METHOD FOR FABRI CATI NG A SEM CONDUCTOR DEVI CE HAVI NG
AN EPI TAXI AL CHANNEL AND TRANSI STOR HAVI NG SAVE

. RELATED APPLI CATI ON [ 0001] Rel ated subject matter is
di scl osed in co-pendi ng, conmonly-assi gned Pat ent
Application Serial No, 11/844,074, filed August 23,
2007, the disclosure of which is incorporated, by
reference herein. TECHNI CAL FI ELD [ 0002] The present
invention relates, generally, to sem conductor devices
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BACKGROUND

[0003]  As integrated circuits are scaled to smaller and smaller dimensions, continued
improvement in device drive current is necessary to maintain optimum transistor
performance. In a metal-oxide-semiconductor (MOS) transistor, drive current is determined,
in part, by gate length, gate capacitance, and carrier mobility. At a given device size,
improved device current can be obtained by increasing the carrier mobility. A widely-used
technique to enhance carrier mobility includes inducing strain in the active regions of the
MOS transistors. Strain or stress in the crystalline lattice of the transistor substrate can
enhance bulk electron and hole mobility through the crystalline lattice.

[0004] A common practice used to create strain, or stress, in a crystalline substrate is to
form a layer of material in the substrate that has a lattice constant that differs from the
substrate material. For example, strain can be induced in devices formed in a single crystal
silicon substrate by forming regions of silicon germanium (SiGe) or silicon carbide (SiC).
Since the lattice constant of SiGe is larger than that of silicon, the lattice mismatch puts the
silicon under tension and the charge carrier mobility increases through the strained silicon
lattice. Similarly, the lattice constant of SiC differs from silicon, however, the type of strain
created by SiC differs from that created by SiGe. Alloys such as SiGe create compressive

strain in silicon, while SiC creates tensile strain in silicon. A bi-axial, in-plane tensile strain



[ 0004] A common practice used to create strain, or

stress, in a crystalline substrate is to forma. |ayer
of material in the substrate that has a lattice

constant that differs fromthe substrate material. For
exanpl e, strain, can be induced in devices fornmed in a
single crystal silicon substrate by form ng regi ons of
silicon germanium (Si Ge) or silicon carbide (SiC).

Since the lattice constant of SiGe is |arger than that

field eom isiprovearerformangegny- a@erM%a%em% #0g CPMPTaspive gig#in can improve

under
performance i ﬁq A ougge 1€e Frths hegl%f Fnl ‘e'hafED betu¥ed to create strain in

|ncreases atti
semicOhdudter dupstrdtbeddpahding @po® it pant culdr sﬁbﬁaﬂe i‘nﬁ&h&l in’dOltB lattice
silicon, however, the tytw of straln created by SiC
constgfits Fer gxamnim hetgae- eev@aﬁléaowsesw& be pp¢dyip<fory @nwé% rageef
Y/ [ SiC
materfdl$; %{1 ch as %Qg@ﬁﬁ%hxs@reg.tahé‘sﬂwbﬂ @Z ld fip XV s{ﬂ%‘énla?es

crea inin si
[0005] n- pligfabliitidhlof sshstiated hating Ihdteﬁaapntmwlwgomsfgenmmﬁ eoupled
In NNtype MOS devices, and conpressive strain can

with thegsey dcfémeértfmﬁlé@r mt@ﬂqlwef tiMPT devices hayHgrexceedingly
small %Jil&% os%g eran-:)éag s ¥ af%e gé%%gog dﬁ reﬁﬂ)ti(%re%t %ﬁhdgﬁMQ& (garvwes

having lgbﬁ:tlér&gtbs omtherdrédr cddd nink wlm&bhﬁlm&dcseﬂﬁt@mtzz fmr Although hetero-
exa het er o- epi_.t axi al processes_can be used to

epitaxig)ys %tram Hei9ng age adyansed pteaials teginelp gysarg upsHanion e fenjcation

or o 7 b Ly el S sb e DR e
materfabgBadislarge genepitlkly vac titi the fatirichtiomhef disdécesthaauly deated sizes
transistor materials to fabrjcate NACS deV|ces havi ng

consiqsreRlydesagiiap i A Ratichler Bpblea emevntes@éﬁbuﬂé argq pife epitaxial
f
depos t%%%%%? glﬁ§tl@%§¥%gxe{tﬁe tﬁ’zﬂ g)Fa hgﬂ futk ﬁﬁﬁﬁual material.
The rélaxdtionuedhcss tel diffeteac®in lattice ébﬂidtlmﬂ bbtvieeh e]neae;m'akmk imaterial and
substrate regions and advanced materi al s teﬁhnol 3%ne

the sulptgate,oupigh, ip dyrny redugesihe stzam gRPFteddR thecruptallngsib
evi

[0006f &1 £&Eribtf o FRY el oo s DEGRSES 181 (MR A RE M hetero
epltamzﬁnnzitemls fdrhthe fabhicatiat o ftransistot@eviceshdvang egrdnedy smell feature

sizes considerably less than 45 rim A particul ar
sizes. nr obl em encountered with |arge area epitaxial

deposition concerns plastic strain relaxation that
SLHAB@FFﬁ{place in the bulk epitaxial material. The

rel axation reduces the difference in lattice constant

[0007Pet IB@Re th®oeRhdn®)d @kthbR e faBlicating a thsBid shitRrized by a
whi in turn, reduces the strain |nparted to the

ch,
channg} Vgg@lﬂndﬂé?hMWléﬁléndeﬁ)@}m&%& Iirdigpsk oyerlyingagpbstrate, and

L e

dielecltey1a§Essis Hanmedt veiing Tt ¥pisdxed] redie@hnd € gste 2o iroSeNd\bited
[0007] I n one enbodi ment, a nethod for fabricating a

overlying fhsi gterleetragicact er i zed by a channel length and a

[0008§h su ggb tefjélﬁgé]dg&teﬁfj %?nétﬁ&m“ a ctaﬁﬁ% 9 's@lﬂfcﬁn&\(c%tl &’év?& includes

orf m ng )P

formihi@ b garaskctuAnhaPnd ﬁae\ahll sme@mnl zﬁsub@ﬂi‘z[fed"[‘hé ghtestructure is
opening. A gate dielectric |ayer is_ forned overs(ﬁ
remoeRe XIS TIEE Aanpd grgiAn aﬁaleasue%tfaée tiakistdedaed by the ‘ﬁ"é?gl spacers.

An ep?t\ﬁﬁirai Yégﬂgl e gg]e&?\’efy ?Arﬁl%h ro?lqﬁe channel region. A gate dielectric layer is




[ 0008] i n anot her enbodi nent, a. nmethod for fabricating
a sem conductor device includes formng a gate
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BRIEF DESCRIPTION OF THE DRAWING

[0011]  FIGs. 1-3 illustrate, in cross-section, processing steps in accordance with one
embodiment of the invention;

[0012] FIG. 4 is a view of the structure illustrated in FIG. 3 taken from view angle IV-1V;,
[0013]  FIG. 5 is a schematic diagram illustrating an arrangement of epitaxial channels
and gate electrodes in accordance with an embodiment of the invention; and

[0014]  FIGs. 6-9 illustrate, in cross-section, processing steps in accordance with an

alternative embodiment of the invention.

DETAILED DESCRIPTION
[0015] FIG. 1 illustrates a cross-sectional view of a substrate 10 having already
undergone several processing steps in accordance with the invention. In the illustrative

embodiment, substrate 10 includes shallow trench isolation regions 12 in which an insulating



[0012)FIG 4 is a view of the structure illustrated in
FIG 3 taken fromview angle TV-1V; [0013]FIG 5 is a
schematic diagramillustrati ng an arrangenent of
epi taxi al channels and gate el ectrodes in accordance
wi th an enbodi ment of the invention; and [ 00141FI Gs,
6-9 illustrate, in cross-section, processing steps in
accordance with an alternative enbodi nent of the
invention. DETAI LED DESCRI PTION [0015]FIG. 1
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epitax?al regions confined to channels formed in active regions of the substrate. By
fabricating epitaxial channels in the substrate, strain is induced in the substrate by a lattice
mismatch between the epitaxial material in the channels and the surrounding crystalline
substrate. The confinement of the epitaxial material to predefined channels in the substrate
limits plastics strain relaxation of the epitaxial material, such that a maximum amount of
strain is induced in the substrate and the strain is maintained during subsequent device
fabrication steps. As will subsequently be described, fabrication of epitaxial channels in a
device substrate provides a substrate upon which highly integrated transistors can be
fabricated to extremely small channel links, while avoiding the problems of bulk epitaxial
regions encountered in the prior art.
[0018]  Those skilled in the art will appreciate that the materials constituting substrate 10,
hardmask layers 18 and 20, and epitaxial material 28 can vary depending upon the particular
type of semiconductor device under fabrication. For example, substrate 10 can be a single-
crystalline substrate composed of silicon, germanium, III-V materials, and the like. Further,
hardmask layers 18 and 20 can be a variety of materials having differential etching
characteristics sufficient to enable lithographic patterning and etching for the formation of
openings in the hardmask layers and channels in substrate 10. For example, hardmask layers
18 and 20 can be dielectric materials, such as silicon oxide, silicon nitride, silicon oxy
nitride, and the like. Further, epitaxial material 28 can vary depending upon the crystalline

composition of substrate 10. For example, where substrate 10 is single crystal silicon,

epitaxial material 28 is preferably silicon germanium (SiGe), or silicon carbide (SiC)
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pl anarization process is carried out to formepitaxia
channels 30 in active region 14 and epitaxial channe
32 in active region 16. 100171The exenpl ary process
illustrated in FIGs. 1 and 2 provides a substrate
havi ng epitaxial regions confined to channels forned
in active regions of the substrate By fabricating
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in the substrate by a lattice m smatch between the
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1002] 10ne exenpl ary enbodi ment of transistor
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with an overlying gate electrode is illustrated in
Flas 6-9. FIG 6 illustrates two adjacent device
structures having al ready undergone several processing
steps in accordance with the alternative enbodi nent. A
substrate 50 includes a shallow trench isolation
regi on 52 separating adjacent active regions 54 and

56. A gate structure 58 is formed over active region
54 and a second gate structure 60 is forned over
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rface portion 100 o rate 50 referably, an .
100298, 'C RS offoeieEr e dnefn T bbfeEAss TgeD bt Siching Frocess i
carrie@ Hﬁ%%ﬁh alchin@d 02 s cden 108 PAEETRdIY Sewall spacers 80 and also
pl anarization | ayer 94. Were gate bodies 72 n 76
includgs e r@pessalrﬂ‘betnhnd:mm suhatreth@l In mh@)rdartdelwngl tharaitrettive method, an

are chosen react, wth sem ctor
etchlnﬁ&){%cressa}s us %‘b%&f‘%ﬁﬁ@‘ c},’ﬁgg&et ﬁ)q{gr' ’59? Q%lllft-qt}gc layer 74, and
ﬂwrnggﬁﬁ%hggﬁnégmﬂ1ng substrate 50, sidewall spacers 80,
or planarization layer 94. 100291l n an alternative
process nmethod illustrated in Fla 7B, the etching
process is carried out to forma channel 102. Channe
102 is defined by sidewall spacers 80 and al so
includes a recess 104 etched into substrate 50, in
accordance with the alternative nethod, an etching
process is used that reacts with the material of gate
body 76, dielectric |ayer 74, and the materia
substrate 50 [ 0030] After inform ng channel 98 or

o~ o~




forman epitaxial layer 103 in the | ower portion of
channel 98, or 102. As in the previous enbodi nent, a
variety of epitaxial nmaterials can be deposited
dependi ng upon the particular crystalline conmposition
of substrate 50. The epitaxial layer 103 has a lattice
constant that differs fromthe material of substrate
50, such that strain is induced in regions of

substrate 50 and proximty to epitaxial |ayer 103,

[00301003°1ﬂ¢rnnf0ﬁ@mgrﬁb@nn¢1\9§ rl8 cascpitayiphAerosiignaroepsis carried out to
form %negpq 6:1(': %]3 thé w&%%gtl 8 Jh%Hﬁnﬂ &Rt bIOH)Z R 1ﬂ%ﬁ9§gv1ous
Fication transi stors havi ng extr

embo&iffdnt, zg@tr@ty} tagial maferiakasanibe depbeited ﬂbperﬁlﬁr%(liﬁoﬁdbspartlcular
can be forrmed from a refractory netal, refractory

crystaﬂmeeﬁonmqsu@mwé substratn). g enteaial venl @ base lpiics Ponstant that
I u

it 3D R0 e LT 0 AT B BB g s

and p@khﬂﬁy t@bpitagi l4yiet 103e; silicon oxynitride, and the

ke. In one particular nethod, once gate body 76 is

[003 ll endv &k ventivienmasess Rawprae 1ogerAls leghnlegy e?rH@f‘demployed for
fabrlc£1t1<]51{1 %9 ?@J&g%f@%:tﬁr%a 1§1§ 8#‘ ﬁ'irgsisrf?ré %g\éﬁlg%xﬂ'e%}e@@rﬂaﬁ gate lengths.

For eﬂﬁqﬂs | the gatt @leQitodds @n;bleéﬂame&ﬁwmmrrefragtefy 19étal, réfeadtorpenetal
surfaces of sidesvall spacers 80, and substrate

silicidgy P@l@bmgtm pometeiroand el allpyseand) the ke Ferthsr the saigglielectric
|

layers CF%rell%gc%t A Fﬂaéfyeer?a? ﬁl Lfidﬁﬁ.h%él nt8 st ?{1 ?{ﬁie ?g?@aﬁg"@‘l 8s1hcon oxynitride,

and thdefxesilh edle partiowlar methodpbdde gy ieodyetceis iratholdditandreithés ¢Hannel 98

channel 98. Those skilled in the art_w || appreciate .
or 103 ydprmed lidhpgranhimpatiean 89 sremovedapes highsK comprsifdiclectric layer

0 AT RPAAF e B A 600 S somheraBRL o s

spacets@B0, and sﬂmtraﬂeSurfscmﬂSbraSn fed.r ﬁhén) aymetelt @tsmateﬂhf Hit 0 r y
metal silicides, and the |like, be conf

conforTagi PRRAEH (0 oF or Eied Syt Gciearie PUAr 1096 ThebGAH mytegial 108 s
deposltgt? %%%Elli%ggg{a? g%%h&ﬁqbﬁ LhalaPddniRiod! 193kEs dei'h' tﬁé art will

hmari zati1 on process is carrie
appreﬁarmhat\anbhehlfgh¥I(rﬂtellez:t1‘1®ﬁ1aa:r1gh;t suchl sckrande nW'lalsFand the like,
a CMP_process can be ed. to

can b%%&rgfp pirgdbly deposited ﬁmt%glarﬁp@gfegmla}s%e fﬁmgsﬁa yarious metals,
s SR8, R DL B AR L L2 0¢ oph l

deposited enformmetthgatpmacens 184.eps descri bed above and
illustrate 6thro h. 9 can be carri.e ut
[0032} & deeg ?glgbgﬁgle%ﬁ%alam@ e S, S SRl .2
planariZhtion X‘r@%’s@ls Jiﬁ'ﬁ&'ir ditho bdn ﬁl%f@(thmf(sr}‘nattlgntolf‘ﬁ tg‘?a{?:aé 'éb%lode 108. For
regi o or exanple, Int fabrication o
examlde;mCMﬁapltoaegs-chﬁ)Beahs&d oesmpGVEB)mRegHldEeind £owin the upper surface

N- channe Si st rs are formed.on t same
of get8 §sSRPds L03 HIRGFAHEIYE N PRVEHARGB 55 Shes st eps
[0033Ean 10Gccdr@idde St tPMe s eét%&‘m@lﬁvé\hﬁ ?ﬁ‘letﬂrééb%!s StbpY dBAb& above
-type transistor in an adjacent acfive region. Those
and ilkikirhted dn FHG.s loehmouigh Widah bappnrﬂadlcmt & tehaIVetga’ea body 72 and form a

abricati.on of N-type and.P-t tra or re
gate el FROGEBARE ab SRS IR 1D BHUORINS 1@ DRAERR Feg oy cexample,
in the i 38bn OH?@m EhtaH)- MOS@&\%éSE(WGSFﬁ dhﬁnﬁeﬂ‘gﬁd S@iannel
e gate el ectrodes "can vary or, alternatively, can be
translsto;seade firtred dinfthe sne substraec tiogdtdingly the dopativeprocess steps can be
dependi ng upon the conductivity of the transistor.
[0034iIn a further alternatigze enbodi nent, gate
structures 58 and 60 can be processed sinultaneously

to fabricate gate electrodes in active regions 54 and
56. Regardl ess of the




particul ar process enbodi nent carried out, the

i nventive process forns an epitaxial region in a
channel that is self-aligned with the channel region
of the transistor. This relationship is in. contrast
to the enbodinment illustrated in FIGs 1-5, in which
the 1 ong di nension of the channel is fornmed in a
transi stor channel length direction, and the short
dinension of the epitaxial channel is fornmed in the

ran tor nne wi.dt h directiaon. 351Thu it is .
carridgf 8150 B N RE b b il P Bt PinsiStot 38 ARl petive region.
Thosé giliNe€ af the ﬁn&vﬁlﬁﬂp@éﬁﬁié‘ HaPhelTadi Qiod D BRypR%h@P-type transistors

channel that folly provides the advantages set forth

requlmdh@usmfobea@tﬁ hpyiag 0ppoa1uq@oadmctthmty1@q3p Facther daetmtatncular

di f t
mateHTRREHS BB B TR oY BT ER RBTa Gy, dope it
diffedet C@M@&Nlﬁ_yrty@e% ntY 8édeBliM g UpoRHRE &51RINBEVitESNAL BHESstor.
such as pl asma enhanced cheni cal - vapor -deposi tion,

[003‘1cl hy sincafuriapaitdegos anitodimens| egalsanctbwadSdeg68ican baprocessed

g} L BSRE e RSP LS 0, B o

partidiiprd &8¢ baBSdiddet LAifibyded tﬁ’é" 1hhérﬁ1v‘éﬁﬁo<§a§§’ﬁﬁﬂ1§ dn %Fﬁh){ﬁl region in
and equi val ents thereof.

a chanugnl thaitiy sedfaeligngdavith dnnyh@nrw& regudmsof tham@nsstor Thls relatlonshlp is in

contr?ﬁtigr Gt 3 | ngrgﬁx%y]lgtc hé"‘d‘ 1nel3'lIGI sepgr B chgh g{l?né{(gl of'the

chand¥®¥d féﬁné& iP& trhﬂs@st&uaﬁahﬁaq@ngtﬁ QireBtiFe hhd e é%rt'd%ﬁb@iér%‘f the
regions, the active region defined by a | ateral

epitaxipbghaanel liefrgrted di thectransistaarsaend] atidihalirechiemnel  wi dt h

P REE A NERTENE I

semiOVehtyi mlﬁ@@n spibsdidl @h&nrRDthaf AN %iﬁvﬂ@s ﬁfé@fdkfﬁkﬁa%é% sei®rth above.
hard mask exposing a portion of ‘the active substrate

Thosg égllghm the art w111fa<ppmcnage ghat BYNEINE a(anatgg)sand nppdifeations can be

made 3R BrRBRRPEOD B3P EELEIR PR iohe 185 PP « PRl et of

procebﬁﬁg [&hﬁhqﬁ@ﬁ autval pladp %HaﬁE&I éﬁen‘iibzi'[Bs‘h‘f)lolee[?1 1tfo|ﬁephysical-vapor-
channel length direction and a relativel

dePOSITaQIb rr@nleqnl motepopitiphex-edyalithegraphyitdeep |Ur\é bthogmphy, and the like

t ant I
can bYIRE, Aerdifibly AT PREe* Bkt lnd R HRALSH Ao il SRS i he
appeﬂdlaatclaiﬁqﬁah@eqﬁvaleﬂm@é}eém regions of the substrate
proxinael to the epitaxial region; formng a gate

dielectric layer overlying the epitaxial region; and



formng a gate electrode strip overlying the gate
dielectric layer, the gate electrode strip having a
relatively long |l ateral dinension substantially
orthogonal to the relatively long | ateral dinension of

the epitaxial region. 2. The nmethod of claim1,

wherein formng a hardmask conprises formng a

%hel ectric layer overlying the substrate. 3.
CLAIMPhe nethod of claim2 further conprising formng a

recess in the substrate defined by the opening
Wher eArmethodiforfaaricatiiia altaasistoaghe rhranﬁlstm@hamﬁe:rr@d by a

channgiRiH 3R £ind TSN b e e b B PR enovi ng the
bcchmg»b subsstratet inavirey am agtivésutgitate igidredefined byaigelation

regions, ﬁ@e ﬁg@\?ﬁ?&%&ﬂ%ﬁt r%%:#@tcaa altgl%l gh Y em 0%8&8&@%@’%{? @teral
channd Y RiRRLi8R fsUB@taﬁHQﬁldrﬁ{o%th&bQHe Gabidhelarkhel 'Iér@tl@ﬂlr@étlon

regions, the active region further defined by a
farmingd handmasgk overhind tle peestiate agd doraningeerapeniigdntlee hard

mask %@gﬂéiﬁg r?lbh 91? tﬁéjgétt\/%r%}lbs{éét%él r%ﬁ ;olﬁ? gonal to the

anne ["en formng a
fanringpak epltamhb/negg)rtm ¢he Ubemlngispaanidgftm acthg substrate region,

and prgggrl]rl\lﬁg e he ha[rgéa gﬁ OSI In Qrﬁg{vt on t%]zcap\ﬁegy long lateral

dimensib it ﬂh@tdhaﬁﬂ&! I@ﬁﬁthﬂﬂréch@n @ﬁ@%‘ réhtively short IBtéﬁ’éﬂd"MeﬁQlon in the
epitaxial pillar region in the recess spanning the

channeloyigihedieaghions at e regi on, the epitaxial pillar region
%\éhﬂﬂ a"’\?féﬁé?:&hﬁfah%* tﬂ@%dltg ISL f@lgé&la@?f\gla ﬁ)&n'é‘latt*&‘é constant of

nnel rection sho
the sulbsitate, aductithetstraomid indudexd mrragimeb ofut ekt tut[htnam:prcxxrmal to the
\qgr ein a lattice constant of the epitaxial pillar
epitaxigfgoI% di ffers froma lattice constant of the

sothfid algaite amébtﬁms/eﬁé\vé\lyihg Bel dpitasrfrdgion; egidons  of

t he substrate Prom mal to the epitaxial pillar region;

forming a gate electrode strip overlying the gate dielectric layer, the gate
electrode strip having a relatively long lateral dimension substantially orthogonal to the

relatively long lateral dimension of the epitaxial region.

2. The method of claim 1, wherein forming a hardmask comprises forming a

dielectric layer overlying the substrate.
3. The method of claim 2 further comprising forming a recess in the substrate
defined by the opening, wherein forming an epitaxial region in the opening comprises at

least filling the recess.

4. The method of claim 3 further comprising removing the hardmask prior to

forming the gate dielectric layer.
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removi ng the hardmask and | eaving a portion of the
epitaxial pillar region projecting above the
substrate; formng a gate dielectric |ayer overlying
the epitaxial pillar region; and form ng a gate
el ectrode strip overlying the gate dielectric |ayer,
the gate electrode having a relatively long | atera

di mensi on substantially orthogonal to the relatively
long lateral dinmension of the epitaxial pillar region.

6. Tha fethbadofabfitaing $sémidoRaictePaBvits, the niéthod B8mMPrising:
recess in the substrate defined biﬁt he openi

. and
RIIENG aissibRirale Ravirgar agliva syhstiate regie) Minqrﬁ]ig%igglation
regiongﬁﬁgﬁgﬁ‘vﬁ%t i cﬁ @?ﬁgrlg#rlnﬁ%ﬂ%\é Wbl nd iV I&G1gRS air%ct%ogxan a

erein formng an epi I a
lateral phamraal widthatrgetions ssbstpitialyi silhogohalrtaitihe ladénal cloanresh&ngth
directiJe" manium a silicon germaniumalloy, or 11V

m conductor materi al,
forming a hardmask overlying the substrate and forming an opening in the

hardmask exposing a portion of the active substrate region;

forming a recess in the substrate defined by the opening;

forming an epitaxial pillar region in the recess spanning the active substrate
region, the epitaxial pillar region having a relatively long lateral dimension in the channel
length direction and a relatively short lateral dimension in the channel width direction,

wherein a lattice constant of the epitaxial pillar region differs from a lattice
constant of the substrate, such that strain is induced in regions of the substrate proximal
to the epitaxial pillar region;

removing the hardmask and leaving a portion of the epitaxial pillar region
projecting above the substrate;

forming a gate dielectric layer overlying the epitaxial pillar region; and

forming a gate electrode strip overlying the gate dielectric layer, the gate
electrode having a relatively long lateral dimension substantially orthogonal to the

relatively long lateral dimension of the epitaxial pillar region.

6. The method of claim 5 further comprising forming a recess in the substrate
defined by the opening, and wherein forming an epitaxial pillar region in the opening

comprises at least filling the recess.
7. The method of claim 5, wherein forming an epitaxial pillar region

comprises epitaxially forming silicon and germanium, a silicon germanium alloy, or a -

V semiconductor material.
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