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Active Regions with Conpatible Dielectric Layers
BACKGROUND OF THE | NVENTI ON 1) FI ELD OF THE | NVENTI ON

WO 0®8A3668he i nvention is in the field of Sem cPeius1007/078791
Structures. 2) DESCRI PTI ON OF RELATED ART [ 0002] For
the past several decades, sem conductor devices such

as Metal e ReSTHAOWHH Tohptiae DiditdtpetLaleansi stors
(MOS- FETs) have been fabricated using doped

BA@Kw@UNwerrﬁqu%ﬁmlgﬁt i ve regions, e.g. channel
) i con dioxide for dielectric
regions, e.g. gate dielectric layers. The beauty of
the silicon/silicon dioxide pairing is that the
Llic i OXi e fornmed directly on the surface
l)lﬁﬁié’gsyﬁﬂﬁﬁhﬂﬁ@%?ﬂP con substrate via heating the
substrate in the presence of oxygen. The process is
[000}&r y codbhe HricaBoisanghecighd pEPeratsPYdysiasitgstussst i con
dioxide filnms as thin as 2-3 nonol ayers thick. [0003]
In the drive for ever-faster sem conductor devices,
however, it may be desirable to utilize a channe
2) DIESERIBTTIQON Q¥ RIHIATEDYSRA! | i ne silicon. One caveat is
that very few other sem conductor materials, if any,
[0002pr M as FePiMRPhabtibeeral ®UidRCRNASTHIRIOH S \xdsdBcH AYWIktaBOxide
does the crystalline silicon/silicon dioxide pairing.
SemiddhdudlSriPRAE IR G ratlsistdré @Mb@DF]?fsg %Q@vﬂ&eeln AT &Fddalsthe doped
ot her than silicon quite daunting. Thus, a nethog to
£ ct ] Yol i th t] ' i - rs, .
crys{aaﬂg@tsﬂ?con\fgr it P! 50 &%HR&@@{@S gfgf%}gg}p'iﬁgﬁseillﬁ%% Boxide

e resultan ructures, i

| EE DESCRI PTI ON THE DRAW 0004 igures J.A-B,. .

for T Rt B SEltBITA Il TOBPagal RS silicon tioxide

. sem conductor structures having active regions with
pairigg is,thet the siligpe divxtde) an bg j@iimed qigctiy e Hgasntacspiacrysialline
__enbodi rent of the present invention. [0005] Figures
silicomsuysirpticvsa heatiag dreosbsterse tni thaaresvncews oxegane sldigtpreayss lercry

formation of

controllable and can reliably provide silicon dioxide films as thin as 2-3 monolayers thick.

[0003] In the drive for ever-faster semiconductor devices, however, it may be
desirable to utilize a channel material other than crystalline silicon. One caveat is that
very few other semiconductor materials, if any, form as compatible a surface amorphous
oxide layer as does the crystalline silicon/silicon dioxide pairing. This has made the
utilization of channel materials other than silicon quite daunting. Thus, a method to form
active regions with compatible dielectric layers, and the resultant structures, is described

herein.

BRIEF DESCRIPTION OF THE DRAWINGS
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a planar MOS-FET having active regions with conpatible
dielectric layers, in accordance with an enbodi nent of

wo b@sps@sent i nvention. [0006] Figures 3A-C il PUBUSBNB078791
cross-sectional views representing the formation of a
tri-gate MOS-FET having active regions with conpatibl e

[000<ZI'F1eI ect IFigurésARBSillubtPat &61©94-SkARE Ll Widwh @?re@émﬁ isBRon@fctor
the present invention. DETAILED DESCRI PTI ON [ 0007] A

strudthR€ %n% Qéc}i\fe?}p ibfr&ith oﬁ‘gmlﬁg gg%{rfy lﬁgé?%’,'if &Scor@Mde Wi an
resultan evices, Is described. I'n the follow ng
embggi%ﬁeﬁﬂ Bf‘th%res?ﬁ{qﬁ{]e%%n.sf’ec' fic details are set forth,
such as speciftic dinensions and chem cal regines, in
der tq.provjd t hor ough under,standi ng of. th .
10003 esent LityEhA DRI ATS B BT it rep g saliwedhs formgtion of
inthe art that the present inventjon may be practiced
a plaggar NEQR-FER dewingsetiy§ 1ogions tth compriiblgdirdectin by gisciwsaccordance
~wel I -known processing steps, such as patterning steps
withgin epeltodorhentiof dle ptssahigyerdon. not described in detail in
order to not unnecessarily obscure the present
[0006hvent | BigurdsFA-Qkillomtras ciobs-betiomd eistsaeprekdiaing ttheformation of
vari ous enbodi nents shown in the figures are

a triiga{etMUSalFET BaviepbasentabhOWRh abfpaitde BRlcchRCI@PSA h la¥cordance
rawn to scale. [0008] Disclosed herein are

withSEEnARIISHGH QF tRlfUChtSanRAYi Ng active regions with
conpatible dielectric layers and nmethods to formthe
same. Controlled thermal or native growh of an oxide,
via consunption of the top surface of a sem conduct or
L e i dati on process, can provide a
DEf@]ﬁf@éﬁ]ﬁS\ﬁ@l@&(ﬁc | ayer. However, it may be
desirable to retain.the reljiable dielectric |ayer, yet-
[0007% pl ace A PECES® for fgbrieating semicapsuceidisxices and the resultant devices,
~ substratedirectly under the reliable dielectric |ayer
is dasfrilheda Taitfef foHewingglsarinsionueiroeronntpeeifigldetaithage set forth, such as
subsequent replacenent of a portion of the
specsferdio@nsioos ard ebsdal edgemed, iho@ediof frevidat tisgonghomdiacstanding
material directly below the dielectric |ayer may
of tlepad¥eht inhentioar mawiliose Glpagenn@Venackile il e@iagithid thhipiesent
reliable dielectric |ayer. Thus, a structure may be

inveh@6ABEY be practiced without these specific details. In other instances, well-known

processing steps, such as patterning steps or wet chemical cleans, are not described in
detail in order to not unnecessarily obscure the present invention. Furthermore, it is
understood that the various embodiments shown in the figures are illustrative
representations and are not necessarily drawn to scale.

[0008] Disclosed herein are semiconductor structures having active regions with
compatible dielectric layers and methods to form the same. Controlled thermal or native
growth of an oxide, via consumption of the top surface of a semiconductor substrate in an
oxidation process, can provide a reliable dielectric layer. However, it may be desirable to
retain the reliable dielectric layer, yet replace the portion of the semiconductor substrate
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wherein a dielectric |ayer conprising an oxide of a

first sem conductor nmaterial is retained directly
wabwsei@ssecond, and different, sem conductor PEX/E810a1/078791

This process and the resulting structure can be

particularly beneficial in cases where the oxide of

direétReurRieE SR delsdIE GieRetetDfer WAheS diftbrcRBSenhiBéRIuC@F material. This
characteristics to the oxide of the first

subs%ilgggn%@a}ée&eﬁt Jral R of thY Een‘u@&&fu@ﬂfr @ﬁl‘)s@ﬂateqfntﬁ Beifferent

d sem conductor material Is nonet el ess

semf@Sf?&Jc"E‘ok% it %IF af rdh’@?t Iy Blw i cﬁ’lglrewn%ri aC I da'ileen?tﬁg %dfﬁrmaglon ofa

em con

sen1conduct ri rder art un
new 3Ehes iy e Fefleciod e B arR. ¢ i Gy B Bhmed
sem conductor materjal. The conbi nation
Whe’f%%ﬁkﬁ’%ﬁcgﬁ lggeromppisingan skl @erﬁtcsleHFC%étl%tPT pptefigl is retained
~ forman active region and applying uniaxial strain to
direqthyzaboze 8 is¢aond cygidshifergnt, baaigondiciar enasersdd Thisaregsss and the
carrier nobility in the channel region of a
resuBmgistooctduectanrbegenticnburlyHeusficidph icaics athemntho bxide ghthe second
per formance sem conductor devices may be achi eved.
semicOf@R}tor et mbs Difdred caasteiipids @mthefoxidre fitipfisusdngicenductor
of a sem conductor substrate via an oxidation process

mat&RN Bt AebHRraiohfitiecBord seicdhaubBrF Matdialk %ﬁ&h@l@sﬂs desirable.
consi stent composition) dielectric Iayer on the

FurtB4o?C & da%o &r{;@fttPec' H&%ﬁ& ochR{c d’e il taﬁ maé/ 'acéafwith a third

native Fi'con dr ox
I | bst.r at | bI
seml(gjo%(?ucgqr rma er|1 zy%%)l%gp toslﬁlp%rtglgna%la{? r% i%ﬁleal?trgﬁ% ISt?l%CtlZI‘e oi the
3 nonol ayers) ESUIt .OXI e Iag R gf
second semiggp Céﬂré’llaé%‘i‘ i l[cr F&y@rn IES‘PFB Hpga HB‘F’@ ,

a sem conductor device. In accordance with an
semisapdiQreratci te Fumpnectig raginred apilying wnipxiglosrag) tethaactive
| ayer is formed on the surface of a crystalline
regigr ¢andedd toubetasat shdrge hasiet mgbilieinghy shaninki negiogiofiacon
substrate in the presence of an oxidizing agent, such
sem@sndictortd2@ce 0Tk, optim@adon dfingk petféimaane sdrhieomhicior devices
enbodi nent of the present invention, a native |ayer of
nwy&khkﬁ@ﬁgﬂlOdee is formed upon exposure of a
crystalline silicon substrate to a water pulse in an

[0009f OM C @y %ntﬁﬁf%@%bﬁédﬂg)t{oﬁlo@chectbﬁg@t%ce o albml @¥&lictor substrate

dielectric layer can

via an oxidation process can provide a reliable (i.e. uniform thickness and consistent
composition) dielectric layer on the surface of that substrate. For example, thermal or
native growth of silicon dioxide on the surface of a crystalline silicon substrate provides a
reliable dielectric layer as thin as 3 — 10 Angstroms (i.e. 1 - 3 monolayers). The resulting
oxide layer may be used as a gate dielectric layer, or a component thereof, in a
semiconductor device. In accordance with an embodiment of the present invention, a
silicon dioxide layer is formed on the surface of a crystalline silicon substrate by heating
the crystalline silicon substrate in the presence of an oxidizing agent, such as O,, H,O, or
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formed by depositing a layer of a high-K dielectric
material directly above the native silicon dioxide

WO 20081036680010] I n sonme applications, a crystal PECTHES2007/078791
silicon substrate may not be the nost desirable
material for use as an active region (e.g. a channe

0s. 12 @éc8fdantOwah 98 AEDBGACEAlo dHA¥M T thd 9 sc@X BBht®on, hMative layer
accordance with an enbodi nent of the present

of siliBHEMbLRAB is fokmb@ uptESLpRRIE of @ cHIRIIGR! Rdh Wb @Sitd 138 water
channel material 1Tn a P-type dévice, ilei1t 1s

wh
o SEEAL BB, AR Ayl AT 38 AP con
fomfeﬁ iy%{ep%ﬁﬁ%@ lﬁlillmreoo flgnlgl g]le#ec_ii\'{ll_e%%g{lal&gl{i,z}l Iéiir_e 8%5 gaofvg rthebﬁ)attljgie

.. incorporating these channel materials into such

siliceya ¢ioxkls 1a¥ie "hol e nobility and the el ectron nobility,
respectively, may be optim zed for inproved device

[0019&r f or mbmamne #pNesieans, a trystellingatlicon seistretsemayumdtde dbe wpst
germaniumand I11-V materials tends to provide oxide

desitableanatetidlebr ayeas ansttatd reg@ndé.gra cemaelnegion nniansemiconductor
t hi ckness or conposition. It may therefore be

devide sk éraldh@pleQ incaabidagccaw Bie i eaBetiaicar ofthé prck@lt ichHomd it is
oxide layer of a different sem conductor material.

desithBSto Uk o ARRANARACHE Whithe PR aRARORI R R Qbvic B eV IRIES Bt esirable
i nvention, a sem conductor material that woul d

t.her v e ' o) i\C [ i ned
to ul YU R R WS Bl BB R BAVTC BNREC, I RO o
is. an oxide of a.diffe sem conduct o tegial .. .
embb g ik Ot i S0P 3CTIR ST bl A B egice and
the TR A e B e i TR e OIS T such Hevices, the hole
sem conductor material, a replacenent approach may be .
mobility apg g clgctrop mqbélity, teprectxeldempabepptiraized frfigprragd device
above a first sem conductor naterial, a portion of '
perfevmanhe.i Howhear, the omidetion of tho swnfaces pEganabeinweehlll-Nenaterials
oxi de layer and the first sem conductor naterial. A

tends ecpiodiie wk cleriaeed hnt arauestalsle andigr idreunifi@nt @rthiekindsm ot he
trench. Thus, in accordance with an enbodi ment of the

comPbEEAN It hiAyeRdrePRe bAddRAtble @hcsthbide § 88 RGeS Qhaterial with an
substrate conprised of

oxide layer of a different semiconductor material. Thus, in accordance with an

embodiment of the present invention, a semiconductor material that would otherwise

provide an inferior oxide layer is combined with a reliable oxide layer, wherein the oxide

layer is an oxide of a different semiconductor material.

[0011] In order to provide a semiconductor structure comprising a second

semiconductor material in combination with an oxide layer of a first semiconductor

material, a replacement approach may be utilized. In effect, the oxide layer may be

formed above a first semiconductor material, a portion of which is then removed to form a

trench between the oxide layer and the first semiconductor material. A second

4



10

15

20

25

a first sem conductor material is replaced with a

second sem conductor material (i.e. an active region)
wWa@lReensdeg1 bet ween a pre-formed oxi de | ayer andP@TEs2007/078791

sem conduct or substrate. [0012] A sem conductor region

formed on or in a crystalline sem conductor nateri al

semi¥BYdichR @ dterdal Shdyahéh bOforied & ths trdhdH. MEnus el 2eedrdbhedeQlith an
mat eri al, and hence nay be a strain- |ndu0|ng

emb§@iﬁ1€?195‘ptﬂ€ Rsckt§N@Bon,id pdriién bR LdnfiorkReRt %Hstt@ﬂce doBfprised of
sem conductor region is different fromthe lattice

n ry S& rial
a ﬁr#% r%]{c%?%hilcgéer I%:lgtglrsl (] fg)ﬂacre{ie Qgtgs X 0819({1%%1% dggrr[tlg}(:: Slajte%al i, e an
the.,unit cell or|e tati.ons thin
aC“Vseer %18%%‘66&18 Pe%eﬁfl 8&”%\ ﬂé’xt"uﬁmﬂxe& pd ﬁl? S&%‘ﬂﬁ"@i}}’éﬁfcﬁ“@?tmte
mat eri al a sem conductor regi on conprising
[00 I&i fferent Segb@adggt%?egm formaed PRy PIANRLTRIRINES pHBISORpstor
Ystalllne sem conductor material may inpart a strain
matarigl piag impyrs p atrhin e theeany @ hokugangeondactor imgiteriabgnd hence may be a
exanpl e, in accordance with an enbodi nent of the
straipfiedentg semieniductor regice ffitbohattioetconstaregif de teha¢onductor region is
conprises only silicon lattice-formng atons inparts a
diff@értdiom the &ticE y&istnt oMBic sBRtatianRddal @ndi@bema®tial. The lattice
conpri sed of gernaniumlattice-formng atons.

constaid 418 HAREDN Be SOHIE aﬁdfﬁg& Qhd 1RIUnANCE QBPBAtESIN KIS cach of the
same species of lattice-formng atoms as the

seml%Bﬂcﬁfc?dr I‘éggl‘ll ﬁ&f'%h% %P}%Vaqﬁ@er seﬁﬁ&ﬁ{dh@tjor mglré'ha}’mﬂ{lﬁ' séntﬁ%onductor

sSpecl es tirce-Tormng atons are present

regwﬂri: ééﬁnﬁs?%g i’ﬁf‘s’re&%ﬁe”%% bl "8 m‘%@%%a I °”t%arﬁaﬂ?eycws§¥ o
exqgg gﬁccordance mnth i ment. of th

Sel’n]ﬁplé Fﬂr ql maympart A SHA0JA Qréﬁta 186 §gﬂlcpﬁcg{ctor material. For

conprises SixCei _x lattice-formng atons (where 0 < x
cxangple.)injagepidanee avitlt nggrabadgment of (i RIPYeNhisveRiNe & sefnicpaguctor
mat eri al conprised of SiyGei y lattice-form ng atons
regigmthet @nipriscy orly bilican dattic-foyining Qe S impstsarstrexatopl ayssdlline
an enbodi nent of the present invention, Figures |A-B
semicbhdigtarah@crtal osmpasgt dfgeahanin@isticeforasenitomg. Furthermore, a
sem conduct or structures having active regions wth

semieORRRtdrREEofl c@hPdifg thelsaMe sPecidsaffedttitd) thrindngitk s thd,
a sem conductorstructure 100 is conprised of a

crysBURRIEAE @ndldor WAL, bst WRFPRIBEGPes Bf fattf@tforming atoms are

sem conduct or

present in different stoichiometric concentrations, may impart a strain to the crystalline
semiconductor material. For example, in accordance with an embodiment of the present
invention, a semiconductor region that comprises SixGe; .« lattice-forming atoms (where 0
<x < 1) imparts a strain to a crystalline semiconductor material comprised of Si,Ge,_y
lattice-forming atoms (where 0 <y < 1, and x #y).

[0013] As an example of an embodiment of the present invention, Figures 1A-B
illustrate cross-sectional views representing semiconductor structures having active
regions with compatible dielectric layers. Referring to Figure 1A, a semiconductor
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material. An active region 104 is above substrate 102

and the active region is conprised of a second
w@eBOdmeLct or material. I n accordance with anPCT/US2007/078791

enbodi nent of the present invention, the conposition

(i.e. the atom c nmake-up) of the second sem conduct or

strudf@e@N0@ cdrpribicl beh emsthRr 100hwhichfis dipridel F a first semiconductor
seni conductor material. A dielectric ayer 106 is

rnaté;ia'l eg&h |a¥t1@331%§f:6n61@h iy @ooRf@ QiR &0rb2aRd thBYc+TRTRibF R c%rn’ersed

[ ayer of oxi the first sem conductor materi al

ofa g\%&ﬂg‘ géth u%%r%at%‘r@a%t !II§ ac%%?&éﬁced{)vﬁh gﬁ 1%:fn'b‘(;dl ? Bf t‘}lg %resent

es con lve re

1nve§té(ﬁ;} glg%%)grgﬁog 1%0 f’% rtﬁegf;? E{I]E]le{llg 102%&%%%6&%%{ %‘ermcon(%ctor material

. .manufacturing process. In an enhodi nent, substr 102
18 dlffgre@bf% that @a%@fﬁrg sgpwpgpqtprnl@a‘@ppli CAoﬁle&ﬁctrlc layer 106 1s directly
sili con/ germani um | ayer doped with a char carrier
abovguasHvare gt 1 (domnd [may; qoseprise apdyss phoride of the g@ﬁusemw@@dm’qor
or a conbination thereof. In one enbodi nent, the
mataahcArondidtion regfiors i 0§ sahowat dinkctirio la.swbé%,aﬁlécli&ﬁlaitas conductive
greater than 97% In another enbodi nent, substrate 102
regidB 1@0fPhiaseek @Eioan 0api t axi al | ayer grown atop a
di stinct crystalline substrate, e.g. a silicon

[0018P1 t aXi 8LibdiAYET02HNBorRH AR a% RemRBndRGIn RN tBitlchg Ythstand
nmono-crystal I'i ne substrate. ubstrate 102 may conpri se

a rna%ﬂ cﬂﬁfﬁl &g | ﬁya%rerﬁ%dﬁﬁ%n\@es%gst?atp Tb?lsc‘cro%%@éd ofa %?tallme

stra an epltaX|a 1ayer toform
sﬂlca SII‘ I1 n? b aatroo ¢ T ITIeT errbgdf&rp% t[hrnlt dt
%8 TASUY &1 “Play%? % SV r| s%ogec{?‘ e g gyt not limited to
| ected fo n1the group consi sti of si on di oxi de,
ph Osé’ PRUE ST PPEPE, 0T & qug’ét}f‘UBQ)trhqli?qfn%%@n%? J&‘ﬁi’“ﬁﬁ  fhe
dlelectrlc | ayer. [0015] Active region 104 may
conceBipansef sHifpn SmCiBrd bty 102ais @Fqaidr than Qih-ch 4111‘?3}‘3@ es
can mgrate. In an enbodi nent, active region 104 is
embo@npmhsdwnaﬁtHDHBbommhﬁﬁeﬁMabpﬁu@ﬂlagxgbumlmDpakﬁmmm@d
to, galliumnitride, gallium phosphide, gallium
crysatlgeniutgratd, RQ). Rilicho spidxde layicndiown @op b oruinednped bdikwihicon
gal l'i um arseni de, alum num gal | ium
mono-crystalline substrate. Substrate 102 may comprise an insulating layer in between a

bulk crystal substrate and an epitaxial layer to form, for example, a silicon-on-insulator
substrate. In an embodiment, the insulating layer is comprised of a material selected form
the group consisting of silicon dioxide, silicon nitride, silicon oxy-nitride or a high-k
dielectric layer.

[0015] Active region 104 may comprise any semiconductor material in which
charges can migrate. In an embodiment, active region 104 is comprised of a III-V
material such as, but not limited to, gallium nitride, gallium phosphide, gallium arsenide,
indium phosphide, indium antimonide, indium gallium arsenide, aluminum gallium
arsenide, indium gallium phosphide or a combination thereof. In another embodiment,
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arseni de, indiumgallium phosphide or a conbination

thereof. In another enbodi nent,active region 104 is
w@opseed of germani um or silicon/ ger mani um WwEHUS2907/078791

atom c concentration of germani um atons greater than

5% Active region 104 may incorporate charge-carrier

activéaB@ibh 10MRUOnipisdd BfBermaRiu@n6r Sdudicfmatiumacith ¥eatomic
region 104 is a crystalline silicon/germani umactive

condeRGARI HochffniShkHN HBEF hapis¥ A cive WEIBR § 09 mﬁg)inc%rﬂorate

and the charge-carrier dopant inpurity atons ar

l.ec: r p .St . ar, iC,
char BT Gor B MRy HoRP 1 GRS RRO el artRietPeiof B 1L
ion.104 is conprj.sed of [11-V. material  and the

crystefidiegdicoRlie BT BRRHYS et De SPISHEMETY G ey Py = 1
t he group consisting of carbon, silicgon, gernmanium .

and the\change-catjior dppand ENRHILY HWRS 3@ pelested FPM the gepup consisting of
Dielectric layer 106 may conprise any dielectric ,

borogpgrsenig|indiumt qiiphespherusnduy amqgera@n@mdun@ttj aedve Egiern] 0Moi8
fromactive region 104. Furthernore, dielectric |ayer

compO&drey [Heviprdteel and theeshagk-ceria dopdnt ampenty aoomakuat eclected
material different than that of the sem conductor

frontt @Fdupl codbistigt dMArboagsitton] @érmdniurajo-ggbdufentelenium or
dielectric layer 106 is conprised of an oxide of a

tellu$igf. conductor material. In one enbodi ment, dielectric
| ayer 106 is conprised of silicon dioxide or silicon

001§EY T DSt R BE) GERACHARB e S ThACHHL el BUPLitR

I,c_enbodi

. terial of subst e 102. In.a LT t,
s Cordi g3 2103 OB BT iy gty PRECh O RaRElEE Piaver 106
| ayer. 106 is conprised of silicon djoxide or silic
may SRR F FYT O GG S FRHECT B LRCEent B that 9 hes
conprised of an oxide layer that is directlé above )
semigepqugEormpaiprisd of edtiverpgion d 04 nbodi srabrdimentedistegtricdaycsy 86 is
106 is conprised of an oxide |ayer of the ' '
compesrdadad watderof patmrdoatiuaér matbgalr db end ORbodinichly dictastyiolaycr
104 is conprised of a sem conductor material different
106 i compirised sesilicondoxcitioor sidt@r oxal-niaides Ubah caibedib@s, dariettric
the oxide |layer of dielectric layer 106 is directly on
layet D@6 {5 @PmPHEIPSRANVxi RCALY S DF HRMeRTIcohdfetot Mafkria PERsubiteate 102.
In a specific embodiment, substrate 102 is comprised of silicon and dielectric layer 106 is
comprised of silicon dioxide or silicon oxy-nitride. In an embodiment, diclectric layer 106
is comprised of an oxide layer that is directly above active region 104. In one
embodiment, dielectric layer 106 is comprised of an oxide layer of the semiconductor
material of substrate 102, active region 104 is comprised of a semiconductor material
different from the semiconductor material of substrate 102, and the oxide layer of
dielectric layer 106 is directly on the top surface of active region 104. In a specific
embodiment, dielectric layer 106 is comprised of a silicon dioxide or silicon oxy-nitride,

substrate 102 is comprised of silicon, and active region 104 is comprised of germanium or
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enmbodi nent, dielectric layer 106 is conprised of a
silicon dioxide or silicon oxy-nitride, substrate 102

W0 20080881 sed of silicon, and active regi on 10BCT/ES2007/078791
conprised of germaniumora I11-V materi al.
Alternatively, dielectric |ayer 106 nmay be conpri sed

a IV niutdHalhAKetlb @ @ tditl6cttiaySkr 106mayBe esMpHicAR T, high R
high-K dielectric layer is selected fromthe group

dlel&%ﬂaycléﬂ N8 oRE cBOMIMM, e 1HlSh- I@@i@ﬁbﬂﬁ@l%elr iC@Rted from the group

| 'ant hanum oxi de, zirconi untoxi de, zirconiumsilicate,
cont FPLTENIR S5 O SRR, S Yl

oxi de,.. | ead andi n1tanta|un1OX|
rre G i R TR T T e P
conprise any material suitahle to conduct a
“tané‘l?r YiEm oK idle s udiayP el cadctsaRdivm tidalupeade. 135 ging niobate
ri sed of doped polycrystalline silicon. In another
OraéWﬁr@mh@hﬁWK@Bnductlve region 108 is conprised of a
nmetal |ayer such as, but not limted to, netal
[0017] t r i de€ondwdtizk r@omﬂ@{bm,ay nmhpﬁsesaliycrhaielﬁal shadhi¢e tongonduct a
zirconium titanium tantalum alum num ruthenium
curr@] igh ebodim@hi, Borductedlion 1I8GKedmPriscd @ dogdd poycrystalline
nmet al oxides, e.g. rutheniumoxide. [0018] Referring

silich® i GefiRr bﬁbodﬁﬁfc‘h{ lcondlctilealtreR8Us @J)Iﬁgnie@roftariﬁetal layer such
fabrication of a sem conductor device 110 may be

as, bhpﬁ&rlﬂx‘?i‘ie%ttsdmleﬁf anﬁeg’,' r%?ﬂé?#hg&%s i Shid s %@nm@h Q%cﬁnum

i p extehsions rmed In active re
ar.e sep?rated

a.chan ne en 114
tanf3f S RBb G s GRSl p g PPt oeliEY v
n 108 be a gate el ectrode, the top surface of
Comﬁﬁg Hﬁﬁ@ HEE%F ?%Hmﬁfxgﬁgate el ectrode protection
ayer 116 and the sidewal | s of which are protected by

[001§] pai r Brfegargta Kignstifonddisipeal deasures sefairfer fhaifabrigption of a

gate isolation spacers 116 is above the pair of tip
semerbdrgirciesicd 120 may paiincopporsted ige semmbnduceyisomstuk2®0i sA pair
formed in active region 104 on either side of gate
of tip setcadionl I2pac &rrtied IiBactiVhecgian 1 0bindsousgatrdedbya channel
regions 120 may be raised above the top surface of

regiG 1 14V &/ hi @ opiprikOda B@fﬁoﬁ' ep h@ﬂv%qreglﬂn F0QUCEnduBtive region 108 may
Diel ectric | ayer 106 may be a gate
be a gate electrode, the top surface of which may be protected by a gate electrode
protection layer 116 and the sidewalls of which are protected by a pair of gate isolations
spacers 118. The pair of gate isolation spacers 116 is above the pair of tip extensions 112.
A pair of source/drain regions 120 is formed in active region 104 on either side of gate
isolation spacers 118. The pair of source/drain regions 120 may be raised above the top
surface of active region 104, as depicted in Figure 1B. Dielectric layer 106 may be a gate

dielectric layer and may be comprised of two distinct diclectric layers, a lower layer 106A

and an upper layer 106B, also depicted in Figure 1B.
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dielectric layer and may be conprised of two distinct
dielectric layers, a |lower |ayer 106A and an upper

WO 200810366868, al so depicted in Figure |B.[0019]PdrEesparo78791
of tip extensions 112 nmay conprises portions of active
region 104 that incorporate charge-carrier dopant

[00191PUT i t ThaphR®f tip Bxt@AGTNQGha B mprased pMioh &6 Qiivd Bdion 104
is a crystalline silicon/germani umactive regi on of

that Eﬂ%g@?ﬁé efﬂa{rg&%&&i\sr &rﬁaﬁﬁnr%g&mmﬁg. ®n Snermbddim@md %&]ﬂ% region

e-carrrer dopa rity atons are selecte ro

e A . . . I | . .
104 1B BiRe SIS LR a5 iR br Aok S Oy where 0
is conprised of .a L11-V. material and th
<X & T R S P THOR AR TR YOmS Gl FSEBAHORR om
t he grooup consi.sting of carbon, silicon, germanium,. )
consgsting O botogy #rgenic, dpqiEm; Qi pherPhosst dp pesther Mgy getive region
el ectrode protection |layer 116 and the pair of gate
104 jssapimeprisehospHEST matenigl andythe elimpgd-eariadopaat iemuaisatoms are
suitable to isolate gate el ectrode. The sane species
seleaéd fratnghé gtouplvomestang, of webdn nolicdne gersmdivnoroxpgdn sglatre
el ectrode protection layer 116 and gate isol ation
sclemipacendluti®. 1 n an enbodi nent, gate el ectrode
protection |layer 116 and gate isolation spacers 118

[0029] € CONRLatSAeLtRfdc pRsttdtRhi 1Mr T8RS 8Ad HleDairloF gRtcRAAtimUWpaers
enbodi nent, gate el ectrode protection |ayer 116 and

118 # %oh@&k{‘%ﬂé?nrﬂ%%ﬂgﬁ Slifabhe & i%l%e%g{g%ﬁécl?fr%ﬂe.o*rg?%a!ﬁet dﬁ{eki@é of

el ect € group conprising silicon

silicon oxy-nitride, carbondope i l,icon oxide
marelE§v ¥t bE SRt BB RS sebiogh PRIy 116 and e
. .conmbination thereof. [0021] The ir of sourcel/dra
1501%“8&58?'@“11213- Y @6&%&1&% gﬁ&ﬁ‘ﬂ%ﬁge Brotesson Jay F égé g zate
104 that incorporate charge-carrier dopant inmpurity
isolagiop pacersnl Igrase eprppidcAoh insubiEing waterisds. dp aqeatiquiargmbodiment,

crystalline silicon/germani um active regi on of the
gatestasirotd prottctign HiyriGEi 6 and gebeiselaforxspacers 1,18 aredconipeised of a

charge-carrier dopant inpurity atons are sel ected from
matdriaé sdeaepfromnibe gioupgomprikiag eilicomd®aitecsilicordotymmiatide, carbon-

phosphorus. In another enbodinent, active region 104
dopddSsi MRl &L §iliedn Aitridd, CMbHﬁh@?é@dﬂi@ﬁ%iﬁ‘f& or a combination thereof.

y

charge-carrier dopant inpuri
[0021] The pair of source/drain regions 120 may comprises portions of active
region 104 that incorporate charge-carrier dopant impurity atoms. In one embodiment,
active region 104 is a crystalline silicon/germanium active region of the stoichiometry
Si,Ge, «, where 0 < x < 1, and the charge-carrier dopant impurity atoms are selected from
the group consisting of boron, arsenic, indium or phosphorus. In another embodiment,
active region 104 is comprised of a I1I-V material and the charge-carrier dopant impurity
atoms are selected from the group consisting of carbon, silicon, germanium, oxygen,
sulfur, selenium or tellurium. Alternatively, the pair of source/drain regions 120 may

comprise a semiconductor material that is different from the semiconductor material of
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atons are selected fromthe group consisting of

carbon, silicon, germanium oxygen, sulfur, selenium
W@roos@bdesr i um Al ternatively, the pair of sourR&l/U8WOTI078791

regions 120 may conprise a seniconductor material that

is different fromthe sem conductor nmaterial ofactive

activie@@tion 10941n derabo @b indaitice-bhRtdnabf the QeibRBA&AMr Rdterial of
the sem conductor material of source/drain region is

sourtd/fifa &l I%g{on it Qi ﬁloﬁ{ thie 381 6QPSHsBRE o Othe ts&ﬁlconductortmaterlal of

sem conduct or naterla of active region 104 and

actlJer}ggo‘lBﬁ“lFM g{nd %l%’kr %{raof goﬁr%g/ldpa reé%%s 1§0 ?s P QAJ ?f)lﬁmamal strain-

rai ni n sourc n-one

enbodi nent ,. active re |on 1 i S :

md“%ﬁ“%(%mﬁ@ " { er%onﬁauh? 0% ef&‘& @S?td P%HVr*? TP%@? iﬂzglsf%lpr@ed of
conprjsed of Siy

SixGgprotiHethe At 68 ﬁ%?ﬁ/dragbﬁegwes #%@}Séﬁnmaed %f %&?im‘%@ﬂe %fi X,y <
Al xGi _xAs, InxGai_xAs, InxGi _xP or Al xlni_xSb and

1 and e paliranethes smbedimenhiaptiveaigiiond 04 20carepresefpf Ab&H1-ohs,
AlyGai _yAs, InyGi _yAs, InyG _yP or Alylni_ySb,

InyGaeshe dniGaelBor hbr eSBard the pyirof fownadoeirt gegionf 0BQ ] comprised
Dielectric |ayer 106 nmay be conprised of two distinct

of AdiGal g&4, rhh};c}al1 A ENB,Gad, P OM&I, T, 356 reshbifv oty dviRiie 0BPEK < 1 and x
| ayer 106B. In an en%odlnent | oner | ayer 106A is

+vy.conprised of conprised of an oxide of a sem conductor
material. In one enbodi nent, |ower |ayer 106A is

[002?ﬁ P i S @ffe10krig ty'ef: F’(% \A%rh%g g&(;r}l&ri‘%egl%f't&{;’ Rishier di d“élEéth? @aa/ers, a

enbodi nmen is conprised o
|de of the,se Het or nat eri.a subst rat e
lowefg Ilh@ an% & Iumi)eé laél mé@@? g oderpgr%t io_’f’ﬁﬁ lay T f’d({A 18
onprlsed of i con, and | ower 106A i s conpri.sed
comfiseg; A CEBRN ARl O i %e%wnswxﬁqmﬂerla Inppe grgpodinmen,
enbodi ment, |ower |ayer 106A is conprised of an oxide
lowqragnsr 106t soasmprised of pificeipdipeidger pilieon egi-piridn4n ann one
enbodi ment, |ower |ayer 106A is conprised of an oxide
embbdiyeent, déwerHeyes b4 anchroprined whte pkidk lakr sliths seratcendi@r
active region 104 is conprised of a seni conductor
matdrial ef subktrate lO2r Bnd sifer din dnttedaeemt caibstuat 002 iveoetpriacd of silicon
substrate 102, and lower layer 106A is directly on the
and fodr Skt 80EA @f codflris¥@of §8EdNdidAde of §llidorSP8Chitride. In an
embodiment, lower layer 106A is comprised of an oxide layer that is directly above active
region 104. In one embodiment, lower layer 106A is comprised of an oxide layer of the
semiconductor material of substrate 102, active region 104 is comprised of a
semiconductor material different from the semiconductor material of substrate 102, and
lower layer 106A is directly on the top surface of active region 104. In a specific
embodiment, lower layer 106A is comprised of a silicon dioxide or silicon oxy-nitride,
substrate 102 is comprised of silicon, and active region 104 is comprised of germanium or

a [II-V material. In an embodiment, upper layer 106B is comprised of silicon dioxide or

silicon oxy-nitride. In an alternative embodiment, upper layer 106B is comprised of a
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enbodi nent, | ower |ayer 106A is conprised of a silicon
di oxi de or silicon oxy-nitride, substrate 102 is
weoropseed of silicon, and active regi on 104 iBCT/US2007/078791
conprised of germaniumor a Ill-V material. In an
enbodi nent, upper layer 106B is conprised of silicon
highdk @¥d1&t8ri®Tlay8i. ITh ©a8 cAwyditicht, itetehigh /K didlcdtricahftatid ¥ected from
enbodi ment, upper |ayer 106B is conprised of ahi gh-K
the Hb&b Eslstifig bANShiunl Hxi00 fatIRATBRLE tanfiBublicd tcKzirconium
diel ectric’layer is selected fromthe group consisting
oxid®f ZiRAR AN 0L IGirea AT &i&‘é“bﬁﬁ%%%ﬁﬁﬁ %%?%”H&Hu% hgl%ate,
Zi'rconium oxi de, zirconiumsilicate, tantal um oxi de,
ar i stropntiumdtitanate, bariumtitanpat trontiu
sogttpn g PRty Bhiteoe B S cer i P o dRiAR e
. tantalum oxide, lead zinc niobate or a conbination
zincpphatesyr a qombingtignitherenla In @ PEisulRE sbodigienk sp@isengctor
substrate 102 is conprised of silicon, |ower |layer
substra@A 02ds empiisicd @f sibirowlpwerdayail@gAde copprseriog siticon dioxide or
oxy-nitride, and upper |ayer 106B is conprised of a
silicom gky-Kitdi e laed tippar 1dyey @06B js0028JrisStof € bightk timtectric layer.
structures having active regions with conpatible
[0020] el ect Semidoaygdtsr sty tube HasBE defivE fgiBns eviibcantaeibRrdiclectric
devices. In one enbodi nent, the sem conductor device

layetsSmay B @Rdto Mo eflcondutBriweds! #0ShSERbod@ed, the
m cro-el ectroni c machine (MEM. In another enbodi ment,

semltacgﬁdu%%p d%%g WCh QEE%EI_MPE% E'ls, a%&ﬁ&g/ﬁ%a%gi%{or 9? y hﬁgro-e?éécftlanic

s atri-gate o transi st
i .nd ent| yv-accessed doupl e-gat e FET,. or a
mach 3§ EAERTE Oh s BoR DR 0 T SRR bt lekin o planar
Figures 2A-N il | e cross-sectional views
devipe Shebvdt ihgte et REFRtrBN B 4 1515%3 enilygopgsteddrpbligeated
active regions with conpatible dielectric |ayers, in
MOFETr gamedcwllraou M@g&?ﬁ@ﬁth panpfEcshayeht Figures 2A-N
invention. In one enbodi nent, such a process enabl es
illustrhte cfessmrattionnl vbwardprgphntingathe fgrmuitieh o€ ¢ plapai iy ¥-FET having
(conprising an oxide of a first sem conductor
activeatgibhaivjth comatiltde ticketricelgy @y, ifiacerddnte withcamranbodiment of the
repl acenent sem conductor material) conprised of a

presSit Th@RfekIC I0én B Rdimentf fikh a@eRs@able PhCRhMtion & athigh
an oxide of high quality. As will be appreciated in

qual%t? g%)bg%%ggeﬂw(géﬁg%ﬁhg dn 6kEBFh FirQ LA Dad @RS RatchaNsEhn
active region (i.e. the second, replacement semiconductor material) comprised of a
semiconductor material that does not typically yield an oxide of high quality. As will be
appreciated in the typical integrated circuit, both N- and P-channel transistors may be
fabricated in a single substrate or epitaxial layer to form a CMOS integrated circuit.
[0024] Referring to Figure 2A, a gate dielectric layer 206 is formed above a
substrate 202. Substrate 202 may comprise any material discussed in association with
substrate 102 from Figures 1A-B. Likewise, gate dielectric layer 206 may comprise any

material discussed in association with dielectric layer 106 from Figure 1A. Gate dielectric

11



10

15

20

25

fabricated in a single substrate or epitaxial |ayer to

forma CMOS integrated circuit. [0024] Referring to
WO-2@anss62, a gate dielectric |ayer 206 is forr@&dUsivovers79l

a substrate 202. Substrate 202 may conprise any

materi al discussed in association with substrate 102

layef 2@0EY B8 F& et AroBa at-bXi@¥b B Qibs@at 202 bglaf¢ tachkiqheyafabRA6
may conprise any material discussed I n association

prowiid dreBhGk 8L LhFoln@ ¥&ihpdPort 4Rt fck SUE Bdib PetriS@Rr above the top
di el ectriclayer 206 n%y be formed from an oxi'de of
U i [ i :
surf R BT B 202, Y A SE O M R AT B R PR fFerton. e
. dielectric .l ayer .above the top surf.ace of subst.rat
dielcgigas ayey 208 dn s BY P & AR L REC 1GP Suiee Ry sllayipte 202
i nventjon, gate dielectric |layer 206 is fornmed by
In opGeTBRRAIREN 0 LHS Fitql%ﬁlcolﬁy?l}?émtl%f\;)r@ﬁiiPﬁ@éld&m% thsdep syréace of
202. I n one enbodi nent, gate dielectric |ayer 206 is ,
substrateradd t joraxdmoxidnlgyereommsised of fmeddoe! thabemnicanducsymaterial
to forman oxide |ayer conprised of an oxide of the
of substrate @02 u bt @ panmatler ¢raboddmesty pat datd&t2ORyed 206ds formed by
particul ar enbodi nent, gate dielectric |layer 206 is
heatfn@rsoBdrapy2 (eiatthdpreseiies bf at exidXzhd dpehf)Sudhr 8IBNEBO@ BNuntil a
oxi di zi ng agent, such as O, HOor G3, until a
desif@ShicRits BF SKHEES19Er i8Rordedden h@%&ﬁﬁd Smb&IimRAk, stitrdte 202 is
speci fic enbodi mnenft, substrate 202 is conprised of
comBhicd el GBI ER I fer DY R ol B o FPIRES G fovide.
f sili ioxide.is carried out at .a tenperature in
the By P P iy “Fichl " idh Sl 42 EPRELEL e bfhec of
[ e range of .1 mnute - 1 hour,_.and the layer of
SN PEE R AN A B e Rt R U e apgﬁgfelayer of
_.of 5 - 15 Angstrons. |In another enbodi nent, gate
silicgpp diogideris formgg &t a goekness indherged9f HxildiAegompeln Hygther
surface of substrate 202 in the presence of a
embpdinreot gatecbieitetiiniaygr §fsistforniadrhn aandising tind topisdgadeayfesubstrate
conprised of an oxy-nitride of the sem conductor
202 irathe (prabna@fof autisdgoat @n2didng bas ta fpain b oxy-aitriégrtage doaiirised of
gate dielectric layer 206 is forned by heating
an 0%y AREiH@bLEthE @ZmicBndiREorh RSN OF s@iistrafe 201 Gh & ipAFicalie Binbodiment,
such as 2, H20 or 3, and ammnia until a desired

o USRS O L 02 LU k) o v
agen%,i .Ju'cff ngz,qjﬁt(for O3, and ammonia until a desired thickness of an oxy-nitride
layer is formed. In a specific embodiment, substrate 202 is comprised of silicon, gate
dielectric layer 206 is comprised of a layer of silicon oxy-nitride, the formation of the
layer of silicon oxy-nitride is carried out at a temperature in the range of 600 — 800
degrees Celsius for a duration in the range of 1 minute — 1 hour, and the layer of silicon
oxy-nitride is formed to a thickness in the range of 5 — 15 Angstroms. In an alternative
embodiment, gate dielectric layer 206 is formed by a deposition process. In one

embodiment, the deposition process is selected from the group consisting of a chemical
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dielectric layer 206 is conprised of a |layer of
silicon oxy-nitride, the formation of the |ayer of
W@ R00B0OMSOXY-nitride is carried out at a tenpePCEX/USMWOT/O78791
the range of 600 - 800 degrees Celsius for a duration
in the range of 1 mnute - 1 hour, and the |ayer of
vapdtidep&PibrOpbcdh tanl Aemicday@Idepshitidh Foéddk 6KNBByxsidalvifte
range of - 15 Angstronms. In an alternative

dqx%ﬁpﬁgﬁg@gg, gate dielectric layer 206 is forned by a
deposition process. In one enbodi nent, the deposition

ocessSyl ct.ed fy,0 I SN
1008 e aRs 5Bt B R B BE e MR 2PE B P flopiscd of owo
. ..deppsi ti.o rocess or a sical vapor d i{ion
dlStlB?téﬁég ric F@%@ST %éefri?}YFF ag&% anéfub HP%GE %&:e}r S@@f . eiower layer 206A
dielectric |layer 206 may be conprised of two distinct )
and ypper &k 2008 algate diclecirislayer| 290 spay qosmrisn anamatgpigbgiscussed in
| ayer 206B. Lower |ayer 206A and upper |ayer 206B of
assogiatien wiitblegenlpycr|189arand @epfrrslyyea:dﬁ@lg ifepen Bigyrandd.en asicordance
di scussed in association with | ower |ayer 106A and
withugpperbodayert of @eBréscomnmiFemgionesubBequient tachofalamaten of Ibivenlayer
enbodi nent of the present invention, subsequent to the
206 A @bftBtibciofah ox@edt ok fynetiide Aser suverstiseatcf02a@s axtisedibove),
oxy-nitride | ayer above substrate 202 (as di scussed

GML D O6 I RRE el fadEld AB0BIdWRY I1RRr Do Aed ¥fer 2O¥BMmay b
uPpIa@%f 206A.§nger | ayer 206B£%§§ be fopggg ; anyrnay ©

fm*%%%’éf%é??%&ﬁ% B ELO BRI AR o potbg R
ce,of |o

. tap.\surf l,ower, | ayer .206 I n.an di, ment .
ey T 15 5B E TP Sty S ok ity BRR DI EEE koot
one e i.ment, the deposition process is selectie ..
uppgr e ?ﬁ@g g%r%aae%ﬁmé ﬁgﬁqgﬁendm?sg r@rﬁn@aqm%g%@t thedeposition
deposition process, an atom c | ayer deposition process
procgys is sqiesred Bam thepwup gepvyingafs chemicakvapor gepgsition process, an

alternative enbodi nent, gate dielectric |ayer 206
atongo hgyci dépogitipnpraticsst drrgthydicel \epor dapobitipe psacess. dn ah eltemative
| ayer 206A and an upper |ayer 206B, may be formed in a
embsdinghe gpteatidsarisiapr L06 @mprivid tsiondibtenct d@biciranaypdiaieelower
wi thout requiring nmultiple introductions of substrate

layeP B0 A R Part fishek R 20VB, GhgHREDImed a%@lggm%s%t(i.eﬁn a
native | ayer of oxide (i.e. |ower layer 206A) is
single reaction chamber without requiring multiple introductions of substrate 202 into the
reaction chamber). In one embodiment, a native layer of oxide (i.c. lower layer 206A) is
formed upon exposure of substrate 202 to a water pulse in an atomic layer deposition
(ALD) chamber. An upper layer 206B of a diclectric material may then be deposited
above the native oxide layer by a sequencing of dielectric precursor introductions into the
ALD chamber. In a particular embodiment, substrate 202 is comprised of silicon, lower
layer 206A is a native silicon dioxide layer with a thickness in the range of 3 — 10
Angstroms, and upper layer 206B is a high-K dielectric layer selected from the group

consisting of hafnium oxide, hafnium silicate, lanthanum oxide, zirconium oxide,
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formed upon exposure of substrate 202 to a water pulse
in an atom c | ayer deposition (ALD) chanber. An upper
WO 200810368868 of a dielectric material may then BEI/US2007/078791
deposi ted above the native oxide |ayer by a sequencing
of dielectric precursor introductions into the ALD

zirch@iRBIcate] AnRIRAROkide WfuntstRAdLABREnatS Wafitimattenald) 3trbtium
conprised of silicon, Iower |layer 206A is a native

tltanﬁfel yﬁgﬂn@kﬁi’é' Qﬁm&tﬁﬁfﬁe{)m% tl@ac@seﬁﬁ&ﬁﬂﬁﬂ%ﬁﬁuhﬁoﬁ&e léaﬁ'}gﬁac Mbbate

0 Angstrons, and upper layer 206B i's a high-

Orag&ﬁkﬁﬁﬁ5ﬂﬁw% ayer selected fromthe group conS|st|ng of
af ni um oxi haf ni um silicate, |anthanum oxi de,

[ rconi X|de z niu ate ant al u

10028k o et DSt h be e abdfhaies TeRFidysmpos.
titanate, yttrium oxide, alum num oxjde, |ead scandi um

as dgnipiedimrewse b, FardHeptsafivie PwipBtar 8o fickcisiBY HA0P sndepicted as
thereof. [0026] A gate electrode 208 may then be

a singlr lawes feoie. agathestestas) inigure 2Aayhait itabeuld s uadqrptopdthat i may
Figure 2B. For illustrative purposes, gate dielectric

compageemo2(ban enedeypircasatiscassed is nssgtietibmyweth Higdre2Al. . @ate akectrode
illustrated in Figure 2A), but it should be understood

208 thgtcopris@ynyCranteriblsisdibded it BaDcianien wal @bndsivel ttirs Bi¥dfrom
in association with Figure 2A'. Gate el ectrode 208 nay

Figue QMBS &G A ¥1cBRE R 108 m4l) BCbeed vy anﬁ&%mq% é&ﬁbl&ﬂtb Brovide a
conductive region 108 from Figures 1A-B

|
concﬁwﬁ% Iregﬂ)glea%gg% Ef%g uﬁﬁréagéggg?tgﬁl A or\llge ﬁ?ﬁjﬁ()?gglﬂgbhﬁ'} gtgg%ntally
1mpac}%3§%t€t%r9de'1§4t5§ Syl LB AR
an g §t of t resent i vention, gate
mvegil%tgﬁ@ Lechgde P fsdpie @@ﬂ&gg@. gt pimandencn sybgpquently
and t hen subsequently patterning the blanket filmto
patt%mﬁut%? Rlawept Elm e forpy yeandp el s stacyes ol adesy pd prarg gad

di mensi on. In one enbodi nent, gate dielectric |ayer
dim@B®ni dn ahg ompadimentgate dlulni¢q1llgc talyer ¥t is elsnipatjcroéd durirgg the

el ectrode 208 to expose the top surface of substrate
patt@fidg ofi gatdepicabdée20toFaxgogeath@Bp surfaee sfp@bstfate202, as depicted in

enbodi nent, gate dielectric layer 206 is patterned

Figuté 2B, @n M\@ﬁecﬁﬁ%ﬁl&ﬂﬁméﬂte@é BRtlRERCIBPE 20bePpdtitaded with a wet
conprises the appllcatlon of an aqueous sol ution of
chemical cleaning process step that comprises the application of an aqueous solution of
hydrofluoric acid, ammonium fluoride or both. A gate electrode protection layer 216 may
be formed above gate electrode 208, also depicted in figure 2B. Gate electrode protection
layer 216 may comprise any material discussed in association with gate electrode
protection layer 116 from Figure 1B. In accordance with an embodiment of the present
invention, gate electrode protection layer 216 is an artifact from the patterning process
steps used to for gate electrode 208. In an alternative embodiment, gate electrode
isolation layer 216 is formed post-patterning above gate electrode 208 by a chemical vapor

deposition process.
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hydr of l uori c acid, amonium fluoride or both. A gate

el ectrode protection |layer 216 nay be forned above
WQ@2108/08d68ct r ode 208, al so depicted in figure 2BCT/(81087/078791

el ectrode protection layer 216 nmay conprise any

mat eri al di scussed in association with gate el ectrode

[0027Y Ot ect R@fbriu?/wméﬂd@ 2@, @PafriuiRiflcRl ghtd igALnAPRESs 222 may
W th an enbodi ment of the present invention, gate

be f&HRALIRAERAOLEGTAIRS! ggﬂéee'iec%ge Q§8 agh Alclal g&% idoll 2 tsBa’?cers

patterning process stéps used for gate électro

222 ﬁl%gl {n ngg]?rg} &S&g%glg’c%s%%ﬂ?r? gié 1g{1?n %ﬂ%%a@ 1§0qllt{0q1[)sg)acers 118

OFITE

fronf bl C%@f??rdéi’c%ew% iyt Erﬂff""' of@%rege%gﬁfv'eﬁ%%” sacrifcial
sacrificial gate i soJ ati on spacers 222 may med

gate ayplaftomrpaqe’ s Yewedd € ngptegaaks dedrode g8 d@@% the Subscquent
Sacrificial gate isolation spacers 222 may conprise

subsgrate otelt e dibcugbasidedased Thys, asgvdicamation embplinggat.ezate electrode
i sol ation spacers 118 fromFigure IB. In accordance

208 wi tbhusingandiolk substratottchisepmnd sgnatr af syw@iftdia ate isolation spacers
sacrificial gate isolation spacers 222 are used to

222 Pt esfuirgdt Ehepaedbf QUaAfiRBgdi fsoRgoh BeacttslEeequBe formed by
substrate etch step discussed bel ow. Thus, in an

any %hﬁﬁﬁ@gdlﬁsle&g’gﬁ%mw c@\%treg%eedfffﬁé glaéiﬁan%Qﬁ ghﬁe dQR¥at 208. In

agai nst the substrate etch ep and a pair of

an eﬁl@S&]'n{e'nP' Q#hfg:‘?‘il %a{resio#lgtﬁsdags{ﬁl (?e?%?% E‘re?fggné 8ﬁ&§3051t1ng, and

requi red. gate i1s
t bl e
subssﬁ) G\I/lﬁ& élnltsg‘% %Qlcz}ilal ?hé%% m%;ﬁan?%g %ne\f%c% F Prll A (‘?f ang eé %mlbodlment
[ trode 208. | nmbadi , I t
socr{TIcEN SR AP PR BR R HR SR Y LoD THBRIBE NN ogdntion of

subsequent |y anlsotroplcally et chi ng, a bl anked
gate@ieérr@éft 20&infan| axidatian grrsetier  embodi nent, sacrifici al
gate isol ation spacers 222 are forned by
[0028bnsuni HigupadEiivationgsatipoal tviaynalohg twt A&-2¢ lagis tof debgop-08wn
in an oxidation process. [0028] Figure 2Cis a
viewcillostsats@ it Fign@l2(Vi awdapioted, shakovi-tinclaisbktioh rédiens 224 and 226
top-down view illustrated in Figure 2C\ As depi cted,

mayPRELHE ths§FEtd 202 ahiaBdbrifQt Rt AR SR S FRYpr&Rnt
formed in substrate 202. I n accordance with an

inveﬁff&?,% BRR} R aie@eo@ﬂbﬁ@ 8% and underlying gate dielectric layer 206 to

remain in tact during a subsequent substrate etch step, shallow-trench isolation region 226
must be present. Isolated devices may also comprise shallow-trench isolation region 224
and this feature will be included onward for illustrative purposes. However, it is to be
understood that in the case of nested structures, shallow-trench isolation region 224 need
not be present and substrate 202 may be extended along the dashed lines shown in Figure
2C'. As would be apparent to one of ordinary skill in the art, shallow-trench isolation
regions 224 and 226 would typically have been formed in substrate 202 prior to the
formation of dielectric layer 206. For example, in accordance with an embodiment of the
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invention, in order for gate el ectrode 208 and

underlying gate dielectric layer 206 to renmain in tact
Wa@lenBHgp6dl subsequent substrate etch step, PCT/US2007/078791

shallowtrench isolation region 226 nust be present.

| sol ated devices may al so conprise shallowtrench

preséf@hehntion shellhwireddftisaRtoh Rgfork@al uhe 226 hie foendd1s) liad
onward for illustrative purposes. However, it is to be

trenéﬂ%g @fe%ieﬁ(?ﬁi sﬁﬁ%ﬁtﬁte'?@ﬂvﬁﬁl £asRcic rﬁﬁéﬁzﬁd gtaf Mﬁ&d’hr (ﬁ§x1de material

owtrench 1 solation region 224 neéd not

dqxgﬁgigggnggwguﬁ%gggﬁeyégg PRy Pe extended anng t he

I hes s re 20 As woul d be apparent

one aqf .or.di in.the. a S | ows trenc
l0025§ ol i TS Bristes it oty Siouputaes pTbary b FEEed to form
formed in substrate 202 prior to the fornmatign
a trea%%%@lfff%ly|b5§ra€n29@trat€o%02e gaﬁﬁteéectﬂmlaa%rc?wd altﬁc%lauwﬁrench
_an enbodi nent of thepresent invention, shallowtrench
isolatiopregippi2de ot persion R4 gata dicktrialager Wonsaic plectrpdd 2(g sacrificial
trenches created in substrate 202 with a dielectric
gatenwmtl@ranasipacees 222 @ndsgatd dectradic pxotdeiomdbygri2db ideppsidee dvdntrench
a chem cal vapor deposition process. [0029] Referring
228 it mh@hkrgoZidn ¢f thesketstradtuRh issdosict dkeh0Av-Maichigolations regions
renmoved to forma trench 228 directly between

226 EMBI MR FEURO2C") 9Rldepdicalgahe HEshb@UEEs. 2@6ncha] may be formed by
shal  owtTrench |solat|on regi ons 224 A portlon of

any Qe%ﬁrﬁq 3 ﬁllﬁﬁfertb geﬂs@&% 20ve ggjtoﬁlo%l d%lthout

sacrificla gate |so a1 on spacers
rode prot e l. ayer 6 is sy
sien oG P55 B bHE HledRraat R ey ?%2@@ 5@’% &8% padpygteh
secured by all ow-trench isolations regions
or a Wehefiy Piws: 3{3. pecosganee &éth&e;ﬁﬂéwéanw of fE eaeRGa" Prtingsgate
Trench 228 may be forned by any technique suitable to
cleceqeprpiogipnlay@inphpeng Sbﬁtfiqli‘ir&a@ﬂs@%@t YPAEEs 20D Pigitech Befe
significantly inpacting gate dielectric |layer 206 or
clecgadac2 (¥ daeing dliefop@8tiorsefcthenal 268 .dnyorst anibodimentyetncb 28R 1s
process. In accordance with an enbodi nent of the
fornet dyendtry iptagmatctarstepottl zirg) @ty witetgdrfadne tid group eymsistidd 61
and sacrificial gate isolation spacers 222 protect

NF, 03B 5,28 bf 0ge 12Q8petifié BRbsditehQpoRioh® Bf Qfbstrate 0N arkl8moved
In one enbodi nent, trench 228 is formed by a dry

unifRnd$ Meaghe u%ﬁapzzsngttﬁ &9 d9AR BF a1 Rc8GIRIad IR 8 Figure 2D.
group consisting o

In another embodiment, a wet etch step utilizing aqueous solutions of NH4OH or
tetramethylammonium hydroxide is used to form trench 228. In one embodiment, these
wet etchants are inhibited by high density planes of substrate 202 (e.g. the <111> plane in
a silicon substrate), and trench 228 thus assumes a tapered profile, as depicted in Figure
2D'. In a specific embodiment, trench 228 is formed by applying an aqueous solution of
NH4OH with a concentration in the range of 10 — 30 % at a temperature in the range of 20
— 35 degrees Celsius to a substrate 202 comprised of crystalline silicon and a tapered
profile results with a surface angle of 55 degrees. For illustrative purposes, however, the
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NF3, HBr, SF /O or O . In a specific enbodi nent,
portions of substrate 202 are renoved uniformy,

wo easiopgsa trench 228 with equal depth in all PCT/US2007/078791
| ocations, as depicted in Figure 2D. In another
enbodi nent, a wet etch step utilizing aqueous

unif&@h Héﬂdh@Sqffﬂlré&QDﬁs SIR¥wWrAiNEL BEq aERTRRH ST Ryiel 0X8 Ay ibs
used to formtrench 228. |In one enbodi nent, these wet

fomféti%" q @E}?ﬁh%ﬁﬁidéﬁlﬁ 't&fehﬁ)@e M chigR gﬁﬂﬁwﬁbnﬁ) Ltﬁﬁfﬁte 902 and/or

substr he < 111> plané in a silicon

suffi %{élﬁf {or a%%c?r}unogytg s&tﬁr@%ﬁgngé%lotnlg %815@%? La]r@sd cﬁff&%ﬂfe%e?rgconductor

Specl

I ent renc 228 | .
mat%i%@é JEegspa brGH” dp o %EP@WHE GreBeh B FBRgrO » dophan he
% at a tenperature in the range of 20
ng90§30%e62%%émsﬁﬁgm%s to a substrate 202 conprised of
crystalline silicon and a tapered profile results with
[0034] sur f aBefamng o GEusRHegivwasgioradp4 iy forrsed mttrangh 228, directly
pur poses, however, theuniformtrench 228 of Figure 2D
betwicsn stisimtei 202 snb gemdéeitctﬂ't byyst 20fr. ehghve22g8omB04 ey fborcomgrised
to a depth sufficient to renove all channel activity
of arfy @Mesiblbgtdusied iR @dsoandb0vithubfiveicgidh 110a fage Prvedat/eB.
source/drain regions conprised of a different

AddERfh d@%@ﬁ%& 1dﬁ5§0ﬁrrh inc@PordtSa4: rR&! antllﬂlpﬁﬂﬁy atoms. In

enbodi ment rench 8 is forned a depth in thé
@ﬂﬁaﬁg%éﬁagvgﬁeééﬁ?g@%&%@%ﬁﬁm PR3 ST 6 g or v

02 d di el
StOlCl(iIllé%/Hé?(_;[ eee ltA\éV?vl \e/rgs()ug St<l’ la ag% § %pgg ec%at ei%ﬁiroi)zgnet ggligllrgﬁtg atoms are

regron

@L r|a dlscussed in %§300|at|on with active re |on

Seleclt B0y CeRsIHIRLET DRERI: #5SEM & PGLUMLRLRIPSPHOEY Jf appther
|ncorporate charge-carrier dopant jnpurity atons.

embp@xm@ﬁb agitsogRIRE R0 ineamuescd o di-owtarigl gndcthg shagppcprsior

silicon/germani um active region of the stoichionetry
dopait ¥@erity atomseare s@cetedk fremithe groap tchesistngrafeaibany sikkeon,

dopant inpurity atons are selected fromthe group
gerntamingh,sixiyaen, 8l flng s@eniumres esilueiun. Ndiageordsindp vagpdogmisoditont of

anot her enbodi mrent, active region 204 is conprised of

the predehl mVekRinEhdtRle ré‘glgn bOeisCchaipdiBe£af 4 §c@icsmaRdt material with a

i mpurity atons are selected fromthe group consi sting
comPbsiGSH GPRrend tHah B semiconductor material of substrate 202 and is compatible
with dielectric layer 206.
[0031] Active region 204 may be formed by any technique suitable to form a
highly uniform (i.e. low surface defect density, e.g. less than 10° dislocations/cm” at the
surface of active region 204) crystalline layer. In one embodiment, active region 204 is a
uniform epitaxial layer. In another embodiment, active region 204 is a graded epitaxial
layer, wherein the grading process minimizes surface defects. In an alternative
embodiment, the defect density of active region 204 at the interface of substrate 202 is

greater than 10° dislocations/cm?, but at the top surface of active region 204 is less than
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germani um oxygen, sulfur, seleniumor tellurium In
accordance with an enbodi nent of the present

WO p0o8Msdeeh, active region 204 is conprised of BCT/US2007/078791
sem conductor material with a conposition different
than the sem conductor material of substrate 202 and

10° diSlo€RvRFLmB! B 3 drhbcdii@bRCAdtive réayeL0RRGcpdRR3 bl aARbdeNe
region 204 nmay be formed by any technlque suitable to

seleét@c[ Ffbﬁ‘l i gMu}S cHHélgtﬁfgmf(chel’ﬁlcai o§ Bhif:RG emIREQGE - beam epitaxy or
densi t l'ess than 106 dislocations/cm2 at the

lase%%ﬂ(;ofh‘giﬁﬁ ogllt[ar‘rk&?] :ﬂ,l Bfie %:1%96(? Hleap %)weg 8%&51%&1' dl&%, 1% "élé/r?led ohP

Ive reg

. epitaxial layer. l.n an ther ive.r
1%@1&%6?%10%%9 HickranPodRF At s5aps Nhelel worhe eamﬁﬂ% C the
process mnimzes surface defects. In an alternative
wet %WB? RPN RRCCaBFtalR copRiAsSs the ppligation\ad ap ggiicons slutign of

the interface of substrate 202 is greater than 108
hydrgflyprae agid.cmynemn, flusside gt bethe t op surface of active
region 204 is less thanl05 dislocations/cm 2. In an
[0032hbodi mbmthe cast where sagifeml 201 isdatoemppscdre22bye@ employed to
process selected fromthe group consisting of chem ca
proty¥@pete cbRirbax 208 dmipctt &rmhdambLPEdchXA28@hd/or during the deposition
| aser-abolition epitaxy. In one enbodi nent, a wet

of a@hRM &k 264, 8RRe 's?ac%ﬁrrﬁéﬁﬁle RefovbdrRRivahetnt d%?d)sq’t’ioﬂ & dchige
dep05|t|on ‘'of active region 204. In a spec

regl J onp 7 ggé;(}l%tﬁ& ﬂleF gﬁ c ﬁ?.qmaegéfrdﬁlc@ %{hnﬂl é?ﬁ%‘aﬁﬁént%tf% present

e application an aqueous sol ution
r of | rlc | uor.i de

1nve{11¥01% ﬁ%crb Icid g§o éltloetllt:%plal<];eilr:s:J E%é arg zﬁ:rgoY tP g{la% %the[ogglg}l;atlon of
the Qm@ﬁeﬁg@%o%spgp ]gﬁp hgtgggteg]%gélg}e%g ggc%qu:l?ﬁ 2%8150qat10|nns%acers

deposition of active region 204, these spacers nmay be
222 prgrremered with awich gharmisaladpsadia nresess pton dhat G@np@sg‘i%bﬁ gplication
as depicted in Figure 2F. In accordance with an
of areadsdinsriutiapf ofthydraluesie atidi anvmnnivonfluaaterdrooth talexpescehe
i sol ati on spacers 222 are renoved to enable the
sidewplid ofi gasd ¢lectradf 20Be tip i npl ant step di scussed bel ow.
In one enbodinent, sacrificial gate isolation spacers

[003372 ar e ReRMBNER FYgﬁII% 2, WairCITeIp &k @hnsich €211 Mgy BE @&8RE by
step that conprises t he appl i cation
implanting charge-carrier dopant impurity atoms into active region 204. The pair of tip
extensions 212 may be formed from any of the charge-carrier dopant impurity atoms
discussed in association with the pair of tip extensions 112 from Figure 1B. In accordance
with an embodiment of the present invention, gate electrode 208 acts to mask a portion of
active region 204, forming self-aligned tip extensions 212. By self-aligning tip extensions
212 with gate electrode 208, channel region 214 may be formed in the portion of active
region 204 that is underneath gate electrode 208 and gate dielectric layer 206, as depicted
in Figure 2G. In one embodiment, the charge carrier dopant impurity atoms implanted to

form the pair of tip extensions 212 are of opposite conductivity to channel region 214. In
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of an aqueous solution of hydrofluoric acid, amoni um
fluoride or both to expose the sidewalls of gate
web@snswdre 208. [0033] Referring to Figure 2G PEI/psion7/078791
of tip extensions 212 may be forned by inplanting
charge-carrier dopant inpurity atoms into active

a spéc@fit Obddithent! B fadd Jf tiPfextdnBioBX b ENKI MBS A2 niPNtIAG charge-
f or med fron1any of the charge-carrier dopant i mpurity

carriet @5 nﬁnﬁ;ﬁh‘ﬁ? %nis‘?m?rﬁzﬁp&ie?ﬁy ﬁi'}hé’\%atn e bhg 2RV l@fket\/* & a dose in

ext ensi 112 fromFigure”I B. In accordance wth an

the rgg%eo&l ﬁﬂtato%s/&ﬁ @E?? %hs/éé},}’z Jtn.%{‘a d?@a%?e&dc%ﬁie{t%%n the

Cts to nm Ive

rangg &f ST e '%%@h@ﬁ@ﬁé&’z‘% o%%#ﬁllﬂéﬁ% Ehep gty 3l

channel region 214 nmay be forned in the portlon
nanqslflet%rét i@ depigi asH Ve et crlslafgeu carrigy depHY AnpuER eEorey wlanderh
/208 and gate dielectric |ayer 206, as depicted in
activej rggipa 29%& fonmghepainbbidn pepnsionsid 2cinarsyialla erneating technique
dopant inpurity atons inplanted to formthe pair of
maytbemsekt enstadan h@itlaarecrobodomputsifitiee proswht otviewtidny theoannealing
channel region 214. Ina specific enbodi nent, the pair
techilqué eppRYLE astBSthd LRargs chiicrashany inhpgeltaBlon3®f the pair of tip
chargecarrier dopant inpurity atons with an energy in

exteﬁﬁsnsrmqs beéorfe &blsﬁt\dnonalg k8 ¥p&Hlatcd ifkBSBe ABniORHIRBYGetive
of 5El 4 atonms/cm 2 - 5 atons/cm2 to forma

regl i 591‘8& & ﬁrog%b g,fbdgrboh%}e EJ ! ﬁerﬂﬁll %ﬁ?eghﬁé q’%@g&fﬂegléng or

1 atonB cm e range o
ﬂasn%po l}ers In order to actlvate t he charge carrier
1&%65% § nmpurity atons inplanted active region 204 to

rmth air.of tip extensions tabl e
[003éﬁnea| i E\gg%lg%frﬂﬂteqﬁ%lamsm@era%tﬁ b%@e%ﬁiahww@h?dgﬂem

enbodi ment of the Present i nvention, the annealing
referriggrio Fiyee 2t dipkegtriconitgiial dayer @3 edogesitodrhyi aes eawé M@por

impurity atons of the pair of tip extensions 212 to
depdsgpomeosybatd sybnfonakl with theordsoralls efigitatloctrdds 208cmil ¢he top

| attice of active region 204 is selected fromthe
surfgic@f pctivansgioh 204, Dicltdide materahhgad 230gnmay Bsearm@ivee af amgof the

or flash annealing. [0034] A pair of gate isolation
mat&RECEESIsERYn bikRBialen LahBdpait Hf QREis6IRBO/ kFRBls, 118 from Figure
1B. Dielectric material layer 230 may be deposited to a thickness selected to determine
the final width of the pair of gate isolation spacers.
[0035] Referring to Figure 21, a pair of gate isolation spacers 218 may be formed
from dielectric material layer 230 by an anisotropic etch process. In one embodiment,
dielectric material layer 230 is dry etched by a remote plasma etch or a reactive ion etch
process. In another embodiment, dielectric material layer 230 is patterned to form the pair
of gate isolation spacers 218 by using a vertical dry or plasma etch process comprising
fluorocarbons of the general formula C,F,, where x and y are natural numbers. The pair of

gate isolation spacers 218 may sit above the top surface of active region 204 and may have
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referring to Figure 2H, a dielectric material |ayer

230 is deposited by a chem cal vapor deposition
we@sesssand i s conformal with the sidewal | s oPCHHSM07/078791

el ectrode 208 and the top surface of active region

204. Dielectric material |ayer 230 may be conprised of

a widihyat @fe thp SurfRic@f ladtive dbida 295 Sebstdhtialy 0§iaatd BB oveinl thikness
pair of gate isolation spacers 118 from Figure IB

of di?le%{r%%ét.bﬁalq%& hi@l 1 Qﬁésfdagg@wﬂﬁ){% Qﬁbg&iﬁ%ﬁ% $efle b{%séhth

hi ckness sel'ected to determne the final wdth of the
. S . . I .
vl B P Gl SRRl B FBR T P ORI BEP BT BLEP i
forned fromdie tric terial |ayer 230 b n
2125588t B A Th it sBBoficah i STt G poiafith spacers 218
dielectric material layer 230 js dry etched by a .
formsgrfgractit seahyithgats clretiqds 28k pnd iae tayhsusteehohrchive segion 204 to
anot her enbodi nent, dielectric material |ayer 230 is
encapaulptergatedlielocttio fayer A0.pai r of gate isol ati on spacers
218 by using a vertical dry or plasma etch process
[0036bnpr i siThg sfricarcaesartbed sn afsot¢ihorgerik Faturd 2F muy the@ukgsrgo
where x and y are natural nunbers. The pair of gate
typidas ptortisaieps pRE@hlclBe faphatibt o BOMMES-FRE, §1RA &S ufi frdglantdicp to
active region 204 and nay havea width at the top

fornBMpdiR6 L3R ccAfthin\t8ibRYINARL A s fonIR AR Iaali l YdfBHAlept O
t he ori gi nal thlc%ness of dielectric material |ayer

AltefBvel nstﬁ%%i%&%%?oﬂc%ﬂra%‘re%mg %e&ﬁ%t fofthed fﬁeacﬁg%%%% 204.

I'nventi on, r of gatelsolation spacers
resi above t he ir of tip e nsions ,212,. as_ .

et} Bt P e ufearty biBo BT RRa B i Gpgionpod and
ate isolation spacers. 218 forns a hernetic [, wi.th

are aglgfled BBk e SHccHRY tideais %ﬁﬂ%ﬁsa@lﬁegﬂ gHacsfz ol feoaving
region 204 to _encapsul ate gate dielectric |ayer 206,

protecyghiBE pIHONs pf thetrgi of o satenpens 217 thakue vadqragptintherpair of gate
Figure 2 1 may then undergo typical process steps to

isolationpharce 2 1i%e 1h onerambodinsht, gatweBcEBds potashomsayan216 protects
implant step to forma pair of source/drain regions in

gatcabicirade 2 EYdwing28d fandtian sf ¢telodddaitirgriomst 240. In accordance with an
Al ternatively, strain-inducing source/drain regions

embB@iyneReof B FRActAnRGtibY,&tdHRE1ANrotitths 2RO LY folMed fo% depth such
Figure 2J, a pair of etched-out regions 240 is forned

that 5dbsBalei?08 i§ £&tcQPoRd4n@Mihe range of 600 — 1100 Angstroms. In a specific
embodiment, portions of active region 204 are removed isotropically, leaving etched-out
regions 240 with curvature, as depicted in Figure 2J. In another embodiment, a wet etch
step utilizing aqueous solutions of NH4OH or tetramethylammonium hydroxide is used to
form etched-out regions 240. In one embodiment, these wet etchants are inhibited by high
density planes of active region 204, and the etched-out regions 240 thus assume a tapered

profile. For illustrative purposes, however, the curved etched-out regions 240 of Figure 2J

are shown in subsequent steps.
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are aligned wwth the outer surfaces of the pair of

gate isolation spacers 218, |eaving protected the
w@oBioamsl of the pair of tip extensions 212 t hBE€T/HE®07/078791

underneath the pair of gate isolation spacers 218. In

one enbodi nent, gate el ectrode protection |ayer 216

[0037y Ot ect & gﬁﬁ@uﬁih@ﬁg ls66k@e/dfedn FHSIdnBrih&Linf HI B DUt Pbrtion of a
et ched-out regions 240. In accordance with an

crys%m{%%' fﬁ'?d%d&étoﬁ Itﬁgteﬂﬁlerﬁgﬁﬁnﬂa%’a?ﬁﬁlhﬁgl’ st@ioers tfnel re%lon of

regions 240 are forned depth such that substra

the ci}?s?tal 1ﬁe Qe%lc SRR gna%} l I ﬂl tﬁl d a&gﬁalﬂle g%q icon: Poq material

n - a speci I'0NsS 0
active re n 204 e renD ed |sotr i call eavi ng
e drees u&@? aif o8 ﬁ%%é&awn P wftﬁ?@fama@g%apﬁ%%f‘d n
anot her. enbodi nent, a wet _etch step
ernbmhin}qné |tlix|’:‘glagk$9 sepstand of thejsgam- @Wn@p%pe/ drain regions 1s smaller than
t et ramet hyl ammoni um hydroxide is used to form
the laitich eenstant of thgicayssal Ruosenigpnguetor mstadiahast the stieisendusing
etchants are inhibited by high density pl anes of
soura@ tifaueregegb anp&04 tenamcluiivd alettaire-thel tryste jino ssmz40dd diors
assunme a tapered profile. For illustrative purposes,
matdaWyBMmele, thé BEsUméedmeioaiedoodbterigighpags 2 4D sd sthdi@ty e strain-
2J are shown in subsequent steps.[0037] A

induSinb&btrck ABHE kddGorR0 UM e/ Wi tRe a8 RBn i@ tH8d strBindAducing
et ched-out portion of a crystalline sem conductor

sour@&tecﬁﬂ %%%O%Kat'ﬂmaaﬁtet eH-%h?gétﬁbn kL S‘lé@tahfhe s@ﬁl&%ﬁﬁ'&ﬁ material

e crystalline sem cond materi a
18 smaﬁ% tl%anghe llg]l{t g%tcgﬁllsltalg{‘g Iepg %m C eﬂﬁ@ec te?rlglg?n uc%l;?a nba,tei;]ia}, the lattice-
Source/dr reg . I'n one enbodi nment e Iattlce
formipg atomgof He Su- @3}1&% SW&%@@H@%&%@E@M@ apatt £ depsile

is smaller than the lattice constant of the
straip} {ramaheiy permpd pesting satetaad hepecainfuge afgesilersérain on the crystalline

strain-inducing source/drain regions inpart a tensile
semgniductaimaenaliap they atthmptioyshaal [n mwtlse gimbodiernt.dhe lattice

material, while the crystalline sem conductor nateri al
congtanpaf the saraineindudigg sdurad/drainaegibes Btlagenthad teilaice constant of

source/drain regions. Thus, when the lattice constant

the @¥stallifd EdhiondM@tes ntGerRQUHAE ﬂ{eqvfraintinﬂ@@hgngbdr&a&rafm tebi®n@npart
et ched-out portion of a crystalline seni conductor

a coﬁ??e%gl’v@hma%aﬁm%ﬁ & tht RARtAIRR AiddnARtELMRARE wiile e

ystal 't ne sem conductor material, the latticeform ng

crystalline semiconductor material imparts a compressive strain to the strain-inducing
source/drain regions. Thus, when the lattice constant of a strain-inducing source/drain
region that fills an etched-out portion of a crystalline semiconductor material is larger than
the lattice constant of the crystalline semiconductor material, the lattice-forming atoms of
the strain-inducing source/drain region are pushed together (i.e. compressive strain) from
their normal resting state and hence induce a compressive strain on the crystalline

semiconductor material as they attempt to relax.
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atonms of the strain-inducing source/drain region are
pul | ed apart (i.e. tensile strain) fromtheir nornmal

WO e@Blosg8st at e and hence i nduce a tensile straPCI/Oos20T&78791
crystalline sem conductor material as they attenpt to
relax. In another embodinment, the lattice constant of

[003‘829 St I ghBrefdelUsfeftn SO Sk AKa b halr@F kO sc/ il REWMAE 220 is
than the lattice constant of the crystalline

form8Th ERAQUGHQEBRL €40, 2 ARG SMBuRE/IRIiR tdiSHC0n ised

© sour ce/ dr a]'ltln %122% ons | n@;rt a léon‘pr(als,g%giilkgeﬁéuni axa}yalTe comprise

St I Line. . D
of a%@?ﬂgﬂ#&ﬁsc@?%dqg ?1?3 "éllalubll? Srith G dﬁég{]gii‘ls%‘ﬁ%’e/ ﬁg?éélﬁlllpsalr%%fr%m

stalline sem con mat er |

. _conpressive strain to the.strain-induci source/drain
Figug B Additpaly. 0 ptherdaee Pl en Sabpgiaal af theprayerit invention, the
. Strain-inducing source/drain region that fills an .
pair gt pEer/ Fatn (5eieps o brvea omposision déerer i Higsentesition of the
material is larger than the lattice constant of the
semigpydciirimaieria efpeivitdogipn 20drandmpart a piexial strain to channel region
lattice-form ng atons of the strain-inducing
214.s'bhe p®t dff wiurcerdrginaegianse2usinebe fooged bgany technique suitable to
conpressive strain) fromtheir normal resting state
fornBaBighBnaeforMdUe Qow sGARRY RS& densityT @b Nednhihi® dislocations/cm”
crystalline sem conductor material as they attenpt to

at the h@oel PR airl S¥R6EF L dRain t&fi S 1209 cdyQtalti@UsRr 210 ot PaI T
of source/drain regions 220 is forned in €tched-out

. T .~ ' ; .
en A28 TPRER LS RLANALD, | IORSE Ber. 1
urce/,drain re s 120 from Fi,qure

ith i f. i .
anotfty'chylodfinB e Boir 8P KGR Eh LR eloR S 2 Sorich B et B i
th . t . ti ,. T hi i f /drajn. .
layer, e@eg{@ t%en a 35 3%'@@3%%&13?? %?#aai? fifé&gqune 1 %ﬁ%‘%@em@ the pair

conmposition of the sem conductor material of active _ .

of squaesl/ grainxggiogh d2Q iplgpesitgd biiakpeess silecigdnfremns thgriqp ponsisting of
regi on 214. The pair of source/drain regions 220 may

cherigalfapaeehitayy.anglctidahpdagquepivyy palabe-dbolifion ppitaxfi dibye
uniform (i.e. low surface defect density, e.g. less

embbiatent, 6vaichéraical ¢leansis canrizd aut infrecdatelfyger af thichiepestion of the
of source/drain regions 220) crystalline layer. In one

pair 8 RREEMBAIN, rebid8s P20. T InQf speeidic eRIbdARNdMt, RGWONEheRdEl] cleaning
conprises a uniformepitaxial layer. In another

procggg%% éggrg;nge% !r?lg élg@l'lcgl&@{l gﬁiﬁ’rg %.(ﬁ%gg YMidEF 9B RAAC acid,
ammonium fluoride or both. The pair of source/drain regions 220 may incorporate
charge-carrier dopant impurity atoms. In one embodiment, the pair of source/drain
regions 220 is a crystalline silicon/germanium region of the stoichiometry SixGe).x, where
0 <x <1, and the charge-carrier dopant impurity atoms are selected from the group
consisting of boron, arsenic, indium or phosphorus. In another embodiment, the pair of
source/drain regions 220 is comprised of a I1I-V material and the charge-carrier dopant
impurity atoms are selected from the group consisting of carbon, silicon, germanium,

oxygen, sulfur, selenium or tellurium. The charge-carrier dopant impurity atoms may be
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| ayer, wherein the grading process mnimzes surface
defects. In an enbodi nent, the pair of source/drain

WO 2B0s®8R20 i s deposited by a process sel ect eRCT/D82007/078791
t he group consisting of chem cal vapor epitaxy,
mol ecul ar - beam epi taxy or |aser-abolition epitaxy. In

incoftRated a6l tH¥BIAlr, ofBoWvet/d e Figtcls 200 @ffhe is8m6 @hdel A8 GhOfdkmation of
i medi ately prior to the dep05|t|on of the pair of

the p%%f%@ﬁl@%ﬂkd?n Eg@d&@o%@@ in biftu gaor%E’g bétiin-EADARLABN ktep

he wet chem cl eani ng process step conprises the
[0032@!0' e gﬁn‘th gtlrgértﬁu%{hﬁgcﬁ% g‘ﬁg?s%g& tﬁ]éno\'%ﬁ[ﬁfl: é&?ﬁﬁﬁa‘&%é&undergo
.S rée/dral reqions, 2
typl@;l: BF%gsscséqprs It% FO %ﬁpe forpa]gﬁ%{]% 9P %g/m %E:l‘nsulgh &sa silicidation step.
it of source/drain regions 220 s
Alte&t}amlal Wbﬁ%cl“§¥1‘1 tpélafhﬁog@ﬁ%%@ﬁ}m PEg PHPUEES/¢raRR regions 220, Process
stoichionetry SixCei_x, where 0 < x < 1, and the
stepg pranppsibleavith e repdegsaent gatpnrocesp sahansmay be saried pud r om
the group consisting of boron, arsenic, indiumor
accopdrmsp hathus. cnibodanoit béthcgmizooi iIIEﬂtti,ont dtteinpmlayemﬁelectric layer 250
source/drain regions 220 is conprised of a Ill-V
(e.g BT oAlsiliRbA didkeded afofte Cavdr ity paaiogfantirce Mpalh irdgiort X20B
are selected fromthe group consisting of carbon,

shal Riw-1r&RM is AR STRRLISAY 20K YBEFhir SthatdifsolaBSh GRICHINOR and gate
tellurium The charge-carrier dopant inpurity atons

elecﬁ[@d’e ﬂgie@g%ﬁgéﬁf ]ﬁjdand/% a{et%?ec%tié 2@% ?8’3’151&%(1 i ?fgpret 7hLe The

1'ons ) as t ornmat i on
2 :
1ntergay65 gltebecglc A 239?1?31 Igfgﬁo gogl:ﬁ (8%%5] anchglée %aﬁ % o({g p%gtectlon
Fj 2K
layel e ey Bl %ﬁw%%l'ggcl%%%é PPtsqu%?ePp‘ioéFgeaai/ e Slctrode 208, as

formati on of a MOS-FET, such as a silicidation ste
depipfed & Rigura/ayly In gw@amd:zmen& gate KlectadqpolcsHoayphal Gty as a

of source/drain regions 220, process steps conpatible
polishi-stop kyeepldzceatstth pratess mmbmest@hm toregmdye et dl¢atahde

out. In accordance with an enbodi nent of the present
protéativaniyicof] 6 anordat eyl e teh alréact of gatt aleetro®5IE(e. g. a

| ayer of silicon dioxide) is fornmed over the pair of

[0049pur Cce/ Qreﬁérﬁn% ROFigNE 222 QateH@lo@¥20g #AG be ir&RGRII 08 replaced
regi ons 224 he pair of gate isolation spacers 218

w1thaéﬁdaltgﬁﬁﬁvg ga@tg %fe@ggdd)f @) 85 tab QRARY %Jlth%%n%b%rﬁént QR present

[ 'ectrod , as depicted In Figure 2

invention, alternative gate electrode 260 is comprised of any material described in
association with conductive region 108 from Figures 1A-B. Additionally, subsequent to
the removal of gate electrode 208 and prior to the replacement with alternative gate
electrode 260, an additional dielectric layer 270 may be added to gate dielectric layer 206.
In accordance with an embodiment of the present invention, additional dielectric layer 270
may be comprised of any material discussed in association with upper layer 106B from

Figure 1B. The additional diclectric layer 260 may be formed by an atomic layer or
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interlayer dielectric |ayer 250 may then be polished
back and the gate el ectrode protection |ayer 216
WO 200898@81vi t h a chem cal - mechani cal polish stepCT/uS2007/078791
reveal gate electrode 208, as depicted in Figure 2M
In one enbodi nent, gate el ectrode protection |ayer 216

cherfiGhISvapsr depesitibs br&%mnhaﬂa@nh%fbra alB or@t 6MthRIiA® Sallk Sf the
subsequently used to renove gate el ectrode protection

pair lof“g@cé isdtfioh RpAeAer st 9 ﬂég) Y&& inthgud @Ry surface of gate
ctrode 205 [ 0040] Referring to Figure 2N, gate

[004% ectr o%u@??fe B FidS ,e lﬂgr I{/I%@ REF% hﬁ active
# e cé 8%/ I M% m??ﬁ an

ternativeé ga n accor

. nment t he inven tiv faLe
rexigl o A gRET3Rge aS HETTG by onhy kel T PRbeL NICRERET may
in association with conductive region, 108 fron1F|gures
be ap N-fpe gy PriyBheantigondigies deviening laax he ncarpouaied o ghtngegrated
el ectrode 208 and prior to the replacenent with
circyt beeqnaentienagprosessingstapscis kneon iatheaddi As wihbe appreciated in the
dielectric layer 270 may be added to gate dielectric
typidahyraegrai@6 cirbuit, dothoN dank-chartnk] @umsesndye diagdatfatofcataden a single
present invention, additional dielectric |layer 270 nmay
subsb@teGR Rpitasgda@ tafymeCRIORUntdbirsedisis@dt. i N associ ation
with upper layer 106B from Figure IB. The additional

[0043} €l ect g plARYRNnRABoARYndR Bindi R T8 theFYrRH AT P fnat BUS-FETs
or cheni cal vapor deposi ti on process and may herefore

comfli3s LT R 0GP AL ks BIRLR AORS, £b. S, covie
t o, Fi

In - FET
R L R ﬁﬁtegexg%iwrﬁesef“’? g e above
Witi it AR T A

be incorporated into an integrated circuit by
3A-E disERc oS CHRBBL YIS VRGPS eEpRNg s fRimben iof attmnga@rMOSﬁEET
will be appreciated in the typical integrated circuit,
havibguaétivd-reginds With liampetibl¢ dehsirstloygs.may be fabricated in
a single substrate or epitaxial |layer to forma CMOS
[0043Dt egr aRecring wulFikure[30042] follhéatiphes aningldwdsirate ridgste MOS-
not limted to the formati on of planar MOS-FETs

FETCYOURS Fsvinkd. A6t NEMEIFRMS004id sboremiedbF Rkife@aingensional substrate
dielectric layers. For exanple, devices

302. Three-dimensional substrate 302 may be formed from any material described in

A
I

association with substrate 102 from Figures 1A-B. A gate dielectric layer 306 is formed
around three-dimensional substrate 302. Gate dielectric layer 306 may be formed from
any material described in association with dielectric layer 106, lower layer 106A and
upper layer 106B from Figures 1A-B. A gate electrode 308 is formed above gate
dielectric layer 306. Gate electrode 308 may be formed from any material described in
association with conductive region 108 from Figures 1A-B. Gate dielectric layer 306 and

gate electrode 308 may be protected by a pair of gate isolation spacers 318.
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with a three-di nensional architecture, such as

tri-gate devices, may benefit fromthe above process.
WO\008/03@8enpl ary enbodi nent i n accordance w t hP€TES2007/078791

present invention, Figures 3A-Cillustrate

cross-sectional views representing the formation of a

[0044] | - gat ReMaSndToTFibai IR agoktions of GGtQBmMsioRalGABRAkd Bdemay
dielectric layers. [0043] Referring to Figure 3A, the

be ré&&%ﬁ% T&Hl 2dnch 3§8 ngké?lcﬁ l3§§ 'ﬁ{a tb% fBlrn'leo?%; %ﬁiﬂe%gcnbed in

Is formed. Tri-gate MOS- O IS co
asso&*dg(%f p'!ﬁg%ﬁl%gf’i‘én @HP%%@ ?%g ﬁﬁ%%gﬂy bl %d'?ﬁ‘sk%fé%hng to

. bed,.in associ ation mn subst e 10
Figu 3 Tt g SR Bl oD iclors %?eﬁmefygn ERGHEAR8 and on
around three-di nensi onal substrate 302. Gate
the ramémétaﬁ partion gl breesgmersgnal subsyiatretd2s rldws We‘#ﬁ@ & fogm a tri-
descri bed in association with dielectric |ayer 106,
gate NSQSTFE Bgesricel@smrising angstive fegjsy Wit Bompahlezefadenicctric layer
| A-B. A gate electrode 308 is forned above gate
has loticeldesdribed. Thy e1-g80 610K mhp bt medepod08d mexy atbmtdgpatoed dircuit
fromany material described in association with
by cORNMtI6Hd] \peode@dhOsteds08s kiown mnithees | A-B. Gate
dielectric layer 306 and gate el ectrode 308 may be

[004@1Ot ect ey etRéd fo Bfm g%&ﬁldoﬁ%c’%ﬂ SRicRP&FERN an actlve region and
8.[0044] 'Referring to Figure 3B, a portions of

0 \Y
o cofh; HlTERER02 e YB3t @‘19519%5 SR iR F S@fh%?%ﬁ%%
soci ation ormation o
a3 BT RO A oot P RS sPEr Blyels” SRl
t hree-di nensj onal active re n 304 i s fornmed
whegi @ 8¢q0pé (3pd; %n%ppélﬂeﬂaléfz%ffs%agéﬁmtqﬁ)@dv%%ﬁﬁtﬁﬂ@ ipEreedn
of three-dinmensional substrate 302. Thus, a nethod to
betwiegh feadieleetyadaycvms! hefirgdevmicendusigiimatny. 4napethenaambodiment,
region with a conpatible gate dielectric |ayer has
a poimarpfdesecobstmiferalutior npéiral WoSpIEET witly a Herd semiconductor
incorporated into an integrated circuit by
mataahirestdeowndamnppit agRscl steqhis tefhs latdse knewie bfithe Becoadt .
[0045] Thus, a nmethod to forma sem conduct or
semebhdltdteatwidlh an active region and a conpatible
di el ectric layer has been disclosed. In one
enbodi nent, a sem conduct or
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structure has a dielectric layer conprised of an oxide
of a first sem conductor material, wherein a second
w@ 200d/0awsposi tional Iy different) sem conduct or PEIEUS200A78791
is formed between the dielectric layer and the first
sem conductor material. In another enbodi nent, a
CLASi on of the second sem conductor material is
replaced with a third sem conductor material in order
tOWIRH dafiigaxi @l strain to the lattice structure of
t he second sem conductor material.CLAI M5 What is
clainmed is: 1. A sem conductor structure conprising: a
substrate conprised of a first sem conductor naterial;
| A2n acth%g rgﬁfon above .said substrate, wherein said
- AZEPIBIVAY] ICiUEe EUBI %ed of a second seni conduct or
material, and wherein the conposition of said second
5 SR EYR oRPBIchAtpditaemicondpstpemaistiak r om t hat of said
first sem conductor material; and a dielectric |ayer
i actiwe regiambibpwe saiil qulstiatoy whewsyl sid aciive redion isadoghprised of a
dielectric layer is conprised of a |ayer of oxide of
sasetohi sehicerddcommoict Oy amtat learéia lthadongetsityonald owid ssa@ind
active region. 2. The sem conductor structure of claim
1 wheicehducsainghtéridl $4 disRrone oG AT shidtfBst sehidohductor material;
conprised of silicon, and wherein said | ayer of oxide
i Sap€l ected fromthe group consisting of a |ayer of
silicon dioxide or silicon oxy-nitride. 3. The
10 aS&EIeEﬁ’f&qé{e& ‘a{re&;{ VLS bt I%éf&l,zwmgﬁleslaﬂi diBECAL UYef is
concentration of’ silrcon atons~in sard first
sen conductor, naterial is.greater.than 97%. 4. The
sentBIATa Ly plerdr of SidBRshieonior g dugiyapove
sem.conductor material is conprised of a materia
sePHEAEHFERt he group consisting of galliumnitride,
gal | i um

2. The semiconductor structure of claim 1 wherein said first semiconductor material is
15  comprised of silicon, and wherein said layer of oxide is selected from the group consisting

of a layer of silicon dioxide or silicon oxy-nitride.

3. The semiconductor structure of claim 2 wherein the atomic concentration of silicon
atoms in said first semiconductor material is greater than 97%.

20

4. The semiconductor structure of claim 1 wherein said second semiconductor material is
comprised of a material selected from the group consisting of gallium nitride, gallium
phosphide, gallium arsenide, indium phosphide, indium antimonide, indium gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, germanium or

25  silicon/germanium with an atomic concentration of germanium atoms greater than 5%.
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phosphi de, gallium arsenide, indium phosphide, indium
anti noni de, indiumagalliumarsenide, alum numgallium

W@ e@®sns@el i ndi um gal | i um phosphi de, ger mani unPGFr/US2007/078791
silicon/germaniumw th an atom c concentrati on of
germani um atons greater than 5% 5. The sem conduct or
structure of claim4 wherein said first sem conductor
material is conprised of silicon, and wherein said

5. Th@é’e%ﬁc&fdu%k gt‘?udtt?re F Icféﬁh @rq)vﬁerrélmsElla%r&rsgﬂﬁ’coﬁeﬁcctblsﬁlhﬂaﬂal is

a layer of ['i con dioxide or silicon oxy-nitrid
ol 0 EOBBESF AN AL AT
ele tric rial above S | ayer of oxide of sald

of a iy B S efieh BRiBE vt f’fld%7 The sem conduct or
structure of claim®6, wherein said first sem conductor

5 material is conprised of silicon, wherein said |ayer

of oxide is selected fromthe group consisting of a

6. Theageaticastdugtor ptewsturdiopglaire lovhaseinisgidriiclegpripiayet %léthe@mnprlses a
wherein said high-K dielectric material is selected

layef ofomhigh& dretrapiccroarstisitabnge ofid haknoflomidexofdeid fivaf seimiconductor
silicate, |anthanum oxi de, zirconium oxide, zirconium

mat&lal.i cate, tantal um oxide, bariumstrontiumtitanate,
bariumtitanate, strontiumtitanate, yttrium oxide,
al um num oxi de, |ead scandi um tantal um oxi de, |ead
zinc niobate or a conbination thereof. 8. A

10 7. Tﬁf@nﬁ?&ﬂi‘d‘éﬁo&’ Grf&)e &‘? cHTR! L AL ﬁa?d ﬁfép&trﬁl@&?du%m{a'te?ﬁ@ is

I rst sem conductor materi a an active reg
above id substrat wher.ei.n sai dyvere ion |s
Come%%?grqf‘éiﬁogf RS ST Ei e el R R b e isting of
re|n he .co sition .of, sa econd. sem
1ayehaf ey diPa gy RBsen B Pfyfj whSreQaRis Py AR R materia
sem conduct or naterial; S%%ate dielectric |la er
is selficked drany thersoen eqnstting of hanaypedc, hafdwmisiicats: nghanem oxide,
~dielectric layer is conprised of a_Iayer of oxide of
zircgraund okidesrireaming sihidatet tantalwat exidabadimestriohirum thivanates himum
active region;a gate el ectrode above said gate
15 titandicebtemitininctith@ate ryttrium oxide, aluminum oxide, lead scandium tantalum oxide,

lead zinc niobate or a combination thereof.

8. A semiconductor device comprising:
a substrate comprised of a first semiconductor material;

20 an active region above said substrate, wherein said active region is comprised of a
second semiconductor material, and wherein the composition of said second
semiconductor material is different from that of said first semiconductor material;

a gate dielectric layer directly above said active region, wherein said gate dielectric
layer is comprised of a layer of oxide of said first semiconductor material directly

25 above said active region;
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a pair of tip extensions on either side of said gate
el ectrode and in said active region; a pair of gate
W0 2@BAsGBN spacers adj acent to the sidewal |l s oPCHEBINO7/078791
gate el ectrode and above said pair of tip extensions;
and a pair of source/drain regions on either side of

S@dtél cle@rddebodalLd bseldaliécdic Rpacers and in said active
region. 9. The sem conductor device of claim8 wherein

asﬁ‘alndoff t r‘? é&er%?dﬂs CRRAHG! Qe ﬁtaﬁirga@é elbcctrcﬁi@ RY h@?ﬁd Qétlve Cljreglon

[ico wherein said | ayer of oxide Is select

%]il;aqug%?e 1%5191{’1? g&ﬁgﬂgx yja@g}t% ‘81% %ﬁaﬁlsrﬁf sa?él %‘%ng g% tro?e and
devj ce of, cl.aim9 erein the atom c concentration of
si I#’%%’r?%@t%ogpﬂ’ ?‘ghnﬁIQPF°ra§fi sem conduct or mater | aI is
greater than 97%. 11. The sem conductor device
EPHUF o BUIRSET N fegignsPrsebishade ahsaedpritiet it wa{aélpn apacpis and in
conprised of a material selected fromthe group
cofsf getivegesiongal | i um nitride, gallium phosphi de,
gal Il i um ar seni de, i ndi um phosphi de, i ndi um anti noni de,
i ndium gal |'i um arseni de, al um num gal | i um arseni de,
i ndi um gal | i um phosphi de, ger mani um or
9. Thd $dnticst{dgetordeVitdMdldih @Whateaniatd A0 canibo@iuc@? ntferial is
germani um atons greater than 5% 12. The sem conduct or

comPBWAGE sfcok] AW HeleiMRSHSyer 8ROHAE s BlecRBMMPIRULEE consisting
material is conprised of “silicon, and wherein sai

ofag?%i&s‘ﬁ%o@%?ﬁy L §r SELSH d&)@/dmdﬂf%m the group consisting

ayer o |con e or silicon
oxy-nitride.13. The sem conductor device of claim8
wherei n said gate dielectric | ayer further conprises a

tﬁ er .of a hi Igig C heriaL above said q.er
10. B ss@yiepndygtot ?Vdicef‘? restt EEdie PO G R FILFon O] St
sem conduct or devi ce of cIa|n113 wherein said first
atompisgig Adsi e BicoRdueey mpterial ig 6@@&1@@ %e-si i con,
wherein said | ayer of oxide is sel ected fron1the group
consisting of a layer of silicon dioxide or silicon
oxy-nitride, and wherein said high-K dielectric
11. Tiet eerii@nductor device of claim 8 wherein said second semiconductor material is

comprised of a material selected from the group consisting of gallium nitride, gallium
phosphide, gallium arsenide, indium phosphide, indium antimonide, indium gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, germanium or

silicon/germanium with an atomic concentration of germanium atoms greater than 5%.
12. The semiconductor device of claim 11 wherein said first semiconductor material is

comprised of silicon, and wherein said layer of oxide is selected from the group consisting

of a layer of silicon dioxide or silicon oxy-nitride.
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is selected fromthe group consisting of hafnium
oxide, hafniumsilicate, |anthanum oxi de, zirconium
wW®@200803668i r coni um silicate, tantal um oxi de, baP¢T/HB2007/078791
strontiumtitanate, bariumtitanate, strontium
titanate, yttrium oxide, alum num oxide, |ead scandi um
13. T ¥ealittRdaxtb Bl @svid et @ whtrehadagl &ite Qicloffldl IBgdrif@ither
t hereof. 15. The sem conductor device of claim8
comp 58115 S AFd hRALK (9l SQURGRLET AloRe rsﬁgg%fﬁ] of §xi8® tH}ﬁ;[éa!ic'P ekt

a third sem conductor material, an erein

[ t] .of said third sem conductor material is
Smn%?ﬂﬁg%gn & %%h1that of said second sem conduct or
material. 16. A sem conductor device conprising: a
substrate conprised of a first sem conductor nmateri al
an active region above said substrate, wherein said . .
14. Tha sepdcandyrtandsvdcecsipimslde WHETeH s¢ HR sapispraistny cpaderial is
material, and wherein the conposition of said second
compasaded stiger.orhareinepiddiyar of akitle &y sekrctodrfenm theagrow capgisting of a
first sem conductor nmaterial; a gate dielectric |ayer
laycnbiskcomaliakide br siBcanegiyemiride, gat ehetkmoirdddgh-dbdiekecsmimgaterial
gate dielectric layer; a pair of tip extensions on
is se®ictddeffors tideprofp saisBtigabehahret 6dde handumRilaicdlaatiahya oxide,
region;a pair of gate isolation spacers adjacent to

zircdrign Sk HRWAkdoBiRh sifightd @RhRINESA8E, HAHEMARSnARAVRard®, Harium
pair of tip extensions; and a pair of source/drain

titanh @Y ét%ﬁluﬁﬂggﬁl%&xﬁrﬁh{j&ﬂé \ aﬁﬂliliquﬁ%.xﬁdeo fead §Ea§1dit§19 lta%d.lﬁﬂ oxide,

Spacers an actirve region, wherei n said pair

of source/drain.regions is conprised of a third
kmdf%ﬁf%@%%%%ﬁ%?”ﬁ%?%&?& ore ﬁd wherei n the conposition of

said third sem conductor naterial is different from
that of said second sem conductor material. 17. The
sem conduct or device of claim 16 wherein the atomc
15. Esneaneandptendoficeseficlams wheysih sail reag of sopyegtdrain regions is
sem conductor material is greater than 97% 18. The
compuasrdadadhicd ssmidendustor ofateriadi amd Whendie thei conywisitiion @f eaid third
sem conductor material is
semiconductor material is different from that of said second semiconductor material.

16. A semiconductor device comprising;:
a substrate comprised of a first semiconductor material;
an active region above said substrate, wherein said active region is comprised of a
second semiconductor material, and wherein the composition of said second
semiconductor material is different from that of said first semiconductor material;
a gate dielectric layer above said active region;
a gate electrode above said gate dielectric layer;

a pair of tip extensions on either side of said gate electrode and in said active region;
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conprised of a material selected fromthe group

consisting of galliumnitride, gallium phosphide,
w@a008l0ss8ar seni de, i ndi um phosphi de, i ndi um ankCTO8100E)78791

i ndi um gal I i um arseni de, al um num gal | i um ar seni de,

i ndi um gal | i um phosphi de, germani um or

Shdit SOHOROITBEH HAc¥stalljadsht 3b B stdeHANS BNEdi@LateBleefrode and

germani um atons greater than 5% 19. The sem conduct or

deyh & Qfd fiddfApléeniiaieing said gate dielectric |ayer
is conprised of a material selected fromthe group
o et silico Lo i i o ‘
FEREb MBS Bin TR HEGpE k9 bAPRE RN 18lelgh Scers and
zircgnium oxide,. zirconjumsilicate, tantal.um oxide, .
baF‘i‘la ﬁ?%YerTS%‘PPuM?YFPaSHQ Rt %tJaSPPIEEﬁ'{dE P Lrrqr, 1S %‘B%?ﬁeﬁl?r%a third
titanate ttrium oxide, alum num oxjde, |ead scandi um
t aftTRICORYUSIaT e tenad el d A eECI R eanepasiion of swidithisd segpiconductor
thereof. 20. A nmethod of making a sem conductor
st maarig & ddensnt somghatodpar nepoad sepppductorguaipiialsi ng a
first sem conductor material;formng a dielectric
| ayer above said substrate, wherein said dielectric
| ayer conprises a |layer of oxide of said first
17. Bleseancuhidator devadeastl ctdimdi6rwhdrbiys tabardmhiseondemttiphlofkiicon
renmoving a portion of said substrate to forma trench
atonRGhWEIaTirSiak i dn8h &6t hberihBY gfcafR thahlvgog.emai ni ng
portion of said substrate; and form ng an active
region in said trench, wherein said active region
conprises a second sem conductor material, wherein the
em conduct or nmat er

onposi ti.on of sai ec ] rial 1s ...
18. R b i TRt Bt o SR R or fterial i
material, an erei.n said active region is forned .
comiyedq ﬁmﬁsﬁé%ﬁgiﬁanaﬁ%s Rl GoBSs ! e Rride, gellium
remai ni ng portion of said substrate. 21. The method of
phosphigdengabunyseseaids. ndivm plepsphides indispeantimagideaipgdium gallium
conprises heating said substrate in the presence of an
arscide,cilerhmgmegplum arsenide andiegi gadldur phesphetss gagmagaingor
| ayer of oxide is formed.
silicon/germanium with an atomic concentration of germanium atoms greater than 5%.

19. The semiconductor device of claim 16, wherein said gate dielectric layer is comprised
of a material selected from the group consisting of silicon dioxide, silicon oxy-nitride,
hafnium oxide, hafnium silicate, lanthanum oxide, zirconium oxide, zirconium silicate,
tantalum oxide, barium strontium titanate, barium titanate, strontium titanate, yttrium
oxide, aluminum oxide, lead scandium tantalum oxide, lead zinc niobate or a combination

thereof.

20. A method of making a semiconductor structure comprising:

forming a substrate comprising a first semiconductor material;
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22. The nethod of claim2 1 wherein said substrate is
conprised of silicon, wherein said |layer of oxide is

W@ 200805@81 f rom t he group consi sting of a | ayerP@f/US2007/078791
silicon dioxide or silicon oxy-nitride, wherein
heating said substrate is carried out at a tenperature

fofninBQ digB&eic MlycbMbve sBRQUBREHE Sheksh Sdidl FidlQ@Eridlayer comprises
duration in the range of 1 mnute - 1 hour, and

whe rleﬁ’ef' oB&tibe Bﬁéﬁ% ﬁ{%ft s GSidchor fr@d&m dir@ctgl atbla’v@ 5&[1@ §§ostrate

in the range of 5 - 15 Angstrons. . The neth

r‘séhl%bfﬁ}g?a@orﬂéﬂ Sihs%{d d&%&?{té ? fbgm 3 é?l%ﬁ %Qﬁgkteﬁ.tsé’l fd%lggthéglayer and

ayer

dielectric mat ove ald Iayer of OXIde wher ei n
sai tf HMGHH e 1&9‘@%8{?31“52 %ﬁ‘fr%tﬁ 44 i's selected fromthe

jq%roup consi sting .of haf ni um oxide, hafniumsilicate,
amnﬁéﬁ@ﬁﬁlwea@n ip jSpig Srsneimvdier e Said RFEScRion SPMPEagSe, second

tantal um oxi de, bariumstrontiuntitanate, barium

t i semispeductarmorienialnvhereiariae eompyasitianphsaidi sseondzsemigondngtor
oxi de, | ead scandi um tantal um oxi de, |ead zinc niobate

or natawuhis diffticonfromn ehe of sai@4irst Fomicordindel rodtecdlaamd wherein

wherein formng said dielectric |ayer conprises

f ok4it Agtivd idgi@dA iAdemee ditdtBrocthesiald dialctidiy edycdbindibgh- K

dielectric material above a | ayer of native silicon

di eethdlBing WORISRI IF s8idistlbditeh- K diel ectric material is
selected romthe group consisting of hafnium oxide,
hafnium silicate, | anthanum oxi de, zirconi um oxi de,
zirconiumsilicate, tantal um oxide, bariun1strontium

|tan t ari itan St un1t|tanate tr
21. 'I" t% %Pf %‘llalﬁlll,l XFIE%H n%%n& Al P @ afle ﬁ%c l%yhetr g?rnpﬁﬁ%e%th %tlng Maid
ni obat e or..a. conbi nat.i th reog
Subs\‘m@rlai REaTeoT Sk ORI iR WHil f Avireditinkisd Rbgidlayer of
_thickness in the range of 3 - 10 Angstroms. 25. The
oxidggt #958°bf cl ai m 20 wherein said first seniconductor
material is conprised of silicon with an atomc
concentration of silicon atons greater than 97% and
wherein said | ayer of oxide is selected fromthe group
22. Tlanacthbd nficlaim 21 héayein ofid sitlsiratoris cinoprisdé obsilisod, mderein said
oxy-nitride.

layer of oxide is selected from the group consisting of a layer of silicon dioxide or silicon
oxy-nitride, wherein heating said substrate is carried out at a temperature in the range of

600 — 800 degrees Celsius for a duration in the range of 1 minute — 1 hour, and wherein

said layer of oxide is formed to a thickness in the range of 5 — 15 Angstroms.

23. The method of claim 22, further comprising:
subsequent to forming said layer of oxide, forming a layer of high-K dielectric
material above said layer of oxide, wherein said high-K dielectric material is
selected from the group consisting of hafnium oxide, hafnium silicate, lanthanum
oxide, zirconium oxide, zirconium silicate, tantalum oxide, barium strontium
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26. The nethod of claim20 wherein said second
sem conductor material is conprised of a materi al
we 2008088l f r om t he group consi sting of gall i unPeii/Us1008078791
gal I i um phosphi de, gallium arseni de, indium phosphi de,
i ndi um anti noni de, indiumgallium arsenide, alum num

gakitdnbi® Barfi@Rtid@ate] fHEbnkTnGahd dtdl pASHhdd alunt iR idéMead
or S|I|con/gernan|un1MAth an atom c concentration of

geLRR M ALATR 0@Hde alte% zihP ﬁ[bb@%’or%%ﬁf%‘tﬂatl%ﬁ‘ kigbrddfr st
sem conductor material 1s conprised ['1con, and
wherein said | ayer of oxide selected frontthe gr oup
consisting of is a Iayer of silicon dioxide or silicon

XY-nitri 27.,The method of mhereln said. .
2. indhbd pEGaY 20 Miihtornonspid U POIBPH%?S??I&H% in an
dielectric material above said.|ayer, of oxide of sajid
ALR roagtionsdpibsh dugyes of fghdr idiglectrigmaterial dhove a devst oenadivimsilicon
27 wherein said first sem conductor material is
dioxgdgnphprsausast hightl distectrighapterial is a¢lectedirem the gioxp gengiging of
sel ected fromthe group consisting of a layer of
hafngirh bgidn, [Wifinxmcelicate, &nthanom @xge, irtonige oxaledzivdoaren silicate,
said high-K dielectric material is selected fromthe
tantiiQ Wi dO B btAchtivin fiahae Uarox tanattakiohtinm $itddacat frium
| ant hanum oxi de, zirconium oxide, zirconiumsilicate,

oxidk 2Nudliim S8 eeaddRihdin At A0k dXFAd, 1da@NRHcEhioRA biombination
t|tanate strontiumtitanate, yttrluntoX|de al um num

ther&?f i 291% W étﬁ S fc\le}%%lr Hﬁhat%tsﬂ?gmdg&l&jee%as &e[ﬁ?kﬁés n ﬂl'e(?%eeof 3-

|nat|o her eof ing a
ntconductor devi ce conprising: formng a substrate
lopggﬁﬂ?lglng a first sem conductor material; formng a
gate dielectric | ayer above said substrate wherein
said gate dielectric |layer conprises a |ayer of oxide
said first sem conductor material directly above
25. Elzaﬁ getbah ef ¢lame 20 phereithpich g samisprauckas deateiid vecogariged of
gate dielectric layer; and, subsequent to form ng said
silicgmwethehatamig gencengnari tm@llacq@mt@m@gre@tfer thaih @7%ubed whtrsin said
to forma trench between said gate dielectric |ayer
layer of oxide is selected from the group consisting of a layer of silicon dioxide or silicon

oxy-nitride.

26. The method of claim 20 wherein said second semiconductor material is comprised of a
material selected from the group consisting of gallium nitride, gallium phosphide, gallium
arsenide, indium phosphide, indium antimonide, indium gallium arsenide, aluminum
gallium arsenide, indium gallium phosphide, germanium or silicon/germanium with an
atomic concentration of germanium atoms greater than 5%, wherein said first
semiconductor material is comprised of silicon, and wherein said layer of oxide selected

from the group consisting of is a layer of silicon dioxide or silicon oxy-nitride.
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and the remai ning portion of said substrate; formng
an active region in said trench, wherein said active

WO 2@BOBr68DNPri ses a second seni conduct or mat er PEI/PS2007/078791
wherein the conposition of said second sem conduct or
material is different fromthat of said first

27. BiRSth &R0 UEEIQTm DB @B 52i@BIdIORRY 18)dt fo@h cBRpHYE o 18T a
is formed directly between said dielectric [ayer and

hight R @id1 &8¢ RiafBiaPAIOE 94t d My s BF Gkigds BELd Afift QhiRb R R¥itdrial.
of tip extensions on either side of sald gate
el ectrode and in said active region; formng a pair of
gate isolation spacers adjacent to the sidewalls of
aid gate_.el ectrode and.above said ir of . ti :
2. B BrBPL AL R PoFhg LS S Bt gialiborngiopner
..on either side of said pair of gate isolatjon spacers
silicgmgvherein spig layet plexidelisslecteddronTiis sipymeusisting pig eyt
~_wherein formng said gate dielectric |ayer conprises
silicore dioixivlg o5 siligos abwnitede ang whisecinp paid bipheK dicleptriomiatgiial g
agent until a desired thickness of said | ayer of oxide
seledted fromrnbel gradip.cofhgingaetifthathiwh ogldei mafBmwhbeae, darglandm oxide,
substrate is conprised of silicon, wherein said | ayer
zircéfiu@xix e, zigcontine siliesle f taamuhnexige, bafuendhsim fgamate, arium
| ayer of silicon dioxide or silicon oxy-nitride,

titanMe§teIntiuieRbANE ERiuth SHOS taliBhiBuinoxERY, [dagdedtur@tanfilum oxide,
tenperature in the range of 600 - 800 degrees Cel sius

lead crﬁo&%éﬁ%&{%iﬁaﬁdﬂeﬁh&%‘ﬂe of 1 mnute - 1 hour, and

erein sai ayer of oxide is fornmed to a thickness
in the range of 5 - 15 Angstrons. 32. The net hod of
claim 31, further conprising: subsequent to form ng

aid | r of oxide, formng a |ayer. of high-K
29. §stund i taican €rrponbie ESeaorRYGIngt oxi'de, wherei n

said high-K dielectric naterial is selected fromthe

fgrraing acohsirade porppiafindhafifit semisRpdistormagterialm si | i cat e,

| ant hanum

forming a gate dielectric layer above said substrate, wherein said gate dielectric layer
comprises a layer of oxide of said first semiconductor material directly above said
substrate;

forming a gate electrode above said gate dielectric layer; and, subsequent to forming
said gate electrode,

removing a portion of said substrate to form a trench between said gate dielectric layer
and the remaining portion of said substrate;

forming an active region in said trench, wherein said active region comprises a second
semiconductor material, wherein the composition of said second semiconductor
material is different from that of said first semiconductor material, and wherein

said active region is formed directly between said dielectric layer and the

remaining portion of said substrate;
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oxi de, zirconium oxide, zirconiumsilicate, tantal um
oxide, bariumstrontiumtitanate, bariumtitanate,
wa@sMsGe8mM titanate, yttrium oxide, al um num oRCTES2007/078791
| ead scandi um tantal um oxi de, |ead zinc niobate or a
conmbi nation thereof.33. The nmethod of claim29 wherein
foethiflgRpasidd fdiptix@dneoht bf cltidf &TdePRMIM iR Sel Ec@iodt B inl AidPdttive
ALD reaction chanber, a layer of high-K dielectric
matghial above a Iayer of native silicon dioxide,
mhereln said high-K dielectric material is selected
S
I[—rﬁﬁ[ﬂga %%1%%ﬁlgﬁ%¥n %Paggs g@a?e%{t)ﬁ %ﬁgsgiél)vgﬁs oihs%id’]%al‘eg]electrode
sili nt al n1OX|de bari,um strontiumtitanate,
baﬁvﬁﬁl?qv’etsgﬁaago SRSl @ anate, yttrium oxi de,
alun1nun1OX|de | ead scandlun1tantalun1OX|de | ead
TP BRI SOBCe/Arap Fgi Rt onSH P hadeesaidpir Qltasfeisplation
said layer of native silicon dioxide has a thickness
i nspasersraaddesad agive r¢@omngstrons. 34. The net hod of
claim29 wherein formng said pair of source/drain
regi ons conprises renoving a portion of said active
region to forma pair of trenches in said active
30. Tieghethodoflclhian DY RGicteid RirfthgS@d goandisticatc 18Rdrebmplisdsrheating
said pair of trenches, and wherein the conposition of
said SAbsatcth ek ﬁ%ﬁ@n@@ Bﬁé{%ﬁﬂlz[@ta%%hﬁlntﬂl 8 dgélfefdeiﬁi%ﬁﬁesg bP8Rid layer
that of said second sem conductor material. 35. The
of oL hogl- ffy cl aim 29, further conprising: subsequent to
orn1ng sald palr of source/drain regions, formng an

31. '1" neL r}el%tg?cg¥ flﬁln} gg ::g{elng: %aﬁ(g%u%rstr Iggsv goﬁfﬁs%%i p?giiigoorg wherein said
splation s rs and above said e electro
1ayebef g Rgelekicd from BF grwépnaﬁ%qge@gﬁﬁxeﬁ afilicoR groisidsgeilicon
the top surface of said gate el ectrode; renoving said
oxy-gHtide.ayheeein heringcaisk wbsterdc 1 qapriadcit B (wsrasyr dn hgirange of
of gate isolation spacers; and
600 — 800 degrees Celsius for a duration in the range of 1 minute — 1 hour, and wherein

said layer of oxide is formed to a thickness in the range of 5 — 15 Angstroms.

32. The method of claim 31, further comprising:
subsequent to forming said layer of oxide, forming a layer of high-K dielectric
material above said layer of oxide, wherein said high-K dielectric material is
selected from the group consisting of hafnium oxide, hafnium silicate, lanthanum
oxide, zirconium oxide, zirconium silicate, tantalum oxide, barium strontium
titanate, barium titanate, strontium titanate, yttrium oxide, aluminum oxide, lead

scandium tantalum oxide, lead zinc niobate or a combination therecof.
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formng a netal layer in said trench to forma neta
gate el ectrode. 36. The nethod of claim 35, further
W@ 9pi3@®Bhg: subsequent to renovi ng sai d gate BCBUS2000¢78791
and prior to formng said netal gate el ectrode,
formng a |layer of a high-K dielectric materi al

33. Thd 186thby¥ 0 AEIOMNE2S AiheregiRforme glaRTdiklcEtrica¥RE codpriscsMerming, in an
nmet hod of claim 29, further conprising: prior to

ALD %E&Y&Iﬂ&laﬁﬁ)‘e{d AR ioPRiAIK SR tSURSLEiat fHovt @ rl%kf' gf @atlve sﬂlcon
pair sacrificial gate isolation spacers acent

leXﬁ(l%eW?l I%ﬁl\/\@u& &i RfK ﬁf%;e% rg:%gteﬁllleggé’lgcqu frgt%.q%lg étlo%é ér?smt g of
5 ensi ons on Fl
ate electro renovi ng.said pair o sacrifici
hafn&ﬁ? 8"’% oFATH B L: gee Lgndhange oxjdg, Zﬁ%‘%‘ﬁ% Oéf cF AN 29! e,
wherei n said flrst sem conductor. material is conprised
tantadm g e BHIVR £ FOTRMITRNGHIE: AONEEHERAE] AN TR ptrium
atons greater than 97% and wherein said | ayer of
oxidgxdlgminusm exdle deasidscandiwmitrnalymoude deadizaic mebadt oza faayleipation
of silicon dioxide or silicon oxy-nitride. 39. The
therevdt dnddvlofreio lsaidriayz® ofh@nei siliceaidibxsdciond thekhass mdthetrange of 3 —
material is conprised of a material selected fromthe
10 Agigetipme.onsi sting of galliumnitride, gallium
phosphi de, gal lium arsenide, indium phosphide, indium
anti nmoni de, indiumgallium arsenide, alum numgallium
arseni de, indium gallium phosphide, germani um or

34. Bid ﬂl&ﬂgé GELIRD DS Pl r%[ sggﬂ fmﬁﬂ'&?ﬁf&%fd%h %bfl&{s comprises

ger mani um at onms gr eat er eln sardTi I‘S

I‘el’nserri 30 iUCt S 1§Htterer 1 n% go a{la1sedf oef Isl SlI Cg a fa region
Qids & Pprtioof Sy deesPeigy to IO udiy ot fenshes i itidiag "4 GHlS
onsi st of .a l.ayer of SI|IC n di de r silican
and TR0 § I S OO TR R (B ACQITAT A SmGer BRI RS g the
gate dielectric layer further conprises a |ayer of a
comppsitiarkofdiaid hid spwichadusteranatgmd e didierent frapethaldf said sgeond
of said first sem conductor material. 41. The met hod

semigbndictirmat@ialkher ein said first sem conductor nmateri al
is conprised of silicon, wherein said | ayer of oxide
is selected fromthe group consisting of a |layer of

35. The method of claim 29, further comprising:

subsequent to forming said pair of source/drain regions, forming an inter-layer
dielectric layer above said pair of source/drain regions, above said pair of gate
isolation spacers and above said gate electrode;

polishing said inter-layer dielectric layer to expose the top surface of said gate
electrode;

removing said gate electrode to provide a trench between said pair of gate isolation
spacers; and

forming a metal layer in said trench to form a metal gate electrode.
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silicon dioxide or silicon oxy-nitride, and wherein

said high-K dielectric material is selected fromthe
wW@e@83@ensi sti ng of haf ni um oxi de, haf ni um si PCTHS)7/078791

| ant hanum oxi de, zirconi um oxi de, zirconiumsilicate,

tantal um oxi de, barium strontiumtitanate, barium

36. Tﬂérﬁ&ﬁb@of&hh@%,ifyﬂhéricbﬁmkﬁg: ytt ri um oxi de., al um’ num
oxi de, | ead scandi umtantal um oxi de, |ead zinc niobate

sQlBsé_'élugﬁqp L OA6RR sdill gﬁt@ Qfectrfde arfd ﬂ%rrﬂ@ @orﬁflné@alfd R@taf gate
sem conductor device conprising: formng a substra?e
comDri Sin " . tor ol . '
gar Bt i b oSSBT SR TR TR el R R g e
gat.e. el ectrode above said gate dielectric layer; and,
suBESSHEEYE0 forming said gate el ectrode, removing a
portion of said substrate to forma trench between
5 said gate dielectric |ayer and the remaining portion
of said substrate;, form ng an active region in said
37. Theanethod ahelpien A9 .Jartberaempyisingegi on conpri ses a second
sem conductor material, wherein the conposition of
prisatadresmyorgdasgiemirgtoandiei bsubs@ite foahings mirfdferaificifligom
that of said first sem conductor material, and wherein
S aiigdAohisygcergij@ont 16 thosidahidioregitgitcaddovede di d
dielectric layer and the remaining portion of said
priob Refor@try safdosam ddipPexR@ision® bn kltRer@idciTShianatcde@icdher
side of said gate electrode and in said active region;
form e - (Wox rs adjacent to
100 TR E PRt o (SATEL R BB SRS hove sai d
pair of tip extensions; and form ng a pair of
source/drain regions on either side of said pair of

ate isol ation cers and in said active region, .

38. Wiorehad oblampad Migein i bey R el T oiedar
~of a third sem conductor material, and wherein the
51110@1@)17}»%@;[1@1‘[%&10 spneeairgtion of silicon atoms greater than 97%, and wherein said
layer of oxide is selected from the group consisting of a layer of silicon dioxide or silicon

15  oxy-nitride.

39. The method of claim 29 wherein said second semiconductor material is comprised of a
material selected from the group consisting of gallium nitride, gallium phosphide, gallium
arsenide, indium phosphide, indium antimonide, indium gallium arsenide, aluminum

20  gallium arsenide, indium gallium phosphide, germanium or silicon/germanium with an
atomic concentration of germanium atoms greater than 5%, wherein said first
semiconductor material is comprised of silicon, and wherein said layer of oxide is selected

from the group consisting of a layer of silicon dioxide or silicon oxy-nitride.
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third sem conductor material is different fromthat of

sai d second sem conductor material. 43. The met hod of
w@L@BH3421 wherein the atom ¢ concentrati on of BECT/D8®A7/078791

atons in said first sem conductor material is greater

than 97% 44. The nmethod of claim43 wherein said

40. BIRGABEH 0 & 811N 09I GtheFeinRi @ bata didl & tieORPéd fifHerQondrises a layer of
mat eri al selected fromthe group consisting of gallium

a hlgﬂ krdid€etri Hatdr AN RRRS PR l%?er 09 @Jqldb BEL A0 %?sﬁ‘ kd8icohMfbdtMaterial.

phosphi de, indium antinonide, indiumgalliumarsenide,
al um num gal I i um ar seni de, i ndiumgallium phosphi de,
germani um or silicon/germaniumw th an atonic

e i.on mani. t ons ter thn5%
41, ﬁlhf ﬁﬁ?@sﬁd@fm @ e&w@iﬁ”ﬁ St st & i d of
i.s caonp a materjal selected fromthe
5 Sﬂw@l@ dﬂ&r% ﬁ%lﬁéweﬁ @f @ﬁld% 181 sekestsd diowk thgegrow gangigting of a layer of
__oxy-nitride, hafniumoxide, hafniumsilicate, o
silicpmdioniispms diep exy-aitridomnd mhesdinsaid highds dialeatrss mtsaipkis
tantal um oxi de, barium strontiumtitanate, barium
seletted frnmtths gmtup@nbyistmgtafthafatre oxidet hafonmmosilicks, lalthamunuonide,
oxi de, | ead scandium tantal um oxi de, |ead zinc niobate
zirc@iiur@ o&k RFPZiR@hiv@m silibge gafitalum oxide, barium strontium titanate, barium
titanate, strontium titanate, yttrium oxide, aluminum oxide, lead scandium tantalum oxide,

10  lead zinc niobate or a combination thereof.

42. A method of making a semiconductor device comprising:
forming a substrate comprising a first semiconductor material;
forming a gate dielectric layer above said substrate;
15 forming a gate electrode above said gate dielectric layer; and, subsequent to forming
said gate electrode,
removing a portion of said substrate to form a trench between said gate dielectric layer
and the remaining portion of said substrate;
forming an active region in said trench, wherein said active region comprises a second
20 semiconductor material, wherein the composition of said second semiconductor
material is different from that of said first semiconductor material, and wherein
said active region is formed directly between said dielectric layer and the
remaining portion of said substrate;
forming a pair of tip extensions on either side of said gate electrode and in said active
25 region;
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forming a pair of gate isolation spacers adjacent to the sidewalls of said gate electrode
and above said pair of tip extensions; and

forming a pair of source/drain regions on either side of said pair of gate isolation
spacers and in said active region, wherein said pair of source/drain regions is
comprised of a third semiconductor material, and wherein the composition of said
third semiconductor material is different from that of said second semiconductor
material.

43. The method of claim 42 wherein the atomic concentration of silicon atoms in said first

semiconductor material is greater than 97%.

44. The method of claim 43 wherein said second semiconductor material is comprised of a
material selected from the group consisting of gallium nitride, gallium phosphide, gallium
arsenide, indium phosphide, indium antimonide, indium gallium arsenide, aluminum
gallium arsenide, indium gallium phosphide, germanium or silicon/germanium with an

atomic concentration of germanium atoms greater than 5%.

45. The method of claim 42, wherein said gate dielectric layer is comprised of a material
selected from the group consisting of silicon dioxide, silicon oxy-nitride, hafhium oxide,
hafnium silicate, lanthanum oxide, zirconium oxide, zirconium silicate, tantalum oxide,
barium strontium titanate, barium titanate, strontium titanate, yttrium oxide, aluminum

oxide, lead scandium tantalum oxide, lead zinc niobate or a combination thercof.
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