PI2TASRIT 08/ 01/ 2007 PROCESS FOR ULTRA- THI N BODY SO DEVI CES THAT

| NCORPORATE EPI SILICON-TIPS AND ARTI CLE MADE THEREBY 5 FI ELD ?87@5/2007
| NVENTI ON An enbodi nent of the present invention relates generally to
integrated circuit fabrication. Mre particularly, an embodi ment of the
present invention relates to a nethod of fabricating an ultra-thin body

silicon on oxide (SOPROSESSHOR 10 BACKERHR@DHSOIREYIGHSNTI ON  DESCRI PTI ON

OF RELATED._ART. Tr ansi st )IFBSSH o include |arge-scale
integration (LSI), ver y%q‘%?glggwggfr%%@éw 1), and ultra

| arge-scal e integration (UASNIp ARFIChEMADESTHEREBNpr ovenent s appearing on
the technical horizon. One challenge for ULSI is that nore transistors
nmust be incorporated into an integrated circuit (1C, while attenpting to

decregse the qyerplor PIEENYENTIENSENM conductive substrate. One requirenent
is that the sem conductive channel length is preferably shortened in order

to further asdimsgmhddenentiofithetpuesertdatventioprebatessener@lie tcintegtdstiggrcui t hat
ritical dinensigon to be the

photol it r aphi c .t echni ques cause 20 !

smal | est %ﬁb‘fﬁﬁ%ﬁb‘aﬁpﬁwﬂﬁ‘r@ apeypb T‘Pﬁlogfhetﬂﬁﬁew IRYFRtgR rAatgdo@ mebetk may
be such @ fabiibatitlandiERiNG Bty SHdFon SR (SOPTRvicpc! ude proper el ectri cal

i sol ati on between adjacent dévices in the ce of the relentless pressure
to crowd devices closer to each other. 25 BRI EF DESCRI PTION OF THE

DRAWNGS In o i f er in which enbodi nents of the
pr e}s/\‘(iabr\llt i nvenpggKiggbﬁgﬁégi%ﬁQWparti cul ar description of the
invention briefly described above will be rendered by reference to
speci fic enbodi nents thereof which are illustrated in the appended

draw ngs. UndBFSCRHTIRY ORRELAEER ARlawi ngs depict only typical enbodi nents
20 AN A RSN AP BB PO BT, 70
be descr latgeescalndntegrpliai (ESIyiaht ultadaict seiaintgpapn(ULS)ywandudrt ai | t hr ough
the {5 € i?lgprg)\be%le%%sca%gga%@é iog%hed treavuvlllg]a? ﬁoxjiz%n\.l\kg)in% r:::halle}lgg) %o2r7[?[€,38|:1)ci:;rthg‘? I/n(o)l;lé/ 2007
transistors must be incorporated into an integrated 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 téchniques 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 necessaxﬂy drawn to scale and are not therefore to be
considered fo 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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FiPgATA#CT i s an el evati onal cross-section of a sem conductor structure that
reveal s a gate stack-precursor according to an enbodi nent of thq)épggptz'm
Figure 2 is an el evational cross-section of the sem conductor structure
depicted in Figure 1 after further processing; 5 Figure 3 is an

el evational crQss-section of the sem conductor structure depicted in

Figure 2 aft eMiguledHean plevrtiondlicaeps-sestion ob 2 semisondyctor sipaatre that reyedss- sect i on

of the Sl pRfGlatso Al 8 A BRIl & nF il alter Turther

processing; Figure 5 1s evational cross-sectioh of the sem conductor
struct ure depiFigurd 2iisian dlévdtiogal reeosd-sadtion of fherstitiondica eaaitig depicgdie 6 is an
el evati orl'EaI cro S-iflﬁgti on of the sem conductor structure depicted in
Figure 5 ég'{“’eﬁ aﬁ?fr T BNGEEYEI ng; Figure 7 is an el evational cross-section

of the sem comghyrt 81is Sf Libiakibhf cﬂﬁgg&&igﬂ O.F the sgling:Hﬁtﬂlcﬁ)r@ErE&?reI }éﬁ:@:ﬁrin

processing; 15 Figure 8 is an el evational cross-section o

sem conddfegues 2 siterdurthareratepingt ed in Figure 7 after further processing;
Figure 9 is ag. el eyat | oF?a_I .cragss-sec .ion @lfg t he sem conductor structure
depicted in FIRYEF & Sglyvationd] crossssechpr eflbe semicopdusior struciure depjfied iy at i onal
Cr 0Ss- sebigufdB Merifiiehes proceRn@yUct or structure depicted in 20 Figure 9 after
further processing; Figure 1I is an elevational cross-section of the

‘seni conduct or Figure2 isancleyaponed engss-sectig gilthe sagiceridugtor ftarctiredepicted &5si ng;

Fi gu 12 i !ﬁﬁﬁ% .onal. cross-section of the sem conductor structure
depi {:(fedgllghﬁe%gre Eib%F%glrn%Turther processing; 25 Figure 13 is an

el evational cFigafe 6BChiclivatiinal 18sSRB1GOHUHE sedicidubiel sthRnIeBééedid n
Figure after further processing; Figure 14 is an el evational

cross- setergr et CERRFeSSRBuct or structure depicted in Figure 13 after
further procegging ish iohal drSss? ?M : ' - f1 ow
enbodi nent; 307 Fi gulrS gh %%R'?tg;ngl ‘%rg%sasﬁ an ifé&%%x?@ﬁ@%ﬂg&%%@é%ﬁﬁ%@w waf er
t hat corffigim$ afier furthemprobdsking;oody SO devi ce enbodi nent; Figure 17 is a

i n enbodi ment; Figure 18

is g h :lggé Ihg rr;lt i dg\l%e %.‘Ia 2%%5@%3%%6%?%3%%@8@%uam structure depicted in
Figure 7 after further processing;
Figure 9 is an elevational cross-section of the semiconductor structure dépicted m
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 ' -




2 PR2728PCA8PCT 08/ 01/ 2007 Figure 19 shows a further enbodi nent of an

el ectronic systemas a conputer system DETAI LED DESCRI PTI ON OF giglEgy /2007
| NVENTI ON 5 The present invention relates a process flow that forns an
ultra-thin body silicon- on-insulator (SO) transistor. Figure 1 is an

el evational crgss section that illustrates a sem conductor device 10

during fabri cdtigwie 19sbavwes Huther grbediperieo! 1o elepfromgastem asaaesiife 12 t hat
..by way of, ggn-limting exanple,.is a._p-type netal oxide sem conductor. .

device (P or an n-type netal oxide sem conductor device (NMOS).

According to 10 the present invention, one enbodi nent of substrate 12
i ncludes an S I j | ~.Ssubstrate 12 has an SO
i nsul at or |ayﬁﬁkﬁﬁgﬁgloﬁfﬁﬁwﬂw The formation of the SOT

conf i gur at i o 7is8 pfAkRlnAsH roRRE A HbAG: G KPR QG ol iapgh  an SO

configuration is depicted, other i'solation structures nmay ed such as
| ocal i sotissulater (SOIstrdnsison FigdEdSs an ekvatiseberb BG83 ondhatshathmaat r ench

i sol ati STI). .15 A di t . aver 18 i§ forjmed .on the upper
curt ace. Jhispdisist et Sore TGl SeHiciicondevisy Thaciettis mont - gat e
di el ect 1 isgbstratéan dal by Swag of h&ﬁ-li%mggﬁxl@k%p-%@hetdl %xifdgrséfﬁféoﬁdilcg)rt hi ckness

in a range fromabout 5 A to about I n "'one enbodi nent, at
di el ectr

eviceFA O poriag natyps metaliedosaneiecndayior devieet NAMGSh Adrio s of about

8 A {An gt 2} i.ren e dielegtrig, | [S as oxj.des,

i 0 16 HelipnQRRRoR: BmbdREnflCURTHAE (2 BRNES o Bie Moy A gate
el ect r odacéotdinglyl subigsle 0P hgodneSOll iak@bf laGer! 1Yy &1d anlSDI diliconngyee 19.0TharENt |

gat e el e%ode 22 is fornmed i.n a thickness range fromabout 1,000 | Ato

abdut 3, Bwmatien efthe SQI ppndigrration israaiadet agraphieg wdmpen tgchaique pilhonghmay be
in situ ' I -0l i L t hat

Iresul ts %S(g}g%derm gP%?:ﬁ?lfrl %digﬁ W%@%@ﬂ%&%&%&ﬁ gllﬁ)ﬁ{ﬁéeathgc %%gﬁgelsore%novm in the
art. |t iselation Gisiliqp{EOCASedetchsdd IADOOE, avahbllRbtrémvh\isolpht(BTHIi ng t echni ques

ma utilized to.pattern the bl anket-deposite | ysilicon _layer into
ga%/epf’gl ectro gﬁtfq"ﬁ%q il lgdB%W Hnlﬂ?et_ &%ﬁ‘%@gf{%&tﬁﬁ‘#’mm uch as
e-beam @Qdm%n Fibire ANG &HQHJBQ&iﬁJehE,%%Q@&&%u% RHUARIDL BAHICSHME AYESHENOWN 1N

the art. According to one process flow of the present invention gate
el ect r odie farmet 4e a thiclingssrin awingedromn atowe p A foabget F0rbniradnsiembbdinerdnonet er s

§ 23 ets (Ca) rﬁ%ge?fwglg éiglc E%}Ief/ ﬁ?g:aéjldtﬁol gﬁl[ 1%%/‘?? @a&éﬂ%ﬁ%%%ﬁg&% %Jeaﬁ?’étrgge é’ig@gél ectrode
22 can hgnbydimérss, gate dididbricSdydrosih® oRlded aiitfidesthighidh@efisly Sndl | i ne silicon
gat e210 Orcombihations thereof are formed. A gate electrode 22 is formed on gate dielectric layer
18. In one embodiment, gate electrode 22 is formed in a thickness range from about 1,000
k 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
photolithographjé 'techniques known in the art. It is to be appreciated that other well
25  known patterning techrﬁques 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.




cBrtﬁiﬂSi’é?tTi ons thereof. 3 . P12748PCT 08/01/2007 Figure 2 illustrates
further processing. A spacer first layer 24 is formed over substygt@1¥2007
i ncl udi ngoxi de gate dielectric layer 18 and the top and sides ofgate

el ectrode 22. In one enbodinent, a spacer first layer 24 is fornmed to a
thickness in g.range.from .aQout 50 A tq about. 300 Spacer, first |ayer 24
i s preferabl y%f%?ﬁgdlllfsﬁ?@ﬁl LBIRCEsIs: élSé’é‘fqrf%?qyﬁﬁﬁﬁlf%dé“’%bsequent ly
deposi t edysemieRNAlIEdihy Exifit batk bR AALGr a8 Ghd ﬂx@‘%@: afl i%e's BEQRE oMl ment,
spacer first layer 24 Ts an-oxide filmthat 1s formed by wiat I's commonly
r ef er r ed 220 Imenegenthordinadnt, appace fisst layen2hisdumened th e thivkniess in@ahngeffrayat e

el ectrode, 2 nd th es, of te dielectric. 18. By form ng.an oxide
spacer fiaP%lf% SP%@P%%‘E? 3§ﬁ%_ecqﬂa§ie%?f5tel@%ﬁ §4és1 @E%F@é’efoﬂg%t%% ghtog eal is
formesl aepctichllyeksiateaQtbdelh@tiymRp&thtcd Renitatutert @Bt F6hnhRRKAIH B 1 S
extended. | I n one enbodi nent, spacer first layer 24 is spacer etched to

f or m si d&heng enziediegnd, spgear figst layae24\issn @side didm thg isfopiest esowhat iFi gure 3, the

spacer | [ rqpi cal | ry etched to.for sid Il first
spacer Zgé’%{)gﬁ%@ﬁgd‘%fag %3“%‘%@@?8?‘?35%*’0%%@?? i}‘e@?ﬁ &gl Pﬁgﬁ{%%@gﬁ?‘g&gl ectrode
22. 15 Abiicbthe biies b garatlielkotriel 1 8aByofhflmg Sh @R kpackt fist lagaraaaiired®y o Ni tride
sidewal | second , spacer 28 is faornmed under a simlar process flow A
nitride B electrade Eéﬁ@wwséslﬁ fasmed prg hotglecwonitstime s thepbrigatedsi dewal |
firsiysp : jcted in Figure 4. Thereafter, an anisotropic spacer
et chfqc ol ?%&rgs.t&%csggtreg?ér?g to an enbodinent, a silicon nitride layer is

bl anket deposintoad einpodimentsprcesiint iayaidis satereahed tolpn sideivald sfdcEi€VD)

rqcess 2 ct.ing, a ni a. (NH3) .and di chl orosil ane (DCS), at a pressure
(8 anéﬁﬂiﬂﬁ\%ﬁggsw- 5derigied mrlgsv)%%%zfrsmweﬁ sysbiseangisaopicaland at a

t enper at 4ty @ich&d B HARE SidbwATAR StceOsb Fhick Pun@%‘ﬂ% 1&9@11)%?#&@51&&;9&‘0' fic
enbodi ment, the NH3 and DCS are deposited at about 75 orr and about 80

C. At hodghteelestrodeh nitride layer is hot-wall deposited in one
enbqdi nent, bgcaus 25. of .the hernetic_.seal t for.ns,..any ot her suitable
i nStCJlSati ng | ﬁeﬁh{fﬁ%a 2 of an 9% gisjyggaﬁg;&?a%acg%aaggﬁgggp?@]&w silicon

nitride nsEhde!iﬂZS Aol wdefth diniler S108&ks o, 20RIMidedheR s Blinked 84 RGH&QIbveACCOr di Ng
to an enbodinent, nitride second spacer 28 is formed b ani sotropically

pl asma REflgEodna2 5‘1@ sideavall first spaeer 3p ag depisted i Figaredy 09 i ncl udi ng
c2 Fo %‘Z‘%@Q ¥i§4@exj e@chafoflg\QQeAuo?HﬂlgPooﬁlt enith ir\rli\@ntt,tas silirARRME: 15 Q0. watts. In

one enbodi
blanket deposited by a low pressure chemical vapor deposition (LPCVD) process by

20  reacting ammonia (NH3) 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 of the 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,
F¢ 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




3FIPHEWET of about 200 watts is applied. The anisotropic etch is continued
until all of the material has been renoved fromthe upper surfagg/ge ~nglg7
fromthe top of gate electrode 22. The final thickness of first spacer 26
and second spacer 28 may each be in a range 4 P12748PCT 08/01/2007 from

about 50 to, a t. 300 A ne enbodj.ment, the thickness of first spacer
26 is in & 8%%’2%&%@%&9@93&%&&5 penipthe bicknssoldIrgsaess 208 i s fi'?
L east as d ek abdlit SHA to abbit 300 LRI OCHRPALIRO iR ficldre OXi de

first spacer |layer and the nitride second spacer |ayer are posited, and

a conposite spagealtamative embogiment bethrthd eddoiitst tpaedr 14yef axdihe siidnd spacer
28, followed by first spacer.. 26. In this. process. flaw,.the spacer etch
that 1 or RER8EAre aYer ey epesisdeind potommesits Dare Siehyrelt i RE o8 hitcon of

gat e 6l egbm@decond s?&cer 28 fSAwdl Hy M kpd&r 260 RENBProRed B&W, e dpacdr@edhhe spacer
first layer is pre erred if selectivity to silicon is not present.

Accor di nghay forgus seqegt epagepdnact ont haye keleatiyity éo Ueisilicer df gate ¢levtrads BAoer
first- - | in_si i ngl e, etch taol be .utjilized t
for m sectnsOF TR Mo RGEveR sfbitiny 3 fhepiel Bispiser pisSred B lioo: o °

Af ter theilispasent geeh( ed¢cordifgl$!d difdle d€position Bedl elagdRE iR t8 forkispateran
according to (3 conventional technique. In one enbodinent, the HF clean is
carried SG¥- aodisecondinyets in it spda single cirhdoelmadbantHized tornfermppecopdan i s

fol | gyed sfakeanshioRe By Rk epale 7 k&URERA! © ©f about 900 Cfor about 2

m nutes. The hydrogen an rénove surface 15 oxidation. Although first
spacer 26 is Afiprthsgatattdgestheanucercanad bs ekzand [SpadeF cl2gh dcordirgroesent ed
asja nitride .it ig understood that other conbination enbodi ments are

cb“r?t enpl SR gitioag) te i ,O%?PBI?DHH{“?”& ehﬁ&?%és eagrigr oW orrgbpe2 spacer and a

nitride ms@eaNth SRAGodidedt the B#QIdh iSHUSREE ST 2 ADSoa Bk d€, Second spacer,
an oxide first spacer and 20 an oxide second spater, and a nitride first

spacer atentperatiire off albeutsHIO6 Kidfos plame? mihwtes diHe hydrdgen batentan ranovetsatface
sel ivity differentiation is an alternative characteristic, where the ||
first spacePayer and the second spacer layer may be retained in other

regi ons of -t et FRkhcaS6% MRGkhED sl blidPARGRS S Padep 2k ESe Tegions s

undertaken. Figure 5 illustrates further processing. ter the formation of
first spopresenizd agpaitrids itis codastephibet otRE combinatien emballisichtsaren first | ayer
ubst r.&tgrilz. The ,sane grocess fl ow
© g

00 R PBEm AR B B e 0B3R5
gat e el ectonddpace? a nkERE firs BpdcaCmdda oxitie!sbebRd spibbr, Shlok R MirdGpidpindCt s as
20  an oxide second spacer, and a nitride first spacer and a nitride second spacer. In each
embodiment, an etch selectivity differentiation is an alternative characteristic, where the
first spacer layer and the second spacer layer may be retained in other regions of the
) | substrate as protection until processing in these regions is undertaken.
Figure 5 illustrates further processing. After the formation of first spacer 26 and
25 second spacer 28, an elevated silicon first layer 30 is formed upon upper surface 20 of
- substrate 12. The same process flow also forms an elevated polysilicon first layer 32 and
above and on the gate clectrode 22. Upper surface 20 includes SOI silicon 16 that acts as
‘acrystal lattice seed layer to enable epitaxial monoerystalline growth that follows the
crystal lattice of SOI 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,




aPlb3r7§f%‘E3§l | attice seed |l ayer to enabl e epitaxial nonocrystalline growh
that follows the crystal lattice of SO silicon 16. In one enbqg pgnt/2 6y
silicon 16 is in a range from 30 about 50A to about 400 A In one

enbodi ment, silicon first layer 30 and polysilicon first |ayer 32 are
substanti ally undaped,  as..they. are often.entirely renov according to

sel ected ? Hl{’ﬁ’é‘ﬁg‘é". @lﬁé{jﬂ@é? %/el%faﬁ?lﬁ&e}?%&(g@}mﬁ.ﬁ T I5|r %ﬁgaﬂﬂi@l@ %he dopi ng
Wi || asSiekposc@EIRESSST dabd QS RLE %-Seie@ti&é\fe?mﬁﬁ%f-moﬂf orid dilfeBA ohly'cif | aver
30 and polysilicon fitst layer 32, 5 P12748PCT 08/ 01/ 2007 a silicon or
silicon ailicoycdrtaimngsudaies dibieepositcbpbein e bentsdicap fibn of subbaoi@al30 and ont o
the exposed-silicon of.gate el ectrode 22. Sel ect.ive,deposi.tion of silicon
forns si Iof’f_éj’ﬁﬁlc(?ﬂloi}ﬂ&ﬁn b%? Flﬁﬁ%ﬁﬁ%_ﬁ{l %?lﬁgo%%ﬁ@%&@: A‘Fﬁ@‘)’agb’ﬂgﬁ Y silicon
can be asgbdtiveRMchbdifdll B heMRis kR tdnfHekature @R LH0-500° € 94U RbvidingGan be a silicon
alloy such a silicon gernmanium A silicon filmcan be 5 selgect i vely

deposi t edepwyition gas sughtas dishlosrsiarest lemee( ST B Oydogan Hi)r Awiliiong a
deposition gas such as dichl orosilane sjlane (SiH2C12) and drogen (H2). A
silicon SYEFREA ﬁfﬂ%@ﬁé&%@?eéﬂ% Vélé{rfieBBS@él%_é@F‘i‘t%lt am%rsd by heati ng
to a tenpgwad M(E)-ﬁi?t(!“ﬁﬂrbrg@@ihgﬁgeﬁbsﬁﬂﬁ%Egﬂdhdds'aﬂ:hﬁ)r@?l %}ta'rgt@ ogas such as
dichlorosilane at a rate of between 10-300 sccm 1 % hydrogen dil uted

ger mane bedakih) 13 0Gscemt tYodiydtvgemedidted fer@fe (BelEg ot raterud belveah 16-20At e of

aboui, 20 sl minto a CVD.chanher. that i i ntai ped. at .a pressure between
o 7Hy e M et anat of s i 5V aansib G i aee AR Ean be

i ncl udedbétiedn®-PI0ORS A dapnt Fhssuch aRdiBORAE phbsgheRN ARl arSihd E4e al loy filmis
desired. Figure 6 illustrates further procéssing and second spacer 28 has
been st rinpigéed indlagiprogess Bgs mixife denedsilichnor pilicardlloytfilmds desitkilr st spacer 26
and to exposed silicon. Thereafter, a 15 sem -iosotropic dry etch is
carried out t r f ' Fec | iln. Flgure 7.
Sel f-aligned Iﬁ%@%s@lg%ﬁa?%rﬁn@ﬂ% %%%&%ﬁ:sfﬁoéd%? a‘%ﬁgg @%ﬁeb%glil %}lnggéﬁgs%&ﬁ al i gned
al ong | atsdyalvet emhphaiis @lesiidewdirkispader gatrd &) xpbieddiicdB. Tharedfiee, aebodi nent

—

a sem - isotro&i ¢ etch _roce_sa f|O\%I is used.to formself-ali 8r_1ed recess 34.
An_i'Sot riGBHEOSBTIHC At ctelols icgrist eHde 1ot ¢ pelbanligned micgss Heasdepicflin con | ayer 16
(Fi gur e furelUtseifalfhePrel SR8 Foral i Ve ﬁlslo\fﬂﬁ%tﬁgs?ﬁbomlﬁ,séli&ﬁ@c?cer 26 and
gate el ecirode 22. e sem -isotropic etch of the silicon fornms a

gat e- maskoag lzteraily opp@fe sidewills B@htesldcirodan1 8. 6inamed embbditeng l seresi due 38
t her eof .. §_he 40. Accordin the transi stor

channel 14 HBitc%?w%hRXﬁ‘!fecs?gﬂ{“g’ g%ﬁ@?ﬂ }é’g‘%%él%éhg%edﬁﬁ%q?% 41 ?%é@plﬁ 61°f960 si | i con
16, may oBR ekdhes vaticAlARto the JODsili¥in layer 16 (Figure 6), but it also etches
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 ene 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-,r 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




2B13748P6e enbodi nent, undercut etching is produced by using a

sem -isotropic dry etch process in a parallel plate radio frequpngyi(/Boo7
pl asma etching system A wet etch may also be used to formself-alilgne
recess 34 and undercut 40. In the sem -isotropic dry etch, the chem stry

I ncl udes alggag Qx chem, st re;o ot&%/sul fur hexafluoride (SF6) and helium (He)
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el ect.rode 22 .in SO silicqon | gyer . 16 nd cqntinue.to duce gat e-nasked
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contr ol [Te¥ss ¢tgh Bogess @Wfﬂ]&’t preseatiwerention acisftp e@ﬁ(ﬂ) ﬂle_[iafﬂlm_i eigh ratotdf or m i n what
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to the present invention, I nabl e
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poi nt 44. Hence, where the mninmumfeature is a gate width, W (lFi gure 1), a
charkfel 16 as depicted in Figure 7. According to the present invention, the transistor channe
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 Lygr (metallurgical cﬁannel
length or physical channel length) is achieved during the off state of the transistor (Iow
25  Io) while a smaller Ly 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
Lon. In one embodiment, the gate dielectric has a width, W, and the Lygr 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 Ligr has a length that is in a range from about 0.3W to about
30 0.8W. Im anqther embodiment, the gate dielectric has a width, W, and the Lyt has a
- length that is in a range {rom 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 .
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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
o ) body epitaxial second layer 52 and a polysilicon second layer 54 are formed. Epita)iial
_ 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 1s 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.




28148 €y ode 22. After the etch, it is noted that there is exposed a
self-aligned portion 50 of SO insulator |ayer 14 as depicted g8 FOUY20 @7
According to an enbodi ment, an ultra-thin body epitaxial second | ayer 52
and a polysilicon second | ayer 54 are fornmed. Epitaxial second |ayer 52
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SO silicon layer 16 and l'ateral resSidue 38 there9f° Closure seam 60 is
depi cted in ahgadmbiis hatey thas ebavie gatemiagtrode 2% ammubia-thir hodgpglysilicamd shape, but

it Jis to tood. that,in one e diment, i as .t he earance of a
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I ncreased resistivity as electrical 10 current flows fromraised tip 56 and

t hr ough ‘GRBEdYSuch thalthe deposision aighly selective ththesnaqen e, sudfothet thaberoai ect r ode
22, q&n i res 54 sionul taneously forms
dur ilﬁg t o@é?g?%ﬂ}o@%ﬂé&fﬁ%l}ﬁtﬁ,adg iag?é}esgogtg%%%@éﬁ’? %%Ye‘%f’n eollﬁgesge%b%edi ment, a
fil m of sobstantiably filed by thicdupositiond pronesd. The regesSichi2 bt 2ohgierl; fillddewithikry such
that the deposition is highly selective to the spacer 26, such that the
boron 15"¥EPed silicon does not formon, or adhere to the spacer 26.
Hovever, ! Ne i RERRISSIVEERibodifAL BolohRlobdd Sidel Gl bBYsddthpiAEBPEAbA N PTOCESS.
The recess can be conpletely filled by "this process.
doped silicon to form the film that fills the recess. Typically, epitaxial material is

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

substrate. -
In one embodiment, a boron-doped silicon film is formed by a selective deposition.
" ) A selective deposition of silicon, or a silicon alloy such as silicon germanium, forms
silicon, or the silicon alloy, or the exposed silicon surfaces. For example, a selective
25  deposition of boron-doped silicon creates the ultra-thin body second layers 52, 54. Sucha
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 scem to about 300 scem, 1% hydrogen—diluted
germane gas at a rate from about 10 scem to about 25 sccm, and hydrogen from about 15

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

9




| PI2HEREIT er nat i ve enbodi nent, boron-doped Si Ge can be used in place of
boron- doped silicon to formthe filmthat fills the recess. Typ(i)ggbllyﬁ%007
epitaxial material is 20 deposited such that its top surface is above the
pl ane of the original surface of the substrate. In one enbodinent, a
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P12748PCT 08/01/2007 torr to about 760 torr, “or anbient pressure. A dopant

gas such thas agthesphenedurpigdiphiepesitionr  Sack i pegcessawillform asubsthatlaliyn t he process
gas mjxt | f daped si.l.icon or .silicon alloy filmis to be fornmed. A
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t enper atFPESIEFR BEEWE- 700 C and a rel atively

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,
anitride, 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, 50 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




hPyri48pC€ssure of about 50 torr is used. In order to decrease the
selectivity of the deconposition process, approximately 25 to 3B s6¢Mefo7
HCl 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

y to oxide in field oxide
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I n one enbodi nent, second dielectric |ayer 64 has a thickness in a range
f r om abotigh seenhieh dassdmplant o the activp ehangehiggicnn Lo ayehadimentof thend second
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d y be uUsed.

material, silicon nitride and oxide et ch process I'n anot her
enbodi néhe putside edgen of campaisitespacarditenordet tecinoeasi thedopppaacetitionyf be f or ned

from.a sjngle nitride aor oxide.dielectric. In_ong enbaqdi , _,conposite
spa?gr éj%e%émffé nt°8nt§'§6‘?ﬁ%sémg%§q I?Cﬁ iigon Javer ﬁ% S}gﬁgﬁg@%aﬁgh apd s from a
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to offset a hig energ}y i gh dose inplant fromthe active ‘channel region.

In an eiftsogteesivelbes theuliraghipbedy epitaxial Simidispossdrbouesth he sparesy 66 has a
N R e
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
7 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.

11




nNR@48PThe source/drain inplant 68 is made in the raised epitaxial tip 56 in
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mage by Applied Materials (AMAT) of Santa Clara, California can be used to
sput t er BEMESS.Mitragen 1) 6ng 2 fempgratpie|ing roge fronrbpat4MPCToEBPGHOD07  Aft er

the for | mg;‘ i . rot ect | Ja 72, .0of for -
exanpl e'}?%%g%egiﬁg%;ﬁ{o“ efa{%lssggglélgdgé[{)flﬂé%}tg?lpggfgyﬁ@n gm\rég‘fh%nacggl‘rﬁi}mﬁé% al film
70. | n eariedewbatdibornd50° 0Y fot sladut V& sécaydy. SlBstiae 12 Earticsitibly bhstalcih@t s

depqsited t | ckne I n range from about 500 A to about 200 A
Pr oﬁgct We‘“ﬁé&eﬁtﬂ%‘?@ Of éﬁ%@ 5?@9 oly ipcha heatngipresges ¢ausssihepsactiich as by

PVD W t lhraf 1@9&&&3%%%%' aﬁd%ﬁ@&h@negfs?fﬁéoﬁ%ﬁo tal&&@h&?—r?sgﬁ‘?&ngd by CVD.

Protective |ayer 72 protects the u ylng refractory ne yer 70 from
oxi dat i phasgdilinitg thatdabs e slieetickisnckoolahoddll Od e stiimee.f or mat i on of

Peri od of ti e A et TtG: beuinge (YA HON s FSoeReY e 2B dhct w t h
iltrJ] l,i In g 5 r&imdixge_a, % gitaﬁﬁﬂb, bathf 501 Bufigbd AELRS ko E6A imk bbsdPRorhiabsatas depi cted
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 réised 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 1X10'7/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




hem748pgTpr ocess may be carried out in an inert atnosphere such as argon
(At) or in some instances, nitrogen (N2) and a tenperature in g P@Q?%ﬁ@
about 400 C to about 500 C for a tine range from about 45 seconds to abou
2 mnutes. In one enbodiment, heating is carried out at about 450 C for
about 90 seconds. Substrate 12 can be suitably annealed in 15 an AVAT
5000(r) GFCIAkRAbosbHY(seym pIpban adype dopent squige af ﬁlydgownshle@g pbespbens e

ti , il 0 d derl yi silicon.for fc
oo Shooi Plotifre okl AshOld0 Lo ol T KB WPE En e ok P bl (0" @
about 11 abitsS0ReC tesaboar #0° Bl dhbae ddbsiEpeat sholt20NRemAie@ 51208 andAny

unsalicided refractory netal film70_ is renoved, for exanple, with a 50:1
DU f et e 4PURE0 SETLpolling i MHEIcR s ROk bAneARoUt ST C. 245 SEEhSTAR about

150 sgcorggre sMel&Findi : I st Ll 74
remai ns on 1t'ehe esod?’égﬁrgﬁ%eg’e%}?g??%%g ﬁlé)#gg\lg% Qg)g%%&eg?%%kﬁgﬁﬁéé?%%gﬁé{:ﬁaﬁ cally
i sol at ed fibmoabooinesccartotbart 60ycddie spacers 26 and 66. The present invention

has been depigied wih respegt to a p- devi ce having a . specific
structure. Ho&’éb‘@?ﬁ‘istaﬂr%ceﬁ% o) dgﬁﬁ\%@ﬁaﬁ@ﬁfﬁtﬁé’tpﬁ’%s pibediment; benti on can

be used pryeessBedifd MR me«rﬂaﬁgiiﬁﬂa %é ga@?ﬁc@onia%nﬁbm.ﬂlgm Br C‘S@i}aﬁfﬁkﬁaté’y: th

raised a epitaxial silicontip a resitstance refractory neta

si | i ci deThereafisrarfostrspacen andhin serphdsnaser(ane foymed 15borethe ghielstackFdm exanpl e, t he
procgss gf _the present ,nvention n be.,used. to fo alo resi stance

o 11 B e S helferflREt bR 8 b 5 By e o, rill Pesead 68382 excopt
that  t hemoeedsste ThafeaftéQit MROgdtdlstackDa bP Stadlkidsdercdt & t@@HOMdhavi ng a
'c{o_l)ductlw ty in the range of 30 about 1X1017/cnB to about 1X1019/cnB and
are fil|OYreR{disin epitaxighseeong Hlm &y formesh! 58 at the gatastack waderspli ng density between
about 1X1018/(§]5C?36 ﬁ@g X . I n dinent .th ongcentration
I's about 1X10 /(l:]]ir@d olreBtégigﬁp%é{lsﬁ“ﬁ:t@?%8&73?6?%%%%8&%@%&%? %&8 '6r med by

deconposiystemn With dhifirbriceno Figuae ¢6,5 sdafidoadadtondié 1 e0magbe pfddatedaabha 20 12
P12748PCT 08/81/ 2007 sgemto about 250 seem and an n-type dopant source of

hy dridgerf i foafonstepivateat sppiame the MOSWevise 401 Ache A0distan twbvidedm t o about
100 _seeaftdl, Bpically RIBREALULR sitbirad 10308 Coldiflbirafidyto RIRnfralifedfiout 700 C

I n one enbodi ent,” abou sccm di chl'orosilane and out seem
phos pharfendtionmét ssmempnthectenspafer Hi2ewil2ypitalhbantaiba fepEated\patteed of such Hieber ei n, 5

where selectivity is preferred. hydrogen chloride nmay_ he tered to
subst raﬁgﬁzg?m?nﬂé(}bﬁ %ﬁgfteé%ﬂ?@&ﬁ{“ab ‘?? ‘@Eﬁﬁ'}r&ﬁr SRR 2 ?@g\gﬁﬁm‘lﬂﬂj@r e 15 is
a proceggtchil @¥ueh aahREX HbAbesid h WA IESpRcRERSRESmATPRILIBMnalih " 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
:‘i\) ~ ina chip package (not shown) such as a chip-scale package (CSP).
~ Asshownin 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, communicé.tion
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 ' -




pPEEEEThegi ns with providing 150 a gate stack upon a silicon-on-insul ator
(SA) substrate. Thereafter, a first spacer and a second spaceryg/f@lyeeEd
152 on the gate stack. An 10 elevated epitaxial first layer is grown 154
upon the substrate, and the second spacer |s rem)ved 156 Thereafter at
the gate stac st.ack. under cut, .i.s and a ce/drain

epi t axi a}pexgg%iﬁ%mp?xpﬁ autpigp a‘iﬁ@“?ﬁ"a]tcﬁg a??’ ey %H:‘?(‘r €S- One

enbodi NeWireft nidaglei 17V GRS 4 Vzﬁle@_sl’ b1 18adsN7D epesbin>Rerefou ﬁ%vﬂﬁl%llﬁﬁ@t%raﬁ& '
el ectrom c 9]@gstem Wth reference to Figure 16, a sem conductor die 160

may be pbdd @meﬂmﬁilonﬂﬁdgeﬁﬁoéonductor waf er 162 that contains the NDS

d 10. A d t | | |
cubstrate 12 Flgiré Bk el 84t DR dciining 1B foper iS5 BREHEES A"
sen cHNdUP0 oy devérftRd aBSHZ cohlalnitig/aileast dn¢ i6QMHca bNtHR IHRAEHM Gtalidhbedy of such

dies 16Q containing the same functionality. Die 160 may further contain
addi t i on8P! é‘?"r“?ﬁﬁqqsﬂeﬁcélbe@k?fém Hlestionieisysern B gensaallycontains apsaonol i t hi ¢

proceSSOfmeefrawlgw'nme?no &&Ew;}m deb Y sdoPne ke g(%cs%[t%rx% Fith¥oRagkaged in

a protective casi 'gads Ex ere rom’such as bunp
pad | ayeorsobstrastiqoradthedesdtofsis datiohe sedtera UB0.r Joraé e:tdir@léh fudg0 for |

160 |5 clesd éef’é%' e ﬁé%'aap% PR BRI o 4350 ML FoH PESIER OLAPESTBI 6 package
(CSRlp Asonibeepth medlng% HoolllR! & 13 hE9eni SCHPolon il gy | ne! udi ng

at | east one 25 uItra t hi ice as o eplcte lgures 1-14
i n accorptdalod aniautermohie; pané$hm¢ard ieadezkelypad, dizplaband omfmmpd;spumseﬂnfcm Wi t hout

protectiy | rcui ule 17 r chipset to enhgnce or
ext end t%‘g W%‘?ﬁctf’ﬁ%f Ih Se‘é‘ﬁy 8?% &'6‘?“? ‘%@@"Cbe(ﬂ%f’isﬁ P?“WBYJ‘% 170 nay
be a COT’t’@bl’é@ttrduﬁ@sﬁfenﬂlﬁﬁ A8Rsd R AFAREN oA bh Blc¥tr&tic EyiRed iodRs, or a
conbi nation of dies 160 containing the sane functionality. Sone exanpl es of

a ci r cuimore SpgHiriviepinterice ﬁ@mﬂ(@i@nw(;mmgﬂnpbﬁe@eﬁ)n@@ dorewéthe, power
nodyl.es, ro0cessor.. nDdu ation-specific
i nt ggr at‘cclegﬁ)i?:qﬂr6 @{11%?1 Ag?%j”%ﬁl’%”%lpeg CSSOLREM SOH’(;QI ﬁfdlé %B l:aﬁ , multi-chip

modul es .cofifird] @ tltredﬁod ok @ipbi&drdiyr Bap@s folkiver BOHRES EST, 00 bf @théiﬂhfoﬁhh‘tidiﬁf
el ectroni c systens, such as a cloc a television, a cell phone, a 13
P12748PEIgrepIoganmed fip s iftervisepiavided taslestionigspiters 18GnAp wellibe r i al

cont rol ,5y5LE8R, eﬂk%é?g%émoﬁg%xr%1pv§1€%wum &n Mn?l%@gper o’ variety of

| eads 17 extendi ng t rov era
conmuni cattaiocedao meoldnicl copaients (Ad shévon)sn adldnﬁbﬁetri the vircuisysdiges 1780

Con&ﬁl i ncgusern 1enté)r[‘acg? éZe IC ﬁ%la 1.;':1ppr1r'lvs:)cgatec? ‘ﬁmt 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 clectronic

system containing another electronic system, i.e. memory system 194, as a sub-
component. The computer system 190 may contain an input/output (I/0) 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 I/0 circuit 198. The

- 30 V/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 :




5P12788F8d" descri bed above containing at | east one instance of the inventive
ultra-thin body SOT device 10 as described herein. Electronic sysyem/8§y7
generally contains a user interface 182. User interface 182 provides a
user of the electronic system 180 with control or observation of the

results of the electronic syste 80...S lles of yser interface 182
i ncl ude tRRTREYRCHPE™ @&ni‘ﬁyiylﬂ u@e‘%‘%‘é‘}mg’ﬁnﬁ géf Sﬁ?fioﬁﬁlég tog a personal 10
. conput er ;epito8inkdnni Rk al leadit® G radi oy Lgnition
switch ar?d gals pedal of a?n au?gﬂ%ﬁf&%ﬁgﬁ?ﬁ%@@gﬁ%ﬂrlﬁaﬁﬁﬂ@gi)rl%gtg1

di spl ay d98 of compuiensysits J& san boincerporatedtonrresigle tnédgrated cieohi Sech User

Syst em LSTEAAERS AP OEES Gl 16 coBATEaLeIBF B EBhte PRI T t he
nore §angh®te mhaedrysiit@k igge conponents previously exenplified. One or nore

of the 15 circuit nodules 170 may include a processor providing sone form
of mani pul at i Hwill beaeadilpundarstapd wdhosesiskibied imiha ey that yaniens other phangesis user

interfac . . 10 ' 0N i_ther .pr.eprogranmred i.nto, or

ot hor i o Dptbits @i g o R REI e b Slep B REP U R BRI, £ om ¢ ne
| i sts of desceib@l @l iptistiied i bidefio\e&Plairethe At tifchis iBaionlB8y ¥é mhdof t en
contain ﬁ%étai nmechani cal conmponents (not shown) in addition to the
circuit pifteleparting romdhgirrinciples andeseonecd thegpvention@p pxpressecdhidheci at ed t hat
the ppe QHf&R&ﬁﬂﬁhFPUit nodul es 170 in electronic system 180 can be

repl aced b§ a single integrated circuit. Furthernore, !! electronic system
180 may be a sub-conponent of a larger electronic system f Figure 19 shows
da fijurther enbodi ment of an electronic systemas a conputer system 190.
Conmput er system 190 contains a processor 192 and a nenory system 194 25
housed in a conputer unit 196. Conputer system 190 is but one exanple of an
el ectronic systemcontaining another electronic system i.e. nenory system
194, as a sub conponent. The conputer system 190 may contai n an

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

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

appreci ated that other conponents are often associated with conputer
system 190 such as nodens, device driver cards, additional storage
devices, etc. It will further be appreciated that the processor 192 and/ or
14 P12748PCT 08/01/2007 the nmenory system 194 may include ultra-thin body
SA devices according to an '
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enbodi nent. Further, at |east two of processor 192, nenory system 194, and
[/Ocircuit - 198 of conputer system 190 can be incorporated on a single
integrated circuit. Such single package processing units reduce the
conmuni cation tinme between the processor 192 5 and the menory system 194.
It will be readily understood to those skilled in the art that various

ot her changes in the details, material, and arrangeneg%%u%fo&pe parts and
met hod stages mhich have been described and illustrated i order to

expl ai n; ﬁH¢1 of this invention may be nade w thout departing from

t he principles an scope of the invention as expressed in the 10 subj oi ned

ci 11 conoin SRPRB RSt ol T%%-%&@r@)aanc%ﬁ"%a"%ﬁ‘d@i?gcﬁoﬁf gg{sg;g' Bpolnl an
SO b

vonocr y AR s Elnah ROl b S Bt e B Bup it B “Tre. Enbeddet
Sour <o dugbi St FORLONOHRLSER VI PREOEAlag. o o aim 1. v el

t he substa |ne as a thickness in a

range fﬁpgjeaé?r%ﬁdedjsggrcéd ﬂsﬂ&ﬂ%ﬁm-o%dé ﬁnﬂHﬁWfﬂ%‘t&clgﬁﬁ %ﬁ%jé antially
monocry u'bbt@ﬁha%? tall |ta!<|§I la a{é r& R‘)W?gb yer and a

p- dopedH@R &S a (?l:ﬁ gAe mst é‘élﬁ) aWrﬂor%'c StiiHa eBrbxRiA ﬁs Q) junction
accor di g@e&éafﬁ) MRS LRI Sp ki tantially. m)nocryst al I'i ne epi t axi al

| ayer has a thi ckness |n a range from “about 100 A to about 1,500 A and

further3iTid aibdded 3orad/iGind@Ron-8h-3Ride GBONH frbin dobdidi t§ pased in the

subst anjvhérbih he BRGNS FidhdchyRRIIIRPedital @},erlhayﬁlih.ckﬁeys AdlraRtont 0 the gate
stack. 4poutheo Anbassied 500 W Gy raktir fhckidingeon- on- oxi de (SC ) junction
according to claim1, wherein the substantially nnnocrystalllne epita)ial
| ayer hasagidellirglkaessitakial tid digpaged nrbesulabeubily bhobytaliabesitxid 1580 A,

wher ei naridheijserh & taagat@sthak. nonocrystal line epitaxial layer is selected from
an n-doped | ayer and a p-doped | ayer, and further including: a salicided
pol ysi | 4.Clir aaicedbdy@rcaliraipaiiiecn-ab-oxide &) junctidheacgading istlaigkt, 5. The
enbeddegheseintheslihtantially sibhocostalireptxiatiaydr 863 a thicknedsiion raveedrodi Nng to claim 1,
wher ei natidué 180 d¢ alpduit 4)50§ Apwhereinytbe aliistamtialypndrexivatalihagsitaxiablayser t hi ckness

i n a r argelettedomedrontiogilayer biod alpainped |ag@0and furthvréncieiding:t he substantial |y
nonocrystalline epitaxial layer is selected froman n-doped |ayer and a
p- dopeda paligisied palysilifanrgateelaydrsiédpaskidwpove and on the gate stack.

5. The embedded source/drain silicon-on-oxide (SOI) junction according to claim 1,
wherein the substantially monocrystalline epitaxial layer has a thickness in a range from
about 100 A to about 1,500 A, wherein the substantially monocrystalline 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 substantially monocrystalline epitaxial
layer and adjacent to the gate stack; and

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

- - 6. The embedded source/drain silicon-on-oxide (SOl junction according fo claim 1,
further including:
a SOl channel embedded beneath the gate stack, wherein the gate stack includes a
polysilicon gate electrode with a width, W, and wherein the SOI channel includes a

~ channel length less than width, W.

7. The embedded source/drain silicon-on-oxide (SOI) junction according to claim 1,
~ further including:

~a SOI channel embedded beneath the gate stack, wherein the gate stack 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.
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a salicided raised epitaxial tip disposed in the substantially
nonocrystalline epitaxial |ayer and adjacent to the gate stack; and a
salicided polysilicon gate |ayer disposed above and on the gate stack. 6.
The enbedded source/drain silicon-on-oxide (SO) junction according to
claim1l, further including: a SO channel enbedded beneath the gate stack,
wherein the gate stack includes a polysilicon gate el gctLr odz%oé/vi th a width,
W and wherein the SO channel includes a channel Iengt%“ﬁryess t han wi dth,
W 7. The enbedded source/drain silicon-on-oxide (SO) junction according
to clai ' [ To M- . beneath the gate

st ack, \?hz‘rne%ﬁﬁé[dﬁgf%%r@@? g‘cﬁ%%???&%@%@hﬁ?@i ﬁ@gﬁ%aate el ectrode with a
wi dt h, Y gTY @Y i : gth in a range
O R VA R ke SO L A

sour ce/ dpabitaxtdl ldyEdlsRRa @ (HE LR, UG iR bpita SAMYeShals thitkiddse Stack

di sposeg}, 4RPHe #Bm2HouSHBSA tAtRut 1,560 Balf stack including an undercut; an
epitaxial |ayer disposed in the undercut, wherein the epitaxial |ayer has a
t hi cknegsalididbddaikadgfitakiaPiip @%Q}ébd #fe ApitRiaPROsHand aafaberftio MRGafe sal i cided

rai sed gpckaxial tip disposed in the epitaxial |ayer and adjacent to the
gate stack. 9. The enbedded source/drain silicon-on-oxide (SO) junction
accor di agrie®nijedtied SourceMiraingilidon-bBa-oLigée (SO bhctioRyREortifg setigatsgd from an

n- dopedwhérdinphalopiedial [ayss sdledtédedm af areped hidp-dBpdsiahyee,fadsbrpol ysi | i con
gat e | aymiprdingposed above and on the gate stack. 17

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