PROCESS FOR FABRI CATI NG A SEM CONDUCTOR DEVI CE HAVI NG EMBEDDED EPI TAXI AL
REG ONS TECHNI CAL FI ELD [ 0001] The present invention relates generally, to
fabrication of sem conductor devices and, nore particularly, to the
fabrication of sem conductor devices having enbedded epitaxially grown
regio:n.s therein, BACKGROUND [ 0002] As the demand for higher performance
sem conduct or devices, such as integrated circuits (ICs) increases,

manuf actures strive to inprove the periormance of the individual conponents
of the integrated circuits. In particular, field affect transistors (FETs)
represent maj nts of integrated circuits and increasing the
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per f or nance. One net hod of E BRITARA]; REGIONS t chi ng speed is to
increase the carrier nobility of the FETs. This is particularly inportant
w th respecirdpnieN O al - oxi de-sem conductor (M3XS) transistors that are
typically used in conplinmentary-MOS (CMOS) devices, To increase the
switching 4p¥Hd and Ehapresent igedntiomidldtengdietalipato KBS c{tRMOBkerhicandiicsior S,

t echni ques jhave been devel oped t Ly stress .to the channgl regions of
the PNI OS tdF‘giﬁgsl aé’?b’?lgr.ep f:ﬁ“t}felﬁ’gmgfe?iggggaﬁ‘ﬁﬂ nger“é{f"ﬁldllﬁ°’i‘¥f’§‘°8ﬁ HE regi on of
PMOS tranSieﬁ'ibedldiadaebi‘tmng%‘bﬁn%gifﬁx%@{eraﬂﬂ |attice within the channel region.
In the case of silicon substrate technology, the Si-Si bonds are stressed,
such that charge carriers nove through the lattice at nuch higher rates
than in anpgqmstarogsythattice. [00031A wel | -known techni que for applying

stress to the channel region of NACS devices is to enbed a
si | i con- ged¥A93i um ( ShGhp deweridior higher rehforsange semigomiludioaievicesgiucings of t he

R e R
referred t theasdivBiunladonippnémss effthainegraed tibmits.nirefaftanir ldertst t he Si Ge and
the silicon suﬁstrﬁéf. Wiere Si.Ge material .js enbedded on opposite sides of
t he chann eltr,‘m? ars (FETS) represent major components of integrated circuits and increasing

the switching speed of FET's 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



2 strain propagates through the region of the silicon lattice formng the
channel of the FET. [0004] Wil e enbedding SiGe in the source and drain
regions of a PMOS transistor inproves the transistor performance,
integration of an enbedded Si Ge material into a CMOS process flow is
extrenely chal |l enging. A common technique for introducing SiGe involves the
epi taxi al deposition of SiGe in regions of the substrate adjacent the gate
el ectrode of the FET. For exanple, U S. Pat. Pub. No. 2007/132038 descri bes
a technique for enbedding epitaxially-grown SiGe in the source and drain
regions of an PET. The techni que involves form ng recesses in the substrate
and epitaxially depositing SiGe into the source and drain regions of the
substrate. I%lﬁﬂ ﬁ,gtz{%a{gg tHroiBnBSicpion of e sitiemslaitice foamirigdbe channel gFthg
predeterm ned a nt of time in order to forma SiGe |layer to a
pr edet er mi n€BTt hi ckness. [0005] Vari ous substrate etching and epitaxi al
deposi tion Lﬁ,ﬁ?ﬂi quve’%\éﬁle&ﬁ% gieneh 9P eshréeoand doain deioap pf 2RMES sour ce and
S. U S

drain regio or exanple, U Pat. No., 7,195,985 di.s an etching

and deposi thaiisisltc&dhpioqeséhthmﬁﬁ%melffma%%@fﬁg??‘@g%?%bgeﬁ gér?zsqtéﬁe subsequent
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devel oprent on “nme such as_sel ective de(?osi ion of SiGCe
layers is desGhiduacing 8iG4 ifvolRatthe dnisaxil depwitongf SO 5eH B595H°t echni que is
di scl osed in which_ sil ane gas,.is HpR0 U 4. Pat. Plite Neel ecti ve
deposi tion é‘Fbsgﬁqu‘QG?FPE@‘ﬁtg%leﬁ‘eﬁtéo#g)%ﬂg%% é,Fstﬁ%jpgés) Si Ge, The process al so
i ncl udes t hggifi{2088 8dst:PBes @ ftechnidopion tmbeddingepisaxéAyrarowl PiGR" e Si Ge

epi taxi al deposition process, T n i o SrdRssBPihald al W th
vari ous condmﬂﬂé%FW@Pf@%#&?ﬂgﬁﬁ&Fﬁég}&@ﬁgﬁoﬁ uggt Tons to remove

Si Ge from sypface f ealitkay Bépobiias Sithdht atesoufc 80 ditinirpgonsip these of Si Ge

enbedded regions in the source and drain regions. of ALRvbges an
ef fecti ve neabstrafeoTheepitaxial ¢rposien R?H%Fﬁ%’élcarpgéf%?oroq‘pr?#é&% and i nproving

its performance .epi;tAaxi Siyel @ RERGAGRES thidnedse di fficult to
control . In°g§¥nteil%€ljfigrﬁélf&h‘p§% ot OB 18

, the thickness of the itaxially- i SiG is
i mpor tant t qoesii ci erffarideyiubeirase @ieléégzwlt%%%ﬁsgi?ﬁg%cy%?&&%zé ‘%el%& needs
Eigvibg ecia:]eglrgglé%iq% rt]%érg%njgee gpiiaQia'P L e Tl HratPrebiBs. Jav ex@hpte (U.Bdat.0fo. a PMOS
7,195,985 discloses an etching and deposition technique in which the substrate

etching and the subsequent epitaxial deposition is performed in the same reactor.
[0006] Further development of deposition methods, such as selective
deposition of SiGe layers is described in U.S. Pat. No. 7,166,528. A deposition
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



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
dopin.g profile of inplanted regions within the PET channel. Accordingly,

i nprovenents in process technol ogy are necessary to provi de inprove contro
of the SiGe epitaitial deposition process used in the fabrication of

sem conduct or devi ces. SUMVARY [0008]1n one enbodi nent, a process for

fabri cati ngntérf&emecaiiifdr @focd@Mipeatibmg butH @s idndfpldaneation day iheehaheluct ure on a
princi pal surface of the _sem conductor substrate. ki ng, si dewal| spacers
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structure. &5 e4ef dnedied MREchgdfdiioR Broebssd ExURSHE Mibkress sT@leeCti vel y etched
to finlit a cavity beneath the nmasking sidewall spacers. An epitaxial
regi on i . sepisaxaadly-depodited SiGe/intpyoximify o thi gete gleswpdaraa infedére withdie t he
epi taxi al regi i L.he Ski ' o surface
profile i ng‘\? %ggs%né%gﬁg%h?%gﬁdg%he{é%&g&? Ek@ﬁ%@%@ﬁ?g glgs{ﬁlg%l 1ﬂa}tl%peri net er
of the masFERNghanewAcdordipge diprovEhents ireprocagteehnilsgyspacedssayaty from t he

devi ce structure by the masking,.sidewal |l ,spacers. [0009]1n anot her

enbodi nent PreY¢515%, V§°PB?%P§HW%6§FFW&XH‘5§ %ﬂ@ﬂ?t[aﬁrusﬁcle\?i % incl udes

formng a garRaGdEsistR8nditicr detibst rate surface and formng first sidewall

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

conductivity-determ ni ng dopant using the sidewall spacers as a doping nask

to foiaii guiglpﬁg}§ubstrate region. Second sitiewall spacers are forned
th.e

adj acent to Irst sidewall spacers and the doped region of a substrate
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spacer. The cavities are spaced apart by. a channel.regi.on of th.e substrate
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the epitaxial nmaterial includes a step regd' on_ abgve %he substrate surface
and 4 proximity to the device structure. A predefined doped portion of a substrate 1s
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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



spaced away fromthe gate electrode by the first and second si dewal |
spacers. The channel region is inplanted using an angled ion beam [0010]In
yet another enbodi ment, a process formng a strained-channel transistor

havi ng enmbedded epitaxial source and drain regions includes formng the
epitaxial regions in a substrate in proximty to a gate electrode. The

epi taxi al regions are spaced apart fromthe gate el ectrode by one or nore
si dewal | spacers adjacent to the gate el ectrode. The sidewal |l spacers limt
the depth of the epitaxial regions in proximty to the gate el ectrode.
Surface irregularities in the epi taxi at regions are created at the
perineter of the sidewall spacers. Doped regions are fornmed in the
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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



process | eaves a channel region 32 underlying gate electrode 20 and first
sidewal | spacers 24. Channel region 32 separates doped region 28 from doped
region 30 in. sem conductor substrate 10. Those skilled in the art wll
recogni ze the structural enbodinment illustrated in FIG 1 as depicting

el ectrode regions of an MOS transistor, such that doped regions 28 and 32
are source and drain regions self-aligned to gate electrode 20 arid first
side-wal |l spacers 24. Further, channel. regi on 32 extends between the source
and drain regions bel ow gate el ectrodé 20 and in proximty to principal
surface 18 of sem conductor substrate 10. 100141Those skilled in the art
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ot her conf F@Gﬁé%-o&%anaﬁlée&%ﬁ penaratessloredkismion <8 Fopedoped &gt 3%#0enti on can
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10. Fur t hep, $aTs&eREYS bPlenitiabint &ibddde 16, preferably a single crystal
silicon substrate material 1 n which iﬁhosphorous or arsenic is introduced in
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[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, ceramic 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 material that is differentially etchable with
respect to doped regions 28 and 30 of sem conductor substrate 10. For
exanpl e, the various spacer-formng materials, such as spin-on-gl ass,
silicon oxides, silicon nitrates, and 6éhe |ike, can be used.
100181Referring to FIG 3, after form ng masking sidewalls spacers 34, the
i nventive process _continues with the selectiv g oped regi ons 28
and 30 in W@Gﬁ%cﬁ‘ﬁﬁ%b’&%‘f‘}sﬂ%e%m%% %18%'% a‘rge oﬁngleie%%%gsel ectively

et ched by UgiiRGhiaRefigdaeriillahd didlikes @ntbe atddyo frmipet didlecti¢ laygs@2.

sem conductor material of doped regions 28 apd_ 30, .while substantially
et chi ng masiPHY si deWhs IHVWE@F%C*’:%”W“F%W%{%’%WB&? %Jrf[sms%%%and 16. In a

preferred egfy illrggggersﬁaaﬁlc&ﬁtté Bt sill Wl sphdefs J4e Redferdbly] mimkinghi ng (Rl E)
process is used t0 substantially renove doped regiagns 28 apd 30 .and to form
recesses orsidemalls sprser384 aredorged by thedenesitien A BHsOTaBS EiclIng oL HMALHR | 5ot 1 opi ¢
et ching process.i.s _carti . \iEHddi dsvsandsbveferal ly etch doped
regi ons 28 '%ﬁtdsg’(ﬁ&?ﬁ%@%%ﬁ&%@&f?%%“%%qé 8 ar e f or ma% beneath maski ng
si dewal | s paaatamdddor sibsrai D. oo exmseplé, sheyaripesrspasey-forming maeinly h etching
chem stry that, selecti \zlel%wet heg.&ge.u[gliersya{agﬂﬁqﬁgec&g@gggéa_r mat eri al of
doped r egi oHSPILISHASSSH ICRRP T Sioteo8ubetant | a I'y et ching ot her portions of
semn conduct@mgubst I RERrrkig.to Fm.meﬁgrmmthmMgaiMEmabgs b"eﬂ@r ated in the
Gt ohi pg. chambeItve PSSO FCHBBeCH P {iFceiotoaliamga Ayisdp s aaoole L
deposi tion &Bﬁ%ﬁgﬁcﬂnssuﬁﬁfa&i R MiétdobOrekpRse pléctivelgletchegbyoming4® and 42 in
cavities 36 a;meé&cg&es%t i Yg?xl y@g%ﬁ@bé Igetrjlislt r ﬁ%orﬁat%a@gf?o‘rgegpe io%Bi t axi al
deposition gr gt criereriaasty PEngs t0 cavities 36
and 38 and p¢o ' tnlsiny feni8PinkAkigtdidewaDisgiesrs B9 of Isblatierhe cavi ti es.
Not abl vy, mgiﬁ%ﬁ’z%g% IS%E)%cer}ts 34 ?i m t gﬁ]e, t hi ckness of ecpi t axi al

regi ons 40 fegibné 24 aml 16 d% a prefgrrademhndisnest, e SEleE SUVOPEIFINEF 19 he surface
profile of epjitr regi on ' AT A¥83kind g0 sadiewal |
spacers 34. echng@@bgwap?sqssﬁé% @E?i‘:‘ﬁﬁgﬁe"g’f egtisnef[aé%{%l regions 40 and 42 in
proxi mty teraatesek ectavivide3nditinchmivorductor gibstnatg 20.i The $¢§PEd by maski ng

sidewal i spacers 34. Accotdin t he..eni i ! . ss wll
form an epi EERMPEPIOFEY ﬂng\ﬂ“ﬂB’yﬁé’ﬁP Yl%ceaﬁyé@(ffage%:aggli%%ﬂgip hé)’((ﬁan? tl;J {llsozt%g gate

el ectrode 2Q;4 fiRtudnShet ONHiRISiane 3Rlatelfopeadrvenqutil masBingsstdowall spacetp &2 | )
regardl ess of any variance in the epitaijdal,.deposi.ti . 100201By
limting thd&he Ri%k’ﬁé@% 1sgrefergbly £2 OPE\@’iﬂb#%‘“% ﬁmgﬂﬁtﬁ&%?‘?%‘?m ty to gate

el ectrode 20Q,.gadne € InidoS @R mderiaflof do@ed fe@iohe?8 AMANwhid nwtt r ess i s
i ntroduced into cehan el region 32 that does not, var ﬁQW‘[t h the process
r,

vari ances i subishtiallyietchinigithey ppoions plsmisopductar substaeil8y I g £ 5ce

irregularities withi L4 % i Fnadts 87 gadetatimpachdriavey from gate
el ectrode Zﬁméﬂé“mtgﬁua%ﬂlg&atr%g%%?téggltggq‘i%bgt sisdg\%/all ?gacers 24 and

maski ng si devahihe-bad plasmid. the etching chamber.
[0019] Once cavities 36 and 38 are formed, an epitaxial deposition process is

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



[ 0021] After form ng epitaxial regions 40 and 42, masking sidewall spacers
34, first sidewall spacers 24, and capping |ayer 26 are renoved. Then, as
illustrated in FIG 5, second sidewall spacers 44 are formed adjacent the
sidalls 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 sem conductor substrate 10 during the
epi taxi al deposition process. Notably, step regions 46 and 48 are spaced.
away from gate electrode 20 by the conbined | ateral distances D of first
si dewal | spaderss of4pizixihl faEpidas AQ afd d2wehroxisgiage pate kctrddie 20 antl ckanslequent | y

be described, the |ateral distance is sufficient. to substantially prevent
step regi off$'%6 F\h“‘&tgd gy BRIng %&‘F‘%‘ﬁ WEeRP %%1 éﬁﬂ%‘@’&ﬁl&ﬁ © fM{3Kant at i on
processes. dgidditoh peRBds! will i &t é}iﬂﬁkiﬁ&e@i&xﬁﬁ@iﬁé iaﬂéilﬁﬁ%l kafdct ifsromnityhe

epi taxial regions, such as step regions 46 an 8 away from gate el ectrode
20, a fabr fegate gactipdede st issoprtensivgerith pringinat b8 shaym il FIGap). aegeedestn i s
carried ou &k [ ' ' ions, rather than before form ng
t he cpi tax%g ﬁemﬁﬁﬁh@%gggggl%gﬁ%?n%ﬁoéﬁg art will recognize that, in the
i |'1ustratef0028hbodi Mynlimitiepilteakickhess eférirasial@gansl4tighdf4vih pendiedigi®d sour ce

d drai [ d that ' 3 t bet t mbedded
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an angled ion jnplantation process, is carried out, to formdoped regions in

channel r edfRONILISD Prosgisa AuEhEonsiage irgpingtes Within goifaxtal fegtans 49 geh44s st ep
regions 46,ang.48 144§ fio EctShBattAce3 20, Rt @dskhif i ci ent

di st ance sucﬁg?hata ign g‘g%ﬁg%%gog%g%tcdi srﬁp@ed. %cor dingly, step

regi ons 46spasers48 addmasiting sibevalspaedrs 34.i nterfere with angl ed i on beam 50
during theg ant atj.on cprocess. . i p! ' : doped

regi ons 52[%% 54 | réig‘%é% 125%’ ‘?pztﬁfug{rll%g{f%%ﬁg&g%%?rr%gsgl{ﬁgg]??‘?aeﬁ %{ag%%ped regi ons
52 and 54 asadirstsidenall spagis®d, &idl dappiay xsteadd airkrjowedaThec e dlubyatet ep regi ons
46 and 48. .| e aspect of the invention, doped.regjons 52 and 54 are halo
"ol ant el S SRl apaeR B AR S BRTLHE SSHAbTGEed | n MO
devi ce fabelesadde®0. AGAAATH ¥IG. ITBpiRMed rediestviaadk2 Rl OnupRace i s

obt ai ned in channel region 32 by the inventive process in which the

epi t axi al PeEloHat ingudgsstepTegipes 46nded Frspestively. Piop asgiepsdpad Agi ons 52 and
54. (0023] btk Spi t : i i ccordance
wth the | N e S S B B oy e vl g
enbedded epibstixtedD dusgg the epitetial depdsitiqurpvcate sNothlbly adispamagiage46 sett48f ort h
above. Although the _invention ha n.descr,.b and.il | us W th
reference £0° %cee((:lia P %l"ﬂ%j’éﬁas‘itﬁ@sagﬁﬂé (r:?enrlll?%e%ﬁﬁtgrrag% !,anﬁsrﬂlghﬁgtt i nt ended
that the i sdewill spacke 2k and inedkitsiddvaglespatdrsiS4.r At vilbsubsh@enttetd s. Those
skilled in the art will recognize that variatiaons and nodifications can be
made Wi t hodfscahﬁ%m%rai pisitnene l%ﬂfg‘?l’?nt_é? svlrféanﬂﬁ@ewweeﬁ.stentmwié l'e, both
PMOS and Nagd/pefrbhaneietey §itlk aibsQfichfiRipiaRlien pisdeRds t SignitcaaBssy t echni que
descri bed above. For exanple, N-type transistors having silicon carbide
(SIO) epi t Bfnding peice irseeninitipeolithp ppitaxia degionsadich pPHUPRESIING HO £Rb4S nvent i on.
Furt her, ”%&’{ﬁ%}ﬁl%{e"& éd&?@%"fhﬂ&‘& ﬁo@fbc@%ib’@%@idte&’nm ich CRdrell F @NSI stors
according to the ihvention. For exanple, nolecular ion beam processes,

el ect r on- c yoplattathon is eswisd nvicafier fvining the episdsl regichst fathet thae befoan be used. |t

R R R A G (T A

equi val enc@lisheeeembodiment, epitaxial regions 40 and 42 form embedded source and drain

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.



CLAIMS: 1. A process for fabricating a sem conductor device, the process
conprising: formng a gate electrode on a principal surface of a

sem conductor substrate; formng first sidesvall spacers in contact. with
sidewal I s of the gate el ectrode; form ng a predefined doped portion in the
sem conductor substrate using the first sidewall spacers as a doping nmask;
form ng nmasking sidewall spacers on the predefined doped portion and

adj acent to the first sidewall spacers; sel ectively etching away the
predefi ned doped portion of the substrate to forma cavity beneath the
maski ng sidewal | spacers that extends &cross the width of a base of the
masking siciewill spacers and |eaving a channel region of the substrate

beneath the first sidewai ac ; f.or.m i i &bsdgegion in
the cavity. 1098h tha%ﬁ?&?@gé‘éﬁ{)@&ﬂ%‘g&f’ ‘ﬁ‘éﬂpg%fat%%ﬁg#s? le(§g°?’;“ﬂ(')r?1"ai s defi ned
by the maskjitgo sirfieitpbd regioas &1 chamd rdgivnl 32d ésivantageeysly, egrifasn above t he
principal surface at a_perineter

! - ft maski n " S rs and
spaced awayiregBkitieheSushas SEp E"&‘F‘Sgg a‘b‘{/]% HETFHE %g’in&g{v%vaee;{%%ké%eaceﬁs and t he
masls ng si gg{ﬁﬁhlmtmﬁﬁ&ﬁch tléat fion Eéﬁiﬁ‘ﬁbﬁ@lﬁohﬁsﬁubtre&t Asdodhngo'l ylsteppacers and t he
maski ng sidewal | spacers and form ng. inplant spacers adjacent Lo the gate
el ectrode; regions 46@%@?@3@%%@?@%%5@&&&%%@% St e °
el ectrode usi ' Bes§ QRN dopFA $deidie SE@ndsHme or both of
a hal o regi Wrﬁ%}ta%ﬁlﬂé%g@ﬁghgn ?%gfagﬂ‘@?rﬁ tshe cha?%aélé,grlegi The

on, ) 2.
pr olcezs of chamhehrdgiomb r Bierdopinglpaefile afdapedregipana? andoi avd cRAREITEEER ysi ng
angl ed ion am. wherein t ! il ly interfere
with the i ng l?g%‘i]?ﬁt%ﬁ%aﬁy rﬁff]égtle%‘gﬁ&seér?%g@g&@9&?48?‘1}1???&‘%%?%8?%%%8 claim 2,
wher ei n f or Fveioa, deel eegicisi50 ahdi 54 ardaioriinglast fegiond ang seurce-a® gat e

an oxt eng] oRPEATGREPT PRELER it MO Raon  dctringB, 1) 8 T o0 Phe”
hal o regi on;afdvddBectidabpifoRmaic@dé ehainsdin shmelaegivmdl hy hnafvestiveed by t he
step region brocess in which the epitaxial regions 40 and 42 are formed prior to forming dope

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. Itis therefore intended to include within

the invention all such variations and modifications as falls within the scope of the

appended claims and equivalence thereof.



4. The process of claim1l1, wherein formng a predefined doped portion
conprises irnplantin.g a conductivity-determ ning dopant into the substrate
to formthe predefined doped portion, 5. The process of claim1,
wherein formng an epitaxial region in the cavity conprises formng
enbedded epitiaxial source and drain regions. o.The process of claiml,
wherein formng an epitaxial region conprises formng SiCGe. 7. The
process of claiml, wherein selectively etching away a predefined doped
portion of the substrate conprises doping portions of the substrate to be
etched with an ti-type dopant and applying a reactive ion etch process that
sel ect@GlvelMS:et ches the doped portions of the substrate, 8. The
process of claim 7, wherein doping portions of the substrate to be etched
with an n-type dopant coqprises dopi.ng with one &% arseni c _or. anti nony.

9. A proceds for PIARFS &t AU 2 FUEHYUE LI ESY I @TOLHEOBIPHERE s

conpri si ng :foﬁlﬂﬁ%ﬂa BGe 1 QAR &l £GIIAAE PR oBHRSTiEGHBcBEb&ERe;and form ng
first sidewall Spacers adjacent to the gate el ectrode; dopi ng the

substrate wbiingficosidecal] sparerdet @niai withgidaoptem thiisigrg clereodsi r st si dewal
spacers as g‘é‘%ﬁﬁg !gg%d@%?elﬁ &O%F(;]ggrg%lgien R ?%i?r e FHopbdhshad 'u%jﬁgdthe first, [Otining

second sid acers on subs e region a cent to the first
si dewajidewsap®iess as a doping@dsect i vel y et ching the doped substrate region to

formcavities extendi ng under the second sid Il spacer nd | eaving a
channel redP@WnﬁgﬁgﬁP&ﬁgﬁ%ﬁfﬂP9¥S%?g@&ﬁ?kﬁgﬁg@gﬁgpo ton an ﬂﬁ@?&f%ﬁ?%eg
cavitiﬁﬁ&gygaaggﬁgﬁgxapart by the channel region of the substrate underlying

the gate electrode and the first sidewall spacers;
selectively etching away the predefined doped portion of the substrate to form a cavity

beneath the masking sidewall spacers that extends across the width of a base of the masking
sidewall spacers and leaving a channel region of the substrate beneath the first sidewall spacers;

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 gate electrode by the
first sidewall spacers and the masking sidewall spacers;

removing the first sidewall spacers and the masking sidewall spacers and forming implant
spacers adjacent to the gate electrode;

implanting the channel region underlying the gate electrode using the implant spacers as

a doping mask to form one or both of a halo region or an extension region in the channel region,

2. The process of claim 1, wherein implanting the chanel region comprises 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 an
MOS 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.



filling the cavities with an epitaxially-deposited material and formng a
surface profile of the epitaxial material that includes a step regi on above
the substrate surface and spaced away fromthe gate el ectrode by a

conbi ned | ateral distance of the first and second sidewall spacers on the

substrate surface; and renoving the first and second sidewal | spacers
and form ng inplant spacers adjacent to the gate el ectrode and i nplanting
t he channel region using an angled i 31 beam 10. The process of

claim9, wherei gr%q%}h&gs b GaifiP S e?én?to%tdg a%r@&?i%{:’&&r(%f}édggﬁﬁﬁ%ﬂ figs dopant

conpri ses dopin an n-type dopant, rocess of claim?9,

f ur t heimmantimgiasionductivity-detgsninggtdopant mpb &retsubyiateep sorastha podpiimg doagk to form
one or q§th of a halo region or an extension region in the channel region,
wher ei R7'd8%i ng profiles of the halo region, and the extension region are
substantially unaffected by the step region. The process of
claim9, wherein selectively etching the doped substrate hegion conpri ses

appl yi ng a Peact TREPTPEHS 8t LHmpl odsEdn f"l’i‘&tngﬁ!eéﬁ?‘ii“\‘}é?%}o‘é’cné @<V48ped portions
or the SHHARkL ﬁ)txﬁintg"\@gx:lﬂeﬁdécﬁe%‘{ﬁd%%l wndapsd #antipns. substantially unetched.

13. The process o aimtz., wherein formng a gale electrode on a
substrate surface conprises formng the gate el ectrode on a well region of

t he substrate, d. wherei nh sel ecti vel i ng: {1 eg) regi on
o forna cabi ti ol et er iR el bof i b Wb il B TorRle Rhfe” 91 O],
The pregass of claim9, wherein tilling the cavites with an epitaxially
posited material conprises filing the cavities with :Silk.
7. 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.

8. The process of claim 7, wherein doping portions of the substrate to be etched with

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

9. 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 first sidewall
spacers as a doping mask to form a doped substrate region;

forming second sidewall spacers on the doped substrate region adjacent to the first
sidewall spacers;

selectively etching the doped substrate region to form cavities extending under the second
sidewall spacers and leaving a channel region beneath the first sidewall spacers,

wherein the cavities are spaced apart by the channel region of the substrate underlying
the gate electrode and the first sidewall spacers;

filling the cavities with an epitaxially-deposited material and forming a surface profile of

the epitaxial material that includes a step region above the substrate surface and spaced away



A process for form ng a strained-channei transistor having enbedded

epi taxi al source and drain regions, the process conpri sing: form ng
epitaxial regions in cavities in a substrate, the epitaxial regions in
proximuty to gate electrode overlying a substrate surlace and spaced apart
fromthe gate el ectrode by first and second adjacent sidewali spacers on
the substrate surface and in proximty to the gate electrode, 12

the cavities are fornmed by form ng a,predefined doped portion in the
substrate and sel ectively etching away the predefined doped portion of the
subst mahetht @atticlicirdde Byhecongiindd lesrabeReatdofahe isasid @cparsidesnllepacehensecond
sidewal | spacers_and | eaving a channel region of the substrate beneath the
first thyubyEs su3eterd, wherein the first and second sidewal | spacers |imit

the depth ofi g the &kst hEIERPS §iflevPlIPhdBH hdtBrrbing ke Bheed ddpdent tand
wherein surface 1rregularites in the epitaitial regions are created at a
per i meticegatofledtivde setomndarsing dheadhianiah sepeansusagcinapngled pacesdmanay from the gate
el ectrode by a conbined |ateral distance of first and second sidewail
spacers; removing the first and. second adjacent side 'all spacers
and f orm ngoi npiranpros@aceciainad) wioeeih dbging e sghdtmtelil b codstiatyd f or mi ng
doped regions in the channel. regi on of tge substrate, wherein a

| at er APICHNEIRfOBIYCOPRBSHIIPRINS IR L WRE‘Newal | spacers is sufficient to
substantially prevent the surface irregularities of the epitaxial regions

fromaltering doping profiles of the doped regions.
11.  The process of claim 9, further comprising:

using the implant 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.

[2.  The process of claim 9, wherein selectively etching the doped substrate region
comprises applying a reactive ion etch process that selectively etches doped portions of the

substrate, while leaving undoped portions substantially unetched.

13.  The process of claim 12, 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 doped substrate region to form cavities comprises forming cavities in the well region.

14.  The process of claim 9, wherein filling the cavities with an epitaxially-deposited

material comprises filling the cavities with SiGe.

15. A process for forming a strained-channel transistor having embedded epitaxial
source and drain regions, the process comprising:

forming epitaxial regions in cavities in a substrate, the epitaxial regions in proximity to a
gate electrode overlying a substrate surface and spaced apart from the gate electrode by first and

second adjacent sidewall spacers on the substrate surface and in proximity to the gate electrode,



16. The process of claim15, wherein form ng doped regions in the substrate
conpri ses using an angled ion inplantation process, 17. 'The process
of claim 15, wherein the cavities are spaced apart by a channel region of

the substrate underlying the gate electrode and the first sidewall spacers,

and wherein formng epitaxial regions conprises filling the cavities with
an epitaxially-deposited materi al . 18. The process of claim17,
wherein filling the cavities with anzﬁbitaxially-deposited mat eri al

e i - sel BT B oA Ve on
et ch pascebstivdintickiok ewty thelpyedefintiedopdd petiop of the ovbstrate te Femshbeavitzase, whi |l e
| eavi ngenlél:er&ﬁ%P Eagst %%ro}tgo%no tl?eus%%n%nsti .e%‘Ja l%p%\llcweresta(r:lﬁ ?e%ving a channel region of the
substrate beneath the first sidewall spacers,
wherein the first and second sidewall spacers limit the depth of the epitaxial regions in
proximity to the gate electrode, and
wherein surface irregularites in the epitaxial regions are created at a perimeter of the
second sidewall spacers and are spaced away from the gate electrode by a combined lateral
distance of first and second sidewall spacers;
removing the first and second adjacent sidewall spacers and forming implant spacers
adjacent to the gate electrode; and
forming doped regions in the channel region of the substrate,
wherein a lateral distance of the first and second sidewall spacers is sufficient to

substantially prevent the surface irregularities of the epitaxial regions from altering doping

profiles of the doped regions.

16.  The process of claim 15, wherein forming doped regions in the substrate

comprises using an angled ion implantation process.

17. The process of claim 15, wherein the cavities are spaced apart by a channel region
of the substrate underlying the gate electrode and the first sidewall spacers, and wherein forming

epitaxial regions comprises filling the cavities with an epitaxially-deposited material.

18.  The process of claim 17, wherein filling the cavities with an epitaxially-deposited

material comprises filling the cavities with SiGe.

19.  The process of claim 17, 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.



