed BOERr inplance pridizing dhec davinei 398d Tderesfter thgrmask layer 321

may bél liéi%)lsﬁﬁ; f&&ystmcfe fo@ rplafstJghﬁah@ed&m&ﬁfchmpshaerpaﬁh&r |a§& Is@equently

ace nstance co
the ok Pkl REF PUCARE £ USRI PROSRESETRN. of pfpger, the mask
layer 3@ pintazop a¢lecgwewrhtnmdmmtbc Srshrdgvidsacgien BtOacfr ifftance by a selective

1sotroﬂ1{]§1a§1ﬁ9§oﬂlp €ich 9%% #ad! Et@ps(m o} B§ th% ﬁan@?@9§| SQlE@iMe I?nask layer 321 is
be correspondi ng SQ. as

hlghlyé’ﬂ’b@f‘%\*ﬂltyl %PP%*teQ\PB?ro‘h%\ﬁ?“é‘éYﬁecE?ﬁH’Gc'QB‘i‘ tﬂ%ﬂlﬁg‘?sﬂ‘?lﬁ)ﬁp*’dﬁrs 307a and
the cotel @ayexsa ecndin Buebistaridly . intW¥ttiha mmﬁtaﬁtejmgzants@trdﬁugach aipaihpplied

for ren%&ingftﬁikgﬁg la ér 3lﬂ§t Elia%asé/ ?‘hgfﬂ%’%gg U%%%ﬁc\% s 1% G&}ﬁ/ ng thickness of the

erein t ess or
dlspos@‘gq @p&;‘(qrz.ﬂO[/g, 1sgqo&mpo§@ﬁg1§ difracresddyy t,h@giicb r@goca':*ﬁeby the layer thickness of

the malsmﬁi!yé/.rl Tualsinee ﬁl&dtﬂﬁﬁﬁjesbyf tfe ﬁl@&leﬂtl ln\/a@ lﬁ&bl@@éd ﬁbeﬁ’éﬁﬁﬁe&ﬁ thin, the
UCt or

1ncrea§e ?tF hg d%léﬁlc 8fa }hee{in %os eo z:slpaéﬁ;{ d 1(%)5% @8}1 au a{ég{l%lgf ?féect (t)he further
procesgu@bAftatge fseplccgtve d@queleofrt@fgmmk 18082 dhpatitsmeskad2g ds elso removed

and th€leSEdrM R @ed0330d & BBMsed to an oxidizing ambient, for instance, to an oxygen

containing  atmosphere at an elevated temperature so as to initiate a Thighly
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above a sem conductor layer 302, which in turnis
formed on an appropriate substrate 301. Regarding the
waewssmee 301 and the sem conductor | ayer 302pCT/ig2004/031038
same criteria apply here as are already pointed out
controlabihsetesfivs exidaionriches inl¢heiepiax20F. grivor egicer308 awigile an oxidation of

the reésml'ﬂo@ﬁ hsoﬁbktaﬁ(t@drlly?aggﬁecﬁ &pﬁrlggsﬁﬁgﬁlﬂgan(ﬂ?tsﬁm%h &olh @9 8he remaining
fromthe sem conductor |ayer 302 di sposabl e

mask 3153 d PTG D860 S GrRREN Aty 1808 amPR Rty fa oxdizing
solutiog aag belapwiied oa ehe3BBiac 3000 pissiblyendiar fitseckntoking efia kduer bQ@aafor instance
£ e
o g B x20p Sy LSS SRR G o
spacers 307a with a specified thickness or height 319.
Fig. 30hehapiticalli slhdwy @€ Qlbkict SQ0 QiMi3r IR dorfiFytidnn6t udehighlyl dvdtrollable
selectn?cnomdatlfoorﬁ) (I)cgsngl %C gr%}nleepn chli]cF ?6%{?@ Of3lﬁg hg\%hghz\zv%ﬂ J?)gtrrct)ﬂegr}hwkness
311a hapbeea Spraredi agvectihe @mtftxmél@ rzmyﬁ’ewgl@nﬁﬁ%ﬁ Bpezeaftqr]ithnddizdshportion
310a rﬁa{}ebesfbﬁﬁ)vécﬁfneﬂﬁntﬁ@kﬁdme@lo§ maf be q@cIuc&f-’ Mfof h@tah&t Ioee[ value that is

tic al t ho the
simitas, 5, gy (R s ADE ©F P SR AV ST D femieva! s ovidized
portioiBdiQhe thigknekis frédaicti¢r damedihoayebefageamgdisloal tylvew éti etcht prokews @ethe basis
of, forr&gfnﬁl@ ﬁﬂ'oaNextt hﬁne hl?s'pgﬁt)lec&f)acteﬁ%(ﬁg'ah@)fﬂeaéalpyla%%W@a as well as the

regions 308b i's substantially the same as for the
remaingryey g‘FSkdEWT &2k apd &b duprsatly sRacersnid7p egilothe C@Bééyeéri*&% may be
removedl) &9 isstacé O A@Ghoh echCEoaIEs1sigihbaptioaphogic @vitlh Fprabg,aBsSliner 309b

and pogﬁﬁy stﬁé"gedg?rlnqgﬁ‘ggr{ Hpthfe Q)guduég }n‘u@g r31§az%gy PMP&EOQI&? rselecttllalgly to the

rses a mas nst anc
underlyipgrprrpicaduespr wpteiigothershy Prowémgwwplémalb( SIPVR R@rséglsfwé# having an

effecuwmelgms@d aquroaaﬁqg laShefgﬁJ 331@5 Q€ 11 Qe@bn BO8LLA tADEeCoddOdevice region

bst n st .si gni t e
340b. nee. 1% ?x1§ 108 oce s Vi ngormlrtl gl ?xug:l éeginpc}e/rg(lorb gg(% %xhlblts a

superlcarpoobwlmbzhtn gorapd:r,wciam typllé@irannsqgomﬁ oe ISOtrhElc w@p;hkprbm@nes 3hd finally
obtam&ﬁiéx gAY Bads E&]hﬁ!ﬂﬂ@ #ith Afgh SRRIsRNI TRAR |cb/rrés§§r§111%f delRBchRacteristics
?ralﬁg en conprised of silicon nitride

mayb%'f& 8%fal 1y, an etch nmask 322 is forned over the

second devi ce regi on 340b. The etch mask 322 nmay be

he fuft4TRE oP borfp1bifi! SR 1

The fuft é}@ (?cg%dfha\tlcl) Huggtt etﬁ%: %Jng%) Plllc?{/r dt%g% S’t hss}é @PE’Jn‘a{?{té@&seprevmus y
explaingd avithrpfsrenes @& H#8mi stry used for renpving the mask

llayer 321 fromthe first device region 340a. A typical

As a r%ruﬁc ﬁ@ipr];slegtyvmﬁzgr{tlo];lgprrm@eg fgrhgn ij ppro&eﬁ t§(91%1 %% t§ I}&%mrﬁrt clements

havmg@egwalbayow @elammfi@q’f@rre@mt%thﬁhgghts Q%Whleh z@y gﬁldafsdutaby adjusted
in two S B! dikterkit Jewcmégms 8p Is&@asﬂva[v pgcrvﬂiﬂlé"a ERBAL ?ﬁa:@ﬁ%@owth mask or

the conventl ona roce
by SeIRHEY SOBIE BUBERIEY Oh EPPSTE BN TS, IR pee gmbodients both
methodsxinaly 2ie ngpntbiveddsy ias go IDQideT hipedearf flexibilithen redgistihg yler height of
ep1tax1§1%1 gm}{ x@&oﬁseﬁoasblhﬁa‘ﬁty Sfoc[evicﬁ Og%lﬁesm‘e %1ﬂ§ﬁﬁ %FU%”&%% source

hem cal vapor epOSItIOH bsequent he etch
and drﬁlﬁsl‘ﬁglgwarwrlﬁéﬂ}f ﬁ?nﬁgﬂregfl %ﬁe{re%échﬁgpes Fpéot}(l)rmlng extremely scaled
transisfol Qleoices, hbgrpaghyt. inThatoaak tyarticulai sRskadeaye for3advidemybf critical
dlmengjié%FL]g&?&)élﬁ{lﬂe dbq&p%qgssf romthe first device region
or 1 nstance a sel ective |sotrop|c or
ani sotropic etch process that stops in or on the liner
FurtheBﬁQcﬁﬁcaﬁoﬂ@ énd hgiafBsKof tﬂé/ prlesen? ilnv'brﬁldﬁiv@m Bé @Qﬂéﬂrtﬂﬂﬁdsy skilled in

the art dn beavs%fgt?l eso eﬁ(g@é % dtmggrg\{te%(ges%r 181r1 “f g éogé%ued as illustrative
only andeivdorrthe gmwmﬂt%ﬂcwg |tlmsadqﬂlqdf1nahesa,rbmeaqmrdl Thapner of carrying out

the preaait %%ﬁm ¢t 846 Be LB&NS I tBat 3Pl BE of B A RIBY BBwhNR8d described
In case an ani sotropic etch process is

er
herein a@é‘.& be lt%é flrhﬁ'le ipﬁ@gxgly&refﬁlﬁgi embodlmen S.




di sposabl e spacer 307a is correspondi ngly increased by
the etch process by the |ayer thickness of the nmask
wo ays04¥24. Since the thickness of the |ayer 3PAT/DE300H@31038
selected to be relatively thin, the increase of the
wi dt h of the disposable spacer 307a does not
hmuﬂﬁﬂh@ﬁﬁ&mﬂﬁy| y affect the further processing. After the
sel ective renoval of the mask |ayer 321, the etch mask
322 is also renpbved and thereafter the device 300 is
The preseploigenhtib redateso ind crpelagroaivisirediises fmal is itesdfaa ¢justriollyaspplicable
oxygen contai ning at nosphere at an el evat ed
tenperature so as to initiate a highly 13controllable
sel ective oxidation process in the epitaxially grown
regi on 308, while an oxidation of the regions 308b is
substantially avoided or at |east significantly sl owed
down by the remaining mask | ayer 321 preserved on the
second devi ce region 340b. In other enbodi nents, an
oxi di zing solution may be applied to the device 300,
possibly after first renoving the |liner 309a, for
i nstance by nmeans of a wet chemical etch process on
the basis of hydrogenated fluoride (HF). Fig. 3b
schematically shows the device 300 after the
conpletion of the highly controll able sel ective
oxi dation process, wherein an oxidi zed portion 310a
having a well-controlled thickness 311a has been
formed above the epitaxially grown regi on 308a.
Thereafter, the oxidized portion 310a nay be renoved
or the thickness thereof may be reduced, for instance
to a value that is simlar to that of the liner 309b
of the second device region 340b. The renoval of the
oxi di zed portion or the thickness reduction thereof
may be acconplished by a wet etch process on the basis
of, for exanple, HF. Next, the disposable spacers 307a
and the cap | ayer 305a as well as the remaining mask
| ayer 321 and the di sposabl e spacers 307b and the cap
| ayer 305b nay be renoved, for instance in a conmmon
etch process using hot phosphoric acid. Finally, the
l'iner 309b and possibly the remaining part of the
oxi di zed portion 310a nay be renpved selectively to
t he underlying sem conductor material, thereby
providing an epitaxially grown region 308a having an
effective height 319a and providing a height 319b of
the region 308b in the second device regi on 340b.
Since the sel ective oxidation process for formng the
oxi di zed portion 310a exhibits a superior
controllability conpared to typical anisotropic or
i sotropic etch procedures, the finally obtained hei ght
319a is adjustable with high precision so that
correspondi ng device characteristics may be finely
tuned. The further process for conpleting the
sem conduct or devi ce 300 may be conducted as
previously explained with reference to Fig. 2b. As a
result, the present invention provides for an inproved
technique to formcircuit elenents having epitaxially
grown sem conductor regions, the heights of which may
be individually adjusted in two or nore different
devi ce regions by selectively providing a gl oba
epi taxial growh mask or by selectively reducing a
t hi ckness of epitaxially grown regions. |In sone
enbodi nents both
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nmet hods may be conbi ned so as to provide superior
flexibility in adjusting the height of epitaxially
w@e@Mo439egi ons in a plurality of device regi onBCT/B5200€031038

epitaxially grown rai sed source and drain regions are
currently considered a prGAdMSed t echni que for form ng
extrenely scal ed transistor devices, the present
invention is particularly advantageous for devices of

Lo cfipsthodi comPHERg| ons of approximately 90 n or |ess.
Further nodifications and variations of the present

formlﬂgrhvﬁ'rg{ ép(?ﬁ%u\m %Ijowﬁlgxgsc B?ﬂ? %at %Qp EJAQa ;gyrt?&'{ Afl ﬂlth{ &nﬁ&%dt?crtgr region

i ew 0 i on. "Accor
(24°a)d’é‘§]6rlﬁeiﬁ"i%‘hsei°%ndt %mtf@n@tswgf%wd%@) F‘P‘13{F§t rative only
and is for the purpose of teachlng those skilled in
ep1tax1aH§ érorvél%g] %ﬁq %plseerdasem cgn dlgtr T (r)e ona%&%/ah nr{qsatl 'éxqtph I”é rtle(*sne the first
smmcmﬁeﬂmnventﬂﬁﬁwshomn and descrlbed herein are to be
taken as the presently preferred enbodi nents.

141 ndustri al y. The resent i nvention
formingy 1038 P STTLP SR G R BBt T EHEH sppEducto
regionj(pébytandal | y applicable 15CLAIMS 1. A net hod

conpri sing: formng a first epitaxial growh mask

(222) that exposes a portion of a first sem conductor

epltax‘ragij |gEPrY”’(‘@&GS‘)°nM piped %e&apﬁﬁtoa TeRdeib (i 3l inghaeted portion of the
second egiicondycidQepiorcue)ed; epitaxially growng a first

rai sed sen conductor region (208a) in said exposed

portion of the first sem conductor region (240a);
2. f &haringethod Sfechi bprhasipaforgingwt tflrﬁﬁaﬁmétaﬁzltﬁm‘t”ﬁatnaSk comprises

deposiBXHASPsce 19F bl @NnOfirs and s6R6Q @@tnﬁe;mueteﬂ G&gifdr@f ar[deﬁﬂttéfhmg said

spacer(lg}lﬁr g%%vdﬁusca%d %pslt ggmfgﬁrufgti% 1o|n2tghslgel %vgr(i)lp sarl % er:rt ]ia%er ablgve said
second demicondustrd regien. conduct or regi on (240b). 2 The met hod
of claimwherein forming a first epitaxial growth mask

0 rlse deposi ti ng a. spacer er over the first and
3. Eﬂ% E.ﬁ cﬁwau ét 8’?‘*%?6‘6‘% %ﬁg”fi%\tet’ﬁ?’ﬂ? ngfoYHy BlaSk comprises
formingpacefer laypge nbatoosarl Sost dexﬁllcasrslhctsxemgumndntd:tpaﬂtermeg|sam spacer layer
above g\m Le%o&c?ééﬁﬁéoﬂ@uc%&'r %&pacer | ayer above said second

sem conductor regio 3. The nethod of claim2 wherein
form ng a second epitaxial growh mask conprises
4. T ORI BGod of OMEN 2] ay&elnabﬂw&stsalidcbeédnﬂ&ém&emlﬁmnd¢g¢dr@rcomprlse a

egi nd tternin ce a
gate. e{cc (%%%d% ds’trélgtrthrecgn% a(:f‘ttermn sa?'da hldst %}?ﬂ% o&{? gl? Q?C?udlésa algsoéroplcally
etching\ppagt eragerdatie first and second sem conduct or regions

corrpri se a gate el ectrode structure and patter ni ng

. abcorbofoedn iy R R S magecop gotasial gowt
masks mﬁer’rfodmog saidl Eirstrard fecomid hagredcemizpadicogragameyvi ng sai d
first and second epitaxial growth

6. The method of claim 5, wherein at least one of said first and second semiconductor regions
comprises a gate electrode structure and the method further comprises forming drain and source
regions adjacent to said gate electrode structure after removal of said first and second epitaxial

growth masks.

7. The method of claim 5, further comprising forming a gate electrode structure on portions
of said first and second semiconductor regions exposed by removing said first and second epitaxial

growth masks.
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masks after formng said first and second rai sed
sem conduct or regions. 6. The nethod of claimb5
wob@seiinzat | east one of said first and secondPCT/US2004/031038
sem conduct or regions conprises a gate el ectrode
8. sAmuthodrcempnging:he met hod further conprises form ng
drain and source regions adjacent to said gate
~electrode structure after renoval of said first and ]
epitaxidlE SFRY IR fi5ki ()82 prsap Fecrpes (398b) raised, semieqndpciororesiop gpqye a first
and a &cdndrstii2bndoP Fdgfink (B 406,r3308) grespegidstety; el ect r ode
structure on portions of said first and second
sem conduct or regions exposed by renoving said first
formingrig oxidatimnamas (32X peave gié firdh raiged kemicqgigetonregiop K$a);
conprising: epitaxially growwng a first (308a) and a
second. (308b) raised sem.conductor. regian ove a.. .. .
selccif iy Spigis SR B Ceh e or o el P e J5L R Brgigye portion
(310b)rabsyresaidi seednyt raifagrspinipgndngtop ragtbat G madk (321) above
said first raised sem conductor region (308a);
selectively oxidjzing said secaond raised sem conductor .
selectiyely i "BROHDEYY orbliFeg i Gi?bgi"zfesaldpfﬁc?lf%ffuie SEBjCORBIGIPE resion
(308b)sai d second rai sed sem conductor region (308b); and
sel ectively renoving said oxidized portion (310b) of
sai d second rai sed sem conductor region (308b). 9. A
9. séArpriprerhevirs\OBReTiEBgipri sing: a first gate
el ectrode (203a) fornmed above a first sem conductor
. reqgia 240 d.separat ed t.her |
o sinst G ket S0 opSRE AR I Bl Boioh AL scparaca
therefromhy aelirstegpiconsylatpadyyeeid0éndi ng above said first gate
insulation |ayer (204a) with a first height ( 9a); a

, d .gat | ectrod 03b) ..f d d
B R I R RO
with adirgdeighd2gZ,e i nsul ati on | ayer (204b); a second rai sed

drai n and source region (208b) extendi ng above said
second %ate i nsul ation |ayer (204h) with a seco
!

a secopd pi pleftEofig 30 PhEprmeR RYoXF & SFBHPTHEP AP TeRR égrf't%g) 1, separated

therefrbmebyesat ona pateGhslatide yee(20fb);,cl ai m 9, wherei n sai d

first height is less than said second height and said

first gate electrode and said first raised drain and .
a second rpited draigy prshipurs e MOPNEXEEnBas abeve|saidrsgeraf Latgrinsujapion layer
(204b) with a second height (219b) that differs from the first height.

10. The semiconductor device of claim 9, wherein said first height is less than said second

height and said first gate electrode and said first raised drain and source regions representing a p-

channel transistor.
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