_-e3e--TXD' 6XTr O 12748PCT PROCESS FOR ULTRA- THIN BODY SO DEVI CES THAT
PINEBSPORATE EPI SI LI CON TIPS AND ARTI CLE MADE THEREBY Fl ELD OF THE

integrated cirouit fabrication. Nore particul arly, an Eibgﬁ?ﬁ&mlllllllﬂllmllﬁllﬂmllI||)I|l

present invention relates to a nethod of fabricating an ultra-thi ré&%q% y
silicon on oxide ( L GE. ENTI ON DES Tl ON
OF RELATED ART Tr a?g%%%’f@@%ﬁ%ﬂ%ﬁ@g@# i nclude | arge-scal e
integration (LSI), VerpHARTNEORROIRATREPYSALICON TisS!), and ultra

| arge-scale integration (ULSI), with further 15 inprovenents appearing on

the technical horizon. OANBHRTIEASEMANE DHEREBY t hat nore transistors mnust
be incorporated into an integrated circuit (1C), while attenpting to
decrease the overall size of the sem conductive substrate. One requirenent

i s that the HBhDWOIhTHEIINMENTEONel | ength is preferably shortened in order
to further assist the mniaturization process. One challenge is that

phot ol i t hogrdptmbodiment;of theapreseat ixentiopaelates gerezallydp igtagrated cireuibe t he

smal | e r . idih o te stack may be
such asf%:l?rfct%?{’:’gl ﬁlg P‘%ﬁ@‘f‘@%ﬁj’@ ﬁlclg]?{’%l a er%geeg}e?ér?\l(t: Jg}éﬁ%nr%lﬁgeﬁ q@?&e@?‘f&g al

i sol at iof fatinietitivigean wlth-dde bbdyl€iliedrsh oxidd (SO1) dedeedf the rel entl ess pressure
to crowd devices closer to each other. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS
In order to illustrate the manner in which enbodi nents of the present

i nggntion a [0)1: 00 ' ar description of the invention
br;llgfly des%%ggﬁabovecﬁwﬁgg%ge@wed by reference to specific

enbodi ments thereof which are illustrated in the appended draw ngs.

Under st andi LA pict only typical enbodiments 30 of the
i nvention t%@gm(gﬁ%ﬁe@g&?ﬁ%ﬂﬁr awn to scale and are not therefore to
be consi der qéarisitdygechhélopy hith prbgredsed &-BRde la{!;ge-édaléﬁﬂfeFﬁﬂoMiﬁlg,%rﬁes cribed
and expl ained with additional ecificity and detail through the use of the

acconpge-prpleintagration (Vhsﬁhmﬁﬁga largescalerngra@tior(gLED, with further el evat i onal

CrQgs- | 1 u e a t e stack

o 330y Dol Bitefls afbeaif) 6 HENEhRIcalidiEh Dlfe MIBIaR KIS B8R0 200

el evat itransidtosmasss bs incorporatedl intohd iaptacdiitenit OIC)swhilitteniptidge ct ed in Figure
1 after furt@gqipr cessing; 5,Fin%5re 3 Ls an (glllevatj onal _cross-section of
the seflfEEHa erall sizg of thesemignduetiye; sybstratg pregyirement iy thatdhe processi ng;
Fi gur e sémicendiieti®¢ Ehanhél Q& th RERrabEhbAfheafin bier REAMAANAMEIRL Structure

depicted in Figure 3 after further “processing;
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:
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Figure 5 is an el evational cross-section of the sem conductor structure
PH@%&KFed in 10 Figure 4 after further processing; Figure 6 is an

el evational cross-section of the sem conductor structure depicted in Figure
.5 after further processing; Figure 7 is an elevational cross-section of the

sem conductor structure depicted in Figure 6 after further processing; 15

Fioure 8 1S @l LYOhIANRNoGI 053 REA0) 6 QlnibdinSILARAIL HaPlevshIE L UT €

depicted in gure 7 aiter turther processing; Elgure I'sS an el evati onal

‘CI 0SS- s@itd dtak pRécuirdog acevidifi® itircdmbiodirhént of thenvtapibs ed in Figure 8 after
further processing; Figure 10 is an elevational cross-section of the
seni conduct dFigexedisane vaignat eress-sestiomoithe senaiconductos streiuregpicisddi essi ng:

Figure &1 j | cross-section of the sem conductor structure
O et ek o R LD Rl O

depi ct gure processing; Figure 12 is an el evati onal
Cross- sect i Rigofe 3 3an ehovaticnaticrotwgectién oftthel senidepluctoe strudturkidgpicedid aft er
further_processing; 25 Figure 13 is an el evational cross-section of the
sem corfi@ere grafer futher praces8isBct ed in Figure 12 after further processing:

Figure 14 i%‘g?ﬁg;rlf?eﬁ%gteiegﬂﬁdn ER5Sset 6 ble UmitORNERT RN GERiiedlin UCt Ur €

depicted in after turther processing; Figure 15 is a chart that
descr i Hagura 3after Asthef provessinppdi ment; 30 Figure 16 is a top plan schematic

vi ew of a sil.icon waf e[ t hat . cont ai ns uItr.a-rHﬂ n bod%sgl .de\éi.ce

enbodi nent ; I%ig'b‘ifr s fin ejeyatipnal cosssiection, el sgmigonduptor sruchg depicted i gi ng t o
an l@anq'ﬁpgqtaﬁefﬁgmgp%r},&sgﬁgg schematic view of an electronic system and
P12748P Figure 19 shows a further enbodi nent of an el ectronic systemas a

conput er sy JHigwre G5 AN cleFDidDRBERSSFECRM Citha SEnicepdantpr sudaurgidepigied dent

i nvent ir?onurgﬁ!sa%teeme [ acess flowthat fornms an ultra-thin body

si i condf 5 %geﬁ Pfansi stor. Fi gure 1 is an elevational cross
section t hatFighteUsis ad eRvattonaEéfosodeatia 6ff thel sanhieeéndliGtod stinddgre idapiciedad i on.

Sem conduct or device 10 includes a substrate 12 that by way of non-limting
exanpl digyre 6 aftgr fugther preEasFingii de seni conduct or device (PMOS) or an n-type

metyal oxi de ] -[ql?y' MM £ thé S REaM Qm;s%“% Rleggent
i nvlgnti on, olﬁgmeerc@ggﬁ%e%no ‘l:srﬁgss{er ate fltg I ncF@ié{eagmgn E‘!g%l?{egurati on.
Accor diKigihrg 7 aftebfirrthet prodeé®sings an SO i nsul ator |layer 14, and an SO silicon

R XTI M M e e

i sol at ifqgurgtgraﬂ@;ﬂmgrx@yesggg,added such as local isolation of silicon
(LOCOS), recessed L , or shallow trench isaolation (STI). 15 A gate

di el ectric |Eigene 1fgs pr elevational Gosstseetiannidhe sanpeendactopstyictiye depietgd an 12 as

sh i ' furtd egbodi ment,, gate dielectric layer 18 is a

ni ?ﬁ?deﬁggﬂegéh?%yerk{h@?&lslg YTornmed to a thickness in a range fromabout 5 A
t o about 30 Figurerlldsen elebaiibnalbndss-sgetien afithe saticorciuttay struche depietediint r i ded

oxi de IFager éhgt as a thickness of about 8 A In other enbodinments, gate
di el ectiigwe1dp8p THPrLSY % des, nitrides, high-k materials, and

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



20 conbi nations thereof are forned. A gate electrode 22 is forned on gate
PY743%&dt ric layer 18. In one enbodinent, gate electrode 22 is formed in a

t hi ckness range from about 1,000 A to about 3,500 A that is bl anket
_deposited, doped polysilicon. Doping may be in situ or it may follow
patterning of the blanket depositing that results in gate electrode 22 with
phot ol i t hogr i I i It LSt eci at ed that
Ot her wel | JAERClBEUR HifRr ERBpleR SR Mchroplyieipial a SGBRREET T T

bl anketsysiemosi t ed pol ysilicon layer into gate electrode 22 including

submi cron |ithography techniques, such as e-beam and x-ray, and

subphot ol i t hographi ¢ patterning techniques known in the art. According to
one process j i el ectrode 22 has a width, W
in a |l ower réﬁgﬁﬁﬁ%%%ﬁ%dm@ﬁggﬁ% to about 50 nm

Addist i onal | yThegirésentigbentioh eclaes £pectssdidey that forams apulaadhindddasiliaopol ysi | i con

el ectrode, qther_ enbodinents of gate el ectrode 22 ,ca(rg}Il bgl but is not limted
to a manansyatoe(SQY) ppgiter. Figree Aty amddewationd! Grpsy seation dhat lsRAKSR | ons

t her eof ... TR : [ tr s ar Q. A spacer
first Isgl;?(lacro ﬁ@%ﬁi Eggﬂgg%fabg tli%)tgbt%r ast% gﬁ%fhyﬁé{?gf%d%gﬁﬁgg&glat e dielectric

| ayer Isdbsirate 1Zwhat Inpwayndf mndaniting egahplecis apttypame@? oxide semieomdvotedi nent , a

spacer first_ | r 24 is formed.to a.thickness.i nge from about 501 to
about %@’CA(PM%SQF*"?P'W mefalgxi LFCFECWB%%%HPVM% "%ﬁoﬁﬁvln% ough to 5
el et 1 ith@bleYent feAlich, Bné LRBSHMERT I ¥ubkeRRSI iREludQInBUIdaTifwatidd. | m from gate
el ectrode 22. In one enbodi nent, spacer first layer 24 is an oxide film

t hat i sAdcordimgly,ubsttate 12 kasgof@insplatertlayerdd, and aaSQl silinopdayer ppodbes to
hi i | ~of gate e]eqt f
R L e A L e T

el ect r aRleSHAZodfi@andt isdepicrt, dtherfisvlatim sctufes imay teciddedisuchfaeldcake of the
fabricated 10 transistors is ex ed. In_one enbodi nent, spacer first

t ended
| ayer asolationgfsilicen é@@ﬁ@§),tréceﬁ&9ﬂerhn@¢‘a§wmShalw%@r@ i5lation{8TNOS devi ce. As

depjcted i n FLaur : ehﬁ:'jsrbs‘%ﬂa : | dry etched
toﬁtsgrm a siggagflﬁlémésl?&gpgg%ﬁ?%@\}/‘ﬁmh Sns af%%%é at g?‘gf?%h%pposi te
si dewalshewnfn Biguee kllacne endbodithent] gatafdidecttibyérol8atinitride bxide layer thet si dewal |

first spacer .26, .a.nitride sidewal| d.s 8 is formed under a

S | ot BB S0 ficiessin e diot ekl S ERAUEREERA B o e eine par o

el ect r gfe: Hele@nld 1ayer E8'Blal nifrided bxidp fef thdbhaa 2 thieRicss 6Elationt FAgUneter

Thereafter, an anisotropic spacer etch follows. Accordi ng to an enbodi nent,
S

a si | i cobodimanty gateshalectiiclayera arcdias gxisssi nitiden pigh-k Biptepalsad e cheni cal
i O or B P PRl B0 e e B ST T o1

(mror r )18 dn aheembddithent] gate eleetnatieX? ia féreregdan athiclmessrange Gomgabdéutdn@t@bout 60 C
to abouj 1Q0 C ope .speci fi.c enbodi nent,. the NH3 and are deposited
. abouk 7oy 3P0 Akt i Bgtikes dEnes ol chBribpe s ont o Y Be A ST | <

hot - val i} me¢ R Siitelrin Méﬁﬁﬁﬁétﬂ?ﬁésﬁtf:@%ﬁ%@lt@% phte blegrRIBLE seal that

forms, any other suitable insulating |ayer, such as a deposited oxide or a

conposiphetadigiogeaphid tedwiques knawieinfthe agt. Hastdke appeagiated thatgpecrivellc appl i cati on

IS | gcted. Accordind. n I Lt . 1 is forned
by 2?ril‘i sorro |@%’?‘1n§ fﬁ alstugs 'glfa %ﬁ?ﬁgﬁ%ﬁ@%{“’i‘%%‘% bﬂiﬁpéréﬁg‘g%g%éadg@?; llzli‘%glr usi ng
chemi stlayeriint6 lghtdieRgtréde Ebinaluding spbmiiron hthagrapingecliniquesaduohibs &Barmat t s t o
about 300 watts. In one, enbodinent, a 30 power of ab%gt 280 c\}/\fg,tts is

appl i ecAndxay A subphofelithogrankiq Rattepying ieguHaYssknpwa i ths@rt ACCHENE!P al has
been r . ace el ectrode
22, TP Erciesd Sk bt BRRELfMpliBf Bare 1R Bc Lo Pdl OB Ah 234G Ty cach be
in a raage flom abdut 127 Alkletérs (aomptoaboutsD vint Additionally3@lthokigh lgateone

embodi nent, the.thickness of first spacer 26 is jn.a range fromapout 50 A
o Shodfioeiede A2 issepsrim adpisiicps Sagit e, ohen Smbaieh G 07 Ee ERETSE n an

al t er najy Mg peFRPHINEERhite PR I nbHFRX Al dld Ebtaltina $Rikoh gMElorand the nitride
second spacer |ayer are deposited, and a conposite spacer etch recipe is
car r i eccombtinations thérebbr ns second spacer 28, followed by first spacer 26. In
this process flow, the spacer etch that forns second spacer 28 need not
have selectivity to the silicon of gate electrode 22 or to SO silicon 16.
However, selectivity to the spacer first layer is preferred if selectivity
to silicon is not present. Accordingly, a single deposition tool nmay be
utilized to formspacer first- and second layers in situ, and a single etch
tool may be utilized to formsecond I O spacer 28, followed by first spacer
26, likewise in situ. After the spacer etches) the structure can be cl eaned
by an HF cl ean according to conventional technique. In one enbodinent, the

I T I —




éﬁﬁresented as a nitride, it is understood that other conbination

Y&¢Thents are contenpl ated. For exanple, conbinations include an oxide
first spacer and a nitride second spacer, a nitride first spacer and an
_oxi de second spacer, an oxide first spacer and 20 an oxi de second spacer,
and a nitride first spacer and a nitride second spacer. In each enbodi nent,

an eteh sel il 1 MK LERARL FLQHNE oA 3ol hRE TL YA SRIAGHEE Tt c, vhere

the first spate ayer secon cer retali ned in other
T egi onssuBbtrdtd €2 e hdingadxedegatdioleeteicilayer msltmd the tsiCcarissideg of patt BlRéRodecgi ONs i s
undertaken. Figure 5 illustrates further processing. After the formati on of
first sPadaongembedimest, Qémﬂﬁ%%@erZS formed do athickngsssiniairange fremst | ayer 30

f f fl |
forme. drout SORRREA S0 o8t el 28 Y Mrabfy ol SRELBUEFERC (00 o1
el ect r adectechlly i4dae a Subist@eeatly depositedisbpticéQuctive fi]ﬁoﬁloril @ateleddctrodé 32.as a

crystal_ lattice seed |layer to enable epi.taxial Sn‘p st agl i.ne growt h that
f ol | owslnione eprbgdiment, spacey kst lgyergdyis an pxide film ghat js{ogmed Brybtfitfent, so
silico f,,pm

enbodi %F?#Rn&g H?%rger?r :&rggthi) ayepr’é egP h%hég é\glk conlsl‘i1 ggeé%{e?deg%eare
subst anindahd ¢dgesnobgeidiekestrici@y qurferrmhgem oxnlblspadeyﬁrselmymel# diccty dinng t o

selected e od| Fbmev dopi, n he e ng. where the doping
will as@?% gggéi?ﬂt‘eétj’rsﬁ‘t i, fprmed, a&"hé mtﬂ“’fgﬁ? fabﬂﬁa? rst |ayer 30
a”d10°°|t)/a§1'sxsto?s°i§e§1eﬁ | ayer 32, P 12748PCT a silicon or silicon alloy

I'mis selectively deposited onto upper surface 20 and onto the exposed
silicon of dabse einbodimente sRer ﬁ}el laytri2dds emgcmtchedrto ffrmsdidevedlrspaesrss si | i con

only on.sjli cant aj, ni,n ces e de ilicon can.be a silicon
11 ortogtag 0GR AP ARE-AS e n B, W sl st B fen aBROuiREuBE o o

si | I condrg efch@dtioldim A sielvall Gifst kpdcer Zawhieh r&m&@qhieMWwW@eeideadllby heati ng
to a tenperature of 600-900 C and providing a deposition gas such as

di chl orefgptelrstrode %e (Si H2C12) and Hydrogen (Hz). A silicon germani um

al I (Si Y, i nper at ure

bet vveen 700%% and proﬁ?’%&de\éﬁi eagg?%il%g&&g%gs) asrgﬁ-ﬁﬁ: s ﬂs gﬁlgm | ane at

a rat e sphcebp@8 veformed Ghdedd smntarrprol:e%ﬂwdrﬁgﬂnddldymt mdblayketrdcpesﬂ(e&ekﬁ) at a

rate of e cm and H2 at rate of ,a OslmlntoaC\/D

chanbergaferf’éfc g %2??(? fl?t‘e‘ﬂf it Spapereoas depigted i Eygure 47 4% dopant gas

such asan?ﬂoﬁ@ﬁt@@ﬁacepagﬁ RINoRR, A"é@&dﬁfgstb AR ef®BdiRfnt, @%illé@ﬁﬂlthﬂ'e fahér ipr ocess gas

mx if a doped silicon or silicon yflmlsde3|red Figure 6

| I I ust ridankst dqppmtcdrbymlowaxesswg caﬁuwgbwnadwamn (BRCWES prosess byt r i pped such
ed

25 2 %l ea@rtmw@}géscﬁﬁmsﬁ&é@és) th pRRAGED #Rn ol GLBIPES

I"osot r opl’c rr|e out" to forma
sel f almilliBstr (edess t@abwsl@!hpﬂ“oﬁ%dlana&'ergpmaurk in Sehrigedtany abxdxt K8t€ss 34

opposi 118 pAdRRT S Imemegmeriic robodiaiset i Nitnin RCSAGAPRERA &t DERAS1 Lot r opi ¢

etch prae&ssnd hsdit ke ¢ised to formsel f aligned recess 34. An i sotropic etch

not only etches vertically into the SO silicon |ayer 16 (Fi %ure 6), but it

aI so et ches /ithough amwomhitlydddemat hotfwallsdep@pmden Oaﬁemhddlgane edapsa r ode 22.
{500 for ege esi due 36

eztie lgﬁtqulg c?tea%‘a I?Hn?‘i af‘&f) er fm %el SUIat fer e(a)l? anrﬁ al so forns

an undwmo%mglw&tlmélucdmmémt &dntbe &&am@peéxﬂagpmmam ﬁh is
measur ed éggate masked resi due 36, of SO silican 16 é?.(I be shorter than
¥

wi dt h, Splected.” Accordmedann ambediment; Aitadesrcord arsi8iis fsmsd®¥ed by using a
- | | RF
o asrm SiofBhEalt) MaGhe e BhPRR IR B8 by BnE chétfisy MEMREEY L C)

recess Kndagpowerir LrahgeflomlaboutH@0 ventts 16 stutut 300 watts. yinene kmbbéienenhani st ry
i ncludes a gas m x chem stry, of sul fur hexaf yoride (S hel i um ( He)
anc® Oprmogm £0Gpatt W@Eﬂleﬂa\;@@ aniSEMK Gic ﬁﬁﬂ’?“ﬁ “tt‘a BﬁQPI hcl ude a | ow

enough rﬁ&eﬂél% Hén rEﬂo@édbfP%ttﬁkeuﬂg@%rfaE@ 20 aﬁ(} ﬂoﬂfth@fbfbtf GhidMecidde O Start
approaching anisotropy, but to retain basic I sotropic performance that
w | | al220 BeHfinalthidkinesswof fiest spicer26 frehseaond spacer Zélxmyteaohlbeimammge gate
dielectric layer 18. Additionally a |l ow RF power density is -P 12748PCT
sel ected. In one enbodi nent of the present invention, a process pressure of
about 900 nTorr, a gap of about 1.1 é&m an RF power of about 100 W a He
fl ow of about 150 sccm and an SF6 flow of about 100 sccmis used. In this
enbodi nent, the RF power is varied in a range from about 50 Wto about 200
W and the process pressure is varied at ranges 5 above about 500 mforr.
According to the present invention, the sem-isotropic dry etch process

fl ow produces undercut 40 and t he etch chem stry |s aI so seI ectlve to the

o, o A~ - S~~~ . N o,




10 of the etch process flow that is used to formthe undercut 40, the etch
PRt ry is slightly oxidizing such that the etch conditions cause a

| ateral portion 42 of the gate dielectric layer 18 or first spacer 26 that
.is exposed during the recess etch to thicken. Thereby, the gate edge

| eakage at the tip overlap region of the gate stack is reduced. A thicker
gate di Oy vol t age
of the SupEbbhcoRiEhnl 008 BEOR EEIALA e RLERRAT ARG IINT e 22

in SO §i'dng€ﬁ6m| dbpar SOLA tenlsbut 500 Anmohd)sﬁaeamxasgaksst amthlicdorthisketue 36 unti |
it would be destroyed, the | ateral recess etch gaess flow of the present
i nvent i on acianalicmghye @anchr@emab%h the (é‘ﬂ%ﬁrlsh%Pé“tr Ys&exebds PEet 1 / second

t oo beclf REGID ofc e Y BRbitd HReq WTplpER AR Bl O Tate
layey 2fdrth$ sxdndispicat 28] followed Gy fiest §pacte 26.r T thiy proceshifow) the spuced etolent i on,

the transi stor chapnel length is definable approximtely fromthe
i nfl ect'ﬁhéﬁfoﬁﬁﬁ wonmsmgert%élesibggshay%sq SRVE¥ e @\‘i ﬁtS’P%P% gate e‘ﬁ% 2%“ e the

m ni nu i I | ess
o . P, Wy W spce ply b phanel s apaiy s
| engt h s;hcqmlwaotqaésenhahcwtdmgiyu,gidm)glc de]mshloa\tmi mayrbengjilizérbtodbfm spaxee of t he
transis or l,ow 2 VET, i S acB éod durlngthe on

state A SCoRLIAYEHe i i gnsa GinElR Ritheiop ey RERUKER Ko PP B ot ot o oauses

a sqpl |ﬁi’ac&h@%ﬁbw&&ﬁyﬁ}sigﬁ&eﬁiﬁjlnﬁ&bﬁ@?ﬁﬁma hi gher lon. In one embodi ment,
the gate dielectric has a w d and the LMET has a length that is in a

range from aebﬁmthosmwrtetbcl&@d che smgtgwcanrbeaﬁm%by anbb¢leanaccording tgat e

dlelectrlc dt h, T LA b n a range

fr om abBH D! al&?‘\flyg“%bu? %eoenﬁ ﬁ?erfkl\gﬁﬁgﬁ amsn%‘% ) ﬁetrr:t?}a‘f%ébgate

di el eCtﬂhirﬁxtdaa&l Snedribddimdiit, the HFt dieanliMolloded by o Igdgigen bllatatias in a range
fromabout 0.4Wtq about 0. 7W Were the m ninum feature, such as Wby way

of non-tempertuigokabanb?0° G for pbantd miputes.a ThoRrrspgap hake ¥} IEHOVE SYRACET ¢, such
as & 0. (%é araoﬁr oneter (mcron) process, it is -P 12748PCT under stood t hat
the "actu ﬁl neasurenment nay vary fromO 25 actual mcrons. By way of further
ref erence, a&mmu@hlfgstfspatﬁﬁ%gﬁeﬁrﬂdeﬁ&da&aﬂbﬂldﬁhﬁdﬁmhms}ﬁcw1lse part of the
metric of device 1Q depjc int ures., For exa hot ol i t hogr aphy
pr ocessreplesRmied-ftyp Mride, ‘ﬁisrﬂnﬂﬁ‘ﬁﬁof’ggl r ¢qRpination qm ‘H‘?‘E? g‘ﬁs 0.18

m cr Onscon?eﬁﬁ)lge(i-?’F(ﬂ" BE cdrﬁbxhzﬁw‘i—’ls Hﬁﬂﬂ"e%%ﬂﬂietﬂ}ﬁts hda® a4l hitge MBI T 1 CS such
as 0.25 mcrons nmay distinctly different di rren5| ons i n one business
entity s‘ecamd spam,rmmtraieu first sipa@nr andan exide sqr:ond\snascld amgXigle fiswh spacerand cs,

al though ntltalvey fyen,two busi ness
ent |ea§1 GiEre ea’%1 5§#§t Sg?cey mgd gﬁz’i%ecsgérpvif&? ﬁ&(ﬁ T g%ﬁe future are

appl i cadmodiferit)¥n ac}emhvityl difetdntiationlia ahraltamaewm;@lraamttmfw}tebemar esent
invention self aligned recess 34 has a naxi mvertl cal .dep th the stops on
t he SO fishspasesdayer %@P sqcpnd spaceplagerapassis réeaew. ip pthey ng%5§ f8%odi nent ,

sel f al i gned. 4 mg] fegldi ifumiadtaout 1, 500 A bel ow t he

f or mer %ugcatl5{?5}8%&6%&]@5%%% rz@%ﬁde extends gltween about 25 A to about
200 A hori zdfigard Jillustrates farthéd prodeesiegt Aftbh'@e&igmtmﬁ obfirst spaceradbearslt ack 48.

The, deepest ene at| |nt er CC at the
|nf:fsgct o) ti i (i ﬂaq?eﬁegl siligon ftrgquseopglso%mgﬁ PR ‘ﬁ?’gﬁsu{rﬁﬁ? Héatf)fernati ve
pr ocesssybSifuid 12.0MRe itk [Rbeds AHR s bmaSan@lyvaeRl RIRdicd firet 1§RASL ah@ Ot her
recess geonetry profil es of undercut 40. The sem -isotropic dry etch

subst angboxe m}d (mam\ge@ etlmroé@% alpeer sprfacet20rinelpdes S Qlsilipond 68hat 819 a he
lysi | so
201 Sort el 86 e R ol AORbRARAR bl Gl oG h? S

et ch, lérystsl lﬁlﬁb@df S(blaénhédmelr& Insorﬁkﬁﬂﬁ)ddnfmt ,SSOX silidondbdslindrahg©from0 of SO
|nsul at or aggv 14 as dgi picted in Figure_8. According to an_enbadi nent, an
O

ul t3%- t#hont 2ot 499 & 1s ene prabedient, siticam first layey 35and; waﬁﬂéf@eé'ﬁﬂ | ayer 54
are for lo Saxial tip 56
That | mebe ks hlaal 3Rk, 3 ey i RS YRRy AR RELORBRE Y B

pl acemlecteﬂ ehibedummsr Emwé\&ﬁ,eioﬁﬁgm]ﬁeredfenayrbagddmalw}fé@ the ldbpmgmnllﬁssxdfurt her,

rai sed epitaxial tip 56 pr el e sta
accordmr@cet%nﬁ?%f%&ﬂﬁbﬁi‘/mﬁﬁ@ (% ﬁ‘c% r%i%a?w l}’%‘s %"g&gr ayer aI t| p 56
is up to about 10% as hi gh as gate stdack 48, when neasured from upper
surface 20. In one enbodi nent, raised epitaxial tip 56 is up to about 50%
as high as gate stack 48, mhen nmeasured from upper 30 surface 20. In one
enbodi ment, raised epitaxial tip 56 is up to about 90% as high as gate
stack 48, when neasured from upper surface 20. The hei ght of gate stack 48,
for these pur poses |ncludes any conductlve naterlal of the flnlshed devi ce.
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Pﬁﬁ%ﬁk@o may be formed at an angle that m nim zes increased resistivity as
el'ectrical 10 current flows fromraised tip 56 and through enbedded
junction 58. Again, it is noted that above gate el ectrode 22, an ultra-thin
.body polysilicon second | ayer 54 sinultaneously fornms during the formation
of epitaxial second |ayer 52. In one enbodinent, a filmof boron-doped

si | i cony diBeonQr RBR oM §lildr}gﬁl§1 1260 RS &HoSIRATENES fippe? Serfack PBland BRtodRPOSI tion s

highly selective to the spacer 26,” such that the boron 15 doped silicon
-does naxpéssdsilican obgatacleetraslet22. S¢lectivpaepasitik oflsdivon dormstshliconeolyswes ar e

bstantially filled this.d it . T b
St S s e BB ik B S & Bl BEBBREAD, °
bor on- dRpedlicin@? iCan bea siief allfy RlcAGSilRbon kefRdhigRPR dilbh KifRead Be f Or M t he
filmthat" fills the recess. Typically, epitaxial material is 20 deposited

such t selectively depositadrtiydwatingtoaitemperature pf G090 @ imel providingal surface of the
substrate. .l n one enbogdinent, a poran- d sjJicon filmis fornmed by a

sel ect i B‘_’WW@‘&S ‘;SP@‘@'P%‘!?PF \?@“ﬁégﬂ’gﬁfﬁaﬂg yﬁ'd&g_f:’i‘ @gﬁ Agiliconsi | i con al | oy
SUCh agefhaditRANGF (IRNGETcar BE ectivily Febsitd b} Réatidleltd s%p]%ge}rﬁebnogf the

exposed silicon surfaces. For exanple, a selective 25 de
bor on- detyedtn §D0766hC ané ptoyidingha depasitian tghs suchad dichbrosiking atyeemate 2, 54. Such

a filmcan be selectiv eposi t by heati e substrate tqQ _a tenperature
from aﬁ’ameeage-@e S o6 O@r{a(ﬁ_glt?%seémﬁvrg&%%gwsﬁaﬁ ibetersnd(eif0as
di qpl orsesh, MG, Y rdtY df ARE20 sthiintds CYD Ghaftiblet HA0is RRAABREY R AheQYrLan be

sel ectively deposited by heating to a tenperature between about 700 C and
about bsGveen 1p1760 itetr.y depasie gassuch andibersneyiphosphir®@)antl arsinecasbd ane at a rate

from about, 10 sccmto about .30Q0 sgc 1 %.hydr ggensdil ut ed .germane gas at a
ae § amhddn RiEgRbdss G oS ETleon o St APRTUEMR B about 15 < m to
about 25 sIminto a CVD chanber that is naintained at a pressure from about

50 P 1274 %hKuket6dNustiates @nther prdeessing dnd secondipacenR8 paEeet sRippéd slhant gas
such as giborane phosphi ne, or arsine ggn be included_in the process gas
mi xt ur @ Py aaveygich that is selegtivesio figst spacsn 26 pnd ip exppsedisilicon. dhereafiered. A hi ghl y

doRsd GeimiokofipiEhS BT AmiBa bG ot b EAMaBRH MWD LR deithédlin 1 | M Can 5 be
sel ectively deposited onto silicon surfaces by thermal chem cal vapor
deposi tHigure (Tt iSelfzliggediredesy 84 ifornwrin gdmt remainsrdithedS @hsilieonmnin eligned

di chl orpsi lL.ane,. arsine,..and, hydr n i I ntai.ni,ng the substrate at a
Fenper AREdTaNy SR sE P sttt £ BEbe B Beiefing. o

rel ati y@opieietdh (#6685 116w el €5 fotmtselaligh®Pebéss BAAAnABR piddCH fR6tr  but | ess
t han at nospheric during filmdeposition. Such a process will forma

subst aRplyatehes yertigall isfathg S@b pkigomlaygmkd Eiigure 6h bykit Alspetehesepi taxial film
o L om0 TR SO b, S By IpaRTECS Lo
of 1 hp@lsdenn firnstacritegaasked residue36d{ theSOYygilicotiolbenmit] adaterat essidnea GB as
B O ) R AR O e IRl B BRI 20 (B2t 2
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 (SF¢) 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
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g{{ C and 800 C. In one enbodi ment, a tenperature of about 700 C and a
Plet qvely hi gh pressure of about 50 torr is used. In order to decrease the
selectivity of the deconposition process, approxinmately 25 to 50 sccm of
.HO can be added to the gas deposition m xture. Those skilled in the art
and having the benefit of this disclosure, will recognize 20 that, the
deposi td QR %?ﬁ?eserhﬁocﬁﬁ‘lgﬁ of Bl proehitibéntiohYa pBc&y ;pﬁ%sdrg F bt oftc! de
regions, or s ow trench i Solvatt on regions is atso achi eved. Furt her

-pr ocesaniligrr) sgaparfrabert loLitm}am RF powert oftabeutd©hiVéyeHe ﬂbmuﬂabomsl 588ccrh,0 prepare

them for net II|zat| connection |s|I|con ip 56 is. f rther
pr ocessi¥d STy Hew&iéoqtﬂgoémw&*ﬁfwﬁ@m diment;ithe ! nga@a.ve%ﬁlm n Figure

9, f CVD. First
i of et aef HEMEER b WK Sl 200 B, Fud Y HECesE Rt RRHEN B hncR) e
oxy1i t rabdee atwut 5@dwaTorrke. 1 n one enbodl ment, first dielectri c | ayer 62 has

thickness in ar rom about 50 Ato about 100 A.. Thereafter a second
dielectric I‘%ﬁ‘f'&da%tol Ee PISSERLENVERIAN, thesemi-Lioopis dfﬂ/et@,h/B“’cS@ dielectric

layer GaodiRYs Rifich@t 86 hifltht R REMBKY {ealsdsdMctive Hfthe %QteQﬂ{éIéUtﬁé la?@p and the
like, so long as it has at least onég of a significant 30 oxidafion- or etch

res ponskS thefSQirimsubatorf layan 1# anskthelfirsk spacer 26. | lnghis wag ﬁrStrspme%mbbgawrent
second di.el ec ric er, 64 ness rom gbqu 00 Ato
Sbout | AETAIsySLS RS ARTHT sl PRI mg HiRob AR G ori Fulpient oy er s 02,
64 1@re df&l%‘&é}ﬁ%bh’esﬁ HoW that i9UdedAd forRNME hAdrERA0] thebtch RRSRIHS i philyer mal
budget 12748PCT After the formation of first- and second

di el ectoxidizingjushghag thexeteh eonditicns pauseiaatespl pertiop 42 of theteete dideattie laved out to
forma ol i t e as depicted
o B gUPTIR shibel B! 1s¥epddl AGSAL kR Yl ickby TR,

r espectedgelegkageny theaipaoveilasiegivn of eheagnte ﬁacs@cmﬁced tA itldekerghter i al , silicon

nitride_.and_ oxi de etch prpocess . may be u | n anot her enbodlnent t he
functi dh%?ct%ﬁ@mﬁt@mg c@eﬁf;agmrésgﬁa@e fealséom rif?&‘*f’&ﬂ‘ﬁlﬁ&"from a single

ni tj5i de or @&hﬂﬁc@h%b@rcétéﬂ &oulh'ﬁn@&@ut‘iﬂ@@aﬂé Bﬁﬂ&ode%”iﬂ%ltsﬁxcéﬂ?@@f 166 is used
to separate a silicide on the source/drain regions froma silicide on the

gat e r agd centinun toreduengrietinasied residuepigsintid itspaddbe dtroged, dhedaterl of f set a

hi gh ener ant fromthe active reghon. .l n an

oo e et fideesS ot AR Blepdet BTenish 254 0isEn A B e B Reetd h i ckness
in a raegrehabsutdDEcond® dboud3GBetond. IRBndembidifieft, Rietoatslldd oW

enbodi nent, depicted in Figure 11, a source/drain inplant is made. The

sour ce/l#era| #ich rﬁm eAvseSG mﬂeq*aaamnﬁ 44 teformiig athatisilefhel the SOI silisen Jayeta| i gnment
W bl t f ase the
dop:)zlbngh?&%gg}ﬁ%@g%ﬁ%ﬁofp1%&;3?1&(3{?%%)({1@%2/ drai %éggﬁ’?é%@%g?@ﬁgﬁg{ﬁg t he

pol ysi IlcngdimSIdai}mbleﬂppr@pam@l)sﬂ@@ tbmnhﬂeﬁmmmngdﬂéo theapppsittanfictionevent

dopi ng of t,he chann region (th at.e- en th the gate
as wel PO 4 Henge, w eﬁeﬁﬁ% MP@E’X‘F&@ ﬂ‘fhd%ipgg'érﬁglgeahc e{ilt he spacers.
Accor diléxgttis 1és8 ehanomvidaeWd rwith tmgéomtryd@&&gmp&.;mﬁemnuglm charineR- t hi n body
epitaxial SO filmat the enbedded source/drain junction 58. 20 After the

Optl oné¢ng§bqrrn!w;slsalaihﬁnnmg¥ha is aghiexed dyringthe affistateeldhe fransiderr(ey out to
| l.egtrode 22
g3, 5 UARER TR L Wt im0
r ef r actsmallerinigzidufing the 6B state bdmﬂwﬁnalbpdmméldeﬁmmcesanb&hhm& almgher depi ct ed

in Figyre 12. The frator taI be se] ecte kel (Ni), cobalt
(Co), pal feR h‘(‘lﬁ{ﬂ‘e‘&n e ERlE @M@S&twﬂ A - TR DA
sel ect gginf 4 @AYk SAIaBID o 2 Wto aBdlIt @@9‘Wm fn'dnbthet BRASSdiRRNE We gald dlElk‘&ﬂét en
(Tiw, chromum (Cr), and the I Q her refractory net %s may be sel ected

accor dihaga widthnWe QmChﬁlc émmmhasm langh thea i isin@gengs framaban @/30¥ taakiuwwen end

prqdu h refract 70 i s blanket de ited. .l n an

brigar MY T Sl pBolim o ents Brieariss e SRR W, 2B sgow btk o a

t hi Ckﬂ%ﬂmaﬁsﬁﬁﬁl ok FOM Aatd.4RW0R aboliin Ayout 200 A. Refractory netal film
70 may be 30 forned g any well known nethod including sputter deposition
such as phyWkee ﬂmapmrmmg;fmrm sich aPVDhy way b n@diimiting exanpleaisdpsedem nade

by 'A‘pplulp(%I a '(\:/gﬁn%ro'n y refe('rAMD‘ (')I' }netnc such as a 0.25 micrometer (micron) process, it is
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of Santa Clara, California can be used to sputter deposit refractory netal

- HEPRCG. 11 P 12748PCT After the formation of refractory netal film70, a
protective layer 72, of for exanple titaniumnitride, is deposited directly
.onto refractory nmetal film70. In one enbodi ment, protective layer 72 is
titaniumnitride that is deposited to a thickness in a range from about 500

At b i
echn oaienfil i od RGeS AUR TnalSaEARORD 2 ORRS R ADBYERL A TOM, o
be f or nfuethbyrefeyince Ricodrditigity dedigy miles/@ mixiniuacieatutd @ay belpart i the niekid act ory

metal layer 70 from 8>,<i &%ti on during a subsequent silicide anneal. After
the f or®felevish 18rdepictsd ar thefiguresy Epr examplg, photeHthegraphy progesslosysteaya

t enper : i ! fof 1ClL ent efractory netal
1 7oivs il Ranfedfid 60 25 ikidhis TS ihehdi ankfd, PMRSAS IP 1Y,

si | iki denderstovdabat dispvazioasimetrickisgohras 0123. mitkens heptliave distinetBsdifferesit be carri ed
out in an inert, at ngsphere su%g as argon, (Ar), or in some instances,

ni t r ogeHMERBIYNSIRA @ng bystngss eutity from ycomparatiys busigesssptity: Axsordingly sgehhut 500 C
for a tji r v v ; ] 4 n..one
enbodi n%ﬁiﬁfg’%engﬁg?\]gﬁ?éﬁcar rllle legg)tﬁegr?% oeJt %“%%@%3’3?‘“858 seconds.
Subst r xntitieR Qther insmimuin fadthses that ealy dd acoonddisbed IAMKTTURGS @recappiddble 6200 RTP
t ool . g.HCh a heati .?throcess causes the reaction of the refractory netal
film?7 %H‘E?S%Hbvref‘{}] g silicon for forma | ow sheet-resistance phase film

74 fohat has Ig afiRABodinRAt of B prekdi ifveRfiorPRPUilighdd fd2E% 339 as & RuRiRumFi gure 14
depicts further processing. Any unsalicided refractory netal film70 is

r enovedvertics} depkln kg sopsgn the SOE msulatnnigyer &4 duetowich selestivitioringhisi ne peri od

from abgut 0 n 0 t 150 secondsz Aft.er t .etch, the | ow
sheet - regléhog? aenni’ese]gﬁailgre‘g(f’i’e%?%s 32?%%%?%15%8% ﬂﬂé& %‘ij?téoél} Eﬁl’l’ Q? \ﬁel?eé‘b‘?' s and on

gat e stfaifer48catioR ot Eir€Rk Y ahd extaiidibeiwamabig 238N0 td¥bouby00 Ae spacers 26
and 66. The present i nvention has been depicted with respect to a p-M3S

d
devi ce horgpHallyorlaterally beneath thecdged6 pifhe gale stack 48.s The,despedd pepatratigned t hat
thespr Gaithe SOYENERPRYGAB difurd 3PMe iickof Aifl A1ir RREAC s P4 axi al | unction
in an undercut wth ralsed a epitaxial siTicon tip and a | ow resistance
r ef r actappseciatedahataiteinafideeproeess porglitinmsiand etch gchasisties nmy (be-elegird)to doped fil m
For exanpl e he process of t resent invention.can be used to forma | ow
resi st an affiqh?eéir'gcgssogfogﬁgxp ea%ﬁnggc’f“o‘{brre ek?fimf'ﬁsé’tr%‘(ﬁ\ffgy fhcribed
pr oces subst&fially kdindves i dppadasmst Mhe30 @rigie 6) indthd pbiyBiticen' Bt fifh 821 egi on
havi ng a conductivity in the range of 30 about 1X181 /cnB to about
1X1019/(Etggrefand begins tq edeh inta the tS%é siiom laygil6 ayid the pelysilicen efzgateng a dopi ng
deng t%]é&ﬁwfﬁ! about 1 X 1018/ cnB to about 3 X 1021 /cnB. In one
enbodi nent the concentration is about 1 X 1020/ cnB8. For exanple, an n-type
silicon fil AfeathexcH, drispoteth thatl deonip espdseda self-aligrel Iportiami I0a0feSHi H2Cl 2 at a

flowrate,fram ahqut .20 12. _-P 12748PCJ. sccm t o, ahout. 250, sccm and an

- ype TITRIBEE P a8 AEoRE i BigRe & AdcuUing o Sh HARGAPER: 3¢ Sigrfib r at o f r om
~about My spita¥idl Gecdi@ Wye §DarkE £ PAIFIRc oAl sedoridIARS 53kl Rridd. aEFigRye from about
500 C to about 700 C. I'n one enbodi nent, about 200 sccm di chl orosi |l ane and

about Ze@nddaver R insbidgn a raiscdppitaxialdin ¥ thatmey et way potde ahbdavel BaBisC. As set

f orych I . I [V I hydr hi.ori may be
rocer el gt op 2 S Bt ol dpbe PR EL 0B R SRERICIOL I 5 coem

Fi gur e Fhithers radsefrepitadal tip 36/may agpreach tiedaniel Heigghit aag a6 staclpa®aesrdiggioodi ment .
The process begins wth pr%vi_di ng 150 a.gate. stack upon a_ .

si | i cor5R-aPRRGatightr Ineapembediment. saised epfiayialdin o is up tp pbayt 10Yasdighind a
second ﬁq,p‘., a : V, epi t axi al
first |a§§§‘?§fa§ﬁg§’o‘&ﬁnﬁ%sﬁ%§n t gﬁ}%ﬂ%gﬁacg? 2’, ﬁg%rﬁ}?ugeoqgg%:%hﬁisggacer is

r enoveapitdgal tiperie ap teabmut S§Nas highes gamokack 48 gwhen measatedfraoenpper i s et ched,

32%8? c Lsgﬁr erlc% O(.j rh? Iorrxle glgi)(t)(ﬁr)gegtl, rasls%((‘l%gga)giallllnrg §6s is ]:18 rtgrgéjou% gg%%ts htlgqleas %%ee stack

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.



One enbodi ment of the inventive ultra-thin body SO device includes an
TIPUEGoni c system Wth reference to Figure 16, a seniconductor die 160 may
be produced froma 15 sem conductor wafer 162 that contains the MOS device
.10. A die 160 is an individual pattern, typically rectangular, on substrate
12 that contains circuitry to performa specific function. A sem conductor
wafer 162 wiLl. typically co in.a repeat attern of. such. dies .160

cont ai ni ng t HEt ecpaﬂqu%#ﬂa £e &PcmﬂFganl%egWBé ?‘ﬂ’l’?‘%‘g’ mdBWEt‘é’PrﬁeYﬂ ti onal

Ci rcui t gatetntasiodt @18ud 36. S BpiaGA¥BERY 18RY b2 Bkedss iBse¥BRBhrct bhte FAKEFSOr Wi th
multiple functionality. Die 20 160 is typically packaged i'n a protective
casi ng Yesidue 3600B91 siliean layerd$ and daterdl nesidui2§ thereofn such as bunp pad | ayers

t hat provi deyaccess .0 the ciycui.try,of t dig |60 for unilateral or

bi | ateral co?ﬁ?ﬁ???@%?‘fltg?{'sﬁﬁseég%fﬁﬁ%] F‘?‘f%‘ﬂ_@’yﬁrr@o@&m?,clo(ﬁw@ 549 663 encased
i n & chigdwelcltwédnhe e Muskeiekidas3RoLSOPsiRER 18yd? 36 1aa8 PatértiFRYiduédrs shown
in Figure 17 two or nore dies 160, one of which including at | east one 25

ul t r a- t 18 thersoflyClosure geam 6@ issdepicteddn gh erbitgary focatign ardsat an pbitrarysogler dance

with the n ent, i i conbi ned,. wifh.or wthout pratective
casi ng, |dns?]§‘§eag§:t| ll# @\élgg ¢ %ﬁ%ﬁ’@}’ d.L'%t lgrorﬁg ﬁ'f'%g%lfnef]{a h}g}?ﬁgﬁc@p&“ t%fAd the
f unct i odiglotdtionGh amothervese/substahtidllyepitatial dodmistiobrydtieQayef 82 M8Yoshife 2
conbi nati on_of dies 160 representing a variety of functions, or a

conbi natepBkOgnaxbetormebatananglethatgninimizesinereased sesistiviy ps glectdiesle exanpl es of
3 Cl CUdmerlnsMelithii rdidlh 4154 ohbBRfliEReofi3Y] ce drivers, power
nodul es, communi cati on dens, processor modul es and application-specific

i nt egrat ed cAgamiiitis ot @at abokel gate electbder?, anndirarden body pelysilieon, nul ti-chip

nmodul es. Circuit npdule 17 e.a suhconponepnt .of a varjety of
el ectr oﬁ‘??‘b“@?&?éﬁé}‘n@ff@ﬁo‘ﬁg fgar%? E'E'R‘}g 'ge ?‘E’F\ggf’%f’_ Gpitaxia féqcpn%mrél a 13
P12748Habnb @mbedifdent; Qrmhit(ﬁ'borofﬁfﬁd%@% SRS, IsFornd UsiHAUSIHLCHbagant ol system

an aircraft and others. CGrcuit nodule 170 has a variety of leads | 72

ext endi dhgmistiarsach that the depasition isthighbytseleativeto the $pacen26, subrthatithekaroon and

co ol | 8.sh an el r.QNi.C stem 480 congai ni ng one or nore

Ci plE:SLI tdoﬁg%giﬁé(gn éoei%f)%\%n&)g’s%rraﬁgérgq% S\féx"&%g?}a Wﬁ&era CrE%eS 8ife i nstance
of the substantially€illed by shit Bepositiol provebs. dRti¢ire@ssléhndse ddafidtél) Elleh Oy his .

El ectroni c system 180 generally contains a user interface 182. User

i nterf €82 provides a user of the electronic systeml!l 80 with control or
observati on 1pfan biiEmaER Wit dfherdt NGr&i-858 NG o r&xanpl es of
user interfa_qgnl82 ‘lancl udbg)t ee ’ke§€rloa€ﬁ(fl,a po?ﬁ%ﬁ%&gg%l?@g,cgmmr or and

pri nt erdoped silipay todomn thedilmahatifillsithe tekesst dypicellyiepitaxialisgierdal imnd speakers of

a radio; the.igpition.switeh an as pedal .of an.autonobil.e: and the card
red er,dCR%S;}ﬁSé%q‘a‘ﬁ’%‘df}‘a‘?P Ey cgm%gg%éled)?%é)ﬁgtgrorgfm AHESd%d teller
machi neubdtey. - i nterface 182 may further describe access ports provided to
el ectronic system 180. Access ports are used to connect an electronic

system to t HB ORpembedimgntyp borpgedoped pilipgmailan isdnsendet aselacaiye demasifion.

exenpl 'AEégctivgag?(ﬂftidmff%il?t)n,td?%fsillﬁoﬁ!aflﬁ}?’éﬁchrﬁggﬂ'ilc erhian{lY, é”bl%:é ude a
processor providing sone form of manipul ati on, confrol or ’direction of

i nput s silicom @rthesitigant aloypontbe expos¢dsificmesuifdées. For etangiléierselenfiee mat i on

ei ther preprogrgnmed.into,. or otherw se provided to,. elecgironi c system 180.
e 1 | RGPS TR d0rghieah RGeS Tl s S by 50 bk o v cieh 51 cot 1 oni ¢
syst emfliF{eatibe seleétivéiepoiNed b hestingai | Pﬂiﬂ?%‘?ﬁ esshown) in
addition to thé%ci rcuie?&érlr%du?es #ghg%ﬁgﬁ%esﬁsgﬁﬁr%t erface %%(é"?@?q will be
appr ecitaabalit 906 C ahé meteeingfa depositia gassich axnlicHleosilane and hedregén.oni ¢ syst em
180 carbjb replsgced by a,si ngl e integ at,geg circuit. Furthernore, electronic
system VP ShEFoq geimaniyn atioeran bsrselectively depasitedby beating 892t em Fi gure 19
shows A=YseTelel Qf } ] .CO .er .system
190, o A OB o0 G AR DS L e B L o i GO o Y e o
25 ousiichlorositane atgptitefron Abbut 19Gccraopbive 806 y&hs M BAIrdgentdifutne exanpl e of
an el ectroni c system containing another electronic system i

i.e. menory
syst em&etmancas at axatrchsom dhewtl 0 spera to ahawt 2 e socey end hydrogemiigmadputdion an
| nput/ ayh hbdut NPl EREY DA BnttaPlnal 8 b RHAES of Lok lGrPEORERE 50192 and t he
menory system 194. nput er sys.emf opt1 onaf ypcon al ns user ‘interface
conponents that are coupled to the I/Ocircuit 198. The 30 I/Ocircuit 198
may be coupled a nmonitor 200, a prinPer 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 -P 12748PCT t he menory
system 194 may include ultra-thin body SO devices according to an
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PTARéA8PCT CLAIMS What is clained is. 1. A process of formng a

“sem conduct or device conprising: providing a gate stack upon a
silicon-on-insulator (SO) substrate; 5 at the gate stack, formng a gate
.stack undercut; and at the undercut, growi ng an enbedded epitaxi al
source/drain junction. 2. The process according to claim1, formng a gate

stack UReababbut 760 tdiLlor amblenfpragsurd. OK Abpiht 2ad Jukk hs SiB8ARE, hDShHEneS £ ONd
spacer on the %ate stack; 10 growi ng an el evated epitaxial first |ayer upon

‘t he subarsinetcen be arebnded in tha@raressogad nupticeif acopedsilicpat ar sdicas lalloafibn &t t he
gate sttaqﬁlé, forying the gate stack undercut. 3 . The process according to
claim1? J? erqg a gate stack undercut further including: 15 formng a

first spaceraaphlypdepRa eosk19PHisths/OR) G pe Micord ktilniut MaRidl Al BALVat ed

epitaxial first |ayer upon the substrate; renoving the second spacer on the
gat & sthbectelecively deposited enie silicon sifrfages bycthernaal chémicgGlapendepositior: and et chi ng
the silicon on,the.SO substrat.e under c I tions that undercut the 20 gate
tack. e PR oT e IR Re O TR ORoR TR e SO BSUREER Linder cui
furt herwhifChaigltaiiing fe'sibshdteat hitémperaBARAIWENhbBuSRVO ChndRB6RI750P ct he gate
stack; growi ng an el evated epitaxial first |ayer upon the substrate; 25

r enovi rapdimaintgimingradrelatiaclyhighndephsitigapressrackereaterthanatwun 5@ tort buidessf si | i con
on the SO substr.ate: a t chin he silicon .qn the strate under
conai ¢ 1 Btbe i amerin dang it AAgipd. SHch RbuneR e skl 1 T second ¢ o
abogt  3hifdhABOPEd ntpe silitohZéARdiidm epitahtid filmocess according to claim1,

form ng a gate stack undercut further including: formng a first spacer and
a second s peﬁg@plaréh athypg sdisow gertanium alloy can be formed by decomposition of

approximately 20 sccm of dichlorosilane, approximately 130 to 180 sccm of 1%
hydrogen-diluted germanium, and a p-type dopant source, such as approximately 5-50
sccm of 1% hydrogen-diluted diborane (B,Hj) at a temperature between approximately

15 600° C and 800° C. In one embodiment, a temperature of about 700° C and a relatively
high pressure of about 50 torr is used. In order to decrease the selectivity of the
decomposition process, approximately 25 to 50 sccm of HCI can be added to the gas
deposition mixture.

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

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 dielectric 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.
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Pgrowi ng an el evated epitaxial first |layer upon the substrate; renoving the
el spacer on the gate stack to expose a portion of the silicon on the
SO substrate; and etching the silicon on the SO substrate with a sul fur
.hexafluoride (SF6) etch recipe. 10 6. The process according to claiml1,
formng a gate stack undercut further including: formng a first spacer and
a_second spaggt, (0 rddiGiGRbERRE AR se R WeNuRNafth CYRMRHSE I BAIVRlY, h1 T ST

| ayer upon the substrate; renoving the secon pacer on gatg stack; and
15 et chépagertebuh iekaviad oot te forirox tathpdsite Spackivgteadjavemt ta spiewall dist@padeh®6 Si | i con
on the SO substrate to form a_gate-nmasked silicon residue and a | ateral

si | i consraegicrddn Fygurel8. Beepuse Srstandisasang didetialayers 02gpdffng an enbedded
epi t axi l%gpeﬁﬂwlf,%%f Be a{‘ﬁist’gﬁhé 8k 4 SQBhd E&ﬁi&&ﬂé‘t&ﬁﬂ} sifittinl di{de 2 bgfgé ng. .

form ng I TSt spacer and a second spacer on the gate stack, growi ng an
el evat egiclepiotess nedy beiused. Inamethetgambodimentsthb finicaibedl equilvalentdficempysiteenovi ng

the el evated epitaxjal flrst |ayer. under conditions to form.the undercut,
to expo@écea6§é194Yb.ﬂfjp 918 3 syglcmitride.orioxide diglestney dn ppgembedimigst r at e, and
a later | : ' Iﬁpﬂ : o wi ng the
enbeddeﬁJme%)Fﬁg%Ag rcbgétgjtr}%g/% g%él n ?gﬁcl:lﬁagr?ﬁﬁ\e eki&?g{rr\%lh??%%%c% at9 25 cause
epi t axi salicide én the gateaegion.ninconel enthod Bnent aonipesiteespacer 166 ismsdd ta affseaad t he

| ateral,.residue,. 8.. The process. accordin o claiml, further including:
Fol | ow HE SRR High dpoecmRIa Aot Adibe Ahagishfoetond 1A PR epbRBImeGho B i ng-a
saljci dfesent Mvertibn@Bhipdsitetdpader B6 hiy'a thidkndssift @ PanzeSrond BBoW K06 At accor di ng
to claiml, further including: follow ng grow ng an enbedded epitaxi al
sour ce/abost A0QUAct i on, forming a salicided, polysilicon epitaxial gate

| ayer. 10. r f orm r ansi lpe I sing..Rreviding.a gate
stack upon 4pFpESRsTlow fhfdifelc 8N4 BRI BBl Al SDacer

and a sfsdendhepagres/dexin infilag ®8as made i, th@ rasd Ritdialaip I6aniatignheéntSHith ayer

upon the substrate; renmoving the second spacer on the gate stack;
the outside edges of composite Spacer 66 in order to increase the doping concentration of

15  the source/drain contact regions and the polysilicon layer 54. Spacers 26 and 66 and gate
electrode 22 prevent doping of the channel region (the gate-masked residue 36) beneath
the gate as well as the ultra-thin body epitaxial film disposed beneath the spacers.
Accordingly, the source/drain implant does not affect the ultra-thin body epitaxial SOI
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 also be

25  selected from aluminum (Al), titanium (T1), 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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at the gate stack, renoving the epitaxial first layer while formng a gate
‘Plg748PGk undercut; and at the gate stack undercut, growi ng a source/drain
epi taxi al second layer. 11. The process according to claim10, formng 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 firy er. .12 .The nproces ceor di t o .cl ai formng a
first spacerAgtnrdtlhg)fosrgen(?BﬂlbOfs grg‘étgryo'ﬁet?ﬁ@%bg@él p§$‘§%tkvef1wefhg:r°_]iﬂgﬁl uding:
deposi t qagnpétianiudenitridests depdsited airedtlyldntd REheof) metsl fiePESIndeg a nitride
second | ayer over the gate stack; and 20 spacer etching the nitride second
| ayer apibedimenty prgtective layen Ryis titaniugn nifride thptde deposiied iorathislness imd ai m 10,
form ng LISt rs an n ck funt her

e ud, e SRBabSRRA B ool SRERT B RAGETvE 1 O ot B0AMNOL D20

et chd ngkidven testriquelsucisds ByeR'ED with droA pplied Matefsls Endgra sgpan oF it cadbgr owi ng a
nitride second | ayer over the gate stack and the oxide first spacer; and

spacer formpd hyCMib Froteetivelayer rRIoteely the undert ipgrefrastary metal lveb i spacer. 18
~P12748PCT tiatidE f SibSeduehihish Q! @i m 10, wherein grow ng an
f I'T'm pon? e substra

epi taxial frrst e further includes: fornmng a

subst anti al | XfiertHe foethation bfrotective layer R, dubyt]?me 1P iy heated t&@terﬁpdﬂfhfea'é e. 5 15.
The process according to c¢l.ai m 10, erein fornmng a gate stack undercut
i ncl ude®d fgt ¢ pering of e RiGientiin gavseye eGioey ogtab iim P to ragbWith ed aft er

renpy i NehdeflGing SRS to>RAR Glre it tdrY SndlA sRickdedRlir askfRpictddtn #% 38. FHeOr ding to
i pistediniiglie.

claim 10, erein formng a gaté stack undercut 10 Inc et chi ng
si | i conheafing hrwc@&Smay Hesarriedout nedn inert atnpopleue sidhers argomairher it kemeecond
spacer of axtlcbag, rggggeenmcaﬁl;d aa}glglperature in a range from about 400° C to about 500° C
for a time range from about 45 seconds to about 2 minutes. In one embodiment, heating is
carried out at about 450° C for about 90 seconds. Substrate 12 can be suitably annealed in
15 an AMAT 5000® or AMAT 5200® RTP tool. Such a heating process causes the reaction
of the refractory metal film 70 and underlying silicon for form a low sheet-resistance
phase film 74 that has a mean sheet resistance of about 11 Ohms per square.
Figure 14 depicts further processing. Any unsalicided refractory metal film 70 is
removed, for example, with a 50:1 buffered HF wet etch for a time period from about 90
20  seconds to about 150 seconds. After the wet etch, the low 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*/cm®. 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



etching at |least a portion of the epitaxial first film 17. The process
'Pdéﬁé?fﬂgng to claim 10, wherein grow ng a source/drain 15 epitaxial second

| ayer at the gate stack undercut includes: chem cal vapor deposition _
.growi ng the source/drain epitaxial second |layer under conditions that cause
the epitaxial second |ayer to grow fromthe gate stack undercut toward gate

stack-1ateral, S I licon residue. 18. The process ording t | ai m 10,

Fur t her SERLPahTGSD st B b PEGprisele e B UFGRR RS phamanchl, "ot

1 ayer. &3 floWRitdfr&a56utd00QEch Rdatiodt #0(Pdciinlddd at HidnijRkathrdGh Heidde fropyer the

SO substrate, form ng7a refractory netal layer; treating the source/drain
r

epi t axi &ousEHS fckolabgesr708Hd. mene erhbadimentyahont 200 scamatichlerositanmand sal i ci ded

rai sed i jal _tip. .25 20, Th rocess.accaord ng., | ai f.urt her
i ncl udi aebg’:‘& U osﬁ"'?‘ﬁ’@%"é‘?%e ‘gt'%eé?f,eg&f%\?\’f'ﬁ%e éiﬁto%g# ﬁ%c?; “gspﬁef gfif&&er?%cond _
layes; viBere saéécm? R Prefepred, Hydeogen cifotide 61a) be Pidicrsd &) subSieddst 4 BoiPkate f Or M ng
a refractory netal layer; and treating the polysilicon epitaxial second

| ayer affem@beutSscerade apapt fRseam.| ayer to forma salicided gate layer. 21. An

o1 dded . \ y T Ay ; : C it :
atack di s poduBarers & phice ity Blpfihl oy ik haed B Ume SRR, OhEE" 1870
and an mpédsabegins witly provitis Diiedg-tasthdkeupondasilidon-ondidsul dto£ (SO eslidaate.

source/drain siljcon-on-oxide (SO) junction according to 10 claim 21,
wher ei n eﬁ@ri]%sbiatfja%saﬁcer aka sqcgrd spacer; arg frsmed 152 gn ftackmAdbout 100 A to

P gt R 6n 5 A LG 0 o

| ayer and a source/drain stlicon-on-oxide
(SA ) jremovédlbéaciheredftenpt the gitastack?a gatelstack unddrtiet iegtchedlxamd a | ayer has a

t hi ck ' fro out . 100 0 .about 15 1,500 A and further
i nl:fugies??ar.cle ag’é%ﬁ?q%%éﬁecl"g% ggﬂllj mﬁ‘}(f%#attq?"pgﬁ? gﬁa%'é"ﬁi%f‘i‘l‘t't he epitaxial |ayer
and adj acentOdenibodifdit of fledfventivéultrhiRinHaP 4R deviet e RIdEE Al Qectronic

silicon-on-oxide (SO) junction according to
system. With reference to Figure 16, a semiconductor die 160 may be produced from a

15  semiconductor wafer 162 that contains the MOS device 10. A die 160 is an individual
pattern, typically rectangular, on substrate 12 that contains circuitry to perform a specific
function. A semiconductor wafer 162 will typically contain a repeated pattern of such dies
160 containing the same functionality. Die 160 may further contain additional circuitry to
extend to such complex devices as a monolithic processor with multiple functionality. Die

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



claim?21, wherein the epitaxial layer has a thickness in a range from about
-PIBYRC] 0 about 20 1,500 A, wherein the epitaxial layer is selected froman
n- doped | ayer and a p-doped | ayer, and further including: a salicided
_polysilicon gate | ayer disposed above and on the gate stack. 25. The
enbedded source/drain silicon-on-oxide (SO) junction according to claim

21, whefpej |t ax] er a thickness in a. from about 100 A
to abou &5@13&?%6@8%&,’ %\A#}g!rmel%’%y% eﬂ‘g’%?‘{‘ﬁi‘i"é‘ 018 f/%pl’ P%glsrésggﬁ%a&? Yom an

Nn- dopedClrayiemodild 130 Ragkonertty bledds 130 @xfetidihd eHerdfivi pebivitling @hikedral Gr ded

rai sed epitaxial tip disposed in the epitaxial |ayer and adjacent to the
gate st erabgoanmynication apd et a sal i ci ded pol ysilicon gate |ayer di sposed
above and on t . , . source/ dr aj. i1 - on- oxi de
Ty e R B ARk 1T BB B M SE AR R IR T
enbesideti7(oardesdribet Abovgaiontaiiife it leash GricSinstande @ f gt ivé&itive kitfa-thiichodges a
polysilicon gate electrode wwth a wdth, W_and wherein the SO channel

i nci ude3Ohdevigent{aas desssibed hergins Klegtronig system W8P generally, condainea8¥8 sour ce/ drai n
silicons [ ' ' r.di o) ' f Lpint | udi ng: a
30 chaniBRBEARE Nebiderkigind DRSS el srhent AR oanlll 1,

I ncl udesr abs@rohtyon dfithoresyttof tied dedtronitesysteinl 88. Sotticlexamplesoflussher ei n t he SO

channel, i n¢l udes, hannel lepgth in a range from about 0.2Wtq about
0. 99w B rtage g@%weahﬁe the Ks¥vosr goindingideyige.mopdiorped prgencfiapersegalci reuit
modyy e ¢ M?ﬁxe%ﬁﬁfiﬁﬁt dﬁfiﬁ{%hél k5aRer® Bf 4 Rt Mepnitiolsitt ARi AL €, Wherein

the SO substrate includes. a gate stack di spggigd upon an %CJ substrat e,
t he gatpredsk ofcin autemabileranddhe card egaden, keypad, displaypandaouirrgheyt disrenseatiofpwsed i n

t he under cut ubstr,at e...29. ,The tem.accor,ding to cl ai 28.. erein the
L o Sl REP RS 0 s 42 b SRR ofienfle bkert R rioviggle o1 o' "
cel I phortectranib 8 dB0.CABKYSS Ports 28 usdd t8 ¢b¥ebin dectidnid systemmltbitid contr ol

system and an aircraft. 30. The system according to claim28, further
i ncl udi Aere tangible yser dgerface components previously exemplified. One or more of the

15  circuit modules 170 may include a processor providing some form of manipulation,
control or direction of inputs from or outputs to user interface 182, or of other information
either preprogrammed into, or otherwise provided to, electronic system 180. As will be
apparent from the lists of examples previously given, electronic system 180 will often
contain certain mechanical components (not shown) in addition to the circuit modules 170

20  and user interface 182. It will be appreciated that the 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 1/O circuit 198. The

30 I/O 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



an input/output (1/0O circuit coupled to the processor. 21

PIIWARTAFH. AF[ e. AFH. AF5. AFnl . AF[ . AYy. AYH. Al n. AF[ . A[. AF[ . An. AYH. Al . AYH. Al . A3.
AYH. AH4AVoOqV[ ' LL
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forming a first spacer and a second spacer 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.
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growing an elevated epitaxial first layer upon the substrate;
5 removing the second spacer on the gate stack to expose a portion of the
silicon on the SOI substrate; and

etching the silicon on the SOI substrate with a sulfur hexafluoride (SF6)

etch recipe.
10 6. 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;
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 layer 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.
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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.
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includes:

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

second spacer on the gate stack.

16.  The process according to claim 10, wherein forming a gate stack undercut
10 includes:
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;
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5 21.  An embedded source/drain silicon-on-oxide (SOI) junction, comprising:
a gate stack disposed upon an SOI substrate, the gate stack including an
undercut; and

an epitaxial layer disposed in the undercut.

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

layer.

- 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
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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/0) circuit coupled to the processor.
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