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| SOLATED TRI - GATE TRANSI STOR FABRI CATED ON BULK
SUBSTRATE Background In the manufacture of integrated
wa@Roog0i205zlevi ces, nulti-gate transistors, suchP@BEUS2008/068855
trigate transistors, have becone nore preval ent as
devi ce di mensi ons continue to scale down. In
conventional processes, tri-gate transistors are
eneral ly fabricated on either bulk silicon substrates
POLATEILRRbAA TS TRANSIS EQRFABRIE A TEI) ONBEL KB TRATE
bul k silicon substrates are preferred due to their
| ower cost and because thRy.@habl e a | ess conplicated
tri-gate fabrication process I n ot her instances,
silicaon-on- |nsula or substrates, are preferred beca se .
of t1RdNS HYPGRFBIEE B‘F%ral?ﬁ SHABL BERa UG S8t UpsiSioga feeh as tr-
gdté BRRistrQhive YBorRinKrePrdvialefins WSS didleRSonscbfinue to scale
fabrlcatlon process for tri-gate transistors often
dere Jarericatipebyrewiss e carany P gra gracipiby fabreasd qniségher
bRt BE oAb rags ©F Lili @A MMk lathNGibs RS C f QR ifliALE, bulk silicon
extension tips at the bottom of the transistor body
sybstrages arq preferrpd due)to thafrdpwertsestiapg hepaesetthcyrpaplde plesy epmplicated
tr¥ %f é"ﬁgn@a‘ﬁo pm;’ésg ﬁl%ﬁérrlﬁ{aﬁce psﬁﬁ’c[%ﬁ To QLéugi’t]ﬁ%ﬁlBstﬂa ngeded
r optimal gate contr d to reduce short-channel
prefefred becausemf thenmpmeceshortfchmmel bayierofangatd traisistors.
extension tips are deeper than the netal gate
el echs QQE mh@éﬁ‘s‘%lhstl:alfgs OtHQ pabﬂ@a)ﬁo{? fofo%ss fcﬁ'l thi %’éﬂ%"ﬁtaﬁéﬁors oi‘ten
the netal gate electrode is er than the source and
cngpwiters esobensvawn plignng thhbotroeseﬁ the metpl gee eiwtrlqrw\mnh thg source
rasi a )
P S8 R A ul i bofGEOF G PAlskor bR @) B S35 Ml e
githeasage isobrmalymi admlk mhstmmvroosohllgymbrullmesdﬁdd’or atties gate
e 1 TR R B0 RSk L SRS AU TP ¥ion
tipsheee Drcpum t]mglsthéimguar @atdeledtlods q)uﬁxthethroaglcmay et oAnhadrnately, if the
tri-gate Vi ce. ur.e of for
el G S Binst b P55 R R Emufoaingy By be
anl A Rh@ichpparaitid he i nvention. Figures 3 to 10
illustrate structures formed when the process of

Fi g uz&cec0r2d1r|1g§ , ere is % need for a tri-gate transistor fabrication process that
combines the ease of fabrication provided by bulk substrates with the improved short

channel effects provided by silicon-on-insulator substrates.
Brief Description of the Drawings
Figure 1 illustrates a conventional tri-gate device.

Figure 2 is a method of forming an isolated semiconductor body in accordance

with an implementation of the invention.

Figures 3 to 10 illustrate structures formed when the process of Figure 2 is carried

out.

Figure 11 is a method of forming an isolated semiconductor body in accordance

with another implementation of the invention.
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out. Figure 11 is a nmethod of form ng an isol ated
sem conduct or body i n accordance w th another
w0 ppbemess ati on of the invention. Figures 12 t oPAEHUS2008/068855
illustrate structures fornmed when the process of
Figure 11 is carried out. Detailed Description
Descri bed herein are systens and net hods of
fabricating a tri-gate transistor on a bulk
seni [agHerub: ol 4 sissete sructyips farmadorion dep rypesps ofdhgwin &l is
efifesks. In the follow ng description, various aspects
of the illustrative inplenmentations will be described
using terns comonly enpl oyed by those skilled in the
art to convey the subBeRHEDHFIIRtME r work to ot hers
skilled in the art. However, it will be apparent to

t hosraessﬂmadlh@fém dte §)}'5%rr@rahd hiambdg Mamrc@mgru tr1|-gé‘téafhtn!;1@t6r ona
practiced with only sone descri b

bt&% M@@duﬁerrsubﬂfa&o\g%maﬁfrow ﬁh%%haméfh eff@%ﬂeén fhecfollowmg

b'ﬂ(}h%ﬁsvarlﬁﬁst a%f)éc?sl o? t@lQuscﬁ‘aﬁ'ffé IRt dnRRSnsAN R b% %ESCBQ&F Wirgh
er to provid hor ough under st andi ng o

tejrpy Wm%ﬂy %replpmﬁllbefr?M? slilleshig thepatfe wervey jthe S\vxbﬂta}n%@f their
whRRE LR sfcl‘ﬂe@ﬂlethec'éﬁjt | &evie 1ttvhﬁ b@ra%pa} o thol@ sﬁﬂ@c?ﬁ}lr{ﬁe art

invention may be practiced w e spec
thdtsthapllesent lnrviermOh arayibg Qtaah®é§v1thvvesm sommefdemlmde@p@m% For

ste§ ?@e ?fana?t olﬂ.pg élh@@{ﬁﬂ%& éns?e'h\ﬁa %Ld Eo%ﬁ I%ﬁ&{searet Jg?fort}l in

rious gperati ons w
OIider td @slyrdebeuora&hmmkitrstphcbngio@haf lélusratt.ipehmlcpmmnonm chwemer, it
n understquln

w1lpbe aé)H%rerﬂ%o que skl s%ﬂled Hh{ne) art tha? hgll?resent Ventl%n Mdy be bra ced

inve scription
wﬁ]n@m ke sp@:hﬁdl&:taﬂ@ nBi athee (ihstamces nptikidvat feithies ercopgttaitdarons

.ar ces order. d ndent rticular, these
Al SR huud R e TR B i PR or der of
presentation. |Inplenmentations of the invention provide
af a‘bmiouab;banmiopx widbsslcfaibedag mhltiglatddsctetearpsiaﬁbrm[ ingmrngin a
i 0RO yR B ene MRE Pt AR thegder of
dstrifploa sheuld gcalbe cantrivd ts ipplo cles thewd dparatibies ddeidcevsarily order
hannel havi or .of tr

OGP r18 SH P PRSP tee P B Mg i orde of
picsatagio®Nt ati on of the

Implementations of the invention provide a fabrication process for a tri-gate
transistor on a bulk semiconductor substrate where the tri-gate transistor is fully isolated,
thereby combining the simple tri-gate on bulk process with the better short-channel
behavior of tri-gate on silicon-on-insulator. In accordance with an implementation of the
invention, a semiconductor body for the tri-gate transistor is formed out of the bulk
substrate. This semiconductor body is often referred to as the “fin” of a tri-gate transistor.
Next, an oxide layer is fabricated beneath the semiconductor body using an oxidation
process. The oxide layer isolates the semiconductor body from the bulk substrate and

reduces junction capacitance.

For reference, Figure 1 illustrates a conventional tri-gate transistor 100. As shown,

the tri-gate transistor 100 is formed on a bulk semiconductor substrate 102, such as a bulk
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i nvention, a sem conductor body for the tri-gate

transistor is fornmed out of the bulk substrate. This
waempoasiict or body is often referred to as theCT/U/52008/068855

of a tri-gate transistor. Next, an oxide |layer is

fabricated beneath the sem conductor body using an

oxi dati on process. The oxide | ayer isolates the

sem conduct or body fromthe bul k substrate and reduces
sifigpnbstitec dpati-gap Eansisfsd 00 weludesfeemiqopdgkes bedy 104, also
43 A P B RUPYIRNKI ARAandilibr SRL 1 (el abr d0-1045

shown, the tri-gate transistor 100 is forned on a  bul k
seyierily Srongé from thetastementesial othe blulﬁ Rubstsatg 19| Khsitiiigetgriransistor

{. L~ t

R s R e BBl R 1 PARHRA Al ¥y iy RS s o
p@r$MEmwrenmwlth@ﬁmmmﬂganemigaﬂsmgﬂmelmﬂﬂadﬁhﬂnunhme
segar c sur dcgeéz :6 3 c g’e%%(%l%lgélfo Iiis('odg ?@ StE[}?G:Q %@&Eefers?p@rate %attes for
the tramsdt@t or 100 al so i ncludes a netal gate electrode

106 fornmed froma conductive material such as

pol y 0

ol ot PSRl 10 CE A i Fe PR o BeRL i S8beondror
b@Wlﬂhensmmmn®ndﬂcﬁdwrh@dgm@@wmumhdﬂébychmnnimgmnhnme

for t A, source reqi.on .
laﬁ%g@\ %;?dn%la ar Y Sﬁm}Cgl’gl?ugtOl‘ %8%’8 g{vigegn the&o‘Tlrﬁe I}?Z(g ain regions
1 GRAB andbilew rfh“e g yatt GleconlcaPpo Ak isckndive @sthohirt  doercoeiidadrain

ate ele tr chapne n (no eled
i S ions ot FIE LR B IRRL st e ety s dgisgmieondictor

b&RUIS & rwﬂ@oﬁfealﬁramf 0e suw;ﬁatél, @@Q%lﬁn&ﬁdcebl@B wﬂghmentmettalbottom
%ﬁte el ectrode 106. As is art, source_and

Gtk et oaxvEh &}e&ﬁgowéfheglr?&kmte ﬁlﬁﬁtr%‘é 1pd isrraiicaln 1f he tip
GNRAShenkREE ABwn Bk HRE sitiRats @01, GO Mlp@xtelﬁélgﬂs dWQfbt p&hetrate

not isolated fromthe substrate 102, i nterface 108,
toghg baitermef ther sepicondustar Sadn 04 H@rtrqham@k@féﬁ%iswgmﬂy fiset he
bottom of the netal gate electrode 106 is critical. If

t he Higite X £ASHONSONETSITiRAL £ HONBd tdnti€onkii@orHols bi abelk
102, or if the tip extensions do not penetrate to the

subeifato i asFordange %Pna% BrRiergatiop gfthe tygntiany Siguresidhioagh 10

IR R rodsSSMBRs PPN rudfeS that &k BRI YhiS the iRl 2do 2QQrrRf out.
formng an isol ated sem conductor body on a bul k

substrate in accordance with an inplenentation of the
i nvehicinyhodz BGP%gS Hrﬂ}llg]lﬁlé i byl spbqtr@@tulpg@ which the isolated

se‘ﬁﬁ&ﬁﬁu@l&%ﬁ? B5the fnv@ﬁt[dﬂ%d&ﬁﬁ%oﬁﬁé@'@@r& ng?l'fé@d hen the

met hod 200 1s carrjed out.
implementations of the invention, the bulk substrate may be formed from silicon or a
silicon alloy. In further implementations, the bulk substrate may include materials such as
germanium, indium antimonide, lead telluride, indium arsenide, indium phosphide,

gallium arsenide, or gallium antimonide, any of which may be combined with silicon.

The bulk substrate includes a hard mask layer formed from a material such as
silicon nitride (e.g., SisNy). The silicon nitride hard mask layer may be formed using
conventional processes, such as a chemical vapor deposition process on a top surface of
the silicon bulk substrate. Figure 3 illustrates a cross-section of a bulk substrate 300 that

includes a silicon nitride layer 302 formed on its top surface.
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The net hod 200 begi ns by providing a bul k substrate
upon which the isol ated sem conductor body of the
w0 pooet2osh may be forned (202 of Figure 2). | nPCT/US2008/068855
i mpl ementati ons of the invention, the bulk substrate
may be formed fromsilicon or a silicon alloy. In
further inplenmentations, the bul k substrate nmay

i nclude materials such as germani um i ndium

ant i Thsriaglemaskdaygr may puetehed fo forgiauaiterneddimrdimask I (RH)-
Cmﬁiﬁ’éﬂaﬁpc&&g keh 4R RREM ng b@ﬁse@ﬁ)l ﬂa'ttbﬁq‘tl?erﬁa'rmgé %[(er, such

any of which may be conbined with silicon. The bul
assuebwsantignad lifhegta ogesyvampeingradiy ctehyasp réagtiyeeidn ficl m rdasmas of

Corial h L P S
OO RbR or o Rk PRk Wi BB dr i prood R may
beony.efitd mriainephad esselsyersnayhthadeasahmwmingak tojsom the bulk
epnosj td on_ process Q urface of the silicon

SRS bl B SRS OPP £ PR RUTH &S bSadb Lisdfhu e
usefl t@pdnainkhsbibls tubatrac, 30¢h dshatet ctobihg desesa using NElGOH or a dry

i.tride | 02 forned its .t f . Th )
bk PSR REYERT. SRTen P bbb aCatnt D Ry AT deine
pﬂoae;ssag n(a&%élsidcqlhi/steﬂsi sitmﬂtta{;e rﬂirq}a&adss&@ fklilﬁoél\&bniifbnﬁﬁtﬁor&foﬁy.
| use (0] a er e a S ayer, C as
R AR A S TR R E RIS

sudsttRATI0. VFegur®F iRk Gcs dtrids 3601RE 004 fifckingtur&itthattas bden.

In further mgl enent ations, other wet or dry etchi n(?z
fosmert s eehing/ig bk spRstate 39 asingine aatiearpd hardgmask skuqtyy aP2A as
a M then be used as a mask to pattern the bul k
substrate to forma fin structure (206). Conventi onal
processes _known in the art may be used . to pattern the
bul KNSGBsh#lvetrenshisplagan & Thnateid i %@%@@ er@%f} {is fia gtructure

(2DRW Ghlv Yo b I¥m&it&bin D 8f tRE & ESRnUhE BRI MR GA] maAGRIaA inshBting
further inplenentations, other wet or dry etching

maicHtleiskas tiiglopiEc mataal orrppetheroidsmairrialiria sy imRicmERtions,
siliConl BERRr S FAPOUEALs BODLT Al Tl STH keI E D2

cross-section of a patterned hard mask structure 302A
depasited aisipg CenveRipap depesitBOEroqepsgy sechss ich¢nysal vapas gleppsition
V195 BERRGF P Rbosdtidil BB g bk BOQ dhRkiolRRLBSERgure 6
_(folg)sﬁéﬁgcy ea?c‘h(%&% tlc{%le( bu ’_kal su stcrage %%% 1uo_s;f(lng‘?hegure
ilpsttatesrarveehstaentidn pbakS Hinatrrialip@) BEDAs besn depraisdd adidesit to the fin

I trench isolation (STI) material is deposited
Stgjrgglﬂéngwt he fin structure (208). In various

I mpl ementations of the invention, the STI material may
be akheiSTd mlateriahig then recessed to expose a portion of the fin structure (210).

The exposed portion of the fin structure will eventually become an isolated semiconductor
body for use in a tri-gate device. Accordingly, the degree or depth to which the STI
material is recessed and the fin structure is exposed corresponds to a desired thickness or
height of the isolated semiconductor body being formed. Conventional processes may be
used to recess or etch the ST1 material, including but not limited to wet etching processes
using hydrogen fluoride (HF) or dry etching processes using CHF3;, CH3F, or CF4. In
further implementations, other wet or dry etching processes may be used. Figure 7
illustrates a cross-section of the STI material 600 after it has been recessed, thereby

exposing a portion of the fin structure 500.
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material, such as a dielectric material or another
oxide material. In sone inplenentations, silicon
waelr@zihdwsdr Si OF may be used as the STI nmat eri BCT/UTI068/068855
STl material may be deposited using conventiona
deposition processes, such as chem cal vapor
deposition (CVD), physical vapor deposition (PVD), and
atom c | ayer deposition ééﬁk& Figure 6 illustrates a
cr 0S¥ @dTPleHive NitEde QPlis qvar the geposetkirortinasof Hedin
stgl%{?ﬁ)esfidoqglf}dﬂ" ﬁg&@@loﬁs{i’y E)!f)%sé‘d'ﬂart%tng HERYER st*'i_’&glre IIQ%O%TI
material 1S then recessed to expose a portion of the
cdnitanegtvyithatt ihe aitiige1@) andrpreteeted ombxplanen. obheafitridheapfrpgy be
fortnb MG HL EmM Alalt rfaY gﬂ%@ﬂrh }ﬁlapl?ﬁlgfgﬁalaéﬁch §5041 'ﬁ‘i’umde (e.g., SizNy),
sem conduct or %ody use I1n a tri-g dev
antloooyr lehi fng]heyl using eoegi@el mpcodept ﬁonlmtch,(al'depdmaloﬁplrocess such
QoY Pt 158 BT b ah BBy Shte Sl S fORE o
nitrglel 1atee oves e SAD mﬂmihberndblmdijm veictage. fAr ertﬁn‘lng Iﬁom«g Rbdhan alose
ces be, use ce r etc
OREIGARET . AL PG R it SRR Tt b (it St sag over he
fip EtORass eBights Bifushyet ogemn-debtivardfdaitfiiFgap @00 eirthe @ b thie g
rocesses using CHF3, CH3F, or CF4. In further
st ®efrent ati ons, other wet or dry etching processes
may be used. Figure 7 illustrates a cross-section of
t he IBhtcondher wal ingdénaitdtens oftthdiagenhiesn tha@aabeadhtion process

. ther eby ex 03| orti f the fin structur

iS5 R Sudo R e dpPaien AT e i sTHe B ParhBOBDRIY he

ccﬁ%dﬁibﬂ&ﬂth}ilﬁtﬂlb hﬁlndleap (ha).fintifek (dds Uh € 0880100 Plodss coimes an
previ ously exposed partions of he fin strfcture are

ugRtEeshrasioned thi lifop fingket i befovgiae Bafpmastec of e dupderap.

ﬂéﬁﬁﬁh&%@ﬁ@gﬂﬁ@ﬂwgﬁﬁmﬁé&ﬁ&ﬁQmﬁ@QmﬁﬁMlbﬁw&%ﬁﬁﬁ%f@kfﬁhe
sane material as the hard mask nmateri al,

staicurcRyRtenied by the nitedgcap nswmgmesawéﬁt%fyorb@e%m@t@@. by ghis

n&APY&ERLH GNaln d?(ﬁ(féc N ﬁﬁﬁem&@iﬂoh@@tﬁ@ﬁl%ntﬁn ARP@Sintal Qﬂdatlon
process such CvD, PVD, or may be used wth

PI9FesE ey be gar@%ﬂcwt by a@eﬁlargéhﬁmstaqﬁ%ﬁm tempasatfig baivgen around
9(55 E h&j grolu?cy f)lr()O‘%’ attl% ﬁ%&loﬂﬁét%é rmﬁﬂ% §lli}ﬁtrsfd 4] aroun%

structure. An etching process, such as those descri
hatyowrenorerayha thenmabexidetiod may takeplace heannitmespliere Itlay@qntaamdme

01{’?15%8?92& bl Q&n’?%ﬁd%ﬁr the fin structure. Figure 8

€S’ a cross-section of a nitride cap 800

formed on the fin structure 500.
Figure 9 illustrates a cross-section of the fin structure 500 after a portion of the

silicon has been consumed by the thermal oxidation process. As shown, the portion of the
fin structure 500 protected by the nitride cap 800 now forms an isolated semiconductor
body 900. The material directly below the isolated semiconductor body 900 is an oxide

layer, generally a silicon dioxide layer, formed during the thermal oxidation process.

The nitride cap may be removed from the isolated semiconductor body after the
thermal oxidation process (216). Conventional processes for removing a nitride from
silicon may be used, such as the conventional wet or dry etching processes detailed above.
In some implementations, a wet etch process using phosphoric acid may be used since it

has a high selectivity to both oxides and silicon. The isolated semiconductor body 900
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In accordance with inplenentations of the invention, a

thermal oxidation process is now carried out to
wo@ziodior®san portion of the fin structure that iBCT/US1008/068855

bel ow but not contained within the nitride cap (214).

In other words, the oxidation process consunmes an

unprotected portion of the silicon fin that is bel ow

the bottom edge of the nitride cap, thereby converting
mehaows pe ped o {oRn @ ta-gafe tiapsioroxiiuigpiryed Fhost-chameb cifisist e lgitve
toflontdifiord Bi-BhE HERHIR REALAGHGM Qicdihe nitride cap now

becones i1solfated fromthe bulk substrate by this newy

formed silicon oxide. In_inplenentations of the )

i nverigweh0 iltusgateseqisied seausaadusterbopy Safer theyritpde cap 800 is

refRVEd. efheQbthicBYRIIPB&y J08 1§ 1@&211%&1’ BetrtRd Suetub&rate 300 and may
t enper at ure between around 9000C and around 11000C fo

ney b¢ wed dug seniemdpaeniedn ftaracsmdte@ra@m@u Konagngiong] girgeie 3
fa'BH&h"n%n focﬁgés‘%nayﬂ%%s&d"ﬁ&mls Sthdatip may take place in

an at re that contains one or nore of O, H20

st eam and.HG . Figure 9 illustrates a cross‘sectlon

of tiHgure il hisenpiiemete aecdod 149¢ effornipgan iselated penpipenductor body
inShebdrG e Q/ﬁﬁ al? ﬁﬁﬂ]e&%f&ﬁ%ﬁth@%vte%nt ﬁ%@ %lthog)i'l SREAIOs the

process. shown, portion of fin structure
sam@rmemaééheeluetbgd Zt(]@emhl the pidiedecap lsg‘gonetddw ftbe methaé 1100

inigl%lﬁés% ﬁroée%@s%@f%y&%ﬁblpg 1%99?. The material directly

'sol at ed serni condtict o body 900 is an oxide
| ayer, generally a silicon dioxide |ayer, forned
duri (hlgcetﬂrﬁem‘trldé earalb fanicd @tseemd pecotsed she Siih enatirie} is derferaed
L t
(1 4 oiblﬁethgdrplh OF n%ltﬁg’l)édgﬁ?e%ngagmﬂrt@%%?lﬁﬂ%@%?ﬁ%e‘g{ed BQ&%nd time
to@amse rtpoviealof ‘;hleé'mss'scesrefoollowrtbmmtndagalathm willitkd@ofvegnd into an

I
0)8?4 ' & cohnl%éy ktlne &é %Qto d&?th%%ﬂ nggﬁglqy gc{}%!ree wﬁltdeggnd on

roc sses”
thie rd@uedﬁncthbss@lﬁ sxidalapatbemigdbrnet oc Bolgte s seglithmmmdmdp A

wiSeh eseR i b MiSd opaBRedsf s Pl SELTL e v
rebad yhem ﬁm}er]rabw@ﬁe s &histmesfamrmaednbn ofjét 8Tt maﬂaﬁam)o after
ort- Bnel ef fects. rﬁh tive

i« bRPEh NS e 5k BOCPARSISPB 0T BP AL GH iee 500 below
the inltii@odap 8o.gure 10 illustrates isol ated sem conductor

body 900 after the nitride cap 800 is renoved. The

S ubs PR e S Y DR an & LEHRL D Broces
ishoaheafril oat th bkidgatiR JoFtRASIf SiedTn. strGaireamdt wan atpobdd dugiag the
second STT recess (1104). The oxidation process consumes the silicon that is exposed and
not protected by the nitride cap, converting the silicon into a silicon oxide material. Here,
the thermal oxidation process has a faster oxidation rate on the silicon because the silicon
is exposed, yielding a relatively thinner and better controlled oxide. The portion of the fin
structure protected by the nitride cap now becomes isolated from the bulk substrate by this
newly formed silicon oxide. As described above, the thermal oxidation process may be
carried out by annealing the substrate at a temperature between around 900°C and around
1100°C for a time duration between around 0.5 hours and around 3 hours or more. The
thermal oxidation may take place in an atmosphere that contains one or more of O,, H,O,

steam, and HCI.
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fabrication processes may be used fromthis point
forward. Figure 11 is an alternate nmethod 1100 of
wo eropior®san i sol ated sem conduct or body i n accPCTHIZNES/068855
with an inplementation of the invention. The nethod
1100 foll ows the sane process as the nmethod 200 until
the nitride cap is fornmed (i.e., the nmethod 1100
i ncl udes the processes 202 through 212 of Figure
Oncefighe Lhiltuptraies acqgpsisection ofihg fingtrageis 400 plé X@fpse@ he
po?t-li-!)n SR &Ll HaSbddgk Bl%ﬁﬂi@&ib th% %Qfoxﬁﬁ&%oé&pg)foml th

this |rrplementat|on t he material 1s recessed
oxeclonat 189GeAt ﬁlowﬁb@eoraorp@frthér o stofcturh 200 rpteeiedt Ricthe nérlde

%%O@Woxtv @rnﬂ' gréofi«{r‘ d%@ﬂﬁtoﬁﬁ.\tecto%My &)% qﬂ@ﬁﬁg{eh glddéiFPﬁ)pbewV the

X1 de ccor ree-to whi
isphatee lscprallcondsctpebmb@é@l isithe @udw layer d @@k geheortlytahdicde dioridd layer,
l.ayer being fornmed to isolate the

fotrrrﬂécf gurhengw%he tflern%l %fudatlﬂ R,eocess

seni conduct of U €tch process using
hydrofluoric acid or a buffered oxide wet etch may be
us edlteqitride espanayrme w3kl remratedriioat the Fofptade ethZonductos bodyt adtsr
thel}lgaclsox%gﬁéﬂ ocegg ggb‘@ %-gllVéIﬂ&%ﬁ E%Les?c%(}oﬁfeﬁlg5ln%5 npfci'&;e from
een recessed Seco ortion
sibdontriwey tfeluSecS asr dﬂsd:mheé ab®e. Bkt swlatel eemicdwducter bmky 980®1ay Inpw
nce pt.at | on

a ti
g S e b L e A
caxeidions ttifgetepandiston f@med bﬁebﬁlk Rilisdit. UGgute @4 illustatevabe isolated
ex ur.i e secand STl recess (.1104). The .
R o AT e e e i, hartans [ORsmicu
trgiile fABlicafibpRGEsed iy UchSedirdri tieepG@Porwa@gnIverting the
silicon into a silicon oxide material. Here, the

t her Xl dat i.o cess has faster, oxidati on.rate

e Aoudhitng et ode B RETHR o B e SR ErauQiihagh o B Bl
s%htﬁﬁé@lhaﬁ/@ tt;aenrcﬁlscatibbev eﬂn%éc&dﬁdiaﬁh}?@ﬁvltﬂ iaplbaédtaions omnhé ﬁllvgrﬁign ,the

oxi de. The t no e f.in structure ot e
forRatian;of ap B’é‘ﬁi‘:g1 536?1%‘%‘0‘?‘@8@ &YPFOB N heifcaﬁx‘éP‘Pi‘e‘% of the
gAREtoalce/ dRh t‘iﬂ%){fﬁen@ﬁﬂd for bR dats cbitPNA QiSRRI bdsfits include a

descri bed above, the thernal oxidation process may be

sipphtigatign Bfﬁngglyerg}gﬁ%lreﬁ éorttlﬁesogligg ang dpig tlgtexgnsmns a reduction
ot SURE LA MEiR RRVEEDa@aRNEh SRO &@atﬁﬁi%f a EQM[%@%A&QQQ)@UBQ r

a time duration between around 0.5 hours and around
lapigsnderdhe aggy etri-gtedavicer WhiFh prrYidet improvadyhortagbenisl ieraunity
refltiv At RRRNABicbNBl-ik QRELAIAT 0 IRt & ar}gﬁt?vegf thik isoldiGh layer.
In addition, the fully isolated semiconductor body of the invention enables other silicon-

on-insulator type applications, such as a single device memory with a floating body, even

though the starting wafer is bulk silicon.

The above description of illustrated implementations of the invention, including
what is described in the Abstract, is not intended to be exhaustive or to limit the invention
to the precise forms disclosed. While specific implementations of, and examples for, the
invention are described herein for illustrative purposes, various equivalent modifications
are possible within the scope of the invention, as those skilled in the relevant art will

recognize.

These modifications may be made to the invention in light of the above detailed



steam and HC .Figure 13 illustrates a cross-section
of the fin structure 500 after the exposed portion of
wo b@osidoszon has been consuned by the thernal PXI/Us1008068855
process to forman oxide |ayer 1300. As shown, the
portion of the fin structure 500 protected by the
nitride cap 800 now fornms an isol ated sem conduct or
body 900. The material directly below the isolated
desgintionn dhe tegps wedip thotrlloyingeiaigysheald ngy/eg copgpmd to limit the
in9ENBh & ¥ sl_?ec?ﬂc! ihlﬁf%ﬁleﬁit'af%ﬂs qg‘scfo?éﬂelfl thefsﬁéc[i'%tigtpa{ﬂdqge 4BGs.
thernmal oxidation process. The nitride cap may now be
Ratberothe dcope ofihe nyentyn|intody dstermisehenticdlby the dglloafingglaimye
WHEE 51@% b@ é(%ngf?ﬁédqg a&%&%ﬁc%%{h e]st]agﬁs)h]pd g@c@r‘ﬁf‘eﬁ] b 8£‘iﬁl inter;getation.
processes for renoving a nitride fromsilicon may be
used, as descri bed above. The isol ated sem conduct or
body 900 nay now be used to forma tri-gate transistor
with inproved short-channel effects relative to
conventional tri-gate transistors formed on bul k
silicon. Figure 14 illustrates the isol ated
sem conduct or body 900 after the nitride cap 800 is
renoved. Once again, conventional tri-gate fabrication
processes may be used fromthis point forward.
Accordi ngly, nethods of formng an isol ated
sem conduct or body on a bul k substrate have been
descri bed. In accordance with inplenmentations of the
invention ,the formati on of an oxide | ayer beneath the
sem conduct or body provides self alignnent of the gate
and source/drain tip extensions for optinal gate
control. Additional benefits include a sinplification
of engineering required for the source and drain tip
extensi ons, a reduction of source and drain junction
capaci tance, and the creation of a relatively thin
i solation |ayer under the active tri-gate devi ce,
whi ch provides inproved short-channel inmunity
relative to standard silicon-on-insul ator devices that
use a relatively thick isolation layer. In addition,
the fully isolated sem conductor body of the invention
enabl es other siliconon- insulator type applications,
such as a single device nenory wiwth a floating body,
even though the starting wafer is bulk silicon. The
above description of illustrated inplenentations of
t he i nvention, including
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what is described in the Abstract, is not intended to
be exhaustive or to limt the invention to the precise
wo eroam12055cl osed. Wil e specific inplenentati oPGT/U82008/068855
and exanples for, the invention are described herein
for illustrative purposes, various equival ent
nodi fi cations are possible within the scope of the
invention, as those skilled in the relevant art wll
recogni ze. These nodificalGl®¥Ms may be made to the
invention in light of the above detail eddescription.
The ter My wMeMed bifolrigg biolsbamtl ReénebRIuBB: BRYUbLApAGhg:be
construed to limt the invention to the speciFic
i pl RefERng R i ub et to S 4 B0 RS eci fi cation and t he

cl aid@ﬁositﬁ%ta!ﬂ‘?ﬁs;ulatilﬁgn%féﬂ@lﬁdr&fngttﬁbeﬁd s@fﬁ@tﬂ?e‘, on is to be

determned entirely by the followi ng clains, which are

t o becesunsthe inslaiing metend] dasroesos notiansafaly fistiegture;
doct fe,AioQf i@ 4P b2k b RERKAE ST By ruchrd BHRAC: th
of fgknlnfiﬁ%ésoﬂ%ted sed?%oﬁ%héfb#ﬁ%g§§ cgnpriéphg: ©
expasedgrortiongf thefunl skugugst rate to forma fin structure
deposi.tin ' ' Lial fin.
ot oanynaSP bR bl ofTRLE . BliaBE AR ERed iRign o5 e
fimstpeitre brlow thetrteidé cap, therebig tsulagng dle posicted pgrt@n f the ifide
58 gﬂ%%tEﬂFHPXQQ§§danrtion of the fin structure to
pFé%ec? Hheueig %ed;po tion of the fin structure;
car riginogingthic n&riihe@pral  oxi dati on process to oxidize an
unprotected portion of the fin structure bel ow the
nitrjde her . isolating the protected portiaqgn.
o ' the- 1 e aeOEpfittint P SHRielAs R gL RS FluRGla e
cangniBed degodifivey silidon idideide aping 2 protéss setedtébflorn the@ra@iprooisisting of

el Rl GUEERTB! W3] con ai ovi de. using a. pr ocess

selected fromthe group consisting of epitaxia

grovit.h, QUBDmeBdDof claich Alvidered a ddpeh thet thoohswétingl raxiterial s

wherein a depth that the insul ati material, is
repgeukiog ToBTTad dontad heighor Bl e Rarghii e

i sol ated sem conductor body. 4. The nethod of claim1,

wher4i n tHe méthad delagap, eerpnitteestride tdpoompnidssiliden nitride.

5. The method of claim 1, wherein the thermal oxidation process comprises
annealing the substrate at a temperature between around 900°C and around 1100°C for a

time duration between around 0.5 hours and around 3 hours.

6. The method of claim 1, wherein the bulk substrate comprises a bulk silicon
substrate.
7. The method of claim 1, wherein the recessing of the insulating material

comprises using an etching process to remove a portion of the insulating material.

8. A method of forming an isolated semiconductor body comprising:
patterning a bulk substrate to form a fin structure;
depositing an insulating material around the fin structure;

recessing the insulating material a first time to expose a first portion of the fin



5. The nmethod of claim1l, wherein the thernal
oxi dati on process conprises annealing the substrate at
wa@2a0enmesat ure bet ween around 9000C and ar oundPQTI/OSMER/068855
for a tinme duration between around 0.5 hours and
around 3 hours. 6. The nethod of claim1, wherein the
bul k substrate conprises a bulk silicon substrate. 7.
The nethod of claim 1, wherein the recessing of the
Stﬂﬁ%‘?'ating mat eri al conprises using an etching process
L0 T RADYEA ROELRRItRfe L P%Véﬂﬁé"h@{ hARGoBLRS ﬁ@stmcérc
met hod of Tormng an Isolated sem conductor body
conpesessipgthe petlltaemmmﬁgrlel alsedokd Sio$e ¢xppe 4 sgedndrpertepnfaf he
R RARYE G ARARSLAA LG AR dipsul ating mat erial ar ound
n structure; recessing the insulating material a
5 f i r sthenmahe oxidizang p]wecqmdfpiort@n op thetfi n@trquﬁret thereby isolating the
nitride cap over
ﬁ?k ]@On%t Fh'?%n 0 QQ4$u§ m% dfe recessing the
|nsukmbwngﬂmmnede@m a second tlne to expose a second
portion of the fin structure bel ow the protective
nitrd de i
the +in ane s o Bkt SRR deloR g RERE - BRELLAR- B
cafipriskredepogitirgt silicoh droeldfe ueing b heckry Isédecsccbfsmm dteerowprednsisting of
r.enpyvin 9. The nethod of claim 8§,
10 qﬁﬁxm%$ﬂ%¥hgegg g' fh%ﬁgf the insulating materia
conpri ses depOS|t|ng silicon dioxide using a process
seIeﬁkedimncwﬂmueanmu&\ﬁmnsisdﬁﬁgm@ﬂhepmﬂakgamHQMJm
re\%?]sse/éf tﬂe ﬁrstt e %rre{s%ontlas e(Bflﬁ%dq}cg-ﬂPoﬁt&Hgn}Hs&g%fl g%mil(c:losnadlugt]orgbody.
recessed the flrst time corresponds to a desired
hei ght of Thehnecthalodfatagd 8sehdreio tituctride capoynprided siliThenitride.
nmet hod of claim 8, wherein the nitride cap conprises
Si i ©on rT'hE '}ﬂe%g of‘glaumT@ %vHEFetnhfﬂg tlfcfmaﬁloQ AR S pr 50'11?) ises
the thermal oxidation process conprises an ea
15 amgigigrtia subsitateant b devprsraqtra betwioert e %90 Buan! a@@@l@@l@m@ for a

il 8%@011196%9&9 aﬁo%ld 8.5 hours and around 3 hours.

13. The method of claim 8, wherein the bulk substrate comprises a bulk silicon

substrate.

14.  An apparatus comprising:
20 a bulk substrate;
a semiconductor body formed by patterning a fin structure from the bulk substrate;
and
an oxide layer isolating the semiconductor body from the bulk substrate, wherein
the oxide layer is formed by thermally oxidizing a portion of the fin structure patterned

25  from the bulk substrate.

15. The apparatus of claim 14, wherein the bulk substrate and the

semiconductor body are formed from the same material.

16. The apparatus of claim 15, wherein the material comprises silicon.

10



time duration between around 0.5 hours and around 3

hours. 13. The method of claim8, wherein the bulk
waamshtAase conprises a bul k silicon substrate. PABUS2NS/068855

apparatus conprising: a bulk substrate; a

sem conduct or body forned by patterning a fin

structure fromthe bul k substrate; and an oxi de | ayer

i solating the sem conductor body fromthe bul k

subshtr at e'he @ppaFaspspfelaam b vhsrqinipe magesiak eanppgigesisylicon alloyed
whR G Bhd Ya@BMALREBO B RRY drb @ coRlistidf bihaRiubl GlaHin®

patterned fromthe bul k substrate. "15." The apparat us
angfmopidgi ladiigllurydeeindium aryeaidouhdumphetphide ezadlvgn arpeaide, and

j >tor body are fornmed fromthe sane material.

géggh%ﬁgggg%%ratus of claim 15, wherein the materia

conprises silicon.17. The apparatus of claim 15,

wherlei n  tlhe aprarasesi adiclagn A rvheesin e jokide Fyal doppaiseswilichn a
aSegond material selected fromthe group consisting of

germani um indium antinonide, lead telluride, indium

arseni de, indium phosphide, gallium arseni de, and

gal | i um anti noni de. 18. The apparatus of claim 14,

wherein the oxide |ayer conprises silicon dioxide.
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