1 PROCESS FOR FABRI CATI NG A SEM CONDUCTOR DEVI CE HAVI NG EMBEDDED EPI TAXI AL
REG ONS TECHNI CAL FI ELD [ 00011The present invention relates generally, to
fabrication of sem conductor devices and, nore particularly, to the
fabrication of sem conductor devices having enbedded epitaxially grown

regi ons therein. BACKGROUND 100021As the demand for higher performance

sem conduct or devi ces, such as int egra{]ted circuits (iCs) increases,

manuf actures strive to inprove the performance of the individual conponents

of the int egpY@KECEHRUABRIERTIRGIA S coﬁb%icdr@f{frg@\tndﬁ ASVR@rs (FE Ts)
represent maj or component Q% ?‘ &dr]g‘é?%@ysn I ncreasing the

swi tching speed of FETs i y to inproved IC

per fol mance. One nmethod of increasing transistor switching speed is to

i ncrease fheysqeAafpippi ity of the FETs. This is particularly inportant
W th respect to PMOS net al - oxi de-sem conductor (MOXS) transistors that are

typi cal | y008Hd i n diwprésernnaentidddlatS\esyratlpvodelsrication iofi sereimeeduche

swi t chi ng, speed and curren ain wthin P-type MOS .transistors,
Fechni qualvies enbaine payerbplatd we s it PSR ke R ons. of
the PMOS & indb$tfasialARRbWhP8gishd @8Ri@nd strain to the channel region of
PMOS transistors strings the crystal and lattice within the channel region.

ft the ease of silicon substrate technology, the Si-Si bonds are stressed,

than i n GVOREETATREY ot tice. [00031A wel - known t echnl que for appl yi ng

stress tqobhg channglthE 88haAd &r higher performance semiconductor devices, such as
integrated circuits (ICs) increases, manufactures strive to improve the performance of
the individual components of the integrated circuits. In particular, field affect
transistors (FETs) represent major components of integrated circuits and increasing
the switching speed of FETs in many cases leads directly to improved IC
performance. One method of increasing transistor switching speed is to increase the
carrier mobility of the FETs. This is particularly important with respect to PMOS
metal-oxide-semiconductor (MOS) transistors that are typically used in
complimentary-MOS (CMOS) devices. To increase the switching speed and current
gain within P-type MOS (PMOS) transistors, techniques have been developed to
apply stress to the channel regions of the PMOS transistors. Applying stress and
strain to the channel region of PMOS transistors strings the crystal and lattice within
the channel region. In the case of silicon substrate technology, the Si-Si bonds are
stressed, such that charge carriers move through the lattice at much higher rates than
in an unstrained lattice.
[0003] A well-known technique for applying stress to the channel region of
PMOS devices is to embed a silicon-germanium (SiGe) region into the source and
drain regions of the FET. The lattice constant of SiGe does not match the lattice
constant of a crystalline silicon substrate. Accordingly, stress (or more commonly
referred to as “strain”) is created at the interface between the SiGe and the silicon

substrate. Where SiGe material is embedded on opposite sides of the channel, the



PMOS devices is to enbed a silicon-germanium (SiGe) region into the source
and drain regions of the PET. The lattice constant of Si Ge does not nmatch
the lattice constant of a crystalline silicon substrate. Accordingly,
stress (or nore commonly referred to as "strain") is created at the
interface between the SiGe and the silicon substrate. Wiere Si Ge materi al

i s enbedded on opposite sides of the @hannel, the strain pr opagat es
through the region of the silicon lattice formng the channel of th FET

[ 0004] Wi | e. enheddi ng, Si inth ur Gg drain.regio 0 PMOS
{rans) ot GFABPEAL Ro e HedebBf o B Al Bodubg MeMam™s Pk ovbeddea
Si Ge FET. to a CMOS process flowis extrenely chall enging. A conmon
techni que for introducing Si Ge involves the epitaxial deposition of SiGe in

regi ons dP0@4le subdYhitg embeddingehiGerindhaypuecesanddraipdegions efiePMOS  For
example, U S. . P . / ' | f.or enbeddi ng
epi t axi altf%)r/l-§1 gs?oéan%plgegﬂlie%ﬁlé% géﬁ‘&%@ﬁ‘%&ﬁ%ﬁf&ﬁgrﬁ?& I %Egl%g@eghﬁﬁﬁT. The

t echni quenatavallines VOB pdceSTRISBExtromelyectalbsdifigt & cdfth@pictiaxgad | y
depositing SiGe intg the source and drain regiaons of the substrate. The

epi t axi alfoxiapedneing RiGr Byplyss thecopitaxiphdepgsitiop of §1G byegiepnPhds anount of

tinme in . | r r } t Y. CKRESKS.

[ 0005] Vagpgﬁéaté%%%%%g{hg g?kegﬁfér%&ﬁgr?(g}%pﬁgx?gﬁe&%g@gi '|Sbl¥r'1ut't ec '?ﬁl%ques have
been devedoopad203s gusonibeten ephiiqud bl embuddifg apithxitlBi-grom@diGnsn thieor exanpl e,
U S Pat. No. 7,195,985 discloses an etching and deposition technique in
whi ch t heouigsand draan eaionsiel 2aRE Tt nEetaelaigifoRYOlNps foring reprspessinthon | s
per f onned, j ] " Fur . osition

et hods. uhfist O daAIU Al ORRAR A Sou P S BRIFILICNS o BROST L °1) o
Pat. No. sdbstfufc. SR epitafiap depdsitivn preainisqpaaridédsoudifsicd pedeteinninedbmbust i me gas
is used as a precursor, for the selective deposjtign of silicon-containing

conpound<! tigigan ogder & frm FRIGG|ayede L ppdsierHpe e i ntroduction of a
dopant a et chant. i I j: £ ax it Q&ESSn The
dopant pgg(\)/(ﬁ]es thyagogggdﬁgé?g{?!%gﬁhﬁ\ﬁhde@é%%tgépcogﬁ giﬁhl&[/lgﬁgﬁgr acteristi Ccs,
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substrate. 100071Wile the use of. Si C.e enpedded regjons in the source and
drai n redhbis’ Sordizglosep4n gichingsnd dgﬁO%ﬁd%@EﬁW@um‘ﬁ h dhe wbrtzate ng the

channel regi f - L AR TRVE DG i i al
doposi ti SRR (nl IeE o BT B K 3ePSEA! ARE SomERAPRE 2, e
t hi cknesq0006]t he eputthen develppoheposh depdsiGbiGmetlodsquoh hasdledtiveef f i ci ent
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Cont 1 o | GHPPRO E5 sy b reo gt I S it BFOGS BB B, n”or der to

avoi d technique is disclosed in which silane gas is used as a precursor for the selective

deposition of silicon-containing compounds, such as SiGe. The process also includes
the introduction of a dopant and an etchant during the SiGe epitaxial deposition
process. The dopant provides the SiGe material with various conductive
characteristics, and the etchant functions to remove SiGe from surface features of the
substrate.

[0007] While the use of SiGe embedded regions in the source and drain
regions of an FET provides an effective means for stressing the channel region of the
FET and improving its performance, epitaxial deposition processes can be difficult to
control. In particular, the thickness of the epitaxially-deposited SiGe is important to
efficient device processing. The thickness of the SiGe needs to be carefully

controlled in proximity to the gate electrode of a PMOS device in order to avoid



3 interference with other process operations, such as ion inplantation into
t he channel region. For exanple, halo regions and extension regions can be
formed in the channel region using an angled ion inplantation process.
Excessive thickness of the epitaxiaily-deposited SiGe in. proximty to the
gate electrode can interfere with the angled ion inplantation and alter the
doping profile of inplanted regions within the PET channel. Accordingly,

i nprovenents in process technology are necessary to provide inprove control

of the Si; ' j-al i1l -Qce ' : i gat f

sem condul%éfr%pé té’%?‘s‘}é’g‘s",tﬂ%%mwfﬁ%’ %%QL%? o1 [ lgﬁtt% tl&g%ér) ggeedg gﬁl[fegr

f abri cat imegioa. Fentxansediaty reg@ris@ad iertehsida sedidsdandedottrsd Beths thidmelr e on a

princi pal surface of tre .sem conduct or substrate. Msking sidewall spacers

are finede8RMUSEEHY FHEICHAPN BUPIABRHOBAEPCESS. JieRisi & trickpessid thievi ce

structure...;A.:predef i n j i tiyely etched
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region is_defined by the masking sidewall spacers. The surface profile

i ncl udes FaEfP%%meg%{%ﬁ?riBs)lvelmmeVﬁpprﬁérrpaqocgﬁﬁﬁ?%@el%ff age B%Creﬁ%f@r of the

maski ng si : -20i 1 S gr t he device

structur ?r yﬁgkﬁeipﬁrr’gg;%&?%ﬂso} eﬁ@%@gg?géﬂo%ggﬁﬁﬁ%sgnot IEelrt%enn‘oodi ment, a

process ffabridationiotatmivgnducs@ndevoreduct or devi ce includes formng a gate

el ectrode on a substrate surface and thrilling first sidewall spacers

adj acent to the gate electrode. The substrate is doped with a

conduct i \@Wﬁj@r m ni ng dopant using the sidewall spacers as a dopi ng nask

to forma doped substrate region. Second sitiewall spacers are forned

adj acent [0608]he fi rMsbnstuibvdinienspanrecss dndablieattgpedntiagidoctoptievdcsubst rat e

is select.ivel tched to.formcavities, extf-:‘ndglgg kjrh%er t he second sidewal |
BRERert

spacer . Theude fopnme eé”“é*p%%‘éﬂ“%lﬁ%?tp“ﬁ?lpé _ S§MarPIdEctehe substrate
under| vi ngnkiie ORfSKifh @ﬁ%%ﬁ?g?%gs 5B %ohdPdn e deifBlph1 SRACELAd e cavi Ll es

are filled wth an eplrtaxia eposited materi A surface profile of the
epi t axi aiprominetyi talthé¢ deticdesicairst Appreédefired dabed portiva fulsabstateissur f ace and

selectively etched to form a cavity beneath the masking sidewall spacers. An

epitaxial region is formed in the cavity, such that a surface profile of the epitaxial

region is defined by the masking sidewall spacers. The surface profile includes a step

region above the principal surface at a perimeter of the masking sidewall spacers.

The step region is spaced away from the device structure by the masking sidewall

spacers.

[0009] In another embodiment, a process for fabricating a semiconductor

device includes forming a gate electrode on a substrate surface and forming first

sidewall spacers adjacent to the gate electrode. The substrate is doped with a

conductivity-determining dopant using the sidewall spacers as a doping mask to form

a doped substrate region. Second sidewall spacers are formed adjacent to the first

sidewall spacers and the doped region of a substrate is selectively etched to form

cavities extending under the second sidewall spacer. The cavities are spaced apart by

a channel region of the substrate underlying the gate electrode and the first sidewall

spacers. The cavities are filled with an epitaxially-deposited material. A surface

profile of the epitaxial material includes a step region above the substrate surface and



4 spaced away fromthe gate electrode by the first and second sidewal |
spacers. The channel region is inplanted using an angled ion beam 100101lin
yet anot her enbodi nent, a process form ng a strained-channel transistor
havi ng enbedded epitaxial source and drain regions includes | rnting the
epitaxial regions in a substrate in proximty to a gate el ectrode. The

epi taxi al regions are spaced apart frém the gate el ectrode by one or nore
si dewal | spacers adjacent to the gate el ectrode. The sidewalt spacers limt
t he depth_of .the i.taxial regi i e . I r ode.
surface. 1PRsg gy I fle FEA ] AR TshdontRidRUIBAGS PR

peri met erchgfindl Regicd Hanpldnt&Daies s addd@eidnbegnons are forned in the
substrate in proximty to the gate el ectrode, where a | ateral distance of
one or miPRlUf t he [xyefeanather spphedimans aqypegse fapting & sksaiped-ghanngl | y prevent

the surfi . 1T AW . i I kl.e t he doped
regi ons itigsier BERHE Bibkb e oA bR LA BB B PR PR e s T
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enbodi nent of the inventjon. DETAILED DESCRI PTI ON [00121Shown in FIG 1 is

a seni corfdeenased apaskiromtthe garelarirade Y PraekMATFRdQTEEsPaesre AURCEHE R essi ng

steps in i . 1. i i 1.0: . di ment,
sem cond l][f(i:l‘fp %?[E gﬁgfs}ﬁégt iglﬁa?@gﬁ%k&fh&} Eglte rdg%‘ @%ﬂaﬂ\;?lqul{agha? Rf.g(l(;ﬁl{étemmel | region
12 f or megroXigii®ito thd ot alecwode. e8)irthios irkdgudarilicd bn thesipitexibiregons aenduct or

substrate 10 and bound a princjpal surface 18 of sem conductor. substrate
10. A gateatbatithopaimeenyithe skswall spracpal Dansdrsgians gedpgngdindlsar at ed
therefro i: LGl ' ' reside
i acent Pote MR AhE bite MUEPASTRcEL kBl AR oRRREERRSETT D) o
t he upperthssidéwaslesmicegatseffalian tes adatanfially pied&itDopadface giregudaritRs droan 30 ar e
created by introducing a_dopant |{ntg sem conductor substrate 10 through
princi pala¥t§ﬂP$ gt?eduoi?l}?g Hrﬁﬁgﬁ%é’%&ﬁ)‘iﬁwaﬁﬁl‘?m&ﬁ the ?‘@l’ﬁ@atﬂopant (As), antinony
(Sb), and the like is inplanted into sem conductor substrate 10 using first

sidewal | spacers 24 as an inplant dopi ng mask. The dopi ng
BRIEF DESCRIPTION OF THE DRAWING

[0011] FIGs. 1- 6 illustrate, and cross-section, process steps in accordance with

one embodiment of the invention.

DETAILED DESCRIPTION

[0012] Shown in FIG. 1 is a semiconductor substrate 10 having already
undergone several processing steps in accordance with an aspect of the invention. In
one embodiment, semiconductor substrate 10 is a PMOS substrate having an N-type
well region 12 formed therein. Isolation regions 14 and 16 reside in semiconductor
substrate 10 and bound a principal surface 18 of semiconductor substrate 10. A gate
electrode 20 overlies principal surface 18 and is separated therefrom by a gate
dielectric layer 22. First sidewall spacers 24 reside adjacent to the sidewalls of gate
electrode 20. A capping layer 26 overlies the upper surface of gate electrode 20.
[0013] Doped regions 28 and 30 are created by introducing a dopant into
semiconductor substrate 10 through principal surface 18. In one embodiment, an N-
type dopant (As), antimony (Sb), and the like is implanted into semiconductor

substrate 10 using first sidewall spacers 24 as an implant doping mask. The doping



5 process | eaves a channel region 32 underlying, gate el ectrode 20 and
first sidcwall spacers 24. Channel region 32 separates doped region 28 from
doped region 30 in sem conductor substrate 10. Those skilled in the art

wi Il recognize the structural embodinent illustrated in FIG 1 as depicting
el ectrode regions elan MOS transistor,. such that doped regions 28 and 32
are source and drain regions self- allgned to gate el ectrode 20 and first
sidewal | spacers 24. Further, channel region 32 extends between the source

and drai e i i nci pal
surface ;ﬁr(g;%ggf 1%gzens’lbdcéoh(rgll ? %@Ogbg%%l g@nggaé%%ﬁf%gég@g fegglﬁn thg art
w || apprpsient B4.t Ordnnal teaugd? deparatessrdegod nguﬁxmrﬁbmrqppedbegiom&mn is
described with respect to a P-type substrate having [ type well region,

ot her coﬁFm&@Fﬁ’t“Pt%@bé‘F%teéQs glhﬁﬁf‘eSkﬂli‘?ﬂr indhg af val rﬁ%nﬁeé "e?ffu‘i“%]ent i on can

be pract ighdathi isalddh 8NP BGhieGONGUR Hhind B ORRRRIGe (ot hat

urt e pre I nvent on can al so pfacticed
wi th sil isagnthanddpedutgivos 2§ ﬁﬁIB$uﬂessbuﬁiemdmaam m@mnstéelfml@mi cogadect or | ayer
overlying, an |nsulat|n% region. 100151l n aspec ?f t.he |nvent|on in which a
PMOS FET clestrpde 2 and 8¢ S’glﬁWélléP%'@fsr%‘HeF‘?@lqr’sc P’é‘? &FSIN Y2 CBICREY by t he

depQSI ti %gt e tﬁ%%ﬂr&ga f HI|I¥ 0¥1§B i s%dﬁatleur& I ﬂﬂrfn 5x1rdll§'0cbat' on

regi ons are s renc ion I ons rmed. by
deposi t i pginsiphl mfacexsebésd:rﬂic@ndumestréteﬂﬁed in sem conduct or substrate

10. Further, sem conductor substrate 10 is fer singl e crystal
silicon 00y ate @Pg‘rﬁkﬂeqlﬁt%?ﬁﬁvlﬂﬁﬁgi?ﬁﬁfeoﬁét?8 OES]QgI‘ﬁ 1%E’r‘?t‘gé’“}gntroduced in

wel | eg'eQ&nﬁl%%gMBHﬂﬁ{e 3 rﬁ'(fé?(y}ﬁdeld a}Ifl'tﬂ ﬁi{s &t %“W 99%&51% h%‘\lllr%]% §appi ng

| ayer 26 are Ica ep03| I ng an Ing 1 nsulating
mat eri al Syp&ﬂélﬂlr@orﬁlolthe@@ﬁn@gﬂrﬁiﬁmsﬂ!ré pewsiblali Fmaimmpﬂmdhet presdritke. Gate

dielectric layer 22 is typically a thermally grown.sil|icon oxide material.
[ 00161 ThARENERY iR "PWCPFF'éf ‘éﬂdﬂ slpsirates P”é‘(glad’co dPELHEtYANRHS QEPPHLC st r uct ur e

i1 ustratged Sk iGmes gsul?@ss REGR: %@ffe?gﬁ%vénﬂoﬁ ey QIQ@BQE}aCQEeWHHDnI y used

sem conductor materia nunerouds different materials can be used to
f abri cat ailicoa-ogaineulator (SO Drsebsttdtessavat geathim sdehiGondyctdrdayexanpyieg auar i ous

refractory materials can be included to formrefractory netal silicides and
the Iike IRSHaUNEICEQBr i cation of the 6

[0015] In aspect of the invention in which a PMOS FET is fabricated, gate
electrode 20 is preferably formed by the deposition and etching of polycrystalline
silicon. Further, isolation regions 14 and 16 are shallow-trench-isolation (STI)
regions formed by depositing silicon oxide into trenches formed in semiconductor
substrate 10. Further, semiconductor substrate 10 is preferably a single crystal silicon
substrate material in which phosphorous or arsenic is introduced in well region 12.
Further, sidewall first sidewall spacers 24 and capping layer 26 are typically formed
by depositing and etching insulating materials, such as silicon oxide, silicon nitrate,
and the like. Gate dielectric layer 22 is typically a thermally grown silicon oxide
material.

[0016] Those skilled in the art will appreciate that although the structure
illustrated in FIG. 1 has been described in the context of commonly used
semiconductor materials, numerous different materials can be used to fabricate the
gate structure illustrated in FIG. 1. For example, various refractory materials can be

included to form refractory metal silicides and the like for the fabrication of the



el ectrode 20. Further, various dielectric materials, such as high-K
dielectric materials, ceramc materials, and the like, can be used to form
gate dielectric layer 22. [0017] The inventive process continues with the
formati on of masking sidewall spacers 34 adjacent to first sidewall spacers
24. Preferably, masking sidewalls spacers 34 are fornmed by the deposition
an ani sotropic etching of a materi al fhat is differentially etchable with
respect to doped regions 28 and 30 of sem conductor substrate 10. For

exanple, th i ous .spacer-fqotlin i e UGN :n- on-gl ass,
ci 11 con Slerieded HuRR R lp AR AR TRHENS Rlelos AP e840
[ 00181Rehgitéridlg ck@nfilinatetial@bhe thefliMeNtdiohd el itd @rii gevdicltriplagar?. 34, the

i nventive process continues with the selective etching of doped regions 28
and 30 i H0&Ehi condiibe srvestivprosess coptinues avitighe forampation f sraskigg| ect i vel y

et ched by. usi L: i.al.l ype

sem condélc i ﬂ%ng%s%ﬁﬁﬁ?&e ](é)g)e S?‘Lég%‘g%g%@lgﬁﬁ %%%%H’g& rﬁic(\)iin%subst antially
et chi ng RRIsKaNgsEices\¥al dre Sardns B4 daiosital aatantsotropigietsingl df @umdtetial | n a
preferred enbodi nent, a selective, isotropic reactive-ionetching (Rl F)

process ithat is@ifferentighipsichshlp Aithresnasbipalopssh sepionsyiéord Ffand 30 and to form

recesses . [ R i 1 gwﬁs | . e j sotropic
et chi ng Bg%hcggéﬁ%téﬁ%g%??tgégbgg T %%n%gﬁﬁggr I c%P ?‘%ya%lﬁgﬁle#%} allsy tglg"fﬂch doped
regi ons 28spin®n3gassssitibort baitles; ailicoh #tradés, amdlthddikes eanfterused beneat h maski ng

sidewal | spacers 34. The RIE process is preferably carried out with etching
cheni st r y04$ht sel B@fqr%gsp%@ﬁeéﬂ%mm%mﬁ%ﬁ%w@éépwr%%m al of

doped fe%‘%ﬂavgg%oggg c%gti&%@i&i% &%tse&ggéé aeﬁihgbkgoﬁdggg}ggs 9% g 3pgf ti ons of

sem conductor S rate I'n one enbodi nen IS generated in the
Rl E appakahitdontyctgesudstaite 19. Theldbpe tagionsardsedsutinelylsached bylwbgean n t he

et ching chanber. 1001910nce cavjties 36 and 38 are far rrec(ii,g g&] e?i t axi al
deposi t i 6iFharighaidditiprenially etehesdhe Nriype setptcondhctennaterialfidoned H§1oMd 42 in

cavi ties 36,a3g I fl@tss?l@&%ﬁt‘fzﬂyyeéclﬁﬁ% .Haglﬁﬁg'éﬁl%ﬁzah Psng(%e%e 340r i$16H&PT T axi al

deposi ti On process successlive eposits yers o Into cavities 36
and 38 amekipmopr aslsiodny prafered entbedapit axseddctivegsanpit watiivd-ionhe caviti es.

Not abl y, maski ng si dewalt spacers 34 . limt the thi ckness_ of i taxial
Fegi ons AEVME(RIE) PHCpRIX LY S giaMY aPBeYs e ses or e sk ST EhE G f ace
profile gél'rl’?FécE@éé aci\ﬁg%’s%%faﬁlg%ﬁﬁgeé?cohémqg; duBEehtPY 0 MaBK idGopicdewal |

spacers n particu i ckness of epitaxial regions 40 and 42 in
proxi m t etdhingyabeess liecirriedleuta0 batidvarticattysind dggratly e8h dopedl regiers2&y nmaski ng

id I 34. Ac j j ial d It il
Form an @BhSaah (HgRORCHEY Mg Seredpper it Gon Ry dsnn Ppoes Har o
el ectr 0d§“h%31‘5§5§503s§is%@f&¥a@ﬂ§ Eé&ﬁe%ﬁbwﬂﬁ kﬁﬁir%?he&ﬁstﬁy&ﬁ%lécﬂvﬁ&e 1)

regardl ess y variance 1'nh the epitaxial positi'on process. NON| i3y
['i m ting etdhes theiNkyresemiordpitoaxiatirial efjdaped rdgionn2B 4Rl 3¢ whilsxioti ty to gate

el ectrode 20 and channel region 3 a.controll ed nt of stress is
intr oducéH&ﬁt?ﬁt’&ﬂ&‘? M ‘_)tP‘ér °6H9n. SER&en peer ﬁg’ﬁtr%gﬁy \tﬁ‘f’ﬂet he process
vari ancegpiydaidiét ePplhent @ glBRARI hitROR B Stus HY @&ﬂb@éting%‘éﬁld&@&: or

irregularities wthin epitaxial regions 40 and 42 are spaced away from gate
el ect r odér@inardsahplasmeh i thgicorhirg2chambiei.r st si dewal | spacers 24 and nmaski ng

ﬁ;gﬁrﬁgl 46@@2{ |S géélgéggvzlgig'spgé g{d gé)e'ir@fgl%leed? Iartl g;))(iita(’%(lial rd% ci)s?trilgn gr%c&gclls 42,
carried out to form epitaxial regions 40 and 42 in cavities 36 and 38, respectively, as
illustrate in FIG. 4. The epitaxial deposition process successively deposits layers of
SiGe into cavities 36 and 38 and progressively builds the epitaxial regions to fill the
cavities. Notably, masking sidewall spacers 34 limit the thickness of epitaxial regions

40 and 42 in proximity to gate electrode 20. Further, the surface profile of epitaxial
regions 40 and 42 is defined by masking sidewall spacers 34. In particular, the



34, first sidewall spacers 24, and capping |ayer 26 are renoved. Then, as
illustrated in FIG 5, second sidewall spacers 44 are fornmed adjacent the
sidewal | s of gate electrode 20. As illustrated in FIG 5, epitaxial regions
40 and 42 have a surface profile that includes step regions 46 and 48,
respectively. Step regions 46 and 48 result fromthe epitaxial growh of

Si Ge above the principal surface of sémi conduct or substrate 10 duri ng the
epi taxi al deposition process. Notably, step regions 46 and 48 are spaced
away from:. : i t i % first

si dewal | Iﬁlélgg%:eg? gk g‘%{%{n ??é§%$%ogéﬁgﬁwpﬁ§ggc§rg§ E%%.e&@ew I ascgglg%auent ly
be descr irbgidn 32 i€limiteé bamadksipaidzerald spscasiBd.i Acentlingly tisudgsitaand i al | y-
prevent step.regions 46_and 48 frominterfering with sugzequent, .

i mpl ant atdeBesiipbr@ssBvilldpgnan cpdnp phreginy havRganpPeL T es 1 PIogHUMar i ti es

of the epi [ [ : - J 049 ¥ ate

ol et rode 50° Reepiefdp R iSHENCAS BV AR S KA In G ket A

i mpl ant atoif any variamenin €et apitaxial derosftionmrogess.ne epi t axi al regi ons, rather
than before formng the epitaxial regions. Those skilled . in the art wll
recoghze P9 | in%m#émqnlgﬁ%% fhigkags éf??‘r’é]n{e,gl‘%‘ﬁi“pé‘%fiﬁg IR SHIAMEY 4D and 42
form enb e G g ah Pooi i {JF3RBElis B RBS82 ext ends
bet ween %% éei?%lg)ggezg agg&}lce a%&l(gfg%’%r@ggiaggds&ggﬁ%ath gatlg el ectrode 20 and
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| rregul arit \ORp 1482i8h 82 by MRYEIdwAM gat e

el ect rodea%%ﬁgf/d g‘wgﬁfr??lcg%ﬁtgleg?%% ancaerﬂ{;%}gdﬁg% ha%leflon geams 50 are not

di srupt edpadkec?d4 dindglayking tidpwak gpares ¥6 and 48 do not substantially
interfere with angled ion beam 50 during. the. ipplantati.on ocess. The

i npl ant atlP%lpr ocedMter §oning gpiadalregiopndl gad égpdnﬁs “}grﬁlgmfﬂ{]%ﬂac?régi on 32.
The dopi g RERLdeRa0lspflRROSH hAGL fayBsls 24 rBRdval1atig!, of fRkEReP2 1S
subst ant i af Py una?faeé?get% y’siit ep%rlgrégor@p% and 48, In one aspecf of the

"i nvent i an Fl@ohedcoreigiidaveal bpaaerd 48 4rafoemiedladjacerptiansid eveglisoofgagnd

source-drai n extensi Qp region 0 nly. used in vice fabrication.
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spirit pfd%ﬁ‘ﬁg’efsin@‘gﬂ?tf:@g.dlsfﬂé‘fce bk‘éﬁﬁf }?‘156‘? B R?B%?@%HRN?’? P ERUNS 8t or s can
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regions, and that channel region 32 extends between the embedded source and drain

regions beneath gate electrode 20 and in proximity to the surface of semiconductor

substrate 10.



formng a device structure on a principal surface of a sem conduct or
substrate; form ng masking sidewall spacers on the principal surface and in

proximty to the device structure; Iy etching away a
predefi ned doped portion of the substrate and foi xEjing a cavity beneath
the sidewal | spacers; and formng an epitaxial region in the cavity,

such that a surface profile of the epi8taxi al region is defined by the
maski ng sidewal | spacers and includes a step region above the princi pal

surface FhofyPer! TRl RS A0 MRk DRAGSH -0 RRZSRY, vy from

t he devi ructure maski ny S acers. e process

of cl ai molut foufolReIopedrapidrsiin@hiwEDMgit 3N eA dafkigeousy,dueied | spacers and
inmplanting ions into the principal surface of the substrate using an angl ed

i on beamirTogidaieies, $Ush a5 stap TREIgNHA0 aebds astremaned fami gitq glestinder?Odhe? wi t h t he
i on beam Abrich ?d&ﬂd{&g 'st?caﬂ th?yfoh%%gms 50 are not%isrqé}gdpkggoq‘ﬁﬁgﬁj sfehal m 2,
Ng a device s nprises rmng a gare

wher ei n fsorm ructure co efectrode, and

wher ei n trigiohd46 Hepas §e hoBsubsandllyoiatdifetd with Aagied i@gbeam $0 dadingtticensi on
region in the substrate, and wherein doping profiles of the halo region and
the ext en@plsatatiogipseresy. el ag ianlantation prpcesdpmacdangd meeioned >4 @i on.

4. The pr 3 i .Sl ] I j || spacers
" cont achage pobior e The acpthy RRSFE MRl loh 3 TLESE biinaBhd L, T8

maski ng skdevestansipity efsfeosiby sesrdegtunRidogntiig. Maske agpest afaal | spacers
adj acent the first sidewall spacers. The process of claim4

10 5.
further deYRsHPR;daperl Keaiemt 3o coR gt implan) regersy andongedlsPant into the
substrat %xfeﬁsigﬁﬁrég]if)ﬁeco?xﬁ(ﬁgﬂgl'dgggi dRPLe faBRcHR ngtctcg'x%ir;élflﬁ si dewal |
a doping nask. clarm T

spacers as : € process o ‘wher ei n
f osut i ng impreaped thciridal patiiratancaistdbeainalintchamteipedisie32 bpthd ingergivieedded

bk ECTEOR FRIEENE IO, L XKD
regions 52 and 54.
[0023] Thus, it is apparent that there has been described, in accordance with
the invention, a process for fabricating a semiconductor device having embedded
epitaxial region that fully provides the advantages set forth above. Although the
invention has been described and illustrated with reference to specific illustrative
embodiments thereof, it is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize that variations and
modifications can be made without departing from the spirit of the invention. For
example, both PMOS and N-type transistors can be fabricated using the process
technique described above. For example, N-type transistors having silicon carbide
(SiC) epitaxial regions can be fabricated in accordance with the invention. Further,
numerous process techniques can be used to fabricate transistors according to the
invention. For example, molecular ion beam processes, electron-cyclotron-resonance
etching process, and the like, can be used. It is therefore intended to include within
the invention all such variations and modifications as falls within the scope of the

appended claims and equivalence thereof.



8. The process of claim1, wherein selectively etching away a predefined
doped portion of the substrate conprises doping portions of the substrate
to be etched with an n-type dopant and applying a reactive ion etch process
that selectively etches the doped portions of the substrate, 9. The
process of claim8, wherein doping portions of the substrate to be etched
wth an n-type dopant conprises dopi ng? with one of arsenic or antinony,

10. A process for fabricating a sem conductor device, the process

conpri si gﬂjA Jsm ng a gate electrode on a substrate surface and formnl ng
first sidcwall spacers adjacent to the gate el ectrode; dopi ng the
substrate with a conductivity-determ ning dopant using the sidewall spacers
as a doping nmask to form a doped substrate regiaon;, form ng second

si dewal | spacédrs adj &oess forofa H@atmgr%%er‘k}?‘?%\}éﬁ?olr depsedheProsgisect i vel v

et chi ng tcgl% gigﬂ‘ d region of the substrate to formcavities extendi ng under
the second &I dewal | spacers, wherein the cavities are spaced apart by
a channel regifermiaf atdeeics yhadtusat @ apdedipylisngfacchel gatrdcaldactor oulestrated t he
first sidewall spacers;. 11 filling the cavities with an .

epi t axi al | y- dépygang wsmgé%dewalléﬁace%wmg’raw&@? puace spg AR PEOXGRILY fR

epi t axi al, éé%}uc{\ﬂ t includes a step region above the substrate surface
and spaced away fromthe gate electrode by the first and second si dewal |
spacers; and selectively etching away a predefined doped portion of the substrate and

forming a cavity beneath the sidewall spacers; and

forming an epitaxial region in the cavity, such that a surface profile of the
epitaxial region is defined by the masking sidewall spacers and includes a step region
above the principal surface at a perimeter of the masking sidewall spacers and spaced

away from the device structure by the masking sidewall spacers.

2. The process of claim 1 further comprising removing the masking
sidewall spacers and implanting ions into the principal surface of the substrate using
an angled ion beam, wherein the step region does not substantially interfere with the

ion beam at the principal surface.

3. The process of claim 2, wherein forming a device structure comprises
forming a gate electrode, and wherein the ion beam forms one or both of a halo region
or an extension region in the substrate, and wherein doping profiles of the halo region

and the extension region are substantially unaffected by the step region.

4. The process of claim 1 further comprising forming first sidewall
spacers in contact with sidewalls of the device structure, and wherein forming
masking sidewall spacers comprises forming the masking sidewall spacers adjacent

the first sidewall spacers.



i npl anting the channel region using an angled ion beam 11. The
process of claim 10, wherein doping the substrate with
conductivity-determ ni ng dopant conprises doping with an n-type &pant.

12. The process of claim 12 further con pristng: removing the first
and second sidewal | spacers and forning i npl ant spacers adjacent to the
gate electrode prior to inplanting t h&0channel , regi on; and using the
-first sidewall spacers as a doping nask to formone or both of a halo

region or an extension region,i.n e .channel. .regi on, .. rein doping
rof i 1es of "t He. hanBeRERESnast™ AU ShapHnng EbPRhins couB SRl 1y
unaf f ect etcbidiine SRR irte Beibstrate to forfadhe pheRiQL®ped Pbrtfdnaisiiglle wher ein
sel ectively etching the substrate conprises applying a reactive ion etch
process tisitsidesyadloppacass ¢s adepiag nepsled portions of the substrate, while

| eavi ng undoped portions substantially unetehed. 14. The process of
claim 13, wherein formng a gate el ectrode on a substrate surface conpri ses
form ng the gate eime%mé@s Scl@ne| Wher6igiforniaf ah kpitsulistsiahen tend wher ei n,
sel ectively etching the substrate to formcavities conprises formng

cavi ti es cavity pempgses formging gmbedded epitjaxial pparcp pad depdn BBIGSai m 10, wher ei n
filling the cavities with an epitaxially-deposited material ecinprises
forming filling the cavities with Si Ge. 16. A process for formng a
strained-chanrel t mTaBptcdety ofh@dinny lideiddetniapiah it@lialsogios compeiselr ai n

regi ons, the process conprising:
forming SiGe.

8. The process of claim 1, wherein selectively etching away a predefined
doped portion of the substrate comprises doping portions of the substrate to be etched
with an n-type dopant and applying a reactive ion etch process that selectively etches

the doped portions of the substrate.

9. The process of claim 8, wherein doping portions of the substrate to be

etched with an n-type dopant comprises doping with one of arsenic or antimony.

10. A process for fabricating a semiconductor device, the process
comprising:

forming a gate electrode on a substrate surface and forming first sidewall
spacers adjacent to the gate electrode;

doping the substrate with a conductivity-determining dopant using the sidewall
spacers as a doping mask to form a doped substrate region;

forming second sidewall spacers adjacent to the first sidewall spacers;

selectively etching the doped region of the substrate to form cavities extending
under the second sidewall spacers,

wherein the cavities are spaced apart by a channel region of the substrate

underlying the gate electrode and the first sidewall spacers;



formng eptitaxial regions in a substrate in proximty to a gate el ectrode
and spaced apart fromthe gate el ectrode by one or nore sidewall spacers
adj acent to the gate el ectrode, wherein the sidewal |l spacers limt
the depth of the eptitaxial regions in proximty to the gate el ectrode, and
wherein surface irregulatites in the eptitaxial regions are created at a
perime of the sidewall spacers; and form ng doped regions in a channel
regi on of the substrate, wherein a | ateral distance of the one or

nmore si dewal | Sﬁ‘igﬁg ?Lezcagﬁié Wit zfii fdg%xfaﬂgﬁif-épﬁiéﬂ%ﬁlﬂ:ﬁéﬂ aﬁg%ﬁﬂhg td@ﬁ??fif ace

irregularitie pitaxia I on omaltering doping pro s of
t he dopedrofily afitBe epitaxial matefial Thee igolods astaf regloai abo 6 thewhbstedtaisdracei ng

doped regions in the substrate conprising using an angled jon inplantation
process. and spacelpya pheodals glegirody b e s %“i‘?%f FerEEA ol y

etching the sybsidiat, MLt Is er at |least a portion
of the one or Pr%’r%ﬁlsgé%ﬂ%qaﬁﬁgpprg%é?%&%@%gﬁqfﬁ%b%:l‘gl\?i ties are spaced apart
by a channel tension of the substrate underlying the gate el ectrode and at

| east a portion of the one or npre sidel,vall spacers, and wherein form ng
eptitaxial redilons Tflﬂ&rpa?qeé%ef[ ¢latm 5ﬂgwlﬂ<ﬁel 118 188 sypsiRptcyyith a

epi t axi al lyade .-&é?éfnﬂ??i rsi : : %@g RLOCRSE d8 l'aim 18, wherein
filling tdhe cavi tﬁ’i es w thgglr?ﬁ!é%ictogl fgﬁ %/@pé% 05|ht eglcrﬁr@t er % conpri ses
forming filling the cavities with Sl Ge, 20, The process of claim 18, wherein

e A S SRaTRR P, 3 T 1 | e
undoped porti qpgosiHesheRidk ahd YeddRES&RGAI spacers and forming implant spacers
adjacent to the gate electrode prior to implanting the channel region; and
using the first sidewall spacers as a doping mask to form one or both of a halo
region or an extension region in the channel region,

wherein doping profiles of the halo region and the extension region are

substantially unaffected by the step region.

13.  The process of claim 10, wherein selectively etching the substrate
comprises applying a reactive ion etch process that selectively etches doped portions

of the substrate, while leaving undoped portions substantially unetched.

14.  The process of claim 13, wherein forming a gate electrode on a
substrate surface comprises forming the gate electrode on a well region of the
substrate, and wherein selectively etching the substrate to form cavities comprises

forming cavities in the well region.

15.  The process of claim 10, wherein filling the cavities with an

epitaxially-deposited material comprises forming filling the cavities with SiGe.

16. A process for forming a strained-channel transistor having embedded

epitaxial source and drain regions, the process comprising:
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forming eptitaxial regions in a substrate in proximity to a gate electrode and
spaced apart from the gate electrode by one or more sidewall spacers adjacent to the
gate electrode,

wherein the sidewall spacers limit the depth of the eptitaxial regions in
proximity to the gate electrode, and

wherein surface irregularites in the eptitaxial regions are created at a perimeter
of the sidewall spacers; and

forming doped regions in a channel region of the substrate,

wherein a lateral distance of the one or more sidewall spacers is sufficient to
substantially prevent the surface irregularities of the epitaxial regions from altering

doping profiles of the doped regions.

17.  The process of claim 16, wherein forming doped regions in the

substrate comprising using an angled ion implantation process.

18.  The process of claim 16 further comprising selectively etching the
substrate to form cavities extending under at least a portion of the one or more
sidewall spacers, wherein the cavities are spaced apart by a channel region of the
substrate underlying the gate electrode and at least a portion of the one or more
sidewall spacers, and wherein forming eptitaxial regions comprises filling the cavities

with an epitaxially-deposited material.

19.  The process of claim 18, wherein filling the cavities with an

epitaxially-deposited material comprises forming filling the cavities with SiGe.

20.  The process of claim 18, wherein selectively etching the substrate
comprises applying a reactive ion etch process that selectively etches doped portions

of the substrate, while leaving undoped portions substantially unetched.



