WD 2004/ 008489 PCT/ US2003/ 021131 PROCESS FOR ULTRA- THIN BODY SO DEVI CES
THAT | NCORPORATE EPI SI LI CON TIPS AND ARTI CLE MADE THEREBY 5 FI ELD OF THE
| NVENTI ONvaroerdssonent of the present invention rel at epCgarseomiokin3t o
integrated circuit fabrication. Mre parti cularly, an enbodi ment of the
present invention relates to a nethod "of fabricating an ultra-thin body

si licon on oxide (SRYCHETFOR ULFRAERERERDY GOHREY GKENTI ON DESCRI PTI ON
OF RELATED ART Tr ansi St PRYA o include | arge-scal e
integration (LSI), ver Pfﬂ?ﬁ@?@m e f%‘;ﬁle)ggaig{:ghﬁ?\ﬁl’l_stg ), and ultra

| arge-scal e integrati on (XN& ARTICLE MADHETEHEREBYnpr ovenent s appeari ng on
the technical horizon. One challenge for ULSI is that nore transistors
nmust be incorporated into an integrated circuit (1C), while attenpting to
decrgase thepmigh jd T ﬁEmN'ltIm sem conductive substrate. One requirement
is that the sem conductive channel length is preferably shortened in order
to further adsiestbotiment nf th.e@trmemzlawrmmde@eg@ermydooht@glra@dg@rcug t hat

phot ol i Qrah tec s cauea20 itical nS|

smal | es% %flg ﬁ’%?tﬂaa OCB?& ?fgtfle Pﬁ?%e“\h“bY %1? regﬂe tgarﬁetback may
be SUChoﬁfaﬁﬁbattin‘gaahlﬂ’ﬂrdl’&ﬁﬁb&gx sifdiesn &h@é (Soyesvitelcl ude proper electrical

i sol ati on between adjacent devices in the face of the relentless pressure

to crowd devices closer to each other. 25 BRI EF DESCRI PTI ON OF THE
NGS I n % %{Gﬁgth\}ﬂ fﬁhw%wer in which enbodi nents of the

pr esent |nven ion-are taine nore particul ar description of the

|nvent| on briefly descrl bed above will be rendered by reference to

speci fic enbodi nents thereof whi chAgie illustrated in the appended
dr awi ngs. Un@&SQPéR@I%%%FLAr Tawi ngs depi ct only typical enbodinents

30 of the i n‘fgegltsis% tde g%ﬁa%éﬁ@ ﬁsté cidde lﬁé@%‘alé hiS&Gaich @), 366 not

therefore to consi ting of I'ts scope, the nventlon w | |
be desclair@:esbaﬁﬁt@(zpioa|(Hé61)wamd1ultladarge-|scﬂiaint@@mnf(HL&I); Vaﬂﬁﬁlﬂéﬁlal | through

th f th
T Vo5 BeRsPhes Srrgreon tededii e Bt e toaBend e PEShkifhnore
sem congurdifbrsshiidd 6k cBrpohaéd ey 8@lrtegdated circuit (IC), while attempting to

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,nb @%s Of e RatfInEFLHNUESY 5F BT ke ductor 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
2



WO 2004/ 008489 PCT/ US2003/ 021131 Figure 19 shows a further enbodi nent of an
el ectronic systemas a conputer system DETAILED DESCRI PTI ON OF THE

| NVENTI ONWD 20tuoopssesent i nvention rel ates a process fl owrCrhzskomBoemst an
ultra-thin body silicon- on-insulator (SO) transistor. Figure 1 is an

el evati onal ss.gection that illustrates sem conduct or device 10
during fabri ?‘aﬁ‘\%&? Sg%‘?ﬁ;Eﬁ'ﬁﬁl‘fﬁﬁlﬁk’o‘%&}%@%{s@cﬁ%wwﬁg%l asQAOEIPUfTe 12 t hat
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).
According to 10 the present invention, one enbodi nent of substrate 12

i ncl udes an i klﬂgg I strate 12 has an SO
i nsul at or Ia?égrrr%,@ba%gggn Ol‘éﬁﬁfﬁ%ﬁwg?ﬁ@g The formation of the SO
conf$ gur at i offhé presantriinegtiontel@eCOpicas fow HAOMANS 8 HikaGlmh bathisinegh an SO

confi guratisgr S gﬁal cted, other isolation structures nmay be added such as
| ocal  PREMSHAIIHSOL Easisiqsn Frguescbis an slevational prososexsiondhatgBegtiategat r ench

i sol ati ; : Hall |..C s . far e upper
surfacegég%le‘??a%ﬁolg??}’@? g@?%]gés{%@ﬁ%\{/\% ' iél’? I élgglgfoﬁ&e\{lcr? 1@1%0@@%%% ment, gate
di el ect pubstratgyl@rthatyiwayaofinonslinliting ek ateple fig amp-typametal dxide semitohduddort hi ckness
in a rapge f out 5 A to about 30.A .In one, enbodi nent, at e

di el ect Eri?vécei @m §§%r ‘fnsn'éypﬁil?‘?tﬁﬁd) ep%?f"d‘é"“ﬁ&?@’i degvige (NAMAQS ) Aﬁ?%‘%ﬁé% of about
8 AL0 | nttetphesent RIEAHNNBRY SmbddiithEntdrehEhld © ha8ESn O];Eog?igﬁl;&gigﬁ.s’

nitrides, high-k materials, and 20 conbi nations there rmed. A gate
el ect r oAecdingly, sehsigte 1nhagan 8 ditesiudaton layer|1dyand ani$0] siliccarieyerrtibodiheent |

gate el I IS~ n .a thickness range .from about 1,000 to
about 3, b&ﬁ%??ﬁ%f S?)gcgﬁg%%%?ondéﬁ%eﬁéﬂ?ac% tﬁ&W&’PItF%&%ﬂueD&&W@g@ay be

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
el e%:% rode 22@@%&?&%"5}%@%@%%%F?ﬁ%g%a“{p"ﬁgr %%g%ﬁ‘?\?%ﬁ Ssufgsgﬁ?,ﬁ&g e- beam
and x- r éhpwnandigubphdt ohé ethbglimphi, gatpaidlettié agert kb Aingitias okideMyel that he art.
According. to oneihlpggcess flow_.of the present invention gate electrode 22
lsg?lﬁl}ew i TRCkngss fop rangg fiom 3509k ApOAPOUGH Aakbrie @rBodimeNt t 0 about

has a w

50 nm gduleifeleetd] layer 1&lit ARHAReDELige ﬁtglefetlhglg'%a% Q%\icl%‘?eis-é Sf e{bﬁég%ggﬁ'-eoqhe%s a

polysilicon el ectrode, other enbodi ments gate electr can be but
i s not fMhedimgnisosase distegtricdayess sushsis ogides,mityides highdemateriatspadyat e, or

comy Natd i Ratdd MR of 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,



3 WO 2004/ 008489 PCT/ US2003/ 021131 Figure 2 illustrates further processing.
A spacer first layer 24 is fornmed over substrate 12 including oxide gate
di el ectriwol2agn848 and the top and sides of gate el ect PodaS2@3/021181 one
enbodi ment, a spacer first layer 24 is formed to a thickness in a range

from about A t,0..about 3001. Spacer first |ayer 24 is preferably fornmed
t hi ck enoughi?gyrgtzé][hésg‘ia’qscf%‘%hif pff%"%ﬁsé]?% SE%PSE@&%&YF’[%A Wdpoasd ever
seni coneutrated 2fihd1nibs @ﬂid@%ﬁf_él @bieqtic efer f?@and Qt%d%(yfgﬁﬂ%teiec ;i/éf‘er

first layer 24 is an oxide filmthat i's forned b at 1s “commobn

r ef er r ed2+t B o anbesiment] a snacerdfisst laper2dhis fwrmed the thietriess mealangd frgat e

electro dge f diglectric.18. By formn n oxide
spacer ?l?or%? 0 I‘%{/&cejarbgg% i)?'eg fcyr gﬁstt ?36’5{ gA ’G?Ipé%tlf’]faBé'efogﬁg%\ﬁﬁ@? “ﬁ‘é’ggﬁtc’s eal is
forned elecirioaily sblatta ubsdqubsily d&posited fifcHanbBRAM FontdafN\SicttaE 921 S
extendeﬂi | n one.enbodi nent, spacer first |layer 24 is sg):zltcer etched to form

si dewal 1 Yp5frahadimens, spaggr fpgtdayrsditdean meidelEhn shaé s formed bymdatlis t he spacer

| ayer hasmb i | t or.m a.si-dewal |  fir spacer
26" ahi coroon PSR R0l AithaM prolels GisElEle b Rt B s Hesppie i 55 1
After t il thoedgasiofigaididectd il Sle Byifoeniag bn biids bpRpaset 138y 2AdiNdicae

si dewal |_,second er 28 is.formed under_a sim/lar process flow A

nitri deg?%ﬁg‘?P&?%e 230 %ﬂcﬁi’é’tﬂ 18 é?i‘ié% E%Eae‘géféfhotgm%hﬁémreozféh@baﬁ@te@i dewal |
firsd spasford® &Jefde®i cted in Figure 4. Thereafter, an ani sotropic spacer
etch follows., According to an enbodinent, a silicon nitride layer is

bl anket depoli enecemypdimendysppecsdissirlayer B s spatenesqhed tolfpnssidévan] aBEYD)
process E i N nia ((NH3 d dichlorosilane (DCS) .at_a pressure
inar aﬁog}efhe?ﬁg ns1e aqllci)dt?t plrﬁtﬁdlalfl#(}lg'? e(%%ﬁpfcetrgaygb i beeganispiericaling at a
t enper adnyresclied taforargsddwanTiabeiaber8 which AR létgﬁll?-olg#gsi%rk‘?degﬁﬂgi fic

orr and a

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)ﬁlggisgggaﬁg%ﬁg%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 enbodi nent,. nitrigde ond spacer 28 is forned b ani sotropically
; A% pred by
pl asma e RRECPHe @ sidegnlldirstspacer <p a8 depirtsd by Figured. dhewrfaerrsn i ncl udi ng
C2  F6 afisbt@dpRpBEericthFollGRE A LRI AROM! e g gatts. In
one enbodi nent, a 30 power of about g200 ?Mit t sn\P{?{étE gﬁ%ﬁ?@ﬁ%%g9gﬁf sotropic
et ch i sPlewsst deppsied by # lovaptessfre thrmical 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



mat eri al has been renoved fromthe upper surface 20 and fromthe top of
gate electrode 22. The final thickness of first spacer 26 and second
spacer 28woreyos«msisobe in a range 4 WO 2004/ 008489 PCT/ Use@032@302321 fr om
about 501 to about 300 A. In one enbodinment, the thickness of first spacer
26 is i rom about, 50 A to about 300 A, second spacer_ 28, is at

f
| east a%ropﬂ?t{ﬂ%Pg((fAttﬂia Q3004 hnong W&??Wéh%%@@eﬁ%ﬁﬁ firshepaperi9ds Bk de
first spagge ﬂ@ﬂ%@@d&&%&smmﬂﬁ RGP HflocRAG Et Ry 8 iAkEoRReS] t ed, and

a conposite spacer etch recipe is carrie ornms second spacer
28, fol | owedIbgn dliersttivepatbedi@ét, hath thmmanq:e:rﬁrsmacdrllw ahféhespiacler etch that
forms secon s&ac]?ar 28 Heed.tn(gt aave sel.ectivit to the sili con of gate

el ect r o§&°089 Spieet lagergry denqsited; ang @ compaiteapaces steBIFiDe 1S Fartied e thab ac er
firss | ayefs sb@onﬂrsgai&f Qsdfouawg@b?%st\é dcér iz@ Insthis';ﬁ'é’&sé ﬁoew{he%ﬁ'o%?ekh

Accor di ngl y, a si ng deposition too be utilized to form spacer

first- ahplorEsserendpees 28 ne@d nQl haambl%vtmty@ GestlAn pdghtercioptrbde 22 01 i zed to

form se f cer. W SE.|. S|tu
L0t RO e e Br ALBVRF Y b RERS s BB
accor d| Bilicowis MO presdrit] Qmabrdi@ﬁral dippde déposition teoThedi vearilizet leforin s@h@an is
carried out for about 2 mnutes. I n one enbodinent, the HF clean is

f ol | owedrByand sigRnddawsss puwe. apd a singlermibytapkmey be vilizedtio Som eoped about 2
m nypes o éE@ﬁzM&Hd%%rb Pyl SEMRUGisSH face 15 oxidation. Although first
spacer % I's represente an oxi de and second spacer 28 is represented
as a nitrideAfiet thespanadetch(ecs))ﬂletshactumdmarbecclmhem‘ay buo H Festtedticomiding tar e
contenpl at ed F xa co ation cl.ude an oxide _first spacer and a
nitri de “OLELHRE Eeﬁg@ﬂ}qg ﬁ"‘?ﬂetetn? penty E’g:a“é%elnléﬁﬂm& oYk fy {’%‘gc?ond spacer,
an oxi d@mfnhté§tm%ﬁ@‘éﬁiboéﬁh‘i’er@Qh@HFQ%éaﬂqS ﬁﬁfé%é b§%ﬁﬁ%’iogeﬁﬁﬂk@aﬂ tride first
spacer and a nitride second spacer. In each enbddinent, an etch
sel ect i vemperativfefod abenti9R0P &nfor gbcar ZamlnehemaTha/bydrh@ndlaﬂ(e chs tanmvewheae t he
fi r?% spalfcde{] | ayer and the second spacer |ayer nmay be retained in other
regions optea substrate as protection until processing in these regions
i's under t akenthbhgiii@t Spack 2651 r@iresentadrat Qﬁbxﬂefaﬁ§§§doﬂa spadel 88 id he formation
of first spacer 26 and 25 second spacer 28, an elevated silicon first
| ayer BGeHr@SGﬂ@Fl%@IHUE% lhlﬁwdefgwpﬂﬂtﬁéoﬂl@r esfimbigafisgt ¢mabaslithents e sane process
flow al [, a d flrst er 32 an ye and on
the gat 28% &@ﬁgdg?o lge%ﬁgs";dr z%% deﬁ%l ﬁig?gtdpa%quapggﬁl ®that acts
a ciymhdlspicat, hinbeids diest sbayeeend g exiabsRoePigaut, ah oRIIRALENsph hhde growt h
thaégfol | ows, the crystal |att] ce of SO sjilicon 16. In one enbodi nent, SO

si | 28 on 21 §xide sgeeng ST @ng aaygride first spacer and a nitride second spacer. In each
embodiment, an etch selectivity differentiation is an alternative characteristic, where the

e—r

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



30 about 501 to about 4001. In one enbodinent, silicon first |layer 30 and
polysilicon first |ayer 32 are substantially undoped, as they are often
entirely wormaadssecordi ng to sel ected enbodi nents. HoweTArs20030pi1ay

t hereof nmay be done where the doping will assist process integration. In

the formation of silicon first |ayer 30 and polysilicon first layer 32, 5
WO 20044 S@189 siticrn alioy fibn deselativelysiepasitoh onio uppey wstacal ayd enip the s

sel ecti vel y .deposi t.ed _ont r ; : - silicon
R L G L
si | i corsigsyatoahtainigp Sifdcas Ghe dEPesitde piisdit €h tsd d silicon filanobanbatastidliycon fi |l m of
substantially only silicon or_it can be a silicon all oy ch a]Psi licon

ger mani WY sifica; oniitemn e ¢ Ailigemaliny sych apidicen gEmANEE, 8 silighn ymﬁ%%l Sng to a

te r [ f 1600~ I ' b : h as

di (r:rﬁle O?%gqcﬁg%%dgqq%g%ggzz EF%Q%fg)aqg%gérE@{?foggégﬁ%zyeﬁ@}%{i’fl{lc ;a ger mani um

al | oy (&pbsiti6®egas)suciass Behedsiané vieiny (SIEOk) iretHbgropem(H)g A gilieont enper at ur e
bet ween 700-750 C and provi ding a deposition gafﬁ such as dichl orosil ane at

a rat e grmepEmElen (30«3im) «dn selegbivRlydenpsiediPy Peatins R A AERRETFEHA) at a

rate of : . . into a CvD
chanberbe[t%ﬁ%%lr\leﬁ@jnsg? %?%?‘%%ﬁ@?%a %‘%gélsﬁ élrl 853 %lg%\%%gﬁﬂf%%é ? %%??éds dopant gas
such ashehvbar BAB00 s Pk Mrirogendli Ak geemaaen(Getl,) ainclatdeftbetwedn®-3000cess gas
mx if a doped silicon or silicon allgy filmis de,sired.,Fi%ure 6

i 11165t regems and Hy Herrajs byt Hyslanatasee Y Rrhapherihanis mpialaed At 8RR d such
as by abé’é%enef(ﬁ tdedraﬁt'é&%’%g{e %&Es’u&?a&ﬂb&’aﬁéml?ﬁﬂlw afPardiid chPbeXposed

silicon. erea I osotropic etch is carried out to forma
sel f - al inghided methe procdsh ges niiepf € dembdisilicofbysitieorvallaSefilin wideginesld r ecess 34
fornms in what remains of the SO silicon 16, aligned along laterally

ite sidewal | s.of gate el ectrode 18.. | i ment i -
Eotrop o et Eags b fiseTRe St Btelirthein st SR el PR S BB 8 Shn
| sot r ophChyed wht déH tha@ﬁ's&le@ﬁﬁé‘t%&irﬂtebﬁhé& ab bid tdé:@obdiesiffédn. Sitckdagsr, kayer 16

(Fi gsure 6), but it also etches 20 horizontally beneath first spacer 26 and
gat B el samirigepsropiz. dryieechsis gerried ovt iogpen aselfrabignediecesses agenieteth¥ or ns a

gat e- na esl 6 S |41 iy r.esi due 38

t her eof ﬁ@gee&es %ﬁ-ﬂgg@%d If%%?strsr}éﬁéﬁ%snl e‘Jfﬂgﬁfe%.% %gceo?glk ?1121]%@{1 ?l’ea(fi r%si stor
channel alogggitdrally opposhe sidewalsol gtk dyctgde ¢S masdedemeiiniant, 36emi SO silicon
16, may,  be shorter thap wdth, 25 1n one enbqdi nent, undercut etching
is pr odﬁ@@ﬂplbﬁtcﬁé’m‘@%ﬁ%@ﬁ? ‘-l?egé?!\t%ﬁ} s(?lfjoqq e‘if%?ﬁsﬁg‘og‘%so?ﬂpl& eﬁgtnﬁf lel plate
radio fBﬁ?‘é?dESé’vérﬁ@llthﬁﬁﬂE@ SeIGhicos 1@¥§1@?igﬁewbuﬂtcaﬁgo_ diBksal so be used to
formself-aligned recess 34 and undercut 407 In"the sem-isotropic dry

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



etch, the chemstry includes a gas m x chem stry of sul fur hexafl uoride
(SF6) and helium (He) and process conditions which favor isotropy. Such
condi ti orwOi20el/ess9a | ow enough 30 pressure to all ow t hecraseeBrners3pat h of
an etchant gas to start approaching anisotropy, but to retain basically

i sotropi erformance that w.ll al so.achieve the undercut 40 beneath gate
el ect roﬁée(g‘ié{' a[ﬁc?nag o Of e resstdnvengion, R Rfocess REsFyre &F pRARE RO power

densi ty niTor§a\éd SOMHRIFAGE, RRF bGPk 13d el Ae R, of oS osahgdi ment

of the present invention, a process pressure of about 900 mrlorr, a’ gap of
about 1 21d ¥hPFeltovRPT gl i 08 fccabisutsed 0B this ebpdinidnt\thoRFaowet iskafiedécm  and

SF6 [ d..ln thi nmbodi t .. the RF [
var e ¢ te Bonf M 500 6 2B WP e b S n TR RET Akt aliABeBe s pr sssur o

i s vari abbvetabowtrig@snbombove about 500 niforr. According to the present
invention, the sem-isotropic dry etch process flow produces undercut 40
and the et chASHEANE P jhg Rregant mvediicng the\sami-gsotmpicglay etchiipegcses low | ayer 18,

the SO foﬁﬁwé%%laérchwdfﬁel}dltﬂe eﬁ:ﬂ%PElHﬁtr;/ i%aﬁgo SRAHGE tgéleg%%c&é%%cﬁ?g\@%&gf | st

spacer 56 an ate ectric lTayer are not ~si gni hed duri ng
the sil il§dhe BOtmsulatordayer ddjrodi thefiist §caf2d. Ha tids aayFiracpscer b6 and et i s
used to fPr{Bgtlhe ﬁ%dercut .4Q at@g\e e%ch chem stry is slightly oxidizing
such t haeleHie 1ayer S age ek sighEcantly siehed furing the siliser pigh. dpops erbpdigente

di e1eCt bf fae bRY ProcelOW thit'if hsedBRE ROufRly1lsD, FERANCH N HTsi iy eCess

etch to thicken. Thereby, the gate edg age at e tip-over regi on
of the @udiing ek thas theegiclceanditions hiusk edatgal portivr K2 of thecgatadielectaic layee gat e

edge al i e, br eakd .voltage of the te. 15 Because an

over - ot dhoLBET FERRe 26 SR B I Lh FE o M G ThRRBRAN Ser 16 and
cont i nuedgedea:keg@Wheaipeweﬂ@kﬁgicfn%?iﬂw@téﬁam% rdduckd VRUhHIGGRESt royed, the
| at er al éie([ﬂ%cess etch process flow of the present invention acts to control

the | at trictlayer ahthe gage edgenlsedncreaseythe breakdeswn moltags oftlagat8@0 A/ second. I n
nmbodi t h ! i nfl i
T b e Pleaubtn GGG w6l o B ithe B BcbRLde LANNEN ShonBf T4, 1 e

i n Fi gupel contideeordilng gate-tiaskedrresidrt 36 it ittwaild be destioyadshéhgralchannel

|l ength is definable approxjmtely fromthe inflection point 44 to the
0pposi tEeCFSr‘?TeF%‘(ﬂIP%%S %ﬂgﬁ ‘?‘fﬁ‘?lﬂr.es Hentuepstsiorcratrel the Hlierak el 1@tetoi s a gate

width, Whivbbostiont DA/scofild a1ttt 30 ANGEhd. Sn oS Smb B dhdloifroEd N Lhi s

geometrY, a large LMET (netal lurgical channe ength’or physical channel
| engt h) latasalgtdhi rateectusrsranrigfledtiongbint 44 &t formfin et isrlefinsf fie@OI(!livon 2yet , , T 1)

}Ngir %(Z dé ligsa(!lép?crteci‘ II}/IEI;; gl'lrse flckéc%}/(ﬁgg %L![flé Sl%sénq ?nvoe?ltiglg,atﬁee trgnhs?sQortcrﬁgnnCe?an nel 1's
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



smal | er LMET during the on state causes a smaller channel resistance and
enhances a higher 1. In one enbodinent, the gate dielectric has a w dth,
W and thwoLRMEI00B&S a | ength that is in a range from alrewtusRo03¥2tio1 about
0.99W I n another enbodi nent, the gate dielectric has a wdth, W and the

LMET h | h, ¢ hat i f baut. 0. 3Wto about 30 Q.8W |

anot her IR o he A fneebufrisib ey viSHhEn § Asiaghil migrosndbY May eRET has

| engt h filter feferbiitedadcdbdifg fd @RMARME, LntMale RRAH MY Z%}éa{/\c@j%@rﬁe‘a% m ni mum
se

feature, such as Wby way of non-limting exanple, 1S upon a

commonl 9f ¢eé?f°@r1roélfptcé€dﬂ@tt¥¢ 8guresi cfprasamply, pdtodithographepro¢ess dlowms)magyr ocess, it
is 7 / 1131 er.stood t t he actpal

neas u\r/\?ln%\%% Aﬁaggﬁég%l r(t)hnqﬁ?él% 3@552%1 LA ﬁﬁgrngﬁrsops,gyd\%aa{; IBchrOl?Su?[tJ’isler

r ef ef enuedersioarbthai thg visdowbaséteits such @s 0.28 nilcRNTWRY RS isEndtBydiferepart of the
metric ,of device 10 depicted in the figures. For exanple, photolithography
pr oces s dif1egHeN I Lnehusmess eRtiRy fem e pomatative Rusiness cotitys Aﬁcélf%ﬁéy, sgch 8

m crons ] : ' . i metrics such
s 0. 25 bR ELORS el cal Pt 7 I Bl o B B Lo neos
entity ¢ntiies.aOthwmpeEnaing dedturss thetsmapbe adepmpliciosarid itiegfuyure atecdpplicadlld iocs,

al t houg %uantti.t atively called out, may differ between a given two busi ness
entiti et PEEREYIYCRum f eat ures t hat may be acconplished in the future are
applio cabl et anl iEbdFRERIVT theWestht Bfentidh delt-AHn SRR BN s Al 4GB esent
invention self-aligned recess 34 has a maxinum vertical depth the stops on
t he SO Verfeal dgpthr the sipps on4heiB@I insulator keysel edud toietah. selactitiy. sin thisbodi ment ,

self-alj rec 34 1.5 bet ywee bout . 10 nd, abo 00 A bhel ow t he
f or mer rgf(;:la |8§t’ g‘?ﬁﬁﬁﬁ SATEGY g@g%fgvea?ﬁ&bg%olgradéa%%%?ﬁé‘gﬁrségaﬁel‘?‘gih‘?o about
200 A fomerziobitidn of Whed Ak fREaLd Mdanas Betwien 588 244 & addie2@RRe Stack 48.
The deepest netration 15 into the SO silicon |layer 16 occurs at the

i nf | ect PYHOPt lmor Iegerplly Bensathyihe edge 46s0fithe e staplpA&cThe debpesipenetiationnat i ve
Pr 0¢£S SingPMdISOIMRoRN e?tIGPC&R§£Ptﬁé {n'ﬂ%%{ic(%oé&%ﬁlei!f Sl(‘zetsgr?[.r it%ls é‘g perate ot her

recess geonetry profil’es of undercu seni 150 y etch

subst anafipagdiiated thabalesndtive pegiessoonditiohs msd etth bhendidtrickngyhe efctedng t he
polysilicon first film32 (Fi e g) nd begins to etch into the SO

si |7 conSiPEiPLt O TSRS BReTE 9&%@@ Hng?rc‘&ﬁoe Thegemi-tsotrepigalrpotchaf t er t he
etch, i gubbtantitya@niokad thRefisxil 3 4 : ' f SO

i nsul at or Iayerﬁ%4 as deplﬁcfﬁgég%irﬁ)@i gure .ggzz%lgir%lgEgg]'?l%géé]hgs@ngggiz’%ent, an
ul t r a- t igyre 6) and begins to etch into the SOI silicon layer 16 and the polysilicon of gate

20  electrode 22.

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.



body epitaxial second |ayer 52 and a polysilicon second | ayer 54 are
formed. Epitaxial second |ayer 52 includes a raised epitaxial tip 56 that
may or neyorroed/doedsat a | evel that is 25 higher than thePomigseemalozpBacenent
of the upper surface 20 of the original SO silicon 16. Further, raised

epitaxial tip 56 may approach the sane helrrg)gt as gate stack 48 according to
gi ven appl i cBpitaxiad seqqnddpyer %plsaiinalpdes ap gmbsddesiontr|dspingugetisn SPvithy t o

about 10% ' : ate..St: d pPpaL. ce 20.
' one Bt A RdsiaBS 62 it Atstod B0 GRAMIF UM APRAEMIGECE 20
gat e stmsidud86 ofRON siteas luyed! § amintatepg) ecsiduzB8thereafe 20. 1 n one enbodi nent,

rai sed epitaxial tip 56 is up_to abaqut 90% as high as gate stack 48, when
measur ed {1 oRispEEPIdHPRSEsHhe opffexipegmmd layer 2ilg fapng Rlogye Spn %Phese

pur ppses UCE d I fri<nl i : WO
o0 ocBPE RSB S E BRIt Al st dbnriods 10,

enbedded8 theraof.eCthsarersepunrtitis depi&i8d m srharbijrare lavaideahdr & shddetrdy.anglsi t axi al

second | r5 kes .as it se our ces te- ke resi due 36 of SO

a1 conTigepe pat i B krhpadid dostShaRbsnt Tk he oDt Tgne. cause
the epi gighcaionSidGaihdrRi@ substarially epidxdal @h@ snon8cS RN Qayer S2NEMMIFE bet ween
t he gate-masked residue 36 of SO silicon layer 16 and lateral residue 38

t her eof scar @kumexk be famegdot pe agp thet Bunimizesincieased restsjivitp eacleeicalnd at an
arbjgra I e it r od that in one

enb%(%li I’Y%%-{&?Iﬁto Qﬁé@?ﬁ‘z&gg esgragﬁéféﬁoggﬁ gﬁlg?j‘lp%fl cat%iogtr?gi n an ot herw se

subst anti al | ygeip| it daxnatbd thatdaboragate)eddcablie 2B, dnayes-itha body pslysiicorseam 60 may
be formed at,an angle that m nimzes inpcreased resistjvity as electrical 10

cur r ent SEPBHYPF SniTpraiignepuely fomes ditnethe BuERTeNBEeRIBY Y treopd biyes8 Agai n,
it is ngi&d érﬁl%dirﬁ@rﬁVQﬁﬁﬁto?bfﬂoﬁQfoPchﬁgg&l is%‘mﬁédtqsﬁi élHQcB%‘A%/ede' ysilicon
y forns g the to

second Tayer 54 sinultaneous urin mat 'on of epitaxial
second thepmstruch that thmdepositiod integhly salefiivatodhe fmcen26d sydthati the banoni s

formed ysing..Si HZC12 ed chemjstry _such that the deposition is highly
sel ett | a@ﬁﬁ%ﬂl“ﬁa B%E‘g?fg% ,On’s%éﬁil?rﬁ5‘¥thter?8a‘i?69§n}1tf§’ UTpEY TEFSFESF does not
for m ongyRfanasliefiBed p%ﬂﬁ@d@aﬁﬁgﬁ prfRessHOMR6dess Ediend RERISER Ml by this
substantially filled by this deposition process. The recess can be

conpl et BIogeHi [ 1 ed by this process. In an alternative enbodi nent,
por o b=t ) AR HOB oSl et BORG TSRty or T L
such t hdspddtslidonpo $erhf the dilinshalfidls@hd feeess] dgpicalfly,tdpitaxisli@atedhl isur f ace of the
S Ub% ' aEleeposited 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



I n one enbodi nent, a boron-doped silicon filmis fornmed by a selective
deposition. A selective deposition of silicon, or a silicon alloy such as
silicon gworzaswwsgsof orns silicon, or the silicon all oypcCaoruseéns/oexposed
silicon surfaces. For exanple, a selective 25 deposition of boron-doped
silicon creates % e ultra-thin body second |ayers 52, 54. Such a filmcan

be sel el {PerbEh Y] togao by bigatnrpigutch A domsst gasisuch as dibersnparhasthiee. OF om about
600 t 0aRhRlEatR0inCluAOin TS S0l s HERAN irh ABpdiBSIEHC AR lfBY RIASL | aNne
a silicon al 10y can be sel®ec y

and hydrogen. Simlarly, gernmani u Ivel
deposi t tubdbfprinedti ng to a tenperature between about 700 C and about 750

C, providing ,a .depositi 1 X ,0f,,30 dichlorosilane at, a rate from about
10 sccmto alg‘oa]f}?ﬁg Pg‘tgﬁf‘gﬁa%%éﬂ:‘fap? ﬂﬂ%ﬂlg%@ﬂ’é‘%e@%mé Lﬁc?‘%te from
abous  16e seledtiviely @pOsited 2ntSHRMN @@ﬁcmtﬁ%&%ﬁ&m@%ﬁr ée}osi%ibg‘ to about 25
slminto a CVD chanber that is maintained at a pressufe from about 50 9 WO

2004/ 008ubanpeeResionagas 2ix Zicluding geroanbolichl@®6ilaner arsiney anartyidevgen pr essur e.

q b ome. d H e, ne.  neluded i |
hebr out B8 SuBa Rt WA AR Sy o BESR R en B 20 Citapont THAE ™ 0"be
formed. afd hiafibdidingd QREEP hibAZ{epadiaaS hetdle OF Sr¥RE: Bhh LSRR 50 $SABRH U

epitaxial filmcan 5 be selectively deposited onto silicon surfaces by
t her nal therafmemheyadwingf@podénosiion. Sueh 2 pioagssavitl fpms  silstargially ni x i ncl udi ng

ger ymne. 4 il ane, ..arsine. and hydr n while maintaining the
sub{s?r a%lggﬂgaég%p%gig 3}1%()%5?%%%1“588 x@gﬁmc and about 750 C and

mei nt ai ni ng Simiddrhy, ayebpe sligdh gepasivhi Abyas s Withaalbydtpahgbsitibiesr about 50
torn but |ess th%n at rmfsf%heri c.during film degosi tion. Such a process wll
form a ZRASSFHEKESIHLY geompotdichigrasilone aprraximats)y 3@t 180mecmeatidmi um epi t axi al
film Sk s il lGaon ' for y
decorrpos?atrib%f]IJ %I%uté%g%%ﬁn?nﬁt eP 39/1 %gt 39 gg@?‘ﬁ%%@é %u‘?%lraggﬁj%%gflatgg‘é%gi mat el y
130 to @M slthyfiropes-diiyed dienandi (Bolldht g esnpenaturg betwebnaa rdﬁxﬁ@tegopant
sou%e, ﬁ&cg a @&péo imately 5-50 sccmof 1% hydro jen- I luted di borane
(B2l%) " 00 bR e oS riodimertoh isrpfbie 91 2P U6 00%C and 808 Gly | n one
enbodi s u i Y.~ 0 gh pressure of
Sbout 5 breh BBk otle B8 In G & R SRR P
deconpod¢ompesition pewsss, agproxixiately 85 yo 2Bsdom SOHECembefadded tocms ghe added to

t he gas,; deposit.ion m xture. Those skilled in the art and having the
benefi td%ogﬁlﬁflgméﬁg%l osure, wll recognize

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



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

Furt her pwocessios49i s carried out to protect the achi evedTatseestoaries and to
prepare themfor netallization connection. Raised episilicon tip 56 is
further processed to increase the conductivity of the device. As depicted
in Figure 9,Aferfthe irmdiien eﬁﬁrst-(ﬁnﬂay@nd@zelﬁéﬂQEYﬂ@ oRead 6derespashiselyat e 12 by

CVD. First dijel.ectr. sel e rlde
ooy rieeper i S R g 0 BB G BEieF Rh LT IR flgPY| s pncertd U1

has ”ustépﬁ:% ih'Fi ﬁealﬂg@eizﬁlib@iﬂaouﬁd &ddnd dheEb@Mtla}ile@de ankhét,eafter a sec_ond
dielectric | ayer 4 is formed over substrate 12 gecond | electric

| ayer 6wspeslivele may ket 5t prigmanda S@‘S@inééumée matmahélhcaﬂn&% PB4 PXide and t he
ik S a or etch
B R L e e L R T

second spaedrésGtmaychd foymed &énhasnglemlttndknﬁ@sda mekcmngeoﬂerammb@lunmt 5001 to
about 1,800 A. The ({/orma(il on of both %I rsé}Fand second dielectric |ayers
62, 64 %qr@oo&#%ﬁ@cslbﬁ is 8564 fosgp e 2alict SPUPRETA SIS TR e t he

ther nml siBYAO8h trellud 1%90414Qﬁgéﬁﬁof%ﬁpéﬁgﬁéﬁt%ﬂéc%%ﬁ&%dH‘@ffée@ﬁmit' on of

first- secon Pectric [ ayers 62 and respectively, spacer etch
| s car r]ingti energy htghfdmsmmplmfpms ltheeacgpagmnnelﬁeadpabem embo@mw@ﬂ thefirst

r elctedl Fi ause first ielectric
EyEFs &5 imERBon binasly SRR o aBRERS Fut M0 el S0 AR it e e
mat er i ahbous2jopgd) nitride and oxide 5 etch process may be used. In another
enbodi nent, the functional equi val ent  of conposite spacer 66 nay be fornmed
from a si ngl B enemrpesss Bpwerthedingemsy depicieddin Fignrerdd, & seyger/diain imp l#¥iposi te
spacer S ggi froma
silici dlglgg(!l;\ ’pﬁezseog'g’{egdr%gg&gga&ﬁ?%lsgl&ﬁlédeelhbq%e i %Sé}?ﬁ t%g#r%%gﬁé%g %%I(&:ler V@gél s used
to of f st oatsidi q@lgecofogipobit@padasss inmpdaand ircrease thbdopimigicorcanhatioedf r egi on.

In an enbodi ment .of the 1Q present invention conmposite_spacer 66 has a
t hi Exneds spwcs/draalh GRSt seiaioRRd ool epn Lkl BPaerss A0 ond66 ﬁ%d6 #Bcess

flow enpeeidmnb, rPrg\eeﬂt & r%ﬁﬁl%bf‘th'é'cﬁéiﬁﬁl febionAtIRUELRA MR BsibtII @ bendasy,  MReE.

The source dral I nmpl a Is made 1n the raised epitaxial ‘tip 56 in
al i gnnetie gmtetds wdlhas theinkiactbindugly spséxialditpodisposed benseth tBéspacewsr der t o

and ¢ hegETOsER, dBrrofgRaran bl sbatrlf e SR s A SDr e 205"
prevent figapt Mg effbeldid solie/igdin hawtion 56t he gat e- masked resi due 36) beneath

the gate as well as the ultra-thin body epitaxial filmdisposed beneath the
spaders. 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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Accordingly, the source/drain inplant does not affect the ultra-thin body
epitaxial SO filmat the enbedded source/drain junction 58. 20 After the
opti onal wouwneklosusai n i npl ant, a salicidation process i 2Crarseésm2at to

form a lowresistance filmfor the gate stack 48 above gate el ectrode 22

and for the el.evated raised itaxial, tip 56. In one enbodi nent, a
refractory rrétﬁgﬁﬁl‘FS?l???a‘f’@niogr"ﬁ%m{@fn%&g@%toeﬁlpr‘ﬁwe VEEY Epfdon 2 as
depi ct edniplEtigHiin Aride] NEIIRHIALAREHy TRb LBy RetBHIREIE Al drom i ckel

(Ni), cobalt (Co), palladium (Pd) and the |ike. "The refractory nmetal nay
al so beewBodigepls prdective haysr Tisrtitanipum nitrideithadrs dapogited)to atthivigsdsein § W

ti-tung ' ] )% QN he |ike. h refractory netals
may be gééjggg{o@c?\gg%ordigr%% %uti(zﬁpést]ra{f’%fiﬁ"%aw{ké Cagib?gﬂmb IEye%Dé’W%bw and/ or
a gi ¥enkaowh feclodged suclilae by @VIRG/itaray Applisd MatdriflsBndusa By Bk 8t it cHepOsi ted. In
an enbo%a%&of the present invention a cobalt filmi's deposited to a

t hi ckne GVEhgBroftecsive daysur2 prtects the uadrslyingeragtorRaktab tayer 30 et al i | m
70 mayb s D od including sputter deposition
such asﬁgﬁl&s){ldgdglpﬁgg%%% ge%be%@éélntt F@%M?ﬁ%ahor by CVD. An Endura(r) system

made by Appl Aéer thiafemiation of plAddtive ddyeSal)isabstaty B isGahicll @6 B iangoadiufee used to
sputter _deposit .rdef actory. metal film70. 11 WD, 2004/008489
PCT/ US208831°02 DT Artiiap seifeiopblofgtsisiasiongptakiilsn ¢ tateast with m 70, a

prot@ct indrlyRgailicta to Mrnf PfofraBiriRlct] kiR H BidbhitA8 in sit,ed
directly onto refractory rreet gl fil r% 701.1 I'n onealg dgéhg%gilﬁeﬁn%ﬂ%g?’bpégt I ve
| ayer 72eatiagpracassitody be eariiedovthaen inerdemosphesosuch agatdon¢hnesdnisoma r ange

from ab 0. ut.200 A Protective |ayer 72 can be formed by any
well 5 H{)a\%n%egt%@ﬂ%%q éy%%ﬁ%é%%%amgﬁ% %&ﬁﬂtﬁée ‘ﬁ/é‘f él?quégggggdura

syst em for aitimeangdRomfHoTrs ftokdlb ab5ALGRILE. HRYR! enfBodim@hE Rl gli'se
under | ylgar}g?é]ef ractory metal |ayer 70 from oxidation during a sufo1 equent

silicid g2t abqui 4507 fefor ahawi PP serondls. prubsiseteildean by evitably amehlsd iat e 12

S at ' f time suffici,ent to cause

ot et oy AR DR AR 52008 R 1oB AGichhs@hng piREeSihiseS Mt Bpim

r ef r act of the naftagtorgivetat fitie 70i dnthuadertiéng sitiesh fon ﬁcﬁ'hg&lkﬁv %l?eet—ﬂaéﬁtanb@?t i ;‘9
rocess_,my .be rried out inh an jnert atnosphere such as argon (Ar) or in

I[s)oma iﬂ%ﬁséﬁg%g%%ﬁtb?%ﬁﬁﬁmé RBeet Iesttagce ‘éﬂ?&’@k‘fafh@@lﬁsrﬁ’ebswfﬂge from about 400

C to about SPfufe 14 Bépidts kinfiRer LARASY MMARRMEGiAS RASERASHLL ARRYD 2.

m nutes. In one enbodinent, heating1s “carrie
about 9NN erscxagiples tvitht 250:2 boffrrel dlBwet et for aninsapeiddi ford Bban 9ONVAT

?g% |r Z)%e(%ndbs‘l\/g‘lbé@(f% rsgcon E }\9[811 the %V%% thl?, tﬂee ﬁ)tvslf élgeeggegfstea%%e g}?agg %?mtﬂe

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



of the refractory netal film 70 and underlying silicon for forma |ow
sheet -resi stance phase film 74 that has a nean sheet resistance of about
11 Chns pwo 20qumBs489 Fi gure 14 depicts further processi n@CTAsgoodnsaBi ci ded
refractory netal film70 is renoved, for exanple, with a 50:1 buffered HF

wet etch for a tine period from about 90 20 _seconds_to about 150 seconds.
After t Becnpsrabapiciy0 scpm andwnghivpe derant squserced hydergsnfdilutgs phosnhiaas REs on t he

sour ce/ r f rom
one. - and pidw EEOERICARA 100481 & BbRLI0REaRER 8L ERL Aol 1A RS
depi ct edbautiSbO"r(éﬁpﬂmm 700°eC.pIn\Vis atheboidireerit,zabiont2 (G scsmechclﬂomsﬂarretmﬂur e

However reci ated that the ent I on be used 25
to for nﬁ'é?il ?b)h(égﬁ‘?%?%? Eiet?re‘h@t% ﬁr%tfhg %ﬁ&%ﬁcﬁtce vﬁ&? Bt f%i"

epi t axi e éele@ﬁ’ﬂt;l ispréBded H g%ﬁ%hl%ha@ﬁﬁy %@Eﬁe@&%@f&sdﬁ%&ﬁk abh hb&'rﬂ% on an
arseni ¢ or phosphorus (n-typé) doped I'm For exanple, the process of the

pr esent fiomvahoti Dsccoaio af;@uu@ésbcno forma low resistance silicide on an

n- MOS devi ce_f or .b desc d .process except .tha
obossoe. oy SRS it foioeps iRy SRt o R S Ra s skl Tbd'vi ¢ i n
the ranggceds &@n@h@ﬂhtpré%llﬂﬂgpﬂlﬁa e sthekipoh A lIAICHBimR o (SOf)isubstghteM t h t he

an n- ty&e silicon film having a doping density between about 1X1018/cnB to
about 3Xhereaierga firshspaser anchhengpndenacerpse Eumed Ab2 anitlyhgate stadlo udn 1X10/ cnB.

i cbf o oav g Bl g 15ler L @Byly 15Tt ety B0y e A RATRAS K 0000
PCT/ USZ@ﬁﬁon&aMBlThaeaftérmtmate #hdk, agatesaiokl uaderouttiy pehelpadta source of

hydr ogen- di | e phosphane PH3 t aflowrate froma out 100 sccmto about
400 sccrPUREf fn%m%%géqca%f@nﬂﬁ %@%atf%a%teaiaawn Bt to about 700 C.

In one enbodigeRinbodasH: 1ﬁ€é}ﬁ'v9hﬁﬁ'-tﬁfng§dd mmﬂ:e iAR04s a%?a%‘i’ec

phosphane is netered to su strate 12 at 75 C. As set ort erei n, 5
wher e seyseni Wltlyrefesermeetb dligw, 16h9( senoigemiuctolr dra J4i2) maybdaprqdac@rfe@n o

subi%rate at ow r ftro t’ﬁ N@ﬁ cmt s‘g @0 sccm ure 15 is
ce§§m1‘°f’5 MOP%%% | eVﬁ? d‘lsr?‘BrW process
beg| NS \aftdinx ww fé@taiaé@laﬂ oﬂ%thtfa‘t@%thﬂ%ta&nssélfduﬁ%nto%foﬁﬁlﬂ s@é&ﬁc( Sa )

substrate. Thereafter, a first spacer and a second spacer are formed 152

on the d@rcdiony écsﬁmlmdmctowefﬁatléa“élpbitstpsgailwcomﬁamsae repeated patterg pbsweh 885 upon

t he sub C i f the
gate ot aop coffiniiin Ring SERASIRRBle 16D b RREEbobin d AROARELFuTle 1 25
second fekiemi tchuf:h bﬂiﬁﬁle&&&vﬂks ﬁﬁ@n@ﬁbl&hﬁ:’[pa@deswﬂdﬁﬂpmhltlpﬁ”lﬁmeﬁﬁlﬁﬁtyfm% of the

| nv%(r)lt | VI%O lils! t%%aﬁ hﬁa%kgggg 1nsaoprot%gt\{x|/ecceas1lng %Illgtcé}elgwg)nwﬁll’l ?e(::e;[dg (e))?tler?dmg
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



system Wth reference to Figure 16, a sem conductor die 160 may be
produced froma 15 sem conductor wafer 162 that contains the MOS device 10.
A di e 160wD=0awn0848di vi dual pattern, typically rectangulpar/usesn3getistrate 12
that contains circuitry to performa specific function. A sem conductor
wafer 162 will typical Ir%fcont ain a repeated pattern of such dies 160

cont ai nPAOTHECBRIET R qreAbile; aindystaal coniroksystems emairoref ardipthersddi t i onal
Ci reul tYroh@ modler7d 1o agag&y;grfg%gg¥7ﬂs&e&&§%ﬁ%r&oﬁ?@§gie%ﬁg fiiQagRsor W th

mul tiple functionality. Is typlc y pac na protective
casi ng bHderabemmmymisation debetmtrekt endi ng t her ef rom such as bunp pad | ayers
t hat provide he die 160 for unilateral or

th i it
bi | at er al coﬁfﬁiﬂ% ?igtsf‘%ﬁs ﬁﬁal%l t%%’ltlj‘lf‘ %Mrs?/en? Lg(f)?fgltaé%&inﬁ@ﬁﬂorﬁ?lg’uﬂéﬂoq@esencas ed
i N as5chilpo paddsadived dHRYe SHRWMINGSH tdAstshe3ndRicB 0?87 iﬁvéfﬁgé AeR-hinbady AS shown

in Figure 17 two or nore dies 160, one of which including at least one 25
ul t r a- t ROhdpves 1 Gey desenibectheseinj Elagtrpitietspster 8Pigguereldy dortding musazcor dance

ith th i nvent j nbi ith i t hqut protect i
Chsi ng. TAFEET8, UsBBRED 825oReE IR DS e bl Bt i Goriet he
funct i onnbbstyatibn afithemeiutts Al ee eicerodi6 Qystéinr180i Someuh@pled 60usgRy be a

conbi nat i o% of gi.rg‘j 60 representing a variety of functions, or a
conbi natt'&trcg 84t ud}edge keyhoarda paigtiag devdemrnangat endoprinten of a iesepalexanpl es of

a cipcui - ouh g, g %, :devi rive power
nmod :11? es béné%%erru nicat i § njdm’rrldiollgjllg1 h'{é ,gﬁdpgrﬁgé%gés/%fr@%g)ﬁ ?%eslgglxlg ﬁg‘;’)vgf:}il %%({ g%n- specific
i nt egr aped! of arcaiitompBiB; Ghd tmduakEmaderaltaypaddisphat adecuiehéy dibPsnesr,ofm! ti-chip

nmodul es. .Circuyit,, module 1 A e sub- _.conpaonent of a variety of
el ectro ﬁ‘i‘t8m§§§tt%% Pl%ch%ﬁ- igeléméfge‘k ,?S?am% Fathes Aeiribe ageps psghiaVided 13 WO
2004/ 00 @A RET dySRAD BN 2Ad3ds RRESANNed $9 BRMIEES an é&%ﬂico%%}d 8:h&"

rcuait nodule 170 has

industrial control system an aircraft and others.
a vari efiprofengiblegisen inferéaee epmporpntsiredbusbyrexmnalifbidn @nervir nadre o Atheor

bi | G ' ' trol. Fi e 18 | ect i t
T80 S on & RABREPH Ry RN R At atiLe oS G0 fRatp bt mbove.

cont ai ntowgrodbr dieasion @ puRslréN©e odputshe uid 1apirhaeel 89l & G¢diir B orSO
device JFHO@?S descri bed herein, Electronic system 180 generally contains a
[

user PR srgameddalp, orptherpisedradgedoodlpetaniasystem 184. Atwilkbect r oni ¢
system A rQl Lon. h I t | ectronic
Syst em Tor LB OS IR of Rim IS BHEVID R . SRS Hilsi Pho klEef0 s o

poi nt i ngondain icertgin mxchémical &nokppnéntd @bt sowa) peadiinal to thé cieanpub@iles 178 t uni ng

di ab@ d'ar?cp Jls%y in?ei}gacgq%?.k ﬁr\%illcge a%prreggice%;thétQEe (i)r?enci)rtrilgrg c?r\clz\n{ligc gn%dl?lgg 19(6)1 isn
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



pedal of an autonobile; and the card reader, keypad, display and currency
di spenser of an automated teller machine. User interface 182 may further
descri be woceswopsot s provided to el ectronic system 18®CTASc@S®210rts are
used to connect an electronic systemto the nore tangible user interface
of the 15 circuit nodul es

an £ ys
170" may PR G EERY s hidg v et es Aigording lnon,  cont r o

or di r eeibodintht. i FutHes, & 1639 Qo cq%s}@éss%rﬁ%,lfﬁ&ﬁo' R &EHA%8 Jr@gydo?gcﬁ{ ot her

information either preprogrammed into, or othe se provi
el ect r onP& okesmmtersgstemakd Ogan be ircorpopped ent singbamtdgeatéd sitaitofSuekanpl es

previ ousi i . .c Syst 180 will .often. contgin certai
ochant SaPe Bt pfo@Sihg M iRy % Cotmibieaie 456 he Rt Binhroqmomaiad 170 20
and fiseand theendna@g s§&dem 194, wi | | be appreciated that the one or nore circuit

nmodul es 170 in. | ectronic system 180 can_be repl aced by a single
integrated cirali Feﬁhbﬂﬁﬁkﬁ%Fﬂﬁoﬂéﬁ%@ﬂﬂ@hﬁ@hg?@ﬂ@%W@@@wmﬂyﬂbhm&mshl

sub- compRRRL ih@a i Fhaure 19 sh further
ambod: MRt oy o Syl pRE kL EOER B e AR B el Bt R B st

syst em dgOribesharsl ilssteatqt hordado ef2inahsnaureiuiy B¥ali@MmiPhe mdde housed in a

.conputer .unit, 196. ter. system 190 is but one exanple of an electronic
system cwgﬁ?'gidﬁpﬁrgng%{nrﬁﬂ?p@lnﬁ S 3R ecapg of the myention g6 gxpryssed it b 194, as a
subi0 cosqpsifed claiire conputer system 190 may contain an input/output (1/0)
circuit 198 that 1is coupled to the processor 192 and the nenory system
194. Conputer system 190 optionally contains user interface conponents
that are coupled to the 1/0 circuit 198. The 30 1/0 circuit 198 may be
coupled a nonitor 200, a printer 202, a bulk storage device 204, a
keyboard 206, and a pointing device 208. It will be appreciated that other
conponents are often associated with conputer system 190 such as nodens,
device driver cards, additional storage devices, etc. It will further be
appreci ated that the processor 192 and/or 14 WD 2004/ 008489

PCT/ US2003/ 021131 the nenory system 194 may include ultra-thin body SO
devi ces according to an enbodinent. Further, at |east two of processor
192, nmenory system 194, and I/Ocircuit 198 of conputer system 190 can be
incorporated on a single integrated circuit. Such single package
processing units reduce the comunication tine between the processor 192 5
and the nenory system 194. It will be readily understood to those skilled
in the art that various other changes in the details, nmaterial, and
arrangenents of the parts and net hod stages whi ch have been
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described and illustrated in order to explain the nature of this invention
may be made wi thout departing fromthe principles and scope of the

i nvent i orwaoexpssssed in the 10 subjoi ned clains. 15 WPCZAG460303U80

PCT/ US2003/ 021131 CLAIMS What is clainmed is. 5 10 A process of formng a
sem conduct or Vi ce conprising: providing a gate stack upon a

silicon-on-ifr Sor (SA) substrate; at the gate stack, formng a gate
st ack UnderCWhat%rEimﬁ{edHé‘e undercut, grow ng an enbedded epitaxi al
source/drain junction. 2. The process according to claim1, formng a gate
stack undercut further |ncI udi ng: form ng a first spacer and a second
spacer on th gat st ack; row ng | evat.ed e itaxi.al first |ayer upon
t he substrat grﬁf{?f‘?‘? ff?gmé’@cao “3“ 8‘i°r8?|‘“‘ffh lﬁ%ﬂsé“gstack and at the
gate stack, forni pﬂavtcnﬁg g8hte sﬁb@aisorpagrﬁ&&%n-n?sulamqs gatgccording to

claim1l, form ng a gate stack undercut further including: 15 formng a
first spacer and at ee@ﬁmtaglsaf@emngragarﬁestgért@dgncabmnd growi ng an el evat ed

epitaxial first l@é’tﬁéuﬁ@& t%ﬁwgubstr glﬁeée ?‘hagggt&ge@%%gf@g?s )acer on t he

gate stack to expose a por and
etching the silicon on the SO substrate under conditions that undercut t he
20 gate stack. 4. The rocess according to claiml1, formng a gate stack
undercut further 2incl &BPﬁ@ceqs@F?ﬁrﬁglngPlaﬂétl fosmaeg a gate stack sadsientspacer on
the gate stagiiner GRG0 an el evated epitaxial first |ayer upon the
substrate; 25 renpving the second spacer on the gate stack to expose a
portion of silicoformomg 4 fisst §@cersantist seade] spaoet on the gate stack;

10 growing an elevated epitaxial first layer upon the substrate;
removing the second spacer on 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



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 WO
2004/ 008480 2PIN0RIB2003/ 021131 5. The process accordi ng tPoTAIS2003102113f or m ng
a gate stack undercut further including: 5 formng a first spacer and a
second spacer on the gate stack; growing an elevated epitaxial first |ayer
upon the substrate; renoving the second spacer on the gate stack to expose

he substrate; T nd spacer i to
The SOl Subst at e PR KA i SRy RS TmE gl gy, 00N 00

pr ocess imtwhngli ng to claim 1, forming a gate stack undercut further
i ncludi ng: 15 forrén' ng a first spacer and ,a second spacer. on the gate stack;

growi ng an el evat p$ £ fgst space a pecond sRASEPR e 2et558%Kat e:  rempving t he

second spacer on tgp&x,iggtaﬁe}:ek,%g'pﬁggalqﬁﬁhg};&%&ﬁ&ﬁh@lsﬁyﬁa@@l epitaxial first

| ayer and a portion of "the silicon on the substrate 'to forma

gat e>masked si | i coemodsg theesceond spaceaonrthd gate btadoto axpssecaeortign ofithe pr ocess
according to Acgi m 3}? %éfswbntg (an nbedded epitaxial source/drain junction
from the und&Eut “PuttherSWPRE Gcd™y: forming a first spacer and a second

spacer on the gat etchirake silidéh @i €ief ST sabstRhewah @dulRt hasflabridd (S¥6) | ayer
upon the substrate; substantially renoving the el evated epitaxial first

| ayer under EBHAPEPONs to formthe undercut, to expose a self-aligned
region of the insulator of the SO substrate, and a |ateral residue of the
silicon on the SO substrate; and grow ng the enbedded epitaxial
source/drain junction under conditions that 25 cause epitaxial silicon to
forma closure sea[m bet ween the under.cut and the lateral A residue. S. The

prod®ss accofdi ng 1§ PEICsFACEOTIE torrdimy I Spripng g gate slack wpderogiBrthery an
embeddedhgpiit@xi al source/drain junction, formng a

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



salicided, raised epitaxial tip. 17 WO 2004/008489 PCT/ US2003/ 021131 9.
The process according to claim1, further including: follow ng growi ng an
enbedded wpizoaiosd8dsour ce/ drain junction, form ng a salPcgiusea)3/opaBysilicon
epitaxial gate layer. 10. A process of formng transistor conprising: 5
providing a gate stack upon a silicon-on-insulator (SO) substrate;

formng a first spacer and a second spacer on the gate stack; grow ng an
epi taxial first | . .ate; [ .he second spacer on the
gate stack; a9fs thgﬁgg‘}e&%%%%‘%ﬁlﬁgl’%ﬁgﬁ%% | first layer while
form ng a gate 1folktvang growiegenembaddbdapitixia sgatce/dsdiaghknctiondonning agr owi ng
a source/draifrl:'lie idt a><]iyaLi secaq d.lla%tgr. 15 11. The process according to
claim 10, forfiAdrdapelysliconenitasial gt layekecond spacer on the gate stack
further including: depositing an oxide first |ayer over the gate stack; and
spacer etchi n% the oxide first layer. 12. The process according to claim
10, form ng &0fir $tpropess of femuingtrassistorccomppisingr on t he gate stack further

i ncl gdi ng: deposi ting;.an_oxjd irst |ayer over.the e.stack; depositing
a ni ?ri de second P& c}m%\é}@{etsﬁ%kdlg%a§ﬁé8ﬂ';°n3ﬂsdﬂa§6r @gﬁié‘fbsﬁt&hi ng the
nitride second | ayamiagd firfi8psver B 4 bdcdhd bpakéron A8 gdd-stathe process
according to claim10, formng a first spacer and a second spacer on the
gate stack furtheB9iEg gaichixigddpeidpyar pgomthesubsiatsi rst | ayer over the gate
stack; spacer etchi : i I I .orm an oxide first spacer;
growing a nitri de%@‘g‘g&\%ﬂ}eay%%ﬁo géétoﬁéﬁyg%eegtg 1gélck and the oxide first
spacer; and spacent the@hterstackheniving e epiesin dirdt dyser while fferiiinga ghter | de
sechd space

rsfac]% %ndercut; and

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



WD 2004/ 008489 PCT/ US2003/021131 14. The process according to claim 10,
wherein growi ng an epitaxial first film upon the substrate further

i ncl udes:wbaoowoogesa substantially undoped silicon epitapcaluskégmseriapon the
SO substrate. 5 15. The process according to claim 10, wherein formng a

gate stack u er(r:rib i ncludes: .etchijng silicon of the SO substrate that is
exposed aft e f RPCPiRceyding g CLaaaéQrWBﬁewowgeansqpmwl figst filphe

pr ocess upGLME dhi@rateFufthé it hfes: Wherein fornming a gate stack undercut 10
i ncludes: etching silicon of the SO substrate that is exposed after

removing the sectmoinpaséstatiaihendppedsititacdpitaaiallgbciponghasOl east a
portion of tgﬁ)sﬁ taxial first film 17. The process according to claim10,
wherein grow ng a source/drain 15 epitaxial second | ayer at the gate stack
under cut i ncl udes chem cal vapor deposition grow ng the source/drain

epi taxi al second | ayer under conditions that cause the epitaxial second
laye? to gro f r 0§ PROcgstascerdEKo claina dP cuhereigviarming atgstesttankiandatcet al - SO
siliconjffskgdue. 18. The process according to claim 10, further including:
20 over the SO substrate, formng a refractory netal layer. 19. The
process accor di ngetthinglsiicon d0thefSOItshbstrate1bbiigicR@osed REN reiddindGhe SUbSt r at e,
formng a refractory net | ayer ; treating the source/drain epitaxial
second | ayer S TRFECT Gt &8@ rs?c tal layer to forma salicided raised
epitaxial tip. 25 20. The process according to claim 10, further including:
upon the gate stack, growing a polysilicon epitaxial second |ayer; 19 WO
2004/ 008489 HET/ Lm@mp@@m@ordmgamhmm,omyaelmfcmnngmgaw@wk wdeend | ayer,

formngm%h{dgsf.ractory netal |ayer; and

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



treating the polysilicon epitaxial second |layer and the refractory netal

|l ayer to forma salicided gate layer. 5 21. An enbedded source/drain

si | i con- oWoaxd4d®s48%0 ) junction, conprising: a gate stachH/u$eepomsadl upon an
SO substrate, the gate stack incI uding an undercut; and an epitaxi al

| ayer disposed in_ the und he emhedded source/drain

si | i con-on-oxi de P& Shejpi.?ﬁ'éicl}%ﬂ e%h‘?é%ﬁ' SFWH?%VGM@HEW&@#P@&“OW@‘F@ n the
epitaxial |apger;Rag a thickness in a range fromabout 100 A to about 1,500
A, and wherein the epitaxial |ayer is selected froman n-doped |ayer and a
p-doped |ayer. 28catiigdhe pbbydidicon sptarizésaond teyst dndtha refractory deet{] SGtey

junction accgr 21 wherein the epitaxial |ayer has a
t hi ckness |n%ag¥lg%gstgﬁ lde(rllng gg B100 A to about 15 1,500 A and further

including: a salicided raised epitaxial tip disposed in the epitaxial |ayer
and gdjacent io the gate stack. 24. The enbedded source/drain
si | i ton- on- oxi-de (*S@n} éidé@fb%q%w/%l@@rlmongvm@udee(S@Iaamtmmmmmghe

17500 A whet ot n ¢ RaC S KaEPEFe o SO A 0 sy et ana

a p-doped | aymtercutpad furt her i ncI udi ng: a sal i cided polysilicon gate |ayer
di sposed above and on t stack. 25. The enbedded source/drain

si |'i con-on-oxi de {588 aﬁléﬁﬁ%{qgﬁp% &t teAigdersut. ¢l ai m 21, wherein the

epi taxi al layer has a thickness in a range fromabout 100 A to about 25
1,500 A, wherein the epitaxial |layer is selected froman n-doped | ayer and
a p-doped | ay&r, Theegm @dcteld@ounw/dralmmhgon—an—saidec(S@é)cjunammmdc@mrtgaﬁ| al tip

2008 oo 2 ol BB Bt ¥k BRin BB o hee i Aiat 400 A6 oS posed
above an@o0R, bhewhaieth the@pitaxiZGaycF HoscRIFRATGARA 28 QLU @é @d’y@f thdd S%dﬁ@ﬂi on- oxi de
a

(SA) junction according to claim21, further inc ud| ng: nnel
enbeddedBeneat h the gate stack, wherein the gate stack 5 |ncI udes a
polysilicon gate electrode with a width, W and wherein the SO channel

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



includes a channel length less than width, W 27. The enbedded source/drain
silicon-on-oxide (SO) junction according to claim2l, further including:
a SO chawpebogmwsesdded beneath the gate stack, wherein wh#/usaes/ostiack 10
includes a polysilicon gate electrode with a width, W and wherein the SO

channel includes a channel lLength in a range from apout 0.2Wto about
0.99W 15 28. A s?é%léﬁlﬁ?e licopggte layeidrsparad abavie ped onbereaiersiake circuit
nodul e includes at | east one silicon on insulator (SO) substrate, wherein
the SO substrate includes: a gate stack disposed upon an SO substrate,
the gate stadk i Hbe ambﬁédeérsoumdéra@msﬂlcqndn-amde;ﬁSOé)nuJaatlomapmrdmgiﬁosepl |nh
t he undgr S ..29. The system according to claim 28, erein the
ci rcui tarar%g%}’gfuﬁggr %é%él‘s%éd in a host selected froma clock, a television,

a cell phone, a peSirthintedembédded bafkadDha BhR¥RRk] Wherdit tho gats kiatial control
system and an_aircraft. 30. The system according to claim28, further

i nclUdi ng:  Hchidge @ pelysilicam satp pleeirerdn with 2 widthy Weiand wiheregnthe|SEH channdhe
processor. 2l ciudes a channel length less than width, W.

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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