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decrease the overall size of the semiconductive substrate. One requirement is that the

semiconductive channel length is preferably shortened in order to further assist the
miniaturization process. One challenge is that photolithographic techniques cause a

20  critical dimension to be the smallest feature patternable. For example, the width of a gate
stack may be such a critical dimension. Other challenges include proper electrical
isolation between adjacent devices in the face of the relentless pressure to crowd devices

closer to each other.

25 BRIEF DESCRIPTION OF THE DRAWINGS
In order to illustrate the manner in which embodiments of the present invention are
obtained, a more particular description of the invention briefly described above will be
rendered by reference to specific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings depict only typical embodiments
30 of the invention that are not necessarily drawn to scale and are not therefore to be
considered to be limiting of its scope, the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings in which:



gate stack precursor according to an enbodi nent of the invention; Figure 2
is an el evational cross-section of the sem conductor structure depicted in
Fi gure 1 wbtees/dosesvher processing; 5 Figure 3 is an el epaliusa@i3/021131
cross-section of the sem conductor structure depicted in Figure 2 after

further processing;. Figure.4 s an el.evafional cyoss-section of the
sem condgct o(rﬁ%'{rreac‘?ﬂ?gfé&%tmn@l ggsy-sectpy ghid senaicopdugtor stipgtprerthafievedss ng:

Figure gaﬂesstaala pdcaMat h&@ﬁiin?fd)a%ﬁérﬁl?&ﬁﬁl% dthd ffertfofli CONduct or structure
depicted in 18 Figure 4 after further processing; Figure 6 is an

el evati onal &igie-25een elsmatismal ¢resseaciicnnfiihe semicendustinstracibepdepiaed inn

Figure 5. r “tﬁm rocessing; Figure 7 is an el evational cross-section
of the ?ﬁ%gﬁlggc orgﬂérrgﬁeéflag’e depicted in Figure 6 after further

processi ng; FigdrieQus en 8levstichAl Slosy&dction af the keERos@RtdrRubfurd 8icted in
sem conduct or is_ttructure depicted in Figure 7 after further processing;
?

Figure 1§“§e% . &Y Buthen peasSiBg s s- sect i on of the semi conductor structure
depicted 10 pigflas fn Bl Blorb b ULl RLOGERS LMook Ml SehOrlSadilred gyat | onal

Cross-section t he sem conductor structure depic gurlé1 9 after
f ur t her Fguoe 2 sfemfyrthés goesssidd; i s an el evati onal cross-section of the
sem conductorF.strLécture deroingied in Figure 10 after further processing;

Figure 12 isYIghr&Sdya plsya gress-aestion Bhths semicandustar sHneiue dapiced inct ur e

depigt e@igu@e4gﬁ%ghgr1pr@égs§hg;further processing; 25 Figure 13 is an
el evati onal cross-section of the sem conductor structure depicted in

Figure 12 af Figuregris heelepatonebeosmysectpyof the fdmicenduvtar! sevetirodaplicted in
Cr0SS-S@¢ ié)g'aﬁgrﬁlptﬁ sem'ecglnd,uctor structure depicted in Figure 13 after
further ocessing; Eipéﬁ?é % is a chart that describes a process flow

enbodi nent ;  Fizifredus en dRvatfonal &08s-Rcasn SCINE RBHicenatictW splic@rSidpiganinar er
that contains an ultra-thin body SO device enbodinent; Figure 17 1s a

schenat f U _@\ﬁﬁ%‘ffu&h@mf@‘iﬁsﬁinﬁbdul e according to an enbodiment; Figure 18
I's @5 schemat iggo,ub @Ws Of eROatfRInEFLHNUESY 5F BT keRnductor structure depicted in

Figure 7 after further processing;
Figure 9 is an elevational cross-section of the semiconductor structure depicted in
Figure 8 after further processing;
Figure 10 is an elevational cross-section of the semiconductor structure depicted in
20  Figure 9 after further processing;
Figure 11 is an elevational cross-section of the semiconductor structure depicted in
Figure 10 after further processing;
Figure 12 is an elevational cross-section of the semiconductor structure depicted in
Figure 11 after further processing;
25 Figure 13 is an elevational cross-section of the semiconductor structure depicted in
Figure 12 after further processing;
Figure 14 is an elevational cross-section of the semiconductor structure depicted in
Figure 13 after further processing;
Figure 15 is a chart that describes a process flow embodiment;
30 Figure 16 is a top plan schematic view of a silicon wafer that contains an ultra-thin
body SOI device embodiment;
Figure 17 is a schematic view of a circuit module according to an embodiment;

Figure 18 is a schematic view of an electronic system; and
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2 WD 2004/ 008489 PCT/ US2003/ 021131 Figure 19 shows a further enbodi nent of
an electronic systemas a conputer system DETAILED DESCRI PTI ON OF THE

| NVENTI ONWD 20tuoopssesent i nvention rel ates a process fl owrCrhzskomBoemst an
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by way efstéten-limting exanple, is a p-type netal oxide sem conductor

device (PMOS) or an n-type netal oxide sem conductor device (NMOS).
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i n si t uaw8OI tonfiguyationlib aupigtad, ioBidriiadativh sthisuilsankae AABPsIdH RYoddpat resul ts
in gate, el&gctr de 22 with photolithographic techniques known in the art.

It is tBOBERAHFEEIHLLC PR recstssd LQLEeDS, arshlkynienshtisadatiom@Techni ques may
be ilized : -t - i L1 g0 | ayer into gate
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According. to oneihlpggcess flow_.of the present invention gate electrode 22
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polysilicon el ectrode, other enbodi ments gate electr can be but
i s not fMhedimgnisosase distegtricdayess sushsis ogides,mityides highdemateriatspadyat e, or

20 combinations thereof are formed. A gate electrode 22 is formed on gate dielectric layer

18. In one embodiment, gate electrode 22 is formed in a thickness range from about 1,000
A to about 3,500 A that is blanket deposited, doped polysilicon. Doping may be in situ or
it may follow patterning of the blanket depositing that results in gate electrode 22 with
photolithographic techniques known in the art. It is to be appreciated that other well

25  known patterning techniques may be utilized to pattern the blanket-deposited polysilicon
layer into gate electrode 22 including submicron lithography techniques, such as e-beam
and x-ray, and subphotolithographic patterning techniques known in the art. According to
one process flow of the present invention gate electrode 22 has a width, W, in a lower
range from about 100 nanometers (nm) to about 50 nm. Additionally, although gate

30 electrode 22 is represented as a polysilicon electrode, other embodiments of gate electrode

22 can be but is not limited to a metal gate, a single crystalline silicon gate, or

combinations thereof,



conbi nations thereof. 3 WD 2004/008489 PCT/ US2003/021131 Figure 2
illustrates further processing. A spacer first layer 24 is formed over
subst r at ew02200410B48di ng oxi de gate dielectric |ayer 18 amdTiuseoosopiiand si des
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firsd spasford® &Jefde®i cted in Figure 4. Thereafter, an ani sotropic spacer
etch follows., According to an enbodinent, a silicon nitride layer is
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enbodi nent, the NH3 and DCS are deposited at about 75 out 80
C. AIthB’ﬂ@tue%le%th &3n nitride | ayer is hot-wall deposited in one

enbpri Ment, REEANS fornABoR bt her ' |t forns, . any..other suitable
i nsul ating |ayer, such as a&gg)ﬁl?gis{agghﬁ gisﬁg%ac r?%a a&’éﬁ@%?f@&&??@é‘ﬂsi li con
ni t ri despfaér8 is frnisd underch sifilar mpeess tlooy. appitii¢alai@is bRnkselegsdird ovéccor di ng
to an em%od]:'entenci vaani tr idge ﬁrefcond spacer 28 is forned b\a/_ ani sotropically
pl asma el eRPREPEHE afé]filsi PRl dretspacer ¢p g depietaq iy Figured dhesspRergn i ncl udi ng
%e Zgb%gfbntlgﬁgﬁﬁgéer'e&h%ﬂ@ﬁg CAESRINZROM entDNiMBAL § <02 RAMEe Iga%)r gatts. In
blanket deposited by a low pressure chemical vapor deposition (LPCVD) process by
20  reacting ammonia (NH;) and dichlorosilane (DCS) at a pressure in a range from about 25
milliTorr (mTorr) to about 100 mTorr, and at a temperature in a range from about 60° C
to about 100° C. In one specific embodiment, the NH; and DCS are deposited at about 75
mTorr and about 80° C.
Although a silicon nitride layer is hot-wall deposited in one embodiment, because
25  ofthe hermetic seal that forms, any other suitable insulating layer, such as a deposited
oxide or a composite oxide/silicon nitride film, can be used if a specific application is
selected. According to an embodiment, nitride second spacer 28 is formed by
anisotropically plasma etching the silicon nitride spacer layer using chemistry including C,
Fs and a power in a range from about 100 watts to about 300 watts. In one embodiment, a
30  power of about 200 watts is applied. The anisotropic etch is continued until all of the
material has been removed from the upper surface 20 and from the top of gate electrode

22. The final thickness of first spacer 26 and second spacer 28 may each be in a range



30 power of about 200 watts is applied. The anisotropic etch is continued
until all of the material has been renoved fromthe upper surface 20 and
from t he wopoefoogesve el ectrode 22. The final thicknessPafi/tszemsio2zapacer 26
and second spacer 28 may each be in a range 4 WD 2004/008489

PCT/ US2Q03/ Q211 fromabout 501 to about 300 A.. In one enbodi nent, the

t hi ckne gbwrg‘iéteaﬁ% r3096§’-i§“?4? embodype. the Hhclansevel st spaces 2806 300 A;

second SRAMRMASabout 30 A %2&%}(%11@?06 Ri go] Tpta@ér%gﬁ 8’[ l{eﬁset aaﬁ Itltﬁlr:llz ARy €

enbodi ment,” both the oxi I rst spacer [ayer e second
spacer | ayer Imaraltbepaictetbodameht sbatlo theaxidedirsizpaesr l@ter land éwingeides carri ed
out that 5.forns second spacer 28, foll.owed by first spacer, 26.. In this
pr ocess “f{° ,spatcﬁrelaggf,%% 8%0@%‘%@11@@ CPEPAYICSRRALTH Btci‘ﬁﬁ?}g‘? lﬁ%wt 5 have

sel est i forins sb@ondRBacek DB CRNoWEA BRlRst 8bRet 10 UR 1B Rbcest AowtheSpadef gL 16.
However, selectivity to the spacer first layer i's preferred if selectivity

to sil flabiprms speond specse 8 neabeaihavneslsctivily & thglsidican pb ghteictastrodo?2 oy be

" _ ; N : : Tand a.sinal
otch ¢ ody SOLUREM BP G evin SRGVAD I AE SR B Bdr b Basttndy et 7 <
spacer 2flicoh isk@hpReeritn ARcdidinghV, taesindl b @epopitiot todd ngdi(IRS)tiliZee tefoitGhideg can be

cl eaned by an HF cl ean according to conventional .technique. In one
embodi mékit; andisoqnd layas 114 aag # sieglesih trekmapbrutibzedrip dompsecondy one
enbegi nmg ek &1|‘t§af‘r. J ~Aqhydrogen bake at a tenperature
of aboutﬂ%(% C ?orwab ut1 S?pr%'t%ute’ggﬁgafﬁ%l %fr ogen bake can renove surface
15 oxi dat i on Afigh thespeyger kichéts) tpatrectuRtcande ckganaben it HFademmcoodite tand

second spacer. 28 is . represented as a nitrjde, it is understood that other
conbi natcg%v nﬁ%@&ﬁ‘iﬁ@ﬂ?@ é’r@le %’g?ﬂdérﬂf)‘l‘ta&@éﬁ Cg?ﬂn is gamisiout gﬁﬁ‘%ﬁ"ﬁ tions
i ncl ude n@futeX i Kenk efibbd SRk ahe AIFEISnNS fllodRd b§AARALBRAERE at £ Nitride first
spacer and an oxi de second spacer, an oxide first spacer and 20 an oxi de

second $pepesstureadbent/%00F Cer fhard £ nsipaiee r Tlamlaydao grint rakd @ a3 emoovet sepfacer . | n
eac? enb%d'.rrent, an etch selectivity differentiation is an alternative
chatact 8FI%8UPL  Where the first spacer |ayer and the second spacer |ayer

may be retai Pgthough Sish§ackett BR8prefentddQs af BRRIE LAY Secdnd RpALESE 1on unti |
processing in these regions is undertaken. Figure 5 illustrates further

pr ocessir¢Ryesepfed @s a piede, dt iwamnileratoet that pther eqyeleinatiorcenabrilimesis second spacer
e EL R BRSBTS 20
first | agwnd3gacand niteidefestapatepand fcotidé cohdsiaced an dRideWpnapadedbhdce 20
| nc%l desanggdessciacloing %Qac%:?, atnplgtnit?i%% Sﬁrs}tsspacer and a nitride second spacer. In each
embodiment, an etch selectivity differentiation is an alternative characteristic, where the
first spacer layer and the second spacer layer may be retained in other regions of the
substrate as protection until processing in these regions is undertaken.
Figure 5 illustrates further processing. After the formation of first spacer 26 and
25  second spacer 28, an elevated silicon first layer 30 is formed upon upper surface 20 of
substrate 12. The same process flow also forms an elevated polysilicon first layer 32 and
above and on the gate electrode 22. Upper surface 20 includes SOI silicon 16 that acts as
a crystal lattice seed layer to enable epitaxial monocrystalline growth that follows the
crystal lattice of SOl silicon 16. In one embodiment, SOI silicon 16 is in a range from
30  about 50 A to about 400 A. In one embodiment, silicon first layer 30 and polysilicon first
layer 32 are substantially undoped, as they are often entirely removed according to

selected embodiments. However, doping thereof may be done where the doping will assist

process integration. In the formation of silicon first layer 30 and polysilicon first layer 32,
5



a crystal lattice seed |ayer to enable epitaxial nonocrystalline growh
that follows the crystal lattice of SO silicon 16. In one enbodi nent, SO
silicon 1WOiI2804/008489r ange from 30 about 501 to about 400PCTIUS2@13®21131

enbodi nent, silicon first layer 30 and polysilicon first Ilayer 32 are

substantially undoped, as they are often entirely renpoved according to
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silicon oy filmis desi ure 6 1l'fustrates further processing and
second sphded indBe hawedsegas nsikif ppewdsilchn onsilibyn aloyefilmeisclesirddat i s sel ecti ve
to first spacer 26 and to exposed silicon. Thereafter, a 15 sem -iosotropic

dry etch is garri out ta forma self-aligned rec 34 as _.depi.cted in
Figure 7. Sef'lg!“é‘f ?glhb‘ afes er@g)cpﬁl}gsaq.%ﬁega@tsp?%eﬁégilgs g?eqsr%pp%e]su@} l'i con
16, al i gyeyda wal AEthlafis@eRbive ORROSpher 36 dRIVE] &xposdd dhéd. eltredanioge 18. In
one enbodi'nent, a sem - isotropic etch process flowis used to form

sel 15 al sagpicigsatiopiesty 3ich ingarrisd pbigiferne e self-abignedgpgaps 3¢ endepicied i3 cal Iy into

the SO sl l] g0 %Q i 6,)., it r ntally
beneat théulrr él? ' gﬁlg%}eégﬁ ngF 382.{)%1% ec F%&aﬂﬁf%%gbgglﬁnﬁgggg,{% (rﬁé{ﬁ‘iz&g etch of
t he SChlogg lateally dpposiie sidgwhits ofbgkededtede d8eiBénedmbdidmsal, as¢thi-con 16 and a
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"

Accor di HiTgpie RishProasss Sewns ptedinerm seHfepligned (PS4 SHEREIREGiBpot
gat e- magkeQidhesvHEIRLnRS theQO1StHcbh Merl fo (BN 8§, AR AR ctéltgn Wi dth, W

20  horizontally beneath first spacer 26 and gate electrode 22. The semi-isotropic etch of the
SOI silicon forms a gate-masked residue 36 of the SOI silicon 16 and a lateral residue 38
thereof. The etch also forms an undercut 40. Accordingly the transistor channel length,
which is measured by gate-masked residue 36 of SOI silicon 16, may be shorter than
width, W.

25 In one embodiment, undercut etching is produced by using a semi-isotropic dry
etch process in a parallel plate radio frequency (RF) plasma etching system. A wet etch
may also be used to form self-aligned recess 34 and undercut 40. In the semi-isotropic dry
etch, the chemistry includes a gas mix chemistry of sulfur hexafluoride (SFs) and helium
(He) and process conditions which favor isotropy. Such conditions include a low enough

30  pressure to allow the mean-free path of an etchant gas to start approaching anisotropy, but
to retain basically isotropic performance that will also achieve the undercut 40 beneath
gate electrode 22 and gate dielectric layer 18. Additionally a low RF power density is

6



25 I'n one enbodi nent, undercut etching is produced by using a

sem-isotropic dry etch process in a parallel plate radio frequency (RF)
pl asma etwbizogr@gspem A wet etch may al so be used to fPormsseBf2aBi gned
recess 34 and undercut 40. In the sem -isotropic dry etch, the chem stry

i ncl udes m x c st r uI fur hexafluoride (SF6) and helium (He
and proéggégﬁiﬂ § }m‘?né%{?f i ‘?Se‘ilts‘BY‘-’r"(t)‘ﬁi} a@@&ﬁs@%ﬁlﬂrﬁ%ﬁ@m 169 ude a(l 0\)N

enough &fropy, egaplbﬁaﬁqulﬂ&W&h@ﬁﬁ&@é}&f%&tn@bhzv%tﬂemo%ﬁ&ﬁ%%t1%% Ly, start

approachi ng ani sotropy, but' to retain basically isotropic perfor mahce t hat
will al Wetwéefvaﬁebmﬁdée germ Boiserk nlndhis empadienant.ghe Rﬁcp@mmsame@at e

20041 008586 6p 007051 AP LE 02 b e Hrn B Breafb B oot Suné®e pr esent

i nvefit i abgveabputdOOIaTHressure of about 900 nmlorr, a gap of about 1.1 cm
an RF power ng about 100 W a He flow of about 150 sccm and an SF6 fl ow
of about 10058erinEdo HagRr esqnﬁlftVﬁP%oneﬂ*@@WOPICr@YﬂChmwﬁl@vvar|ed in a

range f r i.s varied at
Fanges SRauadaitt M ARoih Ol i HerRE R BRI SPRIER b, ! ne
sem - i s08,rtbpBOl ihsylatirdéyepi dcarithé ﬁmmspapercm dashig th@rfﬁrsttspé&r aednd Eﬁe etch
chem str I | so electlve othe %‘it dlelectrlcla er 18, the SO

i nsul at 8& W%&Yg?yefi azn Rot g 19a,n§1y e@% g 1511 ePWCP%P@hV\éWOW ?f%lto@ﬂa‘eter 26
andjgat efthe 'et%h%%deb&ﬂbﬁ%ﬁét id 856 fd?&tthé hﬂ&ErédtQ@“ﬁlQétc%tc%g@ % pgl

silicon etch. I'n one enbodinent 10 of the etch process flow’'t used to

f or m t hexidizéner wah theo the ¢ieh eanditians eariss aﬂaytenalspcsttlog K2 loy theopeiteddizlecmicdayeh t hat

the etch e a lateral portion 42 te dlelectrlclayer
18 or fif 81?{?1%{ %J@g?rszf%%? lgteXP%seé B%’%% ea‘iﬁeﬁ%ﬁﬁ? fh’r%&‘esg £k thegathi cken.

Ther eby edgehéakggé et the tig@veRAKARGRNAS Hdutd Rk eEdiRBI.F RFhRRerPhtd Ne gate stack
i's reduceg6 A th| cker gate dielectric |layer at the gate edge al so i ncreases

the breSiERSHS lowrehte sste edgs aljgﬂ@crea@§ @é}émkéomvome-oéﬁmmul d under cut

theigate el egtLQd r I
gat e- masked resi dguggé%érun@ﬁvo‘?lg u\&/\lg%p'g t@%g%% g?%@@dizzc]tn[géfsé Cé’f“ ?yerggcess
etch pr embcsmtlhuc)w refludehentpmesliedtredidueedtiimil itacdidd be derlye®lthd ierdiat eral et ch
rate to en abo?ltgw , second.to about 30 A/second. I n one enbodi nent,

t

t he confﬁp‘?ﬁsle PIPCise fPlesgd invgpionsacksfoicanireldbe ferplgteh rasgiot o form i n
what i sbétekén SMout MR /Pond kd AsRP36 QYS%E%G It O S mPERh L hd nﬁJPﬁé'c{ e 7.

According to the present invention transi stor chadnne ength is
defi nablaéerdmmtermueeswnﬂnﬂmtm@omm m:fomnn mdiants 14 of thetSOH sijppnddyiee

' nf b@ ct 'l@?s dc—%?ét%i 1r141*41gu1r|_|efI CEécoV\é}gé % the presen 1&16@(131? at eu trrgnsllsstora}:hgr?ﬁe whdth, W

length is definable approximately from the inflection point 44 to the opposite inflection

point 44. Hence, where the minimum feature is a gate width, W (Figure 1), a channel
length is less than width W. With this geometry, a large Lygt (metallurgical channel
length or physical channel length) is achieved during the off state of the transistor (low

25 Iy while a smaller Lygr is achieved during the on state when the channel is formed. A
smaller Lyer during the on state causes a smaller channel resistance and enhances a higher
Ion. In one embodiment, the gate dielectric has a width, W, and the Ly has a length that
is in a range from about 0.2W to about 0.99W. In another embodiment, the gate dielectric
has a width, W, and the Lyigr has a length that is in a range from about 0.3W to about

30 0.8W. In another embodiment, the gate dielectric has a width, W, and the Lygr has a
length that is in a range from about 0.4W to about 0.7W.

Where the minimum feature, such as W by way of non-limiting example, is based

upon a commonly referred-to metric, such as a 0.25 micrometer (micron) process, it is
7



|l ength is less than wdth W Wth this geonetry, a |large LMET

(metal lurgical channel [|ength or physical channel length) is achieved
during t woabé4/®B8eve of the transistor (low 25 I,,ff) wecCrasacsmaiilBer LMVET
is achieved during the on state when the channel is formed. A snmaller LMET

durin h n ate causes a smaller cha si stance and_enhances a
hiuglhe? @(ﬁrﬁ(%%o%thgt t@ﬁﬁ@%ﬁﬁ@ﬁﬁsmemﬁ@t yay Eala'nig‘?r’égt |ai9 Ry uCoRs. Bnwanet and the
LMET hafurhet RGERce] Adtordih§td desnhaRES, ﬁlfrﬂﬁhﬁb@athreqn% ?arta % teg%tﬁé:/E : h

an as a

anot her enbodi nent, the gate dielectric has a wd
| engt h edavigesl 0 d?PHJt?dalﬁq figens. ah%amPBWhﬁoubompmpmcMom raajot her

hat i ooy Aae el BEEI05 o LuB o v O il R mam

featfir eunmmmatvthbyarm;s aétriooduch a0 ﬁﬁcﬁ»ﬁa lyehave SisAGRAifleRAN 2 _
commonly, referred-tqQ netric,, such as a 25 m _cronmeter (mcron) process it

is 7 WHSSFALHHIAS hﬂ@ﬁﬁmﬁwm@@pwé bysines entitir Agserdinglyesuch
measur efRftcs ngﬁﬁoﬂ gueﬁl"[ @eg}\/g yzéllétf%ﬁla{na R DRt enoc{x/o btuglglgéler

reference, accordin I‘gn ru mn RUM T eat U e may be part of the
metric emftieseQite niigingen ifetwds that mhebdé agormpdishdddn tiexfunpt are appticablé tohogr aphy
processthflows %’f’ have mininumfeatures that are 0.25 nmicrons, 0.18

m crons, CRRGeH ! nttt]IOBTOHS It is 5 understood that the various metrics such

as 0025 m crpng dmbodiavs: JFitld prasdnt dvEhtdritdefigntd fE%Qﬁ%'ﬂrﬁs b P AGuAUST Ness

entity froma conparative business entity. Accordin such netrics,
al t hougFerierd depthathie wiopy oo dhd SQL ivsulatontayeni1 4 dmtotwﬁﬂwwmutmtgl ehist wo busi ness

o | conr ey RPN R telen T B0 BB TR0 Ao b st~

i nvent i formselotativni cﬁh@ﬁeﬂ@@ﬁ&éZ@éﬂJ@&e@s E@Mé@ﬁ@boﬁ%%&ﬁ%o@@@@d‘ﬁ he stops on
t he SO |nsul tor layer 14 due to etch sel ect|V|t§/ In th enbodi nent ,

sel f - al fgHe8t @@é?éersuy benggth the edeeASorfithe ege atagkd aEb@deepeﬁmnef&ramehow t he
forper herakisen sﬁfcoﬁ@aﬁ% 18 BEéLﬁfﬁ t%@m?i@ thé?df 1?8%{%‘@1%” It[1ﬁgo %%251 to about

200 A horizontally or at era enea e edge te stack 48.
The deems@cmeh‘énat dterxmlvb@mamsmcmﬂmoﬁﬂmdsetbh el@einllsmee imalhe@ftidsoat the
i nfl ectl on i resent is.to be appreciated that alternative

44 i f
pr ocessEESHY ?@Wcﬁlﬁ&e&iﬁw BW@ﬁsﬁfﬂlP@%rCW @eéP@HS@EOPJG dfkjéfﬁbr ate ot her
recess geeEBfidlly PfRkbd 8 cpliaiNIREGHE AFiARE 6P gBQ&ﬁB&gfl 3‘%e

substantially removes the epitaxial first fil
pol ysi | (Fége b} fusk baginsrio 3gh(imoghe 80bilicerdlayei ﬁmndtthe polykilicont of galthe SO

si | ygonglayge -36 and the polysilicon of gate
After the etch, it is noted that there is exposed a self-aligned portion 50 of SOI

insulator layer 14 as depicted in Figure 8. According to an embodiment, an ultra-thin
body epitaxial second layer 52 and a polysilicon second layer 54 are formed. Epitaxial
second layer 52 includes a raised epitaxial tip 56 that may or may not be at a level that is

25  higher than the original placement of the upper surface 20 of the original SOI silicon 16.
Further, raised epitaxial tip 56 may approach the same height as gate stack 48 according to
given applications. In one embodiment, raised epitaxial tip 56 is up to about 10% as high
as gate stack 48, when measured from upper surface 20. In one embodiment, raised
epitaxial tip 56 is up to about 50% as high as gate stack 48, when measured from upper

30 surface 20. In one embodiment, raised epitaxial tip 56 is up to about 90% as high as gate
stack 48, when measured from upper surface 20. The height of gate stack 48, for these

purposes includes any conductive material of the finished device.



20 el ectrode 22. After the etch, it is noted that there is exposed a
self-aligned portion 50 of SO insulator |layer 14 as depicted in Figure 8.
Accor di ngwocoamoessbodi ment, an ultra-thin body epitaxi @CTasSeaad2ilayer 52
and a polysilicon second | ayer 54 are fornmed. Epitaxial second |ayer 52
includes a raised epitaxial tip 56 that may or may not be at, a_|level that

i s 25 hi gher Epitaael speondrlpysr Adrlspiincledes g catbetdns soppreidraip juncdian 28 Vgth ¢ he
ori gi nal.,;S iqi.C : : ' i taxi ' 6 oach the
sane hoppitasRédjefits 36 kil \Bhond BYARH GRLIAH St toBony gBRAL 12
enbodi negidne B&ios 8QI eflicomidyad 16 arpl 1aterdl sesiduet 3 thlveaf. 10% as high as gate
stack 48, when neasured from upper surface 20. |In gne enpodi nent, raised
epi taxial t i brosessicondifions,caypt the epriasialserpghayer Sg4p dorgt aelosWs SCAMER neasur ed
from up g | RIS silf R i i ki 6 is up
to ?bou%eovg}% g?sﬁﬁicvg%;glg ?gggetﬂel%k‘sa?g% 4%6 v\/nenI S%%?E%a??%%ﬁﬁﬁ%le%blgﬂéf ace
20. The3htherdof. Closyeet seamtdak deScted ar ait mbsmry eripors&s! dtpo ladutaryangle

duct | terial of the fjnished device. .8 WD. 2004/ 008489
PoT! Leotirans ok e teatanlion 3 in oY erbauar s Ton tepBe  areaffedded
sour ce/ gisRictidnifGhioterRise\Whibdtargiall P cpRska dnd efdndbis@fine Bjer 321 @flosafeond

| ayer 52 takes as it seed sources, gate-masked residue 36 of SO silicon
| ayer 18aane) may be fornredHt gy angdgthehsreiptizesppeeased resstitity poplscleiadlse t he

epi jaxi F - 1o far : 5 sonmewhere between the
gat E@m%%??ggfggggy%ésegg 1p§%|mgitﬁoggﬁlgﬁggéﬁdiﬁﬁalﬁggﬁat eral residue 38
thereof . C oaghig, 8 éscuntedthasatdepigateetectrodan?, amhiltri-gdiy bbdepblysiic@and at an
arbitrary angl e nd shape, but it |s to_be understood that in one

enbodi n¥epP0d atyelh_%gﬂ _ a%??ﬁélé(rf%%%é‘%’fngéhe frrargemet enitaxial sheoBd ReFirse

subst an Gld episRiithanti @hlxﬁ%@bmﬁ%ga{égiﬁtéﬂ RSolnElsiRBiHERPEG seam 60 may
be formed at an angle that mnimzes I ncreased resistivity as electrical 10
cur r ent clidnuvisy $uchrthatahs depositipn Hchighly selecovmgto therkpadeledd, puohcthatahe B&onAgai n,

it | noted that above gate el egtrode. 22, an.ultra-thip bod olysilicon
sechha Ry AT HEL1ER furdy SHBFRS U5 Pyt Lhte LGt M5OGS SgrY axi al
second kayeitididy fillédbPites EpBSHbABAIcess THelrBdedd cROSQRNENREN MlidditsaRis S
formed using Sin2012 %aseﬁéﬁbcheﬁ?st ?i/ sucE:BF‘lr tha% t he %o?ﬂ onHiS}g lﬁi ghly
sel ect i P®ceH- t he spacer 26, such that the boron 15 doped silicon does not
formon, or . he recesses a

substanti al | 99%116{‘1%333 glf%?hbﬁgﬁg%%&s%? q'g%\lggi\rég gé"gsu.l EeI'Hs'éi%‘irné gagg ogg%roﬁ'e

conpl et ébpedfsilidoado ytnt thieSilmphaad@s she recess. Typically, epitaxial material is

L

20 deposited such that its top surface is above the plane of the original surface of the

substrate.
In one embodiment, a boron-doped silicon film is formed by a selective deposition.

A selective deposition of silicon, or a silicon alloy such as silicon germanium, forms
silicon, or the silicon alloy, or the exposed silicon surfaces. For example, a selective

25  deposition of boron-doped silicon creates the ultra-thin body second layers 52, 54. Such a
film can be selective deposited by heating the substrate to a temperature from about 600°
to about 900° C and metering a deposition gas such as dichlorosilane and hydrogen.
Similarly, a silicon germanium alloy can be selectively deposited by heating to a
temperature between about 700 ° C and about 750° C, providing a deposition gas mix of

30  dichlorosilane at a rate from about 10 sccm to about 300 scem, 1% hydrogen-diluted
germane gas at a rate from about 10 sccm to about 25 scem, and hydrogen from about 15

slm to about 25 slm into a CVD chamber that is maintained at a pressure from about 50

9



In an alternative enbodi nent, boron-doped Si Ge can be used in place of
boron- doped silicon to formthe filmthat fills the recess. Typically,

epi t axi alwoeberiosdsdsi s 20 deposited such that its top surPCaas2ims/oatiove t he
pl ane of the original surface of the substrate. In one enbodinent, a
boron-d?cgﬁd sbl I i,?ffon filmis formed by a selective deposition. A selective
deposi t FBhWAYL TG4I9H; opmbient nressire- ) Aenant gasrsual axdibprase. RPGFPRIRG, 9F f or s
silicon ink i : r e j J-4: d

cxcanpl o e EHEThbARG G, Bitorast B ENP R Al S S b I3y 81

ul tra-t K be fpompd.second | ayers 52, 54. Such a filmcan be selective

deposited by ,heating t trate tQ a tenperature from.about. 600 to
about 900 C &%%ﬁ@ﬁ@ﬂ%%@ﬁ@éﬁ%ﬁ N(RS SR SEmANLH i A8 cahd

hydr®gebe sel&tivielyaddpysited ohtd difiGh SRREEH LR 4 eNerfiRR J%@oﬁ&ép%gifﬁbge' y
deposited by heating to a tenperature "between about 700 "C and about 750

C, proviHliABe a dgeqsiian gas miy rchiding g¢rmeoe.dlidiorositamic) amsime sandzydetgenf r om about

10 . 300 1% hyd -di | uted t te f
about - 10" 8E AR BEBAH SRtrat A G sGLrorPah g6 ELHOR LS about 25
sl m i nt endmedRifiAa EREkti VAR highePBinbehREGrab s @’%%félﬁ%?l?é&lﬁ 58 %@BQHESSSO 9 VO

2004/ 008489 PCT/ US2003/021131 torr to about , Or anbi ent pressure.
A dopanthagatmesphpriadurinfilnadepositions Shélneprogess vetl fome a selzstaritially ncl uded i n

t heypro 1 i f doped silico r silicon alloy filmis to be
f or %r(zd. ﬁﬁﬁ?gﬁﬁ@%%%é%g@ﬁ%@%ﬁ?%ﬁ%w :type sili conyger mani um
epi taxi al fi Bimitaty, ap-ihge SBt@CFdRhinIARSIah 86 frited b5 ddc6RPositsf sces by

t hermal cheni cal éapor depositign wutilizing a deposition gas m x including
ger mane?PRIPERATY <D permeof dickiprpsilang, appig 1 13Ga 189 seaimmfdi%mi ng t he

substr ahﬁh@gcr@dﬂlﬁgﬁ) gérﬁ:[al;fuﬁ}, gﬁ& %@S@g? ?%t %@g%eécal?cerﬁdagggg%&l%gtgly& g n g bout 50

mai ntaining a relative rea
tor n busccnesk] % hiydro gen-riostet ditiocaru(BLHY of b temsteqpioi Yetwsen Sppedxiatelyocess Wil |

f Lall 0 iformy d d n-t il iU i taxial
T L. L it B o oA g
deconpogighipRéks@b of %9&{@?"[%?&56&5)&.2% Sidbiy Qfecgbgelqh% 58;&%@%’6 t ae;., Br oxi mat el'y

130 to 180 sccmof 1% hydrogen-dil ut edogerman u e dopant
sour ce, depoutposision pprcess, apireximatel 05 te € sacaf of IHChyaegaidedtd e gas di bor ane
(B2H6) 8looaik eEEe ature between approximately 15 600 C and 800 C. In one
enbodi merﬂ, ar lﬁé’é?'ature of about 700 C and a rel atively

Those skilled in the art and having the benefit of this disclosure, will reco gnize

20  that, the deposition process is such that selectivity to oxide in field oxide regions, or
shallow trench isolation regions is also achieved.

Further processing is carried out to protect the achieved structures and to prepare
them for metallization connection. Raised episilicon tip 56 is further processed to increase
the conductivity of the device. As depicted in Figure 9, a first dielectric layer 62 is

25  formed over substrate 12 by CVD. First dielectric layer 62 may be selected from an oxide,
a nitride, an oxynitride, and the like. In one embodiment, first diclectric layer 62 has
thickness in a range from about 50 A to about 100 A. Thereafter a second dielectric layer
64 is formed over substrate 12 by CVD. Second dielectric layer 64 may be selected from
an oxide, a nitride, an oxynitride, and the like, so long as it has at least one of a significant

30 oxidation- or etch response difference from first dielectric layer 62. In one embodiment,
second dielectric layer 64 has a thickness in a range from about 500 A to about 1,800 A.
The formation of both first and second dielectric layers 62, 64 are preferably carried out at

temperatures that conserve the thermal budget.
10



hi gh pressure of about 50 torr is used. In order to decrease the
selectivity of the deconposition process, approximately 25 to 50 sccm of
HC can bwoadade®s4sd t he gas deposition m xture. Those ®kirluseasioaiBhe art
and having the benefit of this disclosure, will recognize 20 that, the
deposition process is such that selectivity to oxide in field oxide

regi ons, or AStrahe Swmatiomohfiistoindtspeomdrdigieatnislayers SRsod S hicenastivelg t her

0 0oe5 Lt RS SRR, 8BS S5 L B RN 1 LB gt 3 v

pr ocessgiehRtdd 6 TeaER 10t Brca@aditat hyvd depod diehetridanyeees2 Asd 6pi cted in
Figure 9, a first dielectric | a%gr 62 is 25 forned. pver,s_abstratg?]lz by
>se

CVD. Fitiespectivey.aney bea fisyy exidgangapeqnd sitride material siican njufegand ode ¢ 1 de,
an YNLLA ] i ke [ L Xall i -ayer 62
hasojxt hélt%lli %ggssﬁlgglaﬁep%ﬁ%eﬁf ! lrt%{é 5%@1@? &agi%%etﬂgge@ gb{ﬂaﬁg%uiﬁléhgggg??%érl t%a second
di el ectgpacerl68yasy béfbrisd fromnesngle aitrideibsoxidé dielt2trivy OB enBalmehtdi el ectri c
| ayer 64 may. be seléec,ted rom an oxide, a_nitride, .an o%rﬁtride, and the
like, SYPIRSHYC 8RACPE OGFLSHL to SSpRICREN ?%@Féﬂ‘?ﬁc?@‘%’i‘?r&?ﬁ) Wafion- or etch
r esponsgydut beiRNES Ifegfaﬁ! frh b4 eflb&diReht, LombaNBspLer 66 1 B8 tehdhMent ,
second dielectric layer 64 has a thickness in a range from about 5001 to
about 1highenekgy highelokeimplantdion themstivie thangel ragidns dranembodiimsot efithe | ayer s
62,, 64 are preferably carried o at ..t erat ures.that, c Rrve the
t hetral PISERIG ST eI SABEOSHG PT84 h*iﬁéﬁ’{ﬁgﬁn%éé‘} 6%5?0%%03?@@2@ tg or mation of
first- syt s@oonid dielectric layers 62 and 64, respectively, a spacer etch
is carried out to forma conposite spacer 66 adjacent to sidewall first
spacer 26 aln engirecesyiflpw epibgdiraent lepméaddin Jdgyreds 2 seurec/d@dbimeplentds ect ri ¢
| ayers 6 I es ' ; - [ - QX] itride
mat er i a&l,%désj} in?]ilecsi)br'imne (ﬁ?lggglbg\r{%gk%% %g&'eglr‘lz}ge?ﬁfsgé %élgag%dl ?r@ys%g g a@g@‘é &R Iqﬁﬂgnot her
enbodi mietoutsidecedeneft doatpakitespacsredeintorddr te ticrrass the dopipacencdratimyobe f or med
froma single nitride or oxide djelectric. In ong enbodi nent ongosite

8 6?@@%

spaber B spurcg/dEn eontact pegienseand the pelysiieondayerpe. Spareerarad f s froma
ST cl deleOfbden iavet &ggh%ﬂgi#eghﬁﬁﬁl RERACHTe mEARAGSA% SBALIPE | s used

to offset a h ener ose I nplant fromthe active channel region.
I n an ethegteasnreliods théreltraghiprtesly epitivrsldilm dsposehbasithahe prasers. 66 has a

1 ow onborisat> Bpze R Aelegt e ot SeL B My apaPodh il Sl °°°°°

film at the embedded source/drain junction 58.

20 After the optional source/drain implant, a salicidation process is carried out to form
a low resistance film for the gate stack 48 above gate electrode 22 and for the elevated
raised epitaxial tip 56. In one embodiment, a refractory metal film 70 is blanket deposited
over substrate 12 as depicted in Figure 12. The refractory metal may be selected from
nickel (Ni), cobalt (Co), palladium (Pd) and the like. The refractory metal may alsobe

25  selected from aluminum (Al), titanium (Ti), tungsten (W), ti-tungsten (TiW), chromium
(Cr), and the like. Other refractory metals may be selected according to integration with a
given process flow and/or a given end product. The refractory metal film 70 is blanket
deposited. In an embodiment of the present invention a cobalt film is deposited to a
thickness in a range from about 100 A to about 200 A. Refractory metal film 70 may be

30 formed by any well known method including sputter deposition such as physical vapor
deposition (PVD) or by CVD. An Endura® system, made by Applied Materials (AMAT)

of Santa Clara, California can be used to sputter deposit refractory metal film 70.
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made. The source/drain inplant 68 is nmade in the raised epitaxial tip 56 in
alignnment with the outside edges of conposite spacer 66 in order to

i ncr ease wheodkpps4sg concentration of 15 the source/ drai RCEArs2@a302118yi ons
and the polysilicon |ayer 54. Spacers 26 and 66 and gate el ectrode 22

prevent dopi t hanne |on at e- nask resi due 36) beneath
the gate as %gﬁeﬁtfhﬁg ]i“?‘?gmﬂlo?fr%ﬁat ﬁlh@ %R¥‘§?Ct¥VPIWeH|7%M§% beneat h t he
spacer s exanf16 GfadivAghitridd, E@d%@bﬁ’f&?dlf%ﬁ%r Bt Fo S 81 18} 76T hGile the

ultra-thin body epitaxial t he enmbedded sour ce/ rain junction
58. 20 ﬁmb%@lnﬁhfepﬁmthﬁéayeS&innm mitridethed it depasisel toi thimwkiagss ipa ocess i s

carried [ for-.t he st.ack 48 above gate

el et r o2t o BRLE0CA S GG AL Vilishy TR et T W

enmbodli mkndwn acm@xm&:ﬁ &Y b etva whthlamARDlies W@&K@Encﬂﬂ@@%s‘térﬁ@r itQ4Ehe SUbstrate
Figure 12. The refractory netal sel ected from

12 d
ni cﬁZI ?&”fdgﬁﬁa@ + Proggsfive faster A4 piatectdy ua lym@relﬁiak’r@ry migtal takr At ory net al
may al 59"9190’3@1\5,\?"‘%;?9 sﬁﬁs%ﬂﬁ%é‘s‘%‘]‘cﬁ%’%ﬁ% titanium (Ti), tungsten (W,

ti-tungsten ( om um e like. Oher refractory netals
may be sel ecdr the domditiog of pratetivg iayet B2) subdtfatel 2 Biheard p6 @ e@gserdtinew and/ or

a given %gél) roduct..The refractor tal film70 is blanket deposited. In
an embodf ﬁ? pBI?O(f‘PfetHB? é‘é@ﬁ’cenf W\Fé‘ﬂ%/q %ﬁ'a%{oﬁ’ngF‘]tﬁW Y99 wagfepidfsi ted to a
t hi pkneagderfing silavdeo Frgia ?éﬂ%@foryl%taf‘sﬂlgld@?‘i’rﬂtas %%ct%d 15%3%@@1@ pgetal film

70 maybe 30 fornmed by any well khown netho ter deposition
such ashestips PEQEPSsyagobe camepbguttm@n ifeP\aDnosphetrysuchBs a#gonEAd}uraﬁ sdmsyst em

cputt or "R BT Ry b RblanRin R0 e b tegamesnt S0P C° 1550 1°

PCT/ USZﬂQ%/tﬁji’e]ﬁiﬁée frﬁiqta@bmt Ao deBb aBdut fminaies 264 Qﬁé'erﬁﬁ‘acﬁheﬁﬂ héRtiAQ is
protecti veeéayer of for exanple titaniumnitride, Is depbsite d| rectly

ont o r efFHES Byt ﬁ@t“él“lol Crfor about 40 serende npthdirate i capboseitablygnriealpdin 72 i s

titpniu t ss in a range from about
500 A t?%ﬁ?g%@ywlé?ggﬁ?@ﬁa%g% aS}%plcan %gprgpﬁsgd‘,aﬁ;sﬁ}i; ! 5 known
t echni qofths edfactsy tgtaP¥iimWiotand amdéyihg sitlcdvifoe forad 5 1dsnshoereskaingen or it can

be for rotective | ayer rotects the underlying refractory
netal |8 ??}}B%Hf%ﬁ?%§<f‘ﬁ3‘??bﬁ‘?tfﬁ§}sfaﬁ@e abgBblgBA PST squerele anneal . After

the formati opigafe Pf @& inYih @Hub'%{s

tenperature lagnde for Iﬁ a peri Oegigc]ﬁ'é%s?r%é sufti gl?%ﬁ%dlfeg'agtg&glg}efagﬁ g?ory net al
fi 1 m 70oremeveddet examphe, POthmdi byffagd 1 wetontclt for hainm perfodf frae bbsut 9oet al
Si3FT dgobidsTh 850u?58b §adal "A RLOME $vet 3 etch, 10w sheet-resistance phase film 74

remains on the source/drain regions and on gate stack 48 are electrically isolated from one

another by the spacers 26 and 66.

The present invention has been depicted with respect to a p-MOS device having a
specific structure. However, it is to be appreciated that the present invention can be used
25  to form an embedded epitaxial junction in an undercut with raised a epitaxial silicon tip
and a low resistance refractory metal silicide on an arsenic or phosphorus (n-type) doped
film. For example, the process of the present invention can be used to form a low
resistance silicide on an n-MOS device formed by the above described process except that
the recesses are formed in a p-type substrate region having a conductivity in the range of
30 about 1X10'/cm® to about 1X10'%cm?® and are filled with the an n-type silicon film
having a doping density between about 1X10'%/cm? to about 3X10*'/cm3. In one
embodiment the concentration is about 1X10*/cm?®. For example, an n-type silicon film

can be formed by decomposition of dichlorosilane SiH,Cl, at a flow rate from about 20
12



heati ng process may be carried out in an inert atnosphere such as argon
(Ar) or in sone instances, nitrogen (N2) and a tenperature in a range from
about 400wG2er/@bsat 500 C for a tine range from about P¢F/Gseasnds3t o about
2 mnutes. In one enbodiment, heating is carried out at about 450 C for
about 90 seconds. Substrate 12 can be suitably annealed in 15 an_AVMAT

5000( r ) Sesin imagut2d9Geem apgtpningiype depanhseureraefiliydepgspwites phasphese PHe

ti | £l 1Rat ' iLi f
react ) O Ay P gL AG) 0 s ol ey UPERA 0 iR g [ @
about 1ibdhis80°@to shpua7e0® Ci fusre cvbodapentfsbofit2athermpiicddessilag. andny

unsal i cided refractory netal film70.is noyed r,exanple, wth a 50:1
buf f er e&gqlllf 2@@?"08} E}wsigh?neds mq’ﬁf‘ée%]@r%ﬁraﬁ Lﬁ?‘a\%BHﬁ 5 49% C. 2%5 gléjéﬂﬂaléef‘fl& about
150 secqnd® seRbfily i g)?ef@ﬁéd,%fyﬁfhgeﬁ BRI 88 ndiGedl & AIDSRatR ABS BolirhtB) 74
remai ns on the source/drain regions and on  gate stack 48 are electrically

i sol at edrofir dhoubheccnatoottiost 6Byccthe spacers 26 and 66. The present invention

has been depicted. with res t to a p- evi ce having.a,. specific
Crructure. PEREEY §ofEeRat cBeRrl R DR BB REE AT on can
be_ used prc%ésstbégﬂ_h@ wnh?ﬁ}pﬁlﬂh%dpbi‘ﬂh £dv¢ Staold @onl aHlEdonQdh-1nBudfor IQS\Oﬁrsﬁbﬁtraw. th
raised a epitaxial silicon tip and a | ow resistance refracto(r)xnmetal

si | i ci ddheyvaties, afieséppasepindmensphdenpseraie fopmeyl 13 padhe gate plack-oMnexanpl e, the
b . . ; :
proggss eféfvat%@ gpl%?ﬁ?%é%\é gﬁéﬂggfﬂ 1§2§1§;91? F}llééssg st}a?e, 3@@ (E:E}elasglé(gﬁﬂps &3S tance

silicide on a ove ocess except

t hat t henswddss.eThakeaftéra hedgatastack) aloyieatask haderahtds ekfedrnbavi ng a
conductivity in the range of  3Q about 1X101/cnB to about 1X1019/cnB and are
filled FPYRE/HIRE Gppfanis W@ﬂ@ﬁﬂmeﬁ)ﬁwﬁw ﬂé@?a@teataa%an “Yensity between

about  1X1018/yaR AR br Bh nﬁ@@ul&a&hﬁ%dgm%%clﬁﬁl% aﬁ%g%‘?r?ﬁi%at i on

I s about 1X1011l/cnB. For exanple, an n-type l1tcon film can ormed by
deconposystéron Wath mferénasrto Figuned 6Sh kd@itondarctoa did 100 may be prodovabivet a20 12 WO

2004,L008489 PCT/ US2003 31 scg out 0, scc nd an..n-type dopant
Couts o SRR (L ae e MaSadite 10700 355 Tol Snifntiatalts 105
sccmto Sadwu,t trﬂi@&llﬁfé@fﬁhgﬂlﬁr,% sAbIRIPET A RAtdifk ArdufPER foi il 2aPeditic 500 C to
about 700 C. [n one enbodi ment, about 200 sccm di chlorosil ane and about

200 sccistiesphasmisondpetosmeter tl62 sibsmicil coptain a rpeaied paBrcof sushdlias fort h
e D PR by B B AR S g g o0
i s a presgeadtd duolwvcomplpxaleviceahs 4 ouslithitpescedsdp Matemaltipledfudctidality. Thie
20 160 is typically packaged in a protective casing (not shown) with leads extending
therefrom such as bump pad layers that provide access to the circuitry of the die 160 for
unilateral or bilateral communication and control. In one embodiment, die 160 is encased
in a chip package (not shown) such as a chip-scale package (CSP).
As shown in Figure 17 two or more dies 160, one of which including at least one
25 ultra-thin body SOI device as is depicted in Figures 1-14 in accordance with the present
invention may be combined, with or without protective casing, into a circuit module 170
or chipset to enhance or extend the functionality of an individual die 160. Circuit module
170 may be a combination of dies 160 representing a variety of functions, or a
combination of dies 160 containing the same functionality. Some examples of a circuit
30  module 170 include memory modules, device drivers, power modules, communication
modems, processor modules and application-specific integrated circuit (ASIC) modules,

and may include multi-layer, multi-chip modules. Circuit module 170 may be a sub-

component of a variety of electronic systems, such as a clock, a television, a cell phone, a
13



process begins with providing 150 a gate stack upon a silicon-on-insul ator
(SA) substrate. Thereafter, a first spacer and a second spacer are forned
152 on t hwogat#nog4sack. An 10 el evated epitaxial first | @geroseesgenvn 154
upon the substrate, and the second spacer is renoved 156. Thereafter at

the gate stack, a %ate stack undercut .is etched, and a source/drain

epi t axi AFTSE SHYPHET #hj ¥ tonpbile qanyindusisial cppire] Syateny ae rirerafl end othersone
enbodi mefcuRfnddif 1 i &yt M | Rl

el ectronilcu systemﬂv\t’ﬁtg Tﬁ‘)rég?tzjréefrll%gg ?zfgﬁglﬁ%%gs@gf&?%gﬁﬁ%@%ﬂgﬁgﬁ@ 'e 160
may be pilgdateamfpoivaton Sxds@mirobnduct or waf er 162 that contains the MOS
devi ce 10. AFdi e JISO IS an ]iendi vi dual §) ttern, typically rectangular, on
substrate 12 taf ShoR? N th%‘:? ysiem & @%qnlt'ﬂpwg&ng BEROFS ¢ircurtypedylesn. A
sem §ondnghddestdbel abboe cohthinirdoyd ias dnk ifQMcRIoR 1R iﬁ@&ﬁ@%%&%&%ﬁ&d} of such
dies 160 containing the sane functionality. Die 160 nmay further “contain
addi t i o9 deyiee P ay &w@becblmr@nd Efastrenie lsyssompi86 genereily esntains ausennol i t hi ¢

process j i jonality. Di 2 60.is typjgcall ackaged in
a prot eg{t?rlf/ﬁec ¢ E g‘g}J %&%‘%{ fagg g\%\%&a\y\idﬁx P%e&?g tl’eexe?%mgsyﬁﬁéﬂe@rm %‘8@7?% as bunp
pad | ayer sbsehvatiopbbdthicdesudts o€ 8 dla@trbiie sgéterauish! Bosle dkbgpRk 8rdkp for

at eral conmunjcation and control. In one enbodi nent, die

unilatectal .or hjl ) Y !
160 is Eﬁ??%@d%'??l cdhf keynoarh gainting devdem mopitetan prnter ofisinstsonal e package
(CSk) . j i Gll1e 1 j . 60 £. ahi ch incl udi ng
L b BBttt hd Gnfg il aideiad Ml Qaleat B 18 HunBBR Rl P s 1 ee 1"
i n accopehhofamwinttbmpbide; né sentard feadetdypad, iispl Heancanibieneddispdntdr oTanWi t hout
pr ot ectivte C ai r]Pe i nto a(#i rcui% %I e %‘%7}?9 aor chipset to enhance or

ext end P‘hgmlaﬁ_ & 5%0%’{“5? SeLIRtErge ey her ﬂ_@@ﬂb@?ﬁ”@ﬁ? porfgeyided 170 may
be a coriledionRykyefenti s A&ngﬁ&fs%@ﬁgeu@&c&m%@uﬁélycn%}lié s:;/% {30 OF a

conbi nati on of dies 160 containing the sane functionalit one exanpl es of
a ci r cuinore Bogiklediserinter fice meinpeieentsamevigusiy axdngifiede Oneer drdry of the power

noduk es . i J o, .processaor. ..nodul es and. appl i.cati on-specific
i nt ggr ated ci r@d?ﬁafﬁ{(ﬁgﬁﬂmﬁﬁe@%ﬁﬁpégc,essoﬁﬁﬁovﬁgyg FWE?E‘H@WPE‘BP‘FIQW, nul ti-chip
nodul escoriol otidiredtiod wif @xpliffremYor b@?@ts&@ Bser GRBIEREIRD, 6f ot ihBiMatiin

el ectronic systens, such as a clock, a television, a cell phone, a 13

2004/ 00885 Pisei) LRIPPISE Ao arptherpisepuvrafledtonplaeteanic systeaui Yhoks wal] ban

i ndustr i, M&L ' VT ule 170 has
2 vari et ibhthe HUGIOT RhadolbiebioBliy AN, SAEHT mofuh L bal Shenyr
bi | at er e¢ntain wentain ezecharica wdmpomndntoinot sHogn) & ddlishowshasir@lieabde L70syst em

18026 0 ngnaci @sieln glte?*?a%eq%2.n?trvgill%era%g}e%iag%qtﬁétetﬁe one or more circuit modules 170 in
electronic system 180 can be replaced by a single integrated circuit. Furthermore,
electronic system 180 may be a sub-component of a larger electronic system.

Figure 19 shows a further embodiment of an electronic system as a computer

system 190. Computer system 190 contains a processor 192 and a memory system 194

25  housed in a computer unit 196. Computer system 190 is but one example of an electronic
system containing another electronic system, i.e. memory system 194, as a sub-
component. The computer system 190 may contain an input/output (I/O) circuit 198 that
is coupled to the processor 192 and the memory system 194. Computer system 190
optionally contains user interface components that are coupled to the T/O circuit 198. The

30 VO circuit 198 may be coupled a monitor 200, a printer 202, a bulk storage device 204, a
keyboard 206, and a pointing device 208. It will be appreciated that other components are
often associated with computer system 190 such as modems, device driver cards,

additional storage devices, etc. It will further be appreciated that the processor 192 and/or
14



5 170 as descri bed above containing at | east one instance of the inventive
ultra-thin body SO device 10 as described herein. Electronic system 180
gener al | ywoane4iosss9a user interface 182. User interfaceCI8®2@m3ovildes a
user of the electronic system 180 with control or observation of the
results ,of the electronic system 180, . So | es of user interface 182

i ncl udeﬂ%eh%érﬂ%?'bsggc?ﬁf fﬂ%‘o‘fl?pf ﬁ’ﬁéﬁa B&T%@nmi f@f@ﬁ’&s BFGORdiBE o 3 per sonal

10 conpembodinieit ButtHeR 0t Wadl twolirpRIRYoR M0, SREAKS sTst8h 1®4F AR 1P kBt | 9ni tion
switch and Pas pedal of an auté%nbile; and the g ? r?a’er}ﬂ%ggpaa,

di spl ay 18hat campuiersystgmsfépsabe dcogporatad o paingtt inteigtased creomiti Sach User
interfag schi be access .ports.provided. to el ectronic
system 1! 81%%%80%3 $ fr%{%arrs{lgﬁ 1a{lgr?igs 15duck %]P%Coé%lﬁﬁlélg?tloé]nmg? g‘?:tf“’re%fh@ PEOREEI P8 t he

mor e5t angl theenansay siyste@rifogce conponents previously exenplified. One or nore
of the 15 ciicuit modul es 170 may include a processor providing some form
of mani pul at A beggatilygmdgrstopd e those skilled inthe ax that vanions odher shanges in user

interfa j ' ' rREeprogr d into, or

ot hor v o Sores B, Shd B s0 kB 3 bar b HeuB SRR R B IBE R, T om the
li sts oflesexbodpinelsillpsteatecbinsirgergp erplainehendtienif ¢his ysieenor Sy ve hladef t en
.contain_g rt%%n nec?gg&ﬁﬁl conFonents (nat shown) in addition to the
circuit Rarfing Pringiplesiand sgops of thegpvention gs expressed ghtheci at ed t hat
t heloneswjoif®t flahg, cuit nmodules 170 in electronic system 180 can be

repl aced %y a single integrated circuit. Furthernore, electronic system
180 may be a sub-conponent of a larger electronic system Figure 19 shows a
further enbodi ment of an electronic systemas a conputer system 190.
Comput er system 190 contains a processor 192 and a nenory system 194 25
housed in a conputer unit 196. Conputer system 190 is but one exanple of an
el ectroni c system contai ning another electronic system i.e. nenory system
194, as a sub- conponent. The conputer system 190 nmay contain an

i nput/output (1/0) circuit 198 that is coupled to the processor 192 and
the nenory system 194. Conputer system 190 optionally contains user

i nterface conponents that are coupled to the 1/0 circuit 198. The 30 1/0
circuit 198 nay be coupled a nonitor 200, a printer 202, a bulk storage
device 204, a keyboard 206, and a pointing device 208. It will be

appreci ated that other conponents are often associated with conputer
system 190 such as nodens, device driver cards, additional storage
devices, etc. It will further be appreciated that the processor 192 and/ or
14 WO 2004/ 008489 PCT/ US2003/021131 the nmenory system 194 may i ncl ude
ultra-thin body SO devices according to an

15



enbodi nent. Further, at |east two of processor 192, nenory system 194, and
/O circuit 198 of conputer system 190 can be incorporated on a single

i nt egr at edlOCe4WB489 Such si ngl e package processi ng uni PETrESd3M2t1IRE
conmuni cation time between the processor 192 5 and the menory system 194.
It will be rgjw understood to those skilled in the art that various

ot her change$ X he det ai | s, material, and arrangenents of the parts and
nmet hod st agesypMpicdiailaugs been described and illustrated in order to
explain the nature of this invention may be nmade w thout departing from
the principles and scope of the invention as expressed in the 10 subjoi ned
clainms. 15 WP 200 /008489FTFCT1 US2003/021131 . CLAIMS VWhat is clainmed is. 1.
A process of fornﬁrﬂoﬁes§8 LB R ITH YLV L IRBADFILIPE provi ding a gate

stack upon a sili gRividifg b B lsAER ipdoikilicStiBalikslRor (SOIRdubkhfegat e st ack,
formng a gate stack undercut; and at the undercut, grow ng an enbedded

epi taxi al sour ce/ drthe afewtrek.i forming2 gatewsagkrmdersst;asdor ding to claim 1,
form ng a gate st u further, including, form.ng a first spacer
and a second spacgﬁjﬁgﬁﬂgﬁéﬁg‘%{o‘éﬂ%& %H(n;lbed%é 8‘?1%)%%}*50‘536/ g{ag%wgf&o%pi t axi al

first layer upon the substrate; renoving the second spacer on the gate
stack; and at the _gate stack, form ng the gate stack undercut. 3. The
process accordi ng?t o cilHf Biogessfageomling ta clyimd, frmine ugaie seck urdaredier
including: 13, HRFMH ﬂgﬁl?%:fi rst spacer and a second spacer on the gate stack;
growi ng an el evated epitaxial first |ayer upon the substrate; renoving the
second spacer on fdrmigmé frss speckr 4ndl esepaskspacgantthepatoktask] i con on the SA

substrate; and etching the silican on_the SO substrate under conditions
thaf(_5 under cut thel"3‘r(’§3f5g%3tlil gle‘é?tgliﬁl?lp ?alﬁﬁsé?%’rebﬂ%t S g to claim 1,
formng a gate st agkovinsectbonli YpddaEhn the gate stack; and

at the gate stack, forming the gate stack undercut.

3. The process according to claim 1, forming a gate stack undercut further
including:
15 forming a first spacer and a second spacer on the gate stack;
growing an elevated epitaxial first layer upon the substrate;
removing the second spacer on the gate stack to expose a portion of silicon

on the SOI substrate; and

etching the silicon on the SOI substrate under conditions that undercut the
20 gate stack.

4. The process according to claim 1, forming a gate stack undercut further
including:
forming a first spacer and a second spacer on the gate stack;
growing an elevated epitaxial first layer upon the substrate;
25 removing the second spacer on the gate stack to expose a portion of silicon
on the SOI substrate; and
etching the silicon on the SOI substrate under conditions that undercut the

gate stack at a rate from about 1 A/second to about 30 A/second.
16



including: formng a first spacer and a second spacer on the gate stack;
growi ng an elevated epitaxial first |ayer upon the substrate; 25 renoving

t he secormospa®s489n t he gate stack to expose a porti onPefi/tszénsmon3i on t he
SO substrate; and etching the silicon on the SO substrate under
conditions that undercut the gate stack at a rate fromabout 1 A/second to
about 30 A/second. 16 WD 2004/008489 PCT/ US2003/021131 5. The process

accordi ng 10561 al Pk prd B84 cB0rafh OB il A Fmith'S bW stobk Lyt difiee i NO-

formng a first spacer and a se spad e gate stack; grow ng an
el evat edthobplingixi al first |ayer upon the substrate; 5 renoving the second
spacer on the gatg. st.ack .t o expose,a portion o siljcon on the SO

r f the
substrate; and et ¢PHHBS #FLstSP3Ger 8 &FCORS srgepr EEAGSEK th a sul fur

hexaf | uori de ( SF6)krovihe in ERGhRE epi izﬁ-ﬁrgih%e?hﬁ&?&% sB6&pkdi ng to claim i,
formng a gate stack undercut further including: formng a first spacer

and & second spac&emeving s sgeansl spaearion thggasaistack rexpbsvapatioepf thexi al fi r st

| ayer upon theg. substr . .renoving the second spacer on the gate stack;
and 15 etchi ﬁlgm?ﬂ8ni‘ie§/§¥%18%%?’t ial first layer and a portion of the

silicon on the Selchiiglibé kiliten 6P tHeBWM sabgrkSwithakaHusShddag@oridSrdye and a
| ateral silicon residue. 7. The process according to claiml, grow ng an

enbedded epi eteRire¢iPSour ce/ dr ai n junction fromthe undercut further
including: formng a first spacer and a second spacer on the gate stack;
20 grow ng an el evated epitaxial first |ayer upon the substrate,;
substantially renoving the elevated epitaxial first |ayer under conditions
to ormthe undercut, to expose a self-aligned region of the insulator of
theléo sub8t r at dReFRPSS aesbring 1orcdalma dorsing hgate pIack sRdgsRu Ehey
substraql%lu(ﬁﬂg_ growi ng the enbedded epitaxial source/drain junction under
condi tions that

forming a first spacer and a second spacer on the gate stack;

growing an elevated epitaxial first layer upon the substrate;
removing the second spacer on the gate stack; and
15 etching the elevated epitaxial first layer and a portion of the silicon on the

SOI substrate to form a gate-masked silicon residue and a lateral silicon residue.

7. The process according to claim 1, growing an embedded epitaxial
source/drain junction from the undercut further including:
forming a first spacer and a second spacer on the gate stack;
20 growing an elevated epitaxial first layer upon the substrate;
substantially removing the elevated epitaxial first iayer under conditions to
form the undercut, to expose a self-aligned region of the insulator of the SOI
substrate, and a lateral residue of the silicon on the SOI substrate; and
growing the embedded epitaxial source/drain junction under conditions that
25 cause epitaxial silicon to form a closure seam between the undercut and the lateral

residue.

8. The process according to claim 1, further including:
following growing an embedded epitaxial source/drain junction, forming a

salicided, raised epitaxial tip.
17



25 cause epitaxial silicon to forma closure seam between the undercut and
the lateral residue. S. The process according to claim1l, further

i ncl udi ngwof2004/m8489g gr ow ng an enbedded epitaxi al sour®erdrsasoiopuacti on,
formng a salicided, raised epitaxial tip. 17 WD 2004/ 008489

PCT/ US2003/ 021131 9. The process according to claim11, further including:
foll ow ng grow ng an enbedded epitaxial source/drain junction, formng a

P o] 920, POLYS! HhEQRER ARkl B3l B Gier MiliuahyBr 085S, OF T o ng
transi stor conprising: 5 provi |%1g a gate stack upon a silicon-on-insulator
(SAO) substrate; f{élwihggrawihpnsenbpdisdrepamdalaosmehinan $yation, forminga gat e

stack; grow . epi t.axial first |ayer upon the substrate; renoving the
ki eysigon pnjfagial gtef

second spacer?® &-gat e stack, renoving the epitaxial
first layer while formng a gate 10 stack undercut; and at the gate stack
undercut, growing a source/drain epitaxial second |layer. 11. The process
accordi ng t o 18l ai i nocess of famyngtrinsisger copweisingand a second spacer on the
gategstack further_including: depositi an_oxi fid l.ayer over the gate
stack; and 15 spRtef 13%gl%a%gwicﬁé‘p&iaaﬁgf’?ﬁpg’tmﬁug %(S@;Subfﬁ'@tepr ocess
according to cl ai mrdfing & Girstispateahd 4 SdcoB@GR06r GNMe Ba@ERRI Spacer on the
gate stack further including: depositing an oxide first |ayer over the gate
stack; depositi n@roé"lﬁgﬁ?ieﬂ’ga@@égﬁdayeéy@?nWéﬂb&tﬁéﬂ;gate stack; and 20

spacer etching th?erﬂéxyifl%ﬁ%s%gﬁﬂf'%aé&%grt%@&?er %F&.oxi de first layer. 13. The

process according to ¢ rmn Spacer and a second spacer
on the gate stack aftheighterstichctendivivg thel epiasidl ifing 1ayer oild €oriming b gh@yer over
t he gate stacé;%s cer etching the oxide first layer to forman oxide first
spaé r; 25 gf Hﬁf 4 #4 de second | ayer over the gate stack and the oxide

first , at the gate stack undercut, growing a source/drain epitaxial second layer.

11.  The process according to claim 10, forming a first spacer and a second
spacer on the gate stack further including:
depositing an oxide first layer over the gate stack; and

15 spacer etching the oxide first layer.

12.  The process according to claim 10, forming a first spacer and a second

spacer on the gate stack further including:
depositing an oxide first layer over the gate stack;
depositing a nitride second layer over the gate stack; and

20 spacer etching the nitride second layer and the oxide first layer.

13.  The process according to claim 10, forming a first spacer and a second
spacer on the gate stack further including:
depositing an oxide first layer over the gate stack;
spacer etching the oxide first layer to form an oxide first spacer;
25 growing a nitride second layer over the gate stack and the oxide first
spacer; and

spacer etching the nitride second layer to form a nitride second spacer.

18



spacer; and spacer etching the nitride second |layer to forma nitride
second spacer. 18 WD 2004/008489 PCT/ US2003/ 021131 14. The process
accor di ngwoaoel/@B4s910, wherein growi ng an epitaxial fir®CTfusken3/oapon the
substrate further includes: formng a substantially undoped silicon

epi t axi al Iagr u;}gn the SO substrate. 5 15, The process according to
clai m 10, whetei nlPBOPIACRS 2scerding teckun 10nwhereingrowing angpitaxiel fust il si | i con

of the Spdn Gbbsstaterubthatintiadgxposed after renoving the second spacer on
the gate stack. 16. The process according to claim 10, wherein formng a

gate stack under cfrminga pyhstantieldy umtoped sitjcari ¢nitesial tiyet ponSIEk SOLbst r at e t hat
i s exposed ag&bg{ratjéermvi ng the second spacer on the gate stack; and etching
at least a portion of the epitaxial first film 17. The process accordi ng
to claim10, wherein growing a source/drain 15 epitaxial second | ayer at
t he gate stack undercut includes: chem cal vapor deposition growi ng the
sourTe/ dr ai nlepi t 4%¢ BrocesEseRIdingyte elaimydfevhaendomings gatestackaudercuhe
epi t axi @lcpgegond layer to grow.fromthe gate stack wundercut toward gate
stack-lateral SO silicon residue. 18. The process according to claim 10,
further includi ngetchidg silicen of tie msubslﬁ%ﬂqaitiecx%wémaﬂ&@nfo@fd ag$ ory netal
| ayer. 19. The process %ccordi ng to claim 10, further incl ugi ng: over the
so substrat%ﬁco?‘gﬂ’r’f‘icﬁborht PEPeakry netal |ayer; treating the source/drain
epi taxi al second layer and the refractory nmetal layer to forma salicided
rai sed epitaxial tip. 25 20. The process according to claim210, further
i ncl udi ng: updn tHee prressscemiingdo olainn §0,avipatinfoiminga gap stakivatlergacond
laygs: bR 2004/ 008489 PCT/ US2003/ 021131

etching silicon of the SOI substrate that is exposed after removing the

second spacer on the gate stack; and

etching at least a portion of the epitaxial first film.

17.  The process according to claim 10, wherein growing a source/drain

15  epitaxial second layer at the gate stack undercut includes:

chemical vapor deposition growing the source/drain epitaxial second layer
under conditions that cause the epitaxial second layer to grow from the gate stack

undercut toward gate stack-lateral SOI silicon residue.

18.  The process according to claim 10, further including;:

20 over the SOI substrate, forming a refractory metal layer.

19.  The process according to claim 10, further including:
over the SOI substrate, forming a refractory metal layer;

treating the source/drain epitaxial second layer and the refractory metal

layer to form a salicided raised epitaxial tip.

25 20.  The process according to claim 10, further including:

upon the gate stack, growing a polysilicon epitaxial second layer;

19



upon the polysilicon epitaxial second |ayer, formng a refractory netal

| ayer; and treating the polysilicon epitaxial second |ayer and the

ref ract oryorese4aiosdsayer to forma salicided gate | ayer. PETAB20080288hedded
source/drain silicon-on-oxide (SO) junction, conprising: a gate stack

di sposed upon an SO subs reite, the gate stack jncluding an undercut; and
an epitaxi al IayePp?ﬁé’ﬁé’é’ GrcR € qesmddayepdornng agsfagieryanealr ce/ dr ai n
sili con-on-oxyge ahO ) junction according to 10 claim 21, wherein the

epi taxial |ayer has a thickness in a range from about 100 A to about 1,500
A, and wher ei n t htreeipigthg palysiliagreepitagiad edcond dayef ammhthamefractiop exktdldgyer and a
p- doped | aygr cantb R edded source/drain silicon-on-oxide (SO)
junction accg)rf(?flﬁ%sta%CIE(e:(?g? ﬁﬁlaé'fr wherein the epitaxial |ayer has a

t hi ckness in a range from about 100 A to about 15 1,500 A and further

i ncluding: a_sali gprged rai sed epitaxial tip disposed in the epitaxial |ayer
and gdj acent 2to mheddedssoxgse/drain silippa-cangiddrictPR puction, doaipnising:

nd adj acent 2to . I butieh doaprising.
opi Lo al T ayer hagreyeKabe R ah SMRb RV Mg B dbon 20

1,500 A, whenmlemcutjmndepi t axi al | ayer is selected froman n-doped | ayer and
a p-doped layer, and further jncluding: a salicided polysilicon gate |ayer
di sposed above anﬁnﬁﬂtatxﬁétl@’ﬂgwg?sﬁ K theymderewle enbedded sour ce/ drai n
silicon-on-oxide (SO) junction according to claim?2l, wherein the

epi taxial layer has a thickness in a range fromabout 100 A to about 25
1,500 A, whe?2i n Theewpeddedisatirct/dyadn silisors eb-esidedSONGmetivnecdarag thayer and

, and further including: a.salicided rai itaxial ti

G D18oP8Rin 2 Snereifif titfa el fiis el i Brdpe fon G0 10 A0k BaS 20 Do

2004/ 008460 AP&ild WheRABhe 2pitBdial layes & defdclAUTGR b HLddpe@ hydfhif 4 }?‘-_Wégedji sposed
C

above a[}lgf on the gate stack. 26. The enbedded source/drain silicon-on-oxide
(SO) jt¥e%ion according to

23. The embedded source/drain silicon-on-oxide (SOI) junction according to
claim 21, wherein the epitaxial layer has a thickness in a range from about 100 A to about

15 1,500 A and further including:

a salicided raised epitaxial tip disposed in the epitaxial layer and adjacent to

the gate stack.

24.  The embedded source/drain silicon-on-oxide (SOI) junction according to
claim 21, wherein the epitaxial layer has a thickness in a range from about 100 A to about
20 1,500 A, wherein the epitaxial layer is selected from an n-doped layer and a p-doped layer,
and further including:

a salicided polysilicon gate layer disposed above and on the gate stack.

25.  The embedded source/drain silicon-on-oxide (SOI) junction according to
claim 21, wherein the epitaxial layer has a thickness in a range from about 100 A to about
25 1,500 A, wherein the epitaxial layer is selected from an n-doped layer and a p-doped layer,
and further including:

a salicided raised epitaxial tip disposed in the epitaxial layer and adjacent to

the gate stack; and
20



claim?21, further including: a SO channel enbedded beneath the gate stack,
wherein the gate stack 5 includes a polysilicon gate electrode with a

wi dt h, Wwenrdoadoessei n t he SO channel includes a chann@CTitsagBh2118ss t han
wi dth, W 27. The enbedded source/drain silicon-on-oxide (SO) junction
according to claimz21, further including: a SO chapnel enbedded beneath
the gate stack, wASHEIGEdnplysiiion gg{ea}ey@r%gsppff@i qg&?é%a Hothg gafe - gate
electrode with a width, W and wherein the SO channel includes a channel
| ength in a range from about 0.2Wto about 0.99W 28. A system conprising:
a circuit nod®l e, Thhembeddedseurce/drain silinordab-exidedSOfgsnaiton| seemtlingrie si | i con

on insyl ﬁﬁ% . trate, wherein the SO substrate includes: 15 a
gate stgﬁg%&g?’sposel)dn‘gl%g%gan SO substrate, the gate stack including an

undercut; and an egOIakhdlel brab&@ided bsRagLlle ightolshRk UREGERUhe ?até dfagkrate. 29.
The system according to_claim?28, wherein the circuit nodule is di sposed

in @ host sefStdgya plyiilisor p¥ie Rlectiodeawily pavidih, Wa apé mhersiothe SQI gpernsbnal
Corputer SR O] IOy O o st e an o rora
i nput/output (I/0O circuit coupled to the processor. 21
27.  The embedded source/drain silicon-on-oxide (SOI) junction according to
claim 21, further including:
a SOI channel embedded beneath the gate stack, wherein the gate stack
10 includes a polysilicon gate electrode with a width, W, and wherein the SOI channel

includes a channel length in a range from about 0.2W to about 0.99W.

28. A system, comprising:
a circuit module, wherein the circuit module includes at least one silicon on
insulator (SOI) substrate, wherein the SOI substrate includes:
15 a gate stack disposed upon an SOI substrate, the gate stack

including an undercut; and

an epitaxial layer disposed in the undercut a substrate.

29.  The system according to claim 28, wherein the circuit module is disposed
in a host selected from a clock, a television, a cell phone, a personal computer, an

20  automobile, an industrial control system, and an aircraft.
30. The system according to claim 28, further including:

a processor;

an input/output (I/O) circuit coupled to the processor.
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