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«{ S WD 2005/ 010997 PCT/ US2003/ 039727 NONPLANAR DEVI CE
W TH STRESS | NCORPORATI ON LAYER AND METHOD OF
WEREATIoN 5 BACKGROUND OF THE | NVENTI ON 1. Fb@b@s%mw—,ﬂ
THE | NVENTI ON [ 0001] The present invention relates

~the field of sem conductor integrated circuit 10
manuf acturing and nore specifically to a non-pl anar
t r NONRIOANAR DEYISEWEEH STRIDSSINQOBRORAEION LAYER AND
DI SCUSSI ON OF RELATRIETAOD OF FABRICATI@Nder to
i ncrease device performance, silicon on insul ator
(SA) transistors have been proposed for the
fabrication of nodern integrated circuits. Figure 1

BACKSRAURD @FSTREJRVENTION depleted silicon on

-1 nsul at or transistor 100. SO transistor 100

includes a single crystalline silicon substrate 102
‘having an insulating |ayer 104, such as a buried
ToxElEd O OFEd EtINMEMNHON\ single 20 crystalline silicon
body 106 is formed on the insulating |ayer 104. A gate
dielectric layer 108 is forned on the single

: stalline silicon body 106 an ate el ectrode .
[9001hdecresaat iguemtion '@'&i@? 9 Q‘QL%@% %&%@0& %talh@tegra?ed circuit

drain 114 regjons are rned int silicon
MANHECILENE 2R PORHRRRS !C@ g.f%ésn%wg@@é TanSEYr Mﬁ%&ess
0003 FuII depl eted SO have been proposed as a
CP&?]% PBrj fucture to take 25 advantage of ideal
sub-threshol d gradients for optimzed on current/off
current ratios. In order to achieve ideal

t tor 100, th
2; {SCISORN OF RELIEDMAY " 208 mit be_about 1/3

the si ze of the gat e Iength (Lg) of the transistor or.
Tsi = Lg/ 3. However, as gate |engths scale especially

[(892] IMheinpnieRelsd @8vce tpegfonaarcé osilicoreon jenias (BOI)

siltcon filmthickness (Tsi) 30 makes this approach

transistas inage\beemprapbsedior the fafricadicanstreodeatintageaigdircuits.
the 1 WO 2005/ 010997 PCT/ US2003/ 039727

Figure 1 ilustrates a standard fully depleted silicon on insulator (SOI) tfransistor

100. SO! transistor 100 includes a single crystalline silicon substrate 102 having
an insulating layer 104, such as a buried oxide formed thereon. A single-
crystalline silicon body 106 is formed on the insulating layer 104. A gate dielectric
layer 108 is formed on the single crystalline silicon body 106 and a gate electrode
110 formed on the gate dielectric 108. Source 112 and drain 114 regions are
formed in the silicon body 106 along laterally opposite sides of gate electrode 110.
[0003] Fully depleted SOI have been proposed as a transistor structure to take
advantage of ideal sub-threshold gradients for optimized on current/off current
ratios. In order to achieve ideal subthreshold gradients with transistor 100, the
thickness of the silicon body 106 must be about 1/3 the size of the gate length
(Lg) of the transistor or Tsi = Lg/3. However, as gate lengths scale especially as
they approach 30nm, the need for ever decreasing silicon film thickness (Tsi)

makes this approach increasingly impractical. At 30 nanometer gate length, the
S 1 : o
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thickness required of the silicon body is thought to
need to be less than 10. nanoneters, and around 6
Reoeb@i|ieshor a 20 nanoneter gate length. The  per/us2003/039727
fabrication of thin silicon films with thicknesses of
| ess than 10 manoneters, is considered to be '
extrenely difficult. On one hand, obtaining wafer. S
thivkhessréquien & thbasilimoddrodyf isdneughtio meedrtoibe less than 10
difficult challenge. On the other hand, to be able to..
reuraeters, reskearcbind & namemeter ffor a2 aianemaieugats lengith The
regions to decrease junction resistance, becones ... N
fabrieation efpibissiicen SimewithHbicknessesi ofilesmthaay ty napomeders, is
source/drain regions becomes consumed during th

- gate
consideind to beiadenaely &ifﬁculprW&@?m%@tﬁ@ﬂ@%\t\'@?ﬁ"gﬁﬁf mity on
(BBicrger ot e FaROMEIRSP arAIMOOB SHPISNaR. SN ang ARSI by, fo be able

S RS ORISR 4P B4 R ot

SRt BcaneaThEL ritesble sl PE A Ao iRisk e
b5 100 e S BOr A AER e Mot s loas
g8 o b BRHAE SR N dpp LB A1 Rorsfcon o
irBadmting layer 209, such as silicon nitride, =~ o
electrically isolates the gate el ectrode 208 fromthe

[bOeY1A dolublecgdte (DB, suRAGH]sHawibineFigates 2R@nd 2B, have

device 200 essentially has two gates, one on either .
IdetepropBsed td bievihinihe! silidort thickdess issue Badmudeublbegate (DG)
doubl e gate device 200 has a gate on each side of the.
devicen200 irtdhidesnz sHicom Hiody&02 feemed loncaminsotatingesubsirate 204. A
double that of a single gate device and still obtain |
gate giglgctie 206tis dommethen dworsidgfeelihe siliconrady 202 afdiygate

a doubl e Vi 2 full I ransi stor, -
cleirasie £0f Fprimperaiagant (0 the gelh figleofioopb Eamed on the fwo

SR AR BN ALedaohl FuSEhRyLBh i 2, g oo
e i bbRSHR LA 8 B il A ot ifon

b%‘f:! i In order to obtain high density integrated
Crrcuits, it is generally desirable to have the nost

[?_@ﬁ{] gga%qg)dagé tt?%zagggég%%sé@r&iaw REQEN gta@eé,hﬁwgah Rither side
of the channel of the device. Because the double gate device 200 has a gate on
each side of the channel, thickness (Tsi) of the silicon body can be double that of
a single gate device and still obtain a fully depleted transistor opération. That is,
with a double gate device 200 a fully deplefed transistor can be formed where Tsi
= (2xL.g)/3. The most manufacturable form of th_e double gate (DG) device 200,
h'owever,-re(juires_ that the body 202 patterning be done with photolithography that
is 0.7 x smalier than that used to pattern the gate length (Lg) of the device. In
order to obtain high density integrated circuits, it is generally deé.irable to have the

most aggressive lithography occur with respect to the gate length (Lg) of the gate
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2 T WD 2005/ 010997 PCT/ US2003/ 039727 el ectrode 208.
Al t hough, doubl e gate structures double the thickness
okot2oes/o1899zi con film (since there now is a gatepeus2003039727
either side of the channel) these structures, '
however, are hideously difficult to fabricate. For
ex%rqr’pl e, silicon bod 202 requires a silicon body
&} i 208. cAttheughy ble gatei stoetured yioRbR thict thickneSs of the
%ﬁ@%‘ﬁf re(t_i 0 (height to width) of about 5:1. BRIEF
| Fiist (Bcehensmawriae gets poedber sidgwféha chanmel) these
i{ﬁl ut?_lt ration of a cr_gss-secti onal view of a depleted
SHHCUres Sowryer raigdidepusly difticylt 1o fgbriesteo Fonasample, silicon bady

j rate_a.,doubl te depleted substrate

202 00t a SiESH ety RSB dCan arcsycpa aicon body 202 with an
A [ a tri--gate transistor having a stress
é%ﬁ%b;ttg%ﬁ%(gﬁé]agﬁéﬁq W‘PF%qqﬁtbgyi:gﬁgance with the present
invention. [0009] Figure 4 is an'illustration of a
tri-gate transistor in accordance with an enbodi nent

HRIEFDRSEIQPTIORVE T Dl%QV\lIlQ%]SO] Fi gures "5A-5E
iTTustrate ne ' ' atri-gate

transistor wwth a stress incorporation filmin

accordance wi th enbodi nents of the present invention.

[D00G} Fighie s ah iliustatish b&&-skbti '
he?‘ghtg and body w dt Dh @ alhes.sbbliotfe Vi Bf 8 Ubleted substrate
{pangitioal | y depleted and fully depleted tri-gate

transi stors having 25 gate lengths (Lg) of 30 nm and

20 nm 3 WD 2005/ 010997 PCT/ US2003/ 039727 DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0012] The

[B00A diigurasen and 2B Busiralewa Houble-gpie depleted supstratariransistor.
transistor. structure wth a stress incorporating '
layer and its nethod of fabrication. In the follow'ng

03 AR B Al A WESFaligh" @ earts traus st inavingsa stress

iS55 ioh MR h's2BordaRc WA the Preaent Pivenfion,” known

[0009] Figure 4 is an illustration of a tri-gate transistor in accordance with an

embodiment of the present invention.

[0010] Figures 5A-5E iflustrate methods of fabricating a tri-gate transistor with a

stress incorporation film in accordance with embodiments of the present invention.

[6011] Figure 6 is a plot which illustrates body heights and body widths which can

be used to obtain partially depleted and fully depleted tri-gate transistors having

gate lengths (Lg) of 30 nm and 20 nm,
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;sem conductor process and manufacturing techni ques

have not been described in particular detail in order
twongbs/unecessarily obscure the present invent 'I‘U’l’mszoosmw"m
[0013] The present invention is novel non-planar or

tri-gate transistor structure and 10 its nethod of
fabrication. The tri-gate transistor includes a stress .

- DEMAllfED DS CRIBTION O THHaRRESENTINVENTION: devi ce

to provides a stress to the channel region to inprove -
carrier nmobility. Greater carrier nobility results in

i ncreased transistor drive current. In an enbodi nent. -
012hEhe peasent inviendipniis 8, navebirsgates rfqu-maunar ir@nm@@r structure

beneat h the channel region so that it conple

With ailiess IneRIPEFRifgIAYSagnd Bs aaﬁ%%p‘éfqbrmttpaurla ithey followmg
GS%%W% §‘$ Bumsrets Spetlit dstalfireisab ot mdret R Rrevids a thorough
SRR he 'ﬁ%?%ﬁﬁ\ze K 08 o oselnes, Bolknom,
HEP A APLBEI RS T phyfbst i BhThbeshablirfs been described n
et Soteli T QEOH 1ol Ry IRREBR SR O SAITRLIGE pidbongfpygnton.
[b@?j‘]“’ff he ﬂre%%n?m%ﬁhﬂﬁ@ nQ@eltﬂbﬁ s tri- %é{t%”ﬂ'érﬁistof' Bfucture and

-gate transistor 1s a sem conductor n 1 nsu

;{sSﬂbihddr@fébﬁé@ﬁon TiiRe WiigaBftrandis®R Fickidds b Stied8Mmifefmed-

use in fully depleted substrate transistor

apphd ded tiearnel Togiohr df-theldevicean protidss bnstiassdas the chahnel regton '
sem conduct or body fornmed on an substrate, the -

to iiptonet @ardenmiubildy. Zrebtes daateérmgolsilitysesatte irmcaeased transistor
sem conduct or substrate. A gate dielectric is.forned

dsive auneent.opn sorerakediment ohthespreseal inyeotion Hbe stress film is formed -~

seni conductor body. A gate electrode is formed on the
beaeathithe @wnned r%@iOflﬁs@ thgpit somplaielysuriavnds the channel By
o the

semc duct or ho an f or med, adj acent

e sf%laff@ta?qﬁe ¥%°ﬁﬁ@“%'ﬁ8§\%l“¥'§‘ $tFRSY llmthesress fllm

2005/ 010997, PCI/ US20 039727 em conduct.or k{ Qé
ag%sgﬁasgq ggqqﬁ € chppnel, neteby Hrqxﬂglng siress over a large

'a?‘? afitihiing S8R0 JRBRRYIE it “ﬁee"ﬁ@fi&ress

p%@érﬁ@%f BT VN D A oo
st838 Rah DeAVshdtltsdel B8 opfie ﬁérﬂirﬁ‘nan% fBr dlfferent transistor types
(e.g., PMOS and NMOS).

[0014] In an embodiment of the present invention, the tri-gate tralnsi'stor is a
semiconductor on insulator (SOI) transistor. The tri-gate transistor is ideal for use

in fully depleted substrate transistor applications. The tri-gate transistor includes a

- thin semiconductor body formed on an substra'te, the substrate can be an

insulating substrate or a semiconductor substrate. A gate dielectric is formed on
the top surface and the sidewalls of the semiconductor body. A gate electrode is
formed on the gate dielectric on the top surface of the semiconductor body and is

formed adjacent to the gate dielectric formed on the sidewalls of the

4



,5 transistor is equal to the sumof each of the three

sides of the sem conductor body. Larger "w dth"
twangisau@ivs can be formed by connecting several per/us2003/039727
tri-gate transistors together. 10015] Because there

are three separate channels formed in the

~sem_conduct or body, the sem conductor body can be

semigonfiisiten ketywRourcsand deaisiregionsiave fommedlin e déMiconductor

%Jhgreby enabling the formation of a fully depl eted
PHK SNseRROsHEsidemetihe gaie iedeabiodee Betcuse 16 gate electrode and the
requiring the use of ultra-thin

napo ers wthout I _
9@%- 5@ i sWrreded de spmicendueion §ogendhradsigieaptiieciransistor
; i E the sepm conductor bodies_to di mensions
B el Fsibramsepaialysioniar b Gokes. dEve gete WY of a
IPasbit iF kplsk bofe St PEench aBenres Hap el éne semiconductor
' « ' d e the thick f th '
B Rt AP Ctsa e hE hBer o ron ey somech seupral it gate

haskisRrst (1o the gate length of the device.
Because the novel tri-gate transistor of the present

 H00YSBEEALSAMCRE aré’Hﬁéé?s@ég}%l?%P%Qé{a%(fgﬁg_é&ﬁr\fﬂ}e;@g%?&hducfor
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the device is characteriz

oy e Gl o S04 G BT SRV e

barrier |owering (Dl

“Qi¥’s theraby len@Biv tenfbnindtiah of aﬁ‘bﬁ*’ﬁgﬁ@téﬁ/ Wit with gate

results in a | ower | eakage curre en the device |
lengths of leErthand3ihanorgetens wWitioat raxiiig GRSSETBE LBR-thin
[0016] An exanple of a tri-gate transistor 300 with
semigeldyucievbedieatar sequiringnphotoliftapaghicqmtigrtingast the
ermhodi ment of present invention as illustrated in
Sefmyeipradugior bedigs do Jimensipas fass3Ban shagatedisngtietig)mishe device.

%?&gﬁ%gkraﬁi{%sp‘ ﬁ%&iﬁé‘@%g?aol%ggpégfﬁggés%ﬁeigéggg(?n 2§gbles a
f@%&(}eﬁ%lﬁéeﬁ{tr%%%thgt%Egiﬁ?cq?%g{%@?%ﬁ% {@%j%ﬁ%giifélhg@gpni@nductor |
o8, S50} B8 L P8 b s e of e
délikec %c%%@éttﬁé%%gggtﬁ—%éﬁ@ Eréﬂé'is‘fgr éﬁplg%g%g%?thﬁy%:gqu ¢ap be

i nsul ating layer chasa

oagraltg@irﬁatﬂjlﬁ%éélbf&d m8Rner ME YBlice 48 BnaR R by idMic., very

sharp) subthreshold slope and a reduced drain induced barrier lowering (DIBL)

short channel effect of less than 100mV/V and ideally about 60 mV/V which

results in a lower leakage current when the device is turned “OFF" resuiting in
lower power consumption. |

[0016] An example of a tri-gate transistor 300 with stress incorporation film in
accordance with an embodiment of present invention as illustrated in Figure 3A
and 3B. (Figure 3B is a cross-sectional view of Figure 3A taken through the gate

electrode 324 of one of the semiconductor bodies 308.) Tri-gate transistor 300 is

- formed on an substrate 302. in an embodiment of the present invention,

substrate 302 is an insulating substrate which includes a lower monocrystalline
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_ Bd silicon er mani um
sy

. known insul ating substrate such as substrat es forrred
fromsilicon dioxide, nitrides, oxides, and

WEBRsHE®e7 | N an enbodi ment of t he present 'nve@'E'rﬁE2003/039727
the 5 substrate 302 can be a sem conductor substrate, °

such as but not limted to nonocrystalline silicon-
substrate and gallium arseni de substrate. [0017].

 sMiconsabstrate864 spon vitich isformedsn insuialinglayer 806, agyas a

308 and typically a plurality of sem conductor bodies. ,
silicenfdioxride fion. iTnsgatettransigtor 500, i ear] ogn befbemedion any well-
302. Sem conduct or body 308 can be forned of any ' -
knewn-irsiating substiaisostinicad subsitaies formed fml'fbﬁh@@? dioxide,
mobi lity can be enhanced by apg ying a_stress to the -
niddes.ondRs. eNd Shalpirgs. tmt pﬁlmqrédaftthe 9r¢s&n£rm‘(e:§tpn the
”L wher e t 5 _
sirales3q46an @Jge@gz%n Frl?%é slrate; ﬁPP 3\‘;") ut ot limited to

TRl s G oRy RN 2 BB %@W"?%%%‘S%P%%A‘ig Stress

l‘i@{f’i f'asl%tewsa%tﬁf’é@ﬂ‘éﬁ'@&%% 3l iRior88x Sog and picaly a
pygﬁftg \éﬁ]b&ﬁ%&g&g 8§t3 ?or m%@%ﬁﬁn%lgtorblﬁgféﬂﬂhsulﬁtmg

sﬁﬁé‘tré’tg 30’fv§éﬁ'l: ok L%Il cﬁ:ﬂ( 36DEaRBe BEH{aé'b'f Bﬁy%ém@d\@n

a conaducti ve pl'yi ng- .externa el ectrica

séﬁi‘&drf?iu%torsrﬁﬁtéﬁ%fﬂ W%R!h &aeler RBIlinG cal PRl dhahced Spplying a

crystalline filmwhen the best el’ectrical perforrmance” .

r

| séss (el séricopdlctorssttsas Bdt ndidimiksd xsilipdre (812 and silicon

sem conduct or body 308 is a si ngle crystalline film

- gamaaniuna(SilGedrwidee theGe sedtenhisiegh tipsn tbout2E%. -Three-five (HI-

applications, such as in a high density circuit, such
Vasemicariductorso sesls as gafliemi acsenide ((Babs)jynSb,SGanwed@aSb may
can be a polycrystalline filmwhen transistor. 300 is

algocenafit frop PERYINSHS Siregaite thami Hds tlawghtgbat direct band gap'

f h l'i quid tal di
A oA Sg@ﬁé‘rﬁ% e Gy i fistisha doersio Bﬁa&y 568 direghband
o2hn il Uenetor ST RicopRaS R Bk oRYS Gt ' Hitggabpnich can be

| fe@%ﬁ?{@@naﬁt%%?@a%@' Fpu Bl 5Bes(538 cHocERle bl oy g

oo ARSI R 045, BN 3Pt

filFhER4RE8 H38 Rlettrical performance of transistor 300, is desired. For
example, semiconductor body 308 is a single crystalling film when transistor 300
is used in high performance éppiications, such as in a high density circuit, such as
a microprocessor. Semiconductor body 308, however, can be a‘poiycrystaliine
film when transistor 300 is used in applications requiring less stringent
performance, such as in liquid crystal displays. Insulator 306 insulates

semiconductor body 308 from monocrystalline silicon substrate 302. Inan

-~ embodiment of the present invention, semiconductor body 308 is a single

crystalline silicon film. Each semiconductor body or bodies 308 has a pair of

laterally opposite sidewalls 310 and 312 separated by a distance which defines a

6
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; sem conductor body wi dth 314. Additionally, each

sem conduct or body 308 has a top surface 316 opposite
avoavdsamwar f ace 318 fornmed on substrate 302. TBetT/us2003/039727
di stance between the top surface 316 and the bottom

surface 318 defines a body height 320. In an

enbodi nent of the present invention the body hei ght

- seaticosdicisubsdawidtaldiy. ekdditionallyt kacthsdimicdndiuctdzndy 308 has a

an enbodi nent of the present. invention, the body 308

- topsudfage &6 apposied hattayh sugaoe |33 Sdotmes opUhstieieB882s The

and ideally less than 20 nanoneters. In an enbodi ment

digtapge bgtweemthe tepaswrfase, 316 ard haloliemgurfage® 18defines a body

3Ry SRS el s
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S0l 515055y ST S o
SRR b3, 308 b8 20fn 334 Db SIS 0y Hhapometrs

o b Bb g2 PRI S S4B T B S8 Bhverton

' . . |' . | | - .
t@bggg:h%@ﬁﬁczbﬁs b@%ﬁé?é%t A cggwﬂﬁw M8 b iaee tﬁé‘btﬁdy width

ayer. I'n an I ment of the presen

- ag4gvention, the gate dielectric layer is a silicon

di oxide (Si02), silicon oxynitride (SiOXNy) or a .

[6018] CuRgaict trarkkistof SO NAs 0 steatielectic lay@r 322.nGalte dielectric layer
enbodi nent of the present 1nvention, the gate

3apds formaed oh anerarddid tisree skiies obeacixyhitherseteicbntioetor bodies 308

. forned to a thickness of between 5- 20A. In an

asrdhotvmisntigofe 3AangriRe Mate disdectiotpyey 22 idifetneed ohor adjacent
layer 322 is. a high 20 K gate dielectric layer, s

: uch
- toysidewalt 312, oxitap stirfaice &16iand on ¢ aginoent thsidewallid 1@l body 308

to tantalum pentaoxi de (Ta205), titantium oXi

| d
 ap oM InBHIcLI Galadiqesieayendza eape any elhknawn gate

Zr 02

At ia T in AemBSanie O e bfaseht fyantion. e getg dielectric

P I B I GB i858 4§ St o LBt sl IV By o St e
(SOPLapRRRT AR E5y SPEuanc AR P UShg Rl Gpin, he gete
BRI P30 B S/ ¥ picAosabebetoon &
20AM 15@%%@&:1%1%&@@ prégent %V‘@iﬁoﬁ!\?ﬁ@tfﬁe@c&icﬁl@%i 822 is a high

322 formed on the top surface 316 of sem conduct or ‘
Kogesty 3818 ctrizridyérs stioh aec metasl axide dielewtric, such as but not limited to
tantalum pentaoxide (Taz0s), titantium oxide (TiOy), hafnium oxide (HfO;),
HfSiON,, zirconium oxide (ZrO-) and lanthanum oxide LaOz). Gate dielectric
layer 322 can be other types of high K dielectricS, such as but not limited to PZT.
[0019] Tri-gate device 300 has a gate electrode 324. Gate electrode 324 is

formed on and around gate dielectric layer 322 as shown in Figure 3A and 3B.

| Gate electrode 324 is formed on or adjacent to gate dielectric 322 formed on

sidewall 312 of semiconductor body 308, is formed on gate dielectric 322 formed

on the top surface 316 of semiconductor body 308, and is formed adjacent to or

7
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,7 WD 2005/ 010997 PCT/ US2003/ 039727 on gate diel ectric
|l ayer 322 formed on sidewall 310 of sem conductor body

34®. 200%Am0e97el ectrode 324 has a pair of laterall YPCT/US2003/039727
opposite sidewal |l s 326 and 328 separated by a

di stance which defines the gate length (Lg) 330 of
transistor 300. In an enbodi nent of the present

- omgaie dislectriclayet 322 forynashpo sidewall 3tthaf semaaedastorhody 308.

328 of the gate electrode 324 run in a direction
etepeirbirede %24th§i3ta1§a¥' &f tatarally oppesiie |Stctevea!l@e’i%ﬁ apd 326
and 312 of sem conduct or body- 308. iQﬂ 20]
sapareteddyy asistense waichHefesdhegqje gtam) %%Q ef transistor 300.
Iﬁ:rﬁ?"g%%ﬁgﬁ:mn%ﬁtgﬁltée grcgqq? 3@,@ %%I t%%?@gg site sngewalls 326 and
%nﬁf Q'xésq;% lé%q?roégﬁ%ﬂg? @%%gﬁ% ojafbﬁgrr]p%% i‘ar 10'the lateraliy. -
P s BT 60 31 B Ferhabd oL B3GRt o,

(5], S8l S i By /8 Bt it

P hbE R eﬁﬁt%ﬁheb St lrgéégﬁ 'Iﬁya %Iéc‘ﬂ%d@rﬁ&e?é Fes of

I nvention the gate e ectr froma

poRrPStalineilconsHddoe P ebMesHtratiotr &en%ﬂ‘?\l’)et\lvbeh S xtm“bﬁtoms/cm

appreci ated, the gate 15 el ectrode 324 need

NEeHES atory/che. ansimehBodiient &flth@ pesitit umnmon the gate :
conposite stack of thin films, such as but not '

diéctradedcambe spuklal gpde elddtnoeles sua:h: as/bukhet limidéd ¢o rtudgsten,
or a metal/polycrystalline silicon electrode. [0021]
tamtelua; @anivm,sargt theirdttidesworaloyact yariegs oretalio systenas. In an
drain region 332. Source region 330 and drain region
egzodiment of Hsiprieseatinvebtien e gaisoelgctsode m‘onmd rom a material
ate el ectrode 324 as shown

oe site sides o&?ﬁ%
eV e vk Mo htveen chdins %6 late he anpawat%.t@mate
32 are r e the sane conduct|V| h as
ofettichlsca s NPT pBLnEGTRAGEIN b & Sglk HRteRb BN Sefoe composite
|
s}es B, SLER s nEY ifedn AL EMuPSAl: %%Wmetaf
C egi on 330 and

%&r@r%‘? g}]éélé%ﬂ%crﬁg%%oér‘ﬁn% Jﬁ 8'% E:E@dléml form
[0V21§ T §ae tPAhghétoF 800 'haglaué@ur%e%g 8hd didrbfi fidion 332.

concenttations or doping profil such as tip regions
Sofirée redion 386/ dHdPdrirt it B82Are fbinéd in semiconductor body 308 on
opposite sides of gate electrode 324 as shown in Figure 3A. The source region
330 and the drain region 332 are formed of the same conductivity type such as N-
type or P-type conductivity. {n an embodiment of the present invention source
region 330 and drain region 332 have a doping concentration of between 1x10"
and 1x10%" atoms/ocm®. Source region 330 and drain region 332 can be formed of
uniform concentration or can include subregions of different concentrations or
doping profiles such as tip regions (e.g., source/drain extensions). In an

embodiment of the present invention when transistor 300 is a symmetrical

transistor, sourcé region 330 and drain region 332 will have the same doping

8



.enmbodi rent of the present invention when transistor
300 is a symmetrical transistor, source region 330

awd Moed199vregi-on 332 will have the sane doping
2005/ 010997 PCT/ US2003/ 039727 concentrat i on O clsa003039727

~profile. In an enbodi ment of the present invention
‘when tri- gate transistor 300 is forned as an

amoenabtion ahd ansfilet on anhembodienchd pf the pesent inveationwhen tri-
and profile of the source region 330 and the drain
gatgittamsBear 304/is feamgd ias am deymmetribtransistorfaen thaiaping

el ectrical characteristic. 5 100221 The portion of

| cangeobation abd profile cidse soutedegivet 3k band due deain gggion 332 may

330, and drain region 332, defines the channel region

- vamp inprderie obtaing IQS%IDCU’%@'(%CSI%I&@W&\C@TS&W 350 can

1

20

25

- conductivity level

“al so deflne as .t he are se nduct or bo
1482215 QB‘B{#&B Wmlg@w%@ é&@@a@tﬁg g«eq\q ﬁggrce regton 330

BT 0 Ga0c e e PodAARRGGIen Fo) ot ramprior 4. The
et 250 hh afscind ARG ﬁs?@éé?eas ph #18 s<mE &Rk Blor booy

Ine Ssili1con

R Lol ?ﬂerﬂ}th' %ﬁ@?l@&r&d&a f\ ﬁﬁfe%%ﬁé&érsﬂ"e source/drain

I'Ntrinstc or nonocrys ‘a

TR AT Bl P FYEngRln ety B 5o e

di m.&m@é@rmesa cﬁ@ﬁﬁél rke%;g%r\?;\gggr(]’m )‘I('::%éllbgr ?g@?%éﬁa@ electrode length

(%anm@mbbﬂlmmftmd ipreséntafiveriionuteser! ragive 35008 intrinsic or
-when the.channel region is doped it is typically

uhalppdd toridueysipliinsisilizonorid et émboginegnief die phesendumwention,
region 330 and the drain region 332. For exanple,

chbanst legicnolatis dopbdimenocrystdlinessilieos ngrpehannel region 350 is
conductivity the channel region would be dope

dopgd itisiyrieslivdened tosp epnduetvity el of lb@t\g@%m dé" e‘%oto 1x10"

g RAn s%rh%dfrpgép %@%ﬁ?g%ﬁb\tf tioTy NS nge! region
9 RRST i S bRy Hobeq 18N el ORIl BEIE sduree region
Rt bRl o

alé\ﬁgfﬁgg%éic@ﬁd@éﬁ%iﬁﬁ%ﬁéﬁg@bﬁ%f&éu&?ﬁoﬁ@ 5)88 B fype conductivity.

eristics anne I ons

 Siffhr v drekauinBe shal dain regions are P type conductivity the channel

region would be N-type conductivity. In this manner a tri-gate transistor 300 can
be formed into either a NMOS transistor or a PMOS transistor respectively. |
Channel region 350 can be uniformiy doped or can be doped non-uniformly or
with differing concentrations to provide particular electrical and performance
characteristics. For exahpfe, channel regions 350 can include well-known “halo”
regions, if desired.

{0023) By providing a gate dielectric and a gate electrode which surrounds the
semiconductor body on three sides, the fri-gate fransistor is characterized in

having three channels and three gates, one (g1) which extends between the

9
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25 regions, if desired. [0023] By providing a gate

dielectric and a gate el ectrode which surrounds the

SWO M@sleed;or body on three sides, the tri-gate peoqy $2003/039727
transistor is characterized in having three channels

and three gates, one (gl) which extends between the 9

WO 2005/ 010997 PCT/ US2003/ 039727 source and drain

SQEEO BN R g ombidel 31ZensitashbS@p308, aeeedfld (§2) which
whi ch ext ends "bet ween the source and drain regi ons on .

eltendobetvsdrage sticoinsidramoregidiedn Hbtopesufadee316 of silicon
third (g3) which extends between the source and drain '
ety 808, arahthiehthirdi(daywahich3ends beiwemntﬁmburﬁ@&mbdram regions
shown in Figure 3A and Figure 3B. The 5 gate "width"

¢rte sitiewali 3d0safeilicdadady 30 as showh in rﬁhgmedﬂhsarmlfFlguw 3B. The
three channel regions. That is, the gate width of "~
gaterfwidth’ (G@Dof transigtasi300ds the skl @mheamdthﬁ of thel thcemchannel
body 308 at sidewall 310, plus the th of silic
@@wls@fﬂwss dhetgate wigih @‘Jfaw@oeiio%ls %ﬂl@@ torie ﬁ@lgjﬂ@% of

Sifzan body ééﬁ%? §b°d 128D, Blus e atobgitoan Bgdinaf aogiat thetop
e Pk e, Eﬁfﬁﬁé0@8@19%58%%taé@é@%%éﬁggkamer |
Foo® Bk SeiS atlnes bR ThaA LT 05 G8E Ribolkiligpether
(505 Wi sBRbf ot od SaBlnged Piésc‘%'ﬁ?'%g@#&t@%‘ﬁmm as

gﬁmms,t_@g?em h Iarger gate wi dths, transistor 300 -

can incldde an’ 15 additional or nulti pl e sem conductor

[002H168s tatbd BEBVE tREGarkS WABBIVDE tankisti SDBR equeA el the sum of the
sem conduct or body 308 has a gate dielectric layer 322

theseTgsteonidith Brazned from Sastcamtilictirdeen 308 aftrahsistori300. In order
Figure 3A and Figure 3B. Gate electrode 324 is forned -
torfalanimiatadha@enslst@'se/aﬁhlaggdaregaheeMelﬁtsr tren3&2o030@ ash irflude an
the 11 sem conductor bodi es 308. Each sem conductor
asistitjorg0 ®r angiplerssmidesductsobedies qzc!iingeﬁ 308 3@shavn | Figure 3A.
drain region 332 fornmed in the sem conductor body 308

Erch @@w@nﬂucw@@giy&ﬂwﬁeaQaé%tﬂl%%réﬂetaveés’ﬂ%f&meﬂrpn its top

Fi gure 3A. n enbodi ti
- ieeard %reﬁwa $ 68 &'gﬂ”@ gvge ?% Hgﬁflﬁﬁquéﬁhggenrﬁée&mde 324

i¥SHhied on and adjacent to each gate dielectric 322 on each of the
semiconductor bodies 308. Each semiconductor body 308 also includes a source
region 330 and a drain region 332 formed in the semiconductor body 308 on

opposite sides of gate electrode 324 as shown in Figure 3A. In an embodiment of

~ the present invention each semiconductor body 308 is formed with the same width

and height (thickness) as the other semiconductor bodies 308. In an embodiment
of the present invention each source régions 330 and drain regions 332 of the
semiconductor bodies 308 are electrically coupled together by the se_miconductor
material used to form semiconductor body 308 to form a source landing pad 460
and a drain landing pad 480 as shown in Figure 3A. Alternatively, the source

regions 330 and drain regions 332 ¢an be coupled together by higher levels of

10



P
[

15

20

25

.and hei ght (thickness) as the other sem conductor

bodi es 308. In an embodi ment of the present invention
AG BoospWi99e regions 330 and drain regions 332 o

25 semi conductor bodies 308 are electrically COECf‘/%§20031039727
toget her by the sem conductor material used to form

sem conduct or body 308 to forma source | andi ng pad
rdéialization @.gl[ aigtal Bnoétad2paetal 0. paset toveladtridéliyunterconnect
3A. Alternatively, the source regions 330 and drain

vergus trensi3fore 800begethepidd fundgenatcirtyitsi tive gatewislts of

of 10 WD 2005/ 010997 PCT/ US2003/ 039727 metalization
trapsigtor 362 as showndn &igure dfewabidde eyuakledhesum of the gate WIdth
electrically interconnect various transistors 300

creajed fyreaot of thersemieerducten kedies 30§hdn @aﬁ vay. dhe, tfbgate

" transistor 300 as shown in Fiqure be equal -
diftges

transisiem3t cambe Jatsequnihany 9 of the
GBS 555 A B L oo
oRSB g AASS B pEE HEoBL L Hhnnel reion

A3 SR A B L S g i
' oﬁﬁé{ﬁe?r%rssz eseﬁe%f?oﬁ@@r ﬁ{i\ ﬂrtﬁ@EbQ oI @Wr&%ééﬁ and the

10

car rons or

d@@%b%rﬁﬁﬁ‘lahéel mqn%ﬂemgd%ﬁwm@ pPESSIRIIPSRIN, stress

I prove I'n an ment of the present invention,

irflof S&rating A8 igtibitged bh Mndtstolnd xpaedd porioms eff ound
exposed portions of sem conductor body 308 as shown
semidorguctorPddy80aagehewd n Figlde t3foaad IFjgurerBEin Additionally, in an
enbodi ment of the present invention, the stress

emomaiimentof thg grebemtdévention, thersitessinsorporatiag &im @60rs formed
gate el ectrode 324. In an enbodi nent of the present 15

. overand aerund the gatesdectiatecibr lxamgnbadimesbof therprerent
..directly on exposed taop ion 322 aof  silicon bod
inyggtiga. f?ﬁemtreﬁ 'BP‘PF@@fthgdﬁ"béﬁ%lﬂ fRBRE digoty @aexppstd top

paioB AP PoRhaUR Facerll oS pkGen PRRY ek Joslods 310 and

3221%2%%‘9 at 50&'{ tgo%fg@} g@i‘r@ﬁa{ﬁ fg%ﬂ(fg'%?&“é/nt%? W Bresent

I'nventi o

I -~ of .
iV ALbA Otﬂg §tn%éﬁg :Q?@@ggd%%m%o R alL 8 forth&F Btk ctly on and adjacent
o gate electrode 324. '
[0026] Additionally, in an embodiment of the present invention, the stress
incorporating film 360 is also formed directly beneath the bottom surface 318 of

semiconductor body 308 including beneath the channel region 350 of the

| semiconductor body 308 as shown in Figure 3A and Figure 3B. The stress

incorporating film can be formed beneath the semiconductor body or bodies by
first removing a portion of the barried oxide or insulator 306 beneath the

semiconductor body and then back filling the region with a stress incorporating

- film. By including a stress incorporating film directly beneath the bottom surface

of the channel region 350 of semiconductor bodies 308, the stress material 360

11
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“incorporating film360 is also forned directly beneath

the bottom surface 318 of sem conductor body 308

WIS btdjoi@oeneat h the channel region 350 of the
semEconductor body 308 as shown in Figure 3A an gCT/USZOM"OS””
Figure 3B. The stress incorporating filmcan be

formed beneath the sem conduct or body or bodies by 25 N

| cBH tef RYHISAhBYhbhAB! &id pRIvIdAS Strash aindsll side of the channel

or 306 beneath the sem conductor body and then

ahquﬁmhh&h@gbghe region with a stress |ncorporat|ng

ilm By including a stress incorporating film
mbznpm by dmbedifent betteopresensinvéntien, the filthe36Shiasm alcompressive
region 350 of semiconductor bodies 308, the stress -
stresesbdhatine sehiicomiEAashod0and eepstiatiy tescoayrel region of the
conpl etely surrounds the channel and provides stress '
semicoraiuctar bielyois unider etensitsl stressi Achannst regien Wdi#h a teﬂsﬂe |

£00271 In an enbodi ment of the present inventj io ‘
reserirBp®vieadha naehility of @ieﬁéronﬁar&@eg%fwwi idegktor 'USG !"_a NMOS

GRS S e, S EsSHRE £
o fer BB 3 B SR slfressve
At TR R 0 O T oo

oA TP B A ABILR of o presn
rﬁ%‘h‘ﬁﬁﬁnt & ére%s%%ﬁao?é}g%d fﬁﬁfﬂ‘%d hakethicknesa betweén. 10}200

ann regron e sem conductor body. In an

n8ABRREERN NG émgoern@esﬂraf thé PHIENt Avertiba, tHe steess film 360
I'ncorporating film 360 has a thickness between 10- 200

"ﬂ Lc@irfer mdbdity ayftzodsmpeﬂcenf the present i nventl on,
e stress film360 inproves carrier nobi Iaﬁg
[msiiﬂ)n perambbdinidd® 28 fhd presentinvediiorthedtimt baegetﬁﬂsﬂe stress
invention, the film360 has a tensile stress
sotihat theeseneicboduciac body BB&ﬁ@O@WlIyéb@@hann?l ﬁqsépﬂ 350 of the
channel region 350 of the sen conductor

od
samiconsiusien hedysisrunsier aLcampigssiverdissn /%ﬁggpl){%l reglon under a

| compressive stress improves the mobility of holes and therefore is ideal for use in

a PMOS device where the carriers are holes. In an embodiment of the present
invention, the film 360 is a film having a suitable tensile stress to produce a

compressive stress between 0.5-5.0 GPa in the channel region of the silicon body

- 308. In an embodiment of the present invention, the thin film 360 is a silicon

“nitride film having a tensile stress.

[0029] In an embodiment of the present invention, a thin oxide or passivating film
319 is formed on the underside 318 of the semiconductor bodies in order to help
reduce parasitic leakage effects. In an embodiment of the present invention, the
passivating film 319 includes SiO; and can be formed to a thickness greater _tha_n

about 1 nanometer.
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“invention, the thin fi

,conpressive stress inproves the nobility of holes and
therefore is ideal for use in a PMOS device where the

4R 5doSlofeeds € hol es. I n an enmbodi ment of the preg

invention, the film360 is a filmhaving a suit {ﬁVhsnmimxn27
tensile stress to produce a 20 conpressive stress

~ between. 0.5-5.0 GPa in the channel region of the

(6030} Beabes ¥he 8REnndl me{finn SB0dgisueroundéd Onethpeesiees by gate
m 360 is a silicon nitride

efeotrmdb&&%digamxeleetm 322 9rarjsi180300 canbecofmrdiekin a fully
of the present invention, a thin oxide or passivating

dépleted Aihnies whereladviten traesietod S08i iddurded “on” theechannel region
seni conductor bodies in order to help 25 reduce :

3parfilli depletesdhatpbyepoviding thenadvardagreuseiactrienl ehgracteristics

present invention, the passivating.film 319 incluydes
aHl perionmanen dba fiby feblelest GERSIRORn LS 5 Whea Tamsipior 300 i
about 1”nanomater 12 WO 2005/.010997 PCT[U 58@3/ 0397§
tl{%@@o@%&%@@“%ée@%iﬁw@me@d agag! regi), Wi an

ate diel ectr.i

In&grﬁg? I dels%?%q g@%gc (étgfcgggqxif gqjaglﬂl er%fpp)}ayer is forned on

wdcBls S oRRRG 333 BEED bR BLocBH STl ehion v
o8 AR PSR e SHEE Sl aph S e

- cér?dudﬂ@@rbhta ﬂEFbéd&@engtﬁQ s'oﬁ cd BhdBrain %loﬁs 48 RIS (Elﬂrent to flow

region is orrre anne region 350 along with an

| 'thleﬁé@étﬁe@ﬁ 'ﬁyéaeabubmeegﬁ@ﬁfd@ﬁ%‘te@freéwr@érsa‘ﬁﬂn(berﬁaath the

an inversion layer is forned on the side surfaces and
inversish Idy@ee Toke ddptetisy lﬂegﬁmiemeﬂds o the botitwe, ofiohasingl region

| ayer 'has the sanme conductivity type as the source
380\dhds dhe traegistorcamris Saidrte te 8 “fidy depleded ransistoanifelly

bet ween the source and drain regions to allow current
depjefecbtnanmh@r@ bavevreproved @I@@pcelt merforrr@g\c@rmwmt@n@hcs over

free carriers frombeneath the _inversion |ayer. The

nereflbt memeﬁeggwrd:raraaum%mfete@i ransisfers &rﬁrcﬂxamfaﬁn@meratmg

S k3 ] e VGl W
A BAG o O ELT T P BHTBEES vt sy e
SLPoq{hreglllJ}iXI 5L 6f s HADEH Th O fecabilr afd HEANG abdRe BB hUfecade

‘even when fabricated with semiconductor body thicknesses of less than 30 nm.

Additionally, operating transistor 300 in the fully depleted manner, transistor 300

has an improved drain induced barrier (DIBL) low in effect which provides for

better “OFF” state leakage which results in lower leakage and thereby lower -

power consumption. In an embodiment of the present invention the tri-gate
transistor 300 has a DIBL effect of less than 100mV/V and ideally less than 40

mV/V.
[0031] Figure 6 is an illustration of two plots 602 and 604 which set forth the body

height and body width which will prdduce gither fully depleted (F.D) or partially

depleted (P.D) tri-gate transistors having gate length (Lg) of 30 nm (602) and_ 20
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Jtransi stor 300 in a fully depleted manner, glves -

transistor 300 an ideal or very steep subthreshold

T @BR6us0]f¥8;tri -gate transistor can be fabricat e‘i’)d’i‘/ﬁﬁoos/osmn
very steep sub-threshold slope of |ess than 80

nmv/-decade, and ideally about 60 nV/decade even when .

fabrl cated wth sem conduct or body. thicknesses of -

zn 4%@ Qtl\féﬂ ﬂ'panéﬂ%dd:ﬁ}@:ﬁ{ b¥/theqiesabi iRgention, the body

S|sto 300 1n the fully depleted manner,
Her Dt?lﬂs b&dp widB&nd@atedngiparevdsen ad have d:hmedsm:snnevhlch a fully
l'ow in effect mhlch provides for better "OFF"
dﬁp@ét@dltmismer whi lshforased. tis dthet embodineentagtheatnidgate transnstor
t hereby [ ower power consunption. In an enbodi ment of
Halsea bodg beighitbedyt widih tind gate Jengte such dhat 3 partiaiyrepieted
a DIBL effect of |less than 100nVN and ideally less =
trarnsistanis faBmeWN. [ 0031] Figure 6 is an illustration of,'
two plots 602 and 604 which set forth the body, hei
[60RR]bEw risgateriransistar af the rpneéant:@venf@%pam terspid to b '3 non-

oebahanitto Bhoses Biaiovvislyn G5BT B} Fr ook dipBieh g ormed

1 Dofine REPAE A VRGBT ARG BB Body 308. The.

SEBHEPHhor ieB Ao RELSEM R aFelsBE cPbierpg  non: |
SR EAYE O B T 0 488 oo

h .
f%g‘bt%!ag? Psﬁ%%p e@ég "‘@’%’Fgﬁ‘gu sét"géﬁllqu1 ?rﬂf?ref aE 0832] The
[66333 Qﬁta‘?l &mBBaINSE 1R ofthe PREsHt FRRINtioh MERHte AANSRAOLB00 can

sal be a non- planar transistor because the

- ihdINgs @wr flissedr fehturbe, slvhinmeh siiegh on o3Ber semnioonaadtor film 410,

in both the horizontal and vertical directions in

- shinwalbssamsror2Chanty siicle 4B:forzedi priondo forning dhe siress

the present invention can also be considered a non 10
intarparatineVile36 aashowrts Figes 4. Eof pxample, dhenrrmiadisent of
el ectrode 324 is applied fromboth horizgntal

the @r@%&ﬁt.ll@\gﬂntmgqupr&t}@t@ﬂm ttﬂblgjprmﬁd SR the sou}rce region 330

enbodi nent _of the esent |nv ntio

1 Grain Sesion 343 of SRmIGRRTGRAGPOqY BRE 1 Form Zralsest source
a%%cgra?ﬁ regionsl. é)rpuc%d% OF film & Cc%?adtl)m%\osrihcfdnl fnnd'&roa silicon alloy
such as silicon germanium (SixGey). In an embodiment of the present invention

the semiconductor film 410 is a single crystalline silicon film fdrmed of the same

conductivity type as the source region 330 and drain region 332. Inan

~ embodiment of the present invention the semiconductor film can be a silicon alloy

such as silicon germanium wherein silicon comprises approximately 1 to 99
atomic percent of the alloy. The semiconductor film 410 need not necessarily be a
sing’ie crystalline semiconductor film and in an embodiment can be a
polycrystalline film. Semiconductor fiim 410 can be electrically isolated from a
gate electrode 324 by a pair of dielectric sidewall spacers 420 such as silicon

nitride or silicon oxide or composites thereof. Sidewall spacers 420 run along the
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si dewal | spacer 420 and silicide 430 fornmed prior to

'f or ni ng the stress 15 incorporating film 360 as shown

IWoRb@fye4. For exanple, in an enbodi ment of  th&.e003/039727
present invention a sem conductor film410 is for dS

on the source region 330 and on the drain region 332

‘of. sem conduct or body 308 to form"rai sed" source and

ldtemarly bpgbﬂt@sm@ﬂmm 626 upidB2d of gatd HectAstiedB24 asi sHowaTin Figure
filmor a silicon alloy ) such as silicon gernmanium

4 &er@ay)solatm@theﬁﬂémﬁonaﬂﬂ‘,tooﬁlm h¢0 piops gate electrotlieB24 as shown

20 the sem conductor film410 is a single crystalline

inifigerend.f Anrerhbodieterdof theepmssent inventior sidewallstspaeess 420 have

t he- source region 330 and drain region 332. In an

- aificknaasmf hetwebs 26- 20t Byadding asiliche of semioanductor film to the

filmcan be a silicon alloy such as_silicon germanium

s pRdgiraindegiansngil sed 3&3@‘@‘9@ pemigopducias togly and forming

atom c percent, of the allo The sem_conductor film

"FAiBeh et ﬁ%tanﬁ’é@@%rﬁgqulﬁ > figkness i tae §pygqeaqi!pqi deain regions is
uct nbodi t can

%%%%352@%@ y qekeh g e AR GintReh e Tanee: p sansistor 300

SRR ST SBRN RS 2

1 ?f"' %héémﬂﬁ?ﬁrogih%#f@%i@m‘%ﬂt@ﬁ gﬁ%"@ﬁ%'fﬁ g such as, but

-10 .

SRR PR bt LRI § o
sbnrda E4i6n 340t @RI #e‘@ﬁ&rﬁ%@g I B cHBEAMRANGE e bidsiht

410 fromgate el ectrode 324 as shown in Figure 4

ivemidhneitide filrh AS0MS esredd b vadilidodrTild 4108t biticoR 2l 308 as
420 have a thickness of between 20-200A. By adding a

skolindn FigureséniSiimitbuftitro 430 hbwever tdre afsosime fareexhdirectly onto the
drain regi ons 330 and 332 of the sem conductor body

temauffacerdig of silioadwdys3i. corewhnplei silicidgifiims43@ ban be formed
thickness of the source and drain regions is

onrfilicondkenyt BAB b \firsidaumingg stieor flm surih asgian uaﬂeaed silicon film

Si si ance to transistor 300 and i nprovi ng
388 Ectifirenpody anddnen |C§F1R¥%teh’rﬁpr}§é'm’gg thg St 0?6@'@4}““% the
SRR Ebigel SRR T RS S B 43P8£ ot on
SBiorEle B ot 20T bl kAT R 2037 Ae e Bhcsie g @
shfidd pgggé%gb'nent of the present
[0035] Additionally, in the embodiment of the present invention a semiconductor or

silicon film 440 can also be formed on the top of gate electrode 324 as can a

silicide film 450 on the top surface gate electrode 325 as can be a silicide film 450.

Silicide film 450 and silicon film 440 are typically formed at the same time as
silicide film 430 and silicon fifm 420 on silicon body 308. The formation of a silicon

film 440 on silicide film 450 on the gate electrode reduces the contact resistance

- to the gate thereby improving the electrical performance of transistor 300.

[0036] A method of fabricating a tri-gate transistor in accordance with

embodiments of the present invention is illustrated in Figures 5A-5E. The
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/invention si |ICI de f| I m430 'S forrred on a si Ilcon

film410 of silicon body 308 as shown in Figure 4.

96 caisaeosh? | m 430 however can al so be fornmed di peghls¥oosnzer27
onto the top surface 316 of silicon body 308. For

exanple, silicide film430 can be formed 15 on silicon

body 308 by first formng a silicon filmsuch as an .
fabritzatied ofid iregateftransistanbeginsiviticsubsicedy 582d A silinon or
conpletely consumng the silicon filmduring the

- semicendust Foeses istoamedian %ulw@af@ﬁﬁ&@osmmrbls'lgure 5A. Inan

silicide film430 to be forned on sem conductor body

esuzpdimest of thenpresert yention,4he subskptegh(éa is? wHByAtNg substrate,

.Sflﬁhﬁ%es b GHEE rqﬁg?lp}raée&mgeorﬁpihﬁ Breant iVention,

COI’] tOI‘

tite 3@?@@99@5 2 bRt e ahS SRBpisthSiche 504
2 %*0305"915@@3 OB L 00 ) At T Bfioe i
S BB PO S0 SRR s
eﬁﬁﬁdﬁ%ﬁt &ﬁp%ﬂ%gg& aotiw nébé béﬁﬁ?e?r@ﬁﬂ ggoﬁﬁo lﬁ@ulatlng layer 506 is

e gate electro reduc

s6RTiAtds fefSired 3988 a %rbﬂ%x&?é”%yé}e N&RENI TBISH Bgséﬁﬁconductor

el ectrical performance of transistor 300. [0036]
fill 508ds f6rnicbbh eatingglafing subsrite 308 ssilEEN of Qemlconductor on
accordance with enbodi nents of the present invention
inssilatingug 0y cabsiratePb@lisareaedd Hn dther eribodinents of the present
2005/ 010997 PCT/ US2003/ 039727 fabrication of. a-
inveintiga; ihetsuinsdiate 602 lnagi besa wenticendistoraswbsicie, such as but not
silicon or sem conductor filmb508 is forned on
liitedite & sligapmenosiisialing sepsitate s a gallm amenids febgirate.
of the present invention, the substrate 502

m%gh I"\étf\PH@h sgpysenductor fﬁmzﬁﬂ%gs idgalya Sr'\"qf’lngfd% "ssathelr

o hsEliRels B P e BB R e SR eRG i MG gy mobitty
o3 B8 it B&mﬁﬂﬂpﬁ?ﬁ@% ﬁc@éﬁ“ﬁw@* finitadip 4fitors
%H‘ﬁ’éhiﬁms g rSJaf% e%@i%tH I%%i'ﬁe?ﬁ' ngng‘%ggﬂﬂq 18F nldidr I?%ch as,

roms forne
I at
oAU ASENCRAERD, 95 2080t Sl i 29 L AUEENISA gt present

||ﬁeﬁtlbh,0§é’miébn§@6¥of9ﬁﬁﬁl5@8% an intrinsic (i.e., undoped) silicon fllm.. In
other embodiments, semiconductor film 508 is doped fo a p type or n type

conductivity with a concentration level between 1x10"%-1x10"° atoms/cm?®.

‘Semiconductor film 508 can be insitu doped (i.e., doped while it is deposited) or

doped after it is formed on substrate 502 by for example ion-implantation. Doping
after formation enables both PMOS and NMOS tri-gate devices to be fabricated
easily on the same insulating substrate. The doping level of the semiconductor
body at this point determines the doping level of the channel region of the device.
[0038] Semiconductor film 508 is formed to a thickness which is approximately

equal to the height desired for the subsequently formed semiconductor body or
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,10 film508 is formed on an insulating substrate 502,

a silicon or sem conductor on insulating (SQ)

WP sd0sRI@9P00 is created. In other enbodi ments @frhRSi03/039727
present invention, the substrate 502 can be a

sem conduct or substrate, such as but not Ilimted to a

si.l icon nonocrystalline substrate and a gallium

bedieeiidie satirdated &i-gafedwandistel.t roaglenstodiment of ther present
filmb508 is ideally a silicon film in other 15

- ineghtidh nesvhicontuctan file 508Hess a ftpelnest ardwighirilift obless than 30

films in which carrier nobility can be enhanced when
namoleetars rarskideslly lesadhan 20manometetse dntan ambiodireent of the
germani um al l oy (Si, ) wth |ess than 25%Ge, and
ér filrg H0Bi is ferarestia e thickne

InSh, GaP and GaSb. In an enbodinent of the pms
appreximatshy equal tlodha gete rlenginndssised of Hie fabrica I-gate

., undoped film 1n, 20 gther enbodi ;
tré@wﬁ%nd@@nﬁm?wal b s e@&@&t nyeqt ﬁnfc%B'CBPgHC ﬁﬁ’h 508 is

R e
-- p%%saﬁﬁy%ﬂaﬁﬁ"%%op@vﬁtsﬂ?ﬂﬁ%gﬁ%% Frieet ki WO hichwi
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| eﬁétﬂ f %At%@%?é irﬁﬁl\&@% BE oRtaeh lﬁ%rfmg'c%ﬁleted manner

: ena
tok r?@é efBaGihvLen the samslnsulatlng substrate.
OTﬁg op1 ng e\?eF %?‘y(t EZ sem conductor body at this

tri- a e devices 't

SefidindRIGT A58 EAR bedBiAEd bRviesulafing Bebshatersi2 in any well-
region of the device. [0038] Seni conductor film 508

knnowih aigthdd! on anehhethodsss fodrinl d siliegponingsuaiar substyate, known
to the height desired for the subsequently fornmed

 astie StvOXctechnipely orygdrbating eGsinglenet AGThighodogEsing a smgle |

397 27 bodies.of the fabricated tri -

- cryptafiisiessiticon subsirateransdihesrannesl tqwf@r@slrtbggwied oxide 506 within

i nvention, _sem conductor film 508 has _a thickness

theasubsirabo The nastien ehilie spolefaysialinersiiconsyhstiate ﬁgove the

blﬁie‘ég%ﬁ‘geL ones %eéﬁqrﬂi%ﬂuﬁ@l?-o?\npﬁw%@%}w'ﬂgeParrﬁgavyaed to
ol Kt SEEEs do BB RefEKH Kibtn ﬁ?@%@%ﬁféﬁﬁﬁsﬁg which is
o9, AP KB R e

 thARbRdbYrER & itd BEISY iRl will 8P s &R tﬁErBur%fd &h8e 506 in the

SOl structure. Next, a high dose hydrogen implant is made into the first silicon

wafer to form a high stress region below the silicon surface of the first wafer. This

first wafer is then flipped over and bonded to the surface of a second silicon wafer.

The first wafer is then cleaved along the high stress plain created by the hydrogen

implant. This results in a SOI structure with a thin silicon layer on top, the buried
oxide underneath all on top of the single crystalline silicon substrate. Weil-known
smoothing techniques, such as HC smoothing or chemical mechanical polishing
(CMP)'can be used to smooth the top surface of semiconductor film 508 to its

desired thickness.
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present invention, seniconductor film508 is forned to

‘a thickness which will enable the fabricated tri-gate
tWhaReh -to be operated in a fully depletedrrw

1‘{6 Pgrﬁte’; desi gned gate Iength (Lg). Sem conductor 820034039727
film508 can be fornmed on insulating substrate 502 in.

any wel |- known method. In one nethod of fornming a ..

- [6039 A%ﬁh@ﬁ:mé‘ﬁﬂbé&%d ssméﬁdsm@gloh@mm shwr) RenHevidfmed into sol

techni que, oxygen atoms are I npl anted at a hi gh dose.
sliBsPait S0B Erdef toy otk ithe valiblus transisksit tabe fantdet hbereln from
anneal to formthe buried oxide 506 within 15 the . .=
opehsridtaere. IsBheionaeyions cah béforsiatubeetohirg awky pertions of the
silicon substrate above the buried oxi de becones the
sabsiratefilfi 508 §Oﬁoummﬂg|~aem-gamﬁmwstocLhwf@meuﬁmm waildmown
form SO substrates is an epitaxial silicon fi
photolithegrapbicrandeichity ienshniguegeand danyback &Inhn@ ahe gtehed reglons
bonded SO . In this technique a first silicon wafer .

withsam insulatingdilimisugh &rSih- i t s surface that will |ater
serve as the buried oxide 506 in the 20 SO structure.

0040 N@ct,rﬁtgnda@g@wqt9u¢hegeaphyn@,n%ﬁ¥chl@ BIqLRS AprSed to define

seRlicandiriodiadienar S5 Fandt e SRBiE G SOB R ane vigate
fl d

nenRiEE R it b o o e st SRR s Ssgtdpvention. the

fl{ﬁ% gf‘ rp%gﬁ%gi%o g*eﬁé?% njﬁgd%ﬂé‘av%éés Eﬁ@h 1@l \thg@;?@getﬁgap% or greater
tHiH thePwidit Heﬁirédi ©Pthd ﬁé(tgrleﬁgt ﬁ’_@& Iotf ﬂ'ﬁa @Hﬂcﬁfbdzﬁaﬁéiéﬁﬁ in this

underneath on to e crystalline -

wah/ m‘@ﬁno%ti QﬁHg%h?pthm MRy cERBRdifisisddefabaose the

such as HC snoot hing or chemical nechani cal polishing

 traRMRtorcate disouRst Withehe galte bletitoole patteraing arfd not the

sem conductor filmb508 to its desired thickness. 17 .
sHRIGAAHICAIAAFy GG LSRGIHcH 089 a8 erhibedaiendof the grasemeinvention,
if desired, isolation regions (not shown) can be
tHeosemitdnduotagtiodiss bsfinawil Bave aiwidindz18 lassitban or equakio 30
various transistors to be forned therein from one

nanentesers ansbidgally iessdhan 9 eeidl 126 srRemelg Setln m@ﬂbod'mem
of 1€ placent itasfies E;cﬂ% ss%?é%éi&éﬁfeb'@@aiﬁnﬁ iR Swict S8
aggﬁqtg?ﬂa qffy %585{}9 tgﬁ ftggfygp‘ ﬁp gbgu fitan %?n%c%cﬁl%%ntof the
present invention, the fins or bodies 520 have a width 518 which is between % the
semiconductor body height 509 and two times the semiconductor body height

509.

[0041] Additionally, as shown in Figure 5B, the photolithography and etching step

can also be used to form source Iandihg pads 522 and drain landing pads 524
from the semiconductor film. The landing pads can be used to connect together

the various source regions and to connect together the various drain regions of

the fabricated transistor.

[0042] The semicoductor film 508 can be patterned into fins and landing pads

| utilizing well known photolithography and etching techniques which genera}ly

18



Wwth an insulating film such as Si02. [0040] Next,

st andard photolithography and etching techniques are
wapshok@1046f | ne  semiconductor bodies or fins 52Q-

the sem conductor film508 for the tri-gate Bckfbsausisor27
transi ster as shown in Figure 5B. In an enbodi nent of

the present invention, the 10 fins or bodies 520 are

inBlatbehe éskmatidhvatea photaiesisbhaskibyahasidngoesgloding,caand developing
greater than the width desired of the gate length '

- a blaykebliephsitdidaphidtorsist filmeassisstall kndwn ihthe astagnd than etching

nost stringent photolithography constraints used to
sdraicondatter fitme in alignraest with dhe phetosesisl maskite fommengar énore
el ectrode patterning and not the  seniconductor b..odg24

siligorf bodigefor fing i520. anchseurceransdiraimianging prdsp24 @nd

i nvention, 15 the sem conductor bodies or fins.w

|
respectively Semigarsiyciersfilmaes i'ﬁe@aawuntibth@quﬁﬁy@?&bﬁﬂ%d oxide

oo oo e et SR R s o

oAEThSHEAs olhs o e Bt ARl g 1,

Y

20

25

- samicohdietgr hetly SRAcwrhallistaopatertiglespioaya

GBS SR B8 i 20 an

oS55I AR A 55 S A e
reRfARdIRAwBNkndhal t%chﬁl_iﬁgblﬁgs%@ﬂés by 4hefrfiganstiisping and O2 ashing,

sem conductor film andi ng pads can be used to

toGRo0664 tHergsthdirite 3hohein\RigueuBB.sour ce regions and to
connect together the various drain regions of the

[0048]r Nextt adjate aicdestriciaydr2ils fotned emarstamund ¢adhm
508 can be patterned into fins and | andin ads
g%é) ishfasged on the fop

techrlljﬁues whi ch generally 18 W) 2005/ 010997
suplaredgXoobeacinobthe samicapdusier bediggiazdraspived as on the laterally

N L A
o e R e bR e TP AL T

eMBb&iment of the present invention, the gate dielectric layer 526 is a silicon

| dioxide dielectric film grown with a dry/wet oxidation process. In an embodiment

of the present invention, the silicon oxide film is grown to a thickness of between

5-15A. In an embodiment of the present invention, the gate dielectric film 526 is a

deposited dielectric, such as but not limited to a high dielectric constant film, such
as metal oxide dielectric, such as tantalum pentaoxide (Ta20s), titanium oxide

(TiO2), hafnium oxide (HfOy), HfSIO«Ny, zirconium oxide (ZrO;) and lanthanum

~ oxide LaOy)} or other high-K dielectrics, such as PZT and BST. A high dielectric

constant film can be formed by any weli-known technique, such as by chemical

vapor deposition (CVD).
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silicon bodies or fins 520 and source and drain

"l andi ng pads 522 and 524 5 respectively. Sem conductor

fwb%@%oﬁ‘ﬁ etched until the underlyl ng buri ed % 2003/039727
| ayer 506 is exposed. Well-known sem conductor etching

techni ques, such as anisotropic plasma etching or
reactive ion etching can be used to etch

me&u Qe ek llsd $ﬁdWx5ﬂ3Flgvr@|5Cgrm§até albtthoddB30 is formed. The
ot oresi st nask. After sem conductor film>508 is

@t@ Resbitald SBOTsYoRned shitHeogateaielestrioriagems2&R0niathdn the top
10 source/drain | andi ng pads 522 and 524, if desired)"

durfageheRPokeach oftheksemiconduotoe dobiesad anah isformed on or

-techni ques, such as by chem cal stri pﬁl ng and

02

adjhcent, o the gptedietecttit 526 fosnedos oF e teithg, ﬁ@@@é‘s 528 and
(0043] Next, a gate dielectric |ayer 526|sfor _(lzj _
sRfioheacnaf hectemisendudinn hodias asehown i Figwse 5B The gate
éé‘éﬁ?@&éﬁééﬂa&'fa%ﬁféac%zﬁ@é %e%%ﬁ%ﬁﬁ%@n‘*&ﬁa&s féz«aeggn the

[ 1 the | at d |
1550875 sibraie 405 T e 5 Ba Bb R SEPbsBe bRl a3 and

| el ect b t
%e 550 o eloBcha BRTBr Sl BhAb A el 209 20 done

t -
P SatateruitaiEE) 77 Bt ferEgaln Fan St ol Ricfiole fghian be

| fBFlﬂ bléﬂkﬁrhe?gl%ﬁﬁ’fg@ Q[nt% q%{te bﬁfctﬂd%s'rﬁ@feﬂal over the substrate

mis grown t

{H&'?'l é?‘f'un?]q en%i i anl dledfod5edi. e gaﬂé dibétrode can be

present I nven egate dielectric filmb526 is a

f@ﬁﬁ@&'té %Othﬂdkﬁle%sss%etﬁé@h Z00-8000Adh dn einbedinientthe gate
high dielectric constant film such as netal. oxide

 éle6iregd hias a thitkhess ot ArigHt BB3peirdtdeast dereETines the height 509 of

titaniumoxide (Ti02), hafniumoxide (H 02),

ddirficonblrctor bodiesi G20, oxnel ga(c@el}z)rodadna@mah@rtbﬁn :Qatterned with
oxi de La®2) or other high-K dielectrics, such as

welttkBewn phatolhogriaphyand etchmt@pamqws terferam opte efectrode 530
formed by any well-known techni

fearerine gitte elesiodaApaIEoln PrbBpIman Colho Gierdnidoyention, the

| &tcyefg 4 g?totfe/ 8]%2@7}25]} 55004‘@@5, g&iy@yﬁ%&%le%{oléc?o%mﬁeénotﬁepgfn%odlment
| cggggﬁp{gggéfg\?pﬁtspgf teogletcﬂgdg?ﬁaeteﬂéle&%bﬁée?s L crystatline

silicon germanium alloy. In yet other embodiment of the present invention, the
gate electrode material can comprise a metal film, such as tungsten, tantalum,

and their nitrides. Gate electrode 530 can be formed by well-known teChniques,.

~ such as by blanket depositing a gate electrode material over the substrate of

Figure 5B and then patterning the gate electrode material with well-known
photolithography and etching techniques. In an embodiment of the present

ihvention, the photolithography process used to define gate electrode 530 utilizes

‘the minimum or smallest dimension lithography process used to fabricate the tri-

gate transistor. (That is, in an embodiment of the present invention, the gate

length (Lg) 538 of gate electrode 530 has a minimum feature dimension of the
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.surface 527 of each of the sem conductor bodies 520

and is forned on or adjacent to the gate dielectric

W26 2dosmnmeoy on or adj acent to the sidewalls 528 ap@afz2003/039727
529 of each of the sem conductor bodies as shown in

Figure S5E. The gate electrode 530 has a top surface

532 opposite of bottom surface fornmed on the

frassipr idefned Bytphatelitbography. )hbsamepaiadimient af teapiegent
opposite sidewalls 534 and 536. The di'stance between
tfﬁ@"v%ethama;e i1e88 1538 is Jags\than or sguakiod36 Bangataters. and ideally

the. gate | ength 538 of the tri-gate transistor.
éﬁ?éﬁ@' QE?HB%JQGQS%WB?@O formed by bl anket

BRRSENED ol end A ToubnS 5o bndransisior are fortioadn

FofiEphANGoR D0y 520 BFbBeGe EHHRE o1 4tk cerate aath 0

BSO8R S e o
'é&ﬁb%rﬁﬁ%ﬁ%ﬁt&@%@ﬁ%@é&@g %ﬁ@?%f?ﬁ %l(te@ioh;}%gp&s 540 and 542,

patterne known ograp

ebpBEtNelY, RENBEIR nd P Eram’@?‘??@ﬁ,ﬁ ggiﬂqﬁt‘b é%\ﬂictohgeeﬂor bodies

the gate el ectrode naterial. nment - of
§20esebbth sidests3en 534 hf gatnbRerbE6 1530AA dFAkETd AIrm tip regions 540

. conprises polycrystalline silicon. In another-

antbotl asishowofintFigure 8B e For iarPRIOS fRgatd Baosibhor, the

el ectrode material conprises a polycrystalline :

ssimicenducier fisnoubodiesh20 dre Jageddabhep tepd edhdedivityfand to a

the present inventio the2120 gate el ectrode materi al

conrenisation betweerty1071 i salomséemt.uRigs eaMMQS ti-ghtentransistor,
nd their nitrides. Gate electrode 530 can be forned S

the sariisandusier finscenbedies 520 4s daped Wit miviaeenductivity ions to a

SRR o R IS AT Reiost B an egplrosimgt of the

SRS, A St B L 0 R

SR enE 3 RSP L PRH RS RGESHFa verica

diFeBiidA NeR! o SHBLGS Piepééfﬁﬁlijlé’nnto' éJb‘%ﬂ%&é‘ 8???} g{l\ﬂ?‘eg'ﬁéatlésquctrode

to fabricate the tri- gate transisto in an

580t9di ilicn §&ve SIEEHEHS, if EEPE dePed!IRiRAHR ioh-t‘ﬁﬁgledhtation

(Lg) 538 of gate electrode 530 has a m ni fum fea

| prboesss iGateadietinede B3WACKIAS AGHANH HeleHEAYIAiantation step

from doping the channel region(s) 548 of the tri-gate transistor. The channel

region 548 is the portion of the silicon body 520 located beneath or surrounded by
the gate electrode 530. If gate electrode 530 is a metal electrode, a dielectric
hard mask maybe used to block the doping during the on-implantation process.

In other embodiments, other methods, such as solid source diffusion, may be

used to dope the semiconductor body to form source and drain extensions.

[0046] in embodiments of the present invention, “halo” regions can be formed in
- silicon body prior to the formation of a source/drain regions or source/drain

- extension regions. Halo regions are doped regions formed in the channel region
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transi stor defined by photolithography.) In an

"enmbodi nent of the present invention, the gate |ength

WS 200%01@8$ than or equal to 30 nanonmeters and ipdgaldainsoserzy
| ess than-or equal to 20 nanoneters. [0045] Next,

source and drain regions for the transistor are forrred

in 5 sem conduct or body 520 on opposite sides of gate.

548 of tinslde'idd andrarevf titerbadigwesridutivith Bupota efightly higher
invention, the source and drain regions. include tip
cmncesrmatloa/ttiaalthie depiagofdhe rohghnesregitmu ot theadelick. aHalo regfons
extensi on regi ons 540 and 542, respectively, can.be -

¢an bedotweg by domimplaptating Bdgantslbeneath thenghietedectrode by utlhzmg

bodi es 520 on both sides 532, 534 of gate el ectrode
legue Angledden-implardation tqehnigylesns 540 10 and 542 as

shown in Fi re 5D. For a PMOS tri-gate transistor,
e iilasiesh e sidbssrate Ghose ipFaoure5Gsgaca Biries processed

t t dt trat bet
e Cocﬂﬁtﬁ@livé\q éfé":‘? @Hgl? asd}é:aglﬂfq%%gggrs;c%%/gra\?ﬁ %ontact reglons

ranst|eant sem conductor fins o] E} odi es d2

cﬁw sligon qq/ SYHEE A AR regiong rm ralse soqrce and draln
SRTE rROIE 56*%”%?@@@% TR BHaBnETS g'f’ﬁﬂr:gﬁdd@oqn the
%@f?%’d%*ﬁggﬁw oh? Bl 3R th8ate ot occurs

[0D4 dilitt b?g!‘nomﬁin' 1F1€F€i§ur‘é”5l§' g%zlgur%ﬂbileétlé@ 06 located

per cu to subsStrate en gate e ectro

Lﬁ%rhéatﬂ 4] H§jabbrO® thalRnfbe/diQErfiné br ﬁaalel@.% ?@fﬂgced to form
during the ion-inplantation process. Gate electro

ib8ir gabSedinahamnkictmxide kart. The Bueled oxiteMyriceRn be removed
step 20 from dopi ng the channel region(s) 548 of the -
kyr isigg peselectivel etthwhidt erefesancely etohgisdhe biBiedIngiiating fi Im
portion of the silicon body 520 | ocated beneath or -
véthaud subistantiglly etohingraway|the seodeorsB@ton bodpat When the
el ectrode 530 is a netal electrode, a dielectric. hard
seEYROMYISer edias wee siliser anskthedpirieg inauiatipgdayer 506 is a silicon

ion-i antation process. In other embodi nents, ot her
Ol’ﬂéf 66%, Uﬁﬁgﬁ"%}@"éﬁ' &laysrcas b salec eFF&deﬁéNaSQW'tha

A BB RS R AR OB RSE

T B4 8%@ 43 i SRR PB4 G s wiout
eFﬁﬁ?@%ﬁvaX{thé%‘é I?(EeLgt%tglh lgsg%ﬁ@ e uftﬁ% (P forra IPgaBS 560. An
etchant with a selectivity of greater than 10 is desirable.

[0049] The buried insulator etch can be performed on the wafer with or Without a

~patterning layer depending upon the layout of the device. Typically a pat_terned

photoresist mask will be utilized which exposes the transistors which are to
receive the subsequent stress film and covers those transistors whlch are not to

mclude a stress fiim.

[0050] In an embodiment of the present invention, after the removal of the buried
insuiating film from beneath the semiconductor fins or bodies, a short oxidation or

passivation step can be performed to passivate the bottom of the exposed fins in
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21 WO 2005/ 010997 PCT/ US2003/ 039727 L. 548 of the

devi ce and are of the sanme conductivity but: of a

w0 phs/byedn gher concentration than the dopi ng ofct/82003/039727
channel region of the device. Halo regions can be

formed by ion-inplantating dopants beneath the gate

“electrode by utilizing large angled ion- i mpl antation

aréertivirgdase pard<ie akeege effettsd ey euitahla@xs:{aﬁgnrommsmvanon
shown in Figure 5C can be further processed to form

- paerfssi eanabe tised i darm ﬂ'@cma@gva‘tmlegecﬁmp eldh an embodlment of the -

source/draj n contact ghons deposited silicon

W%@@@mloanmwbaﬁw@ ® i8S Bee PaEHAtEdRY S ia: r@rﬁu

drajn re j on as wel t he Iectr and t
 pRssivAling AYise fi!m B\ adniokneSS gty fheg, 4painh nifometar.

(st M e URrtor et fig ﬁ@éﬁﬁf?rfﬁg‘?%‘;‘( Aid HeRgtption or
A AR e S i o on v
omsé%F sﬁgc?rpopat cg'gf IH‘FEé(ﬂ% 'bgeaﬂ ﬁ‘%éﬁfatm?*ﬁ [’irdragr to, %revent

can

| . SW'F% Frold %%é@u%%' th ¢ éHFﬁiﬁ t'ﬁ?!% [g.y'vgbgé of ﬂ%‘éﬁééé“ﬁ\cf)i'ﬁdl‘latlon film is

out - substanti y et ching y the sem conductor

t@Eﬂmaé/\bﬁésé nﬁthb%cﬁa@mbp@gibmpfhéoaém@é Jhe t§bé of eftc8dth the

e buried insulating |ayer 506 is a silicon oxide,
strBes Meorpstasibh ifi@rdepends upaneahe tppe bEdeﬁbetbbﬁngefabncated Fora

- etched away with-a buffered HF etchant. It is to be

NAYD Badsvicee dtheha theaoarriers dabélectrens ahedihaneettegions need to be
techni que whi ch can selectively etch away the buried
undeiiensila gireay éo ivdreassumobdity bf elpcirang. imerder to place the
sem conductor body may be utilized to formair
Y sig 3 %G%f{gﬁeds to be

cbamnel sagipn wdardansilg stress, g sitesy moprmragev@mra

10 is desirable, [0049] The buried insulator etch can
ALOMRILFBIV RltiMo n‘\@%@owﬂvewww%ﬁ Uﬁpa Aeferra the stfess
BRbh SR B S BP el oLt Vappr phese
S e e S N G

l;"rf?&% ?r&tgg%]ﬁl?% ?6; fiftliid ﬂ‘gﬁ Q%ﬁgfmhe??e@ﬁanﬂﬁgtcg bIdiésS Sit is desirable
tHat s 6trB8s iriorSbratibR iliRHeVable b cbhﬁal@ﬂé‘ly fiflthe regions underneath
the fins or bodies of the device. This can be facilitated by making narrower fins or
making the underlying insulating film layer 506 thicker in order to improve the
aspect ratio of the fill under the channel regions. In an embodiment of the present
invention, the stress incorporation film is a compressive silicon nifride film. In an
.embodiment of the present invention, an NMOS device is fabricated with a
compressive silicon nitride film formed by chemical vapor deposition (CVD)

utilizing a reactant gas mixture comprising dichloro-silane (DCS) and ammonia

(NHs). BTBAS can also be used in place of DCS. Such a process will blanket

deposit a silicon nitride film over the substrate with equal deposition on horizontal
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insulating filmfrombeneath the seni conductor fins or

"bodi es, a short oxidation or passivation step can be

Yo 2asie9t o passi vate the bottom of the expose@®CTiuss003/039727
in 22 WO 2005/010997 PCT/ US2003/ 039727 order to
reduce parasitic | eakeage effects. Any suitable
oxi dati on or passivation- process can be used to form . -
anbverdicsi suifaces anceerahle ithe filling of teerbirdgarebenedthtthe silicon -
present invention, the bottomof the fins are .
bodiesvat ed by Si02 to forma passivating oxide fil. m'

a thickness greater than about 1 nanoneter

P

lp@%@lngow FMO%%wtevmhegﬁ the wag'rsa@r%oiﬁm tesdanng! reglons |

R RS apreeh oD fadeast o6 Buseilly 8 he nféiss O cxdr to place
Th

tFﬁthPQPPHBGCﬂS”t‘F?ﬁ%%%OHr&@rﬁ?%r?asbhgama{n a7 B Beptis f5 R tensile

Rt G B Rl oo paroraton i

téﬁﬁ@%hcx{r?ﬂi‘t;‘?&bﬁ%the device. The type of stress in

ress 1 ncorporation filmdepends upon the type.

[96531 EIM'a?leelﬁSb&%érﬁ%'tﬁé‘@?&en’fﬁge’iﬁuoh‘% Qﬁé‘éscﬁcﬁﬂfdrgtlon film is

he ‘carriers are electr chant regi ons

f@@n@@ to H@ﬁi@kné@%ﬂ"@leﬁt fcﬁé@mbiétél?qmetﬁé%m@é}b tédin®beneath the
electrons. In order to p ace the channel regi on under .

seatisbhducior wsdies bhe chiahaebrdgipandicanisietely arrdeAd the
needs to be a conpressive film Additionally, the -
spmicersducierdubdyoand gatd dleckbde es stivwmioF igore6EorTHe stness
560 should be a conformal process, such as a wvapor :
inneiseration §iwi aaropleteln sumounds teadewce @esoprovidessstiassraver a
equal ly. on vertical and harizontal surfaces and be :
I%ﬁ@r@‘a resyliing itherdesited steessdnitbe shaanst tajsmreve mqblhty

desirable  that the ess i ncor Qratlonfllm
A&@i@naayear%n!a@@msm B ha resen] e RIRACIAIi Siasicproperties

o a8t RS R BB T e
| filml 506 t hi ck der t
pFﬁ%thé%gegt rlat imo g%/etr he fill | Engzzrl tnhgrcﬁ;nngl | mprove

[GRY) Aier deo&ﬂoﬁ@@ghﬁf‘é}E% % rﬁé&l £88 Ytch SR ﬁ@ used to

the stress’ rncor poratron conpr essive Si

réthbié e Eirdsa idcwwl@ﬁ"ﬂﬁﬁ'fm?ﬁ‘bréé whefe W|§~‘P|%'E‘He8|red and

i nvent i on, device is fabricated wt

PRIUERE sn&eblu@ @Mdtidl intnridrlifben ﬁBﬂclbﬁnQ’hfé@tm%b such as
vapor deposition (CVD)
metal interconnects and interlayer dielectrics to electrically couple the individual

transistors together into a functional circuit.

[0055] Thus, a novel non-planar device with a stress incorporation film and its

method of fabrication have been described.
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25 utilizing a reactant gas m xture conpri sing
di chl oro-silane (DCS) and ammonia (NH3). BTBAS can
al so be used in place of DCS. Such a process wll
bl anket deposit a silicon nitride filmover the
l@g@@?g%gggggth equal deposition on horizontal 23 WD
PCT/ US2003/ 039727 and vertical surfaces
and enable the filling of the air gap beneath the
Vgilicon bodi es. [0052] For a PMOS device where the
8% s are holes, the channel regions needs to be
in conpression to increase the nobility of the holes.
In order to place 5 the channel in conpression, the
stress incoQﬁg ﬁt'on filmneeds to be a tensile film

1_r n dhSBMISIGHER" GVISHePBPERBAL i nvention, the stress

D b ST B ki Bt
[ ti filmi f dt t hi ck

fo;rmeﬁfé?g%sgﬁg%néfgte: yn}: ISI t(lzcrangi r gag relgicoﬂgSS

bengaddretdiglect BATEE SR %n%gﬁr‘i'é@é of84ld ﬁﬂ@@rlud%cct)%rybody and

region and conpletely surrou the sem conduct or

oARGidRtSrafYy ppbSite siewale W shidt JdrBiebBdaEtor BB8y:St r ess
i ncorporation filmconpletely surrounds the device and

pr o\d ghte edéctasie Rveiedan $3id gRtadRAedtAs Wntdaid tdpstifidce of said
desired stress in the channel to inprove nobility.
seémitiondontdribpdyiandeadjacenitda tsaidfatehdie lpctieo saiMateralbnopposite
the filmstress properties 15 are nodul ated during
sidepads of saidi seraicdaductor bpdy;rancke the fil mfor device
performance. [0054] After deposition is conpleted, a

nmas Ri fle ernediadipeand fo sald ssuniggadueter bedyrwhereinesaid film
stress i qcorporat' on filmfromarea where it is not
PIRESCPe & SERSS In SR 8RMIGHIEEIRribed¥d in a normal manner

to form "back end" features, such as 20 netal

i nterconnects and interlayer dielectrics to

2 ogdPREETRERSRAP febibE kPO Cifereip 5ARERHHigducgs -
e S e sk B P BT on Reve boon

descri bed.
3. The semiconductor device of claim 1 wherein said film produces a tensile

stress in said semiconductor body.
4. The semiconductor device of claim 1 wherein said film has tensile stress.

- 5. The semiconductor device of claim 1 wherein said film has a compressive

stress.

6. The semiconductor device of claim 5 wherein said compressive film

comprises silicon nitride.
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24 IN THE CLAIMS W claim 1. A sem conductor device
conprising: a sem conductor body having a top surface

and laterally opposite sidewalls formed on a

substrate; a gate dielectric forned on said top

sur f - Sal LG ; ' .

77 at o g nicRRUERE BBt PAraR Sl Bedfididyctor body s a
shRY cndtdiEsifit&ttihede formed on said gate dielectric

on sai'd top surface of said sem conductor body and
adjacent to said gate dielectric on said laterally

opposite sidewalls of said sem conductor body; and a

8f i | MHenseraitoadiaoe devite of aldimst wheasid uaidsedivdnductor is
wherein said film produces a stress in said
selestesbimomdhe growp gondstifnthef siioo t,getmenérm delicaregefmanium,
claim1l wherein said fil mproduces a conpressive
gallipasarsenidsainblk palk oGabbtand carlipn r@nofuhes.
sem conductor device of claim1l wherein said film
produces a tensile stress in said sem conductor body.
4. The sem conductor device of claim1l wherein said

9t i 1 it ADIGOPRYFIOL dsYice LOMPISINGhe seni conduct or devi ce

ot r ExGndie orflali B e Bnchacky B0 DR BLNG SHPBalfe sl lcon
o34 B GAEH BDSifce iPesiP ELOURA skt Mg fifsh 8y sfond
A Ok gBRANS Guct or devi ce o7 ol aim 1 wherein

sai @ GREIBEHE FHmed on SRIEHIRSUFABA NI 86RkNductor body and

consisting of silicon, germanium silicon germani um
oy 8hidi first and eBEsiR 1atéraly oppBsitéaidewallld of 8RkRPSemiconductor body;

nanot ubes.

a gate electrode formed on said gate dielectric and on said top surface of
said silicon body and adjacent to said gate dielectric on said first and second
laterally opposite sidewalls of said silicon body;

a pair of source/drain regions formed in said silicon body on opposite sides

of said gate electrode; and |
a stress induced film formed around said silicon body and said gate

electrode, said film providing stress in the channel region of said device.

10. The semiconducter device of claim @ wherein said thin film has a

compressive sfress and places a tensile stress in said channel region.

11.  The semiconductor device of claim 10 wherein said thin film comprises a

silicon nifride film.
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9. A sem conductor device conprising: a single
crystalline silicon body fornmed on insulating
substrate, said silicon body having a top surface
opposite a bottom surface and a first and second

fioat eriad 5¥m%‘?|9§i1;fo‘? d%\r?:%"@‘! cgéi'm Q.vﬂ?etrgindéa% %%h giilrﬂ Ha%r AR stress
on said top surface of said sem conductor body and " on

apdli ilcripbrdte 8 AtorRsreRdivealtRisalihtd éa@@eﬁaﬁﬁea%g%%ﬂ sai@f
said sem conductor body; a gate electrode fornmed on

seficorghictordicelyect ri ¢ and on said top surface of said
silicon body and adjacent to said gate dielectric on

said first and second |aterally opposite sidewalls of

said silicon body; a pair of source/drain regions

18or Nk $emisandustor devisebddjaion1® piheseinsaid desicaridustirdody
ate el ectrode; and a stress induced filmforned

Cgaar@ﬂdegﬁmds sloppd da agd trpesprndiistivityywith a eonaentradien level

said filmproviding stresg in the channel region of
bggy%eraéﬂn e~ 14§, 31?@%/6% conduct or device of claim9
wherein said thin filmhas a conpressive stress and
pl aces a tensile stress in said channel region. 11.

7S RSAREHESorBEYE D1t AT  HY  r oi
sSRMEHANE hRky 4 UbFEd gg. a2 g D Snteigh with s ddieRtrhtibllevel
as tinsel st yess an I NC Pporaﬂ €s a -“compressi ve

bEWRFST O _sEHB ' ThRRGLmPegi on of said seni conduct or
body. 13. The sem conduct or device of claim 10 wherein

sai d sem conductor body channel region is doped to a
p type conductivity with a concentration |evel

1bet MberseitOiductdxdiiSe af eravh@@hedeln sakethin film completely
sen conductor device of claim 12 wherein said channel

sureglirgls sdid semdcorshmitardmshicand shiddyate lekipek. to a n
type conductivity with a concentration | evel between
1x1016- 1x1019 atons/cnB. 15. The sem conductor device
of claim9 wherein said thin filmconpletely

16. The semiconductor device of claim 9 wherein a thin grown oxide layer is

formed between the bottom of said semiconductor body and said thin film.

17. A method of forming a semiconductor device comprising:

forming a semiconductor body having a top surface and laterally opposite .
sidewalls on a insulating substrate:

forming a gate dielectric on said top surface of said semiconductor body
and on said laterally opposite sidewalis of said semiconductor body;

forming a gate electrode on said gate dielectric and adjacent to said gate
dielectric on said laterally opposite sidewalls of said semiconductor body; and

forming a thin film adjacent to said semiconductor body wherein said thin

film produces a stress in said semiconductor body.

27



surrounds said sem conductor body and said gate

el ectrode. 16. The sem conductor device of claim9
wherein a thin grown oxide layer is formed between
the bottom of said sen conductor body and said thin

il ,
Borpregiod Bt ity 72 Bk S sEE TSR AST agSiiggoive
sfr&d %né%@d@éﬁd@t&ﬂb osite sidewalls on a

I NSu tlng substrat e; rmng a gate dielectric on

said top surface of said sem conductor body and on
said laterally opposite sidewalls of said

19emTHeNRetiod ofasidn 1V VHErem said @i ifherbagess afersdlettress in
gate dielectric and adjacent to said gate dielectric

said senidohdnictoabdgy.opposite sidewal I's of said
sem conduct or body; and formng a thin film adjacent
to said sem conductor body wherein said thin film

roduces a stress in_said sem conductor body. 27 18.

2¢he Thetmethostofglainhil 1 whatieinesaid diin dilmhias 4 tansilpstigases
a conpressive stress in said sem conductor body. 19.
The nethod of claim17 wher ei n sai d thin filmproduces

sile,str sai d sem. bod 20. . The

2f ot RBG BRI 1 OSSR TR 7 AP RUBPEESSive Stress
tensile stress. 21. The met hod of claim 17 wherein
said thin filmhas a conpressive stress. 22. The

2§"3t ICl'ﬂe rﬁéth%ljadf@léll% WWhGétr&pss IICPS&I%FEO?‘BEIQ Crtb%rdyg‘%w;:‘rhses a

I Ses a ne silicon

I erein said sem conductor body is
SIHEIE@?S{?TIIPE s"ﬂid@n]fﬁrﬁm

seél ec rom the group consisting of silicon,
germani um silicon germanium gallium arsenide, 1nSb,
GaP, GaSh, and carbon nanotubes. 24. A nethod of

23.or Thagnéthod b lcinar 17 whaseif isald Sefongubibr byt taledtkd from
a nmonocrystalline silicon filmfornmed on an insulating

thegretip abasistimg of silisoh, gaymamiuly, siivomgeemaniuns Wdllase arsenide,
posite a bottom surface formed on said insulating

|nng§taPalGﬁSlarandaCarbostnmﬁjlwcond | ateral |y opposite
si dewal | s;

24. A method of forming a nonplanar transistor comprising:

patterning a monocrystalline silicon film formed on an insulating substrate
into a silicon body having a top surface opposite a bottom surface formed on said
insulating substrate, and a first and second laterally opposite sidewalls;

forming a gate dielectric layer on said top surface of said silicon body and
on said sidewalls of said silicon body;

depositing a gate material over said silicon body and over said insulating
substrate;

patterning said gate material to form a gate electrode on said gate dielectric
layer on said top surface of said silicon body and adjacent to said gate dielectric

on said sidewalls of said silicon body, said gate electrode having laterally
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formng a gate dielectric |layer on said top surface of
said silicon body and on said sidewalls of said
silicon body; depositing a gate material over said
silicon body and over said insulating substrate;

oLt E'dégfai@aﬁ@?@&ﬁw PRIEuddn o B BuPoSid sBRas of

body and adjacent to said gate dielectric
Sﬁﬁj %!e'u J{ vval s of said silicon body, said gate

el eqbrrﬁﬁf?; é‘ﬁélr'ﬂﬂ sbatc@ldtal I r%? Séa'ic?sﬁbgﬁ%ljyggﬂﬁéite

run perpéndicular to sai er al y opposite’s

shfes sraiaid ﬁalté#dﬁ?%pb@gﬂ’e skdRiVaII8 Bf 8aRPhdte Ul SR SiHrainthe
regions in said silicon body on opposite sides of

regiod betweenlshid spposidrasinsegionslin saidf sikcirdb@df forms a channel
el ectrode, wherein the region between said

regiance/ drain regions in said silicon body fornms a

channel region; renoving a portion of said insulating
subgemaving a geriintiek said insulating sulmtrade frosalindemeaties portion of
region of said siljcon body and beneath a portion of

3§'é’| aswet cagian of saidailicondrbrandberenty & peftiosrofisgiy source and
and formng a f|Ln1ha ] stress therein beneath
dgﬂ?&e@QB§§’ﬁaﬁhﬁ GYHL gﬁﬁd silicon body beneath

oo Sy RS b B PP LA B8] Bn of e
s?h&r‘f Bpa? %eﬂagth 5]8 rdggés ?\%g:trgpP%Q? %mﬁedétﬁ%% %xﬂ%ogs%dg)omon of
sé@%@rce%éﬁ?ﬁmﬁh%éﬂng Hé'ﬁ%?ﬂfkmﬁ%t %1e&ﬁ:c1 glhe method

claim erefn said atensilée stress
whi ch produces a conpressive stress in said channel
regi on of said sem conductor body. 27. The nethod of

25| aimiedAetHodt dfatlaifPPRWHErS@ d0d MiAGim3as ddrhpheadiveaiss
to said laterally opposite sidewalls of said silicon

whinthypraddcesiadinsat stresd iy sz obante| regidewal | s of said
gate el ectrode.

26. The method of claim 24 wherein said film has a tensile stress which
produces a compressive stress in said channel region of said semiconductor

body.

27. The method of claim 24 further comprising forming said film adjacent to
said laterally opposite sidewalls of said silicon body and said laterally opposite

sidewalls of said gate electrode.

28. The method of claim 24 wherein said formation of said film is continued
until said silicon body and said gate electrode are completely surrounded by said

film.
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28. The nethod of claim 24 wherein said formation of
said filmis continued until said silicon body and
said gate el ectrode are conpletely surrounded by said
film 29 29. The nethod of claim 24 further conprising

I dzin i d.hot t tion of. . said.sem conductor .
By 11 FEAGY LRI, 2 PANSL Ao rivoBtioiBH R Bofidmportion of
LRy sérﬂfd@nﬁgct%?'b‘aﬁ& 'alﬁ'g} e§ osiﬁ%%‘ém %&ﬂﬂ:‘éﬁﬁ%&oﬁj T)\&Ig pan]gl aorior to

conprising: a sentconductor body having a tope surtace
fOPRA§Isb)) Ainpot tom surface and laterally opposite
sideWal l's; a gate dielectric disposed on said top
surface of said sem conductor body and on said

| aterally opposite sidewalls of said sem conductor
3Body A semgpadatiec devide abnypissiegt on sai d gate

0o S35t B BP0 Bt

ahatigtesdilyopuatesiid@valisdewal | s of said sem conduct or
body; and a first film disposed sugj acent to the
2

bot t 8reaje dieleetrisrdispgsgdamsaid tap sudace vbagid samigondyetpr body
HI | [ ] . 31.
a1 OF S R opTIo e SId SR ff RSB ELElor B, s
a poatgaie elfctrmiedlispesadomn saidf gate disleatripasssaidtten surface of
ttom f 2. The.sem conduct qQr vice of clai,m
38 SePHIAG badlf apd AR, FEPR AR e Gl sria Tidtaty
oppsiitepsideivalis of batitsemisundwsier bbdypaird sem conduct or
body 3_nd said first film 3 sem conduct or

| . 3. The ) .
devi @. irgffilen . ﬁmg@, sqm@g@?tﬁoglae @ogg%ﬁgquq of said semponductor
'bg , di@ﬁ%_t@H?ngfﬁgr(?tﬁmem&sl%qms%%‘Qé‘ﬁﬁc%ndgni%fdr%o?«f claim

, wherein s Irst filmconprises I con
nitride. 35. A sem conductor device conprising: a

3p€ m ?RQ%%&@@@&%:%)’ @&X&@gf aa}n? %O? the?é;lﬁ AhELR iat 50 flon of said

bott om
bottom surface is a passivated bottom surface.

32. The semiconductor device of claim 30, wherein a second film is disposed
between a portion of the bottom surface of said semiconductor body and said first

film.

33. The semiconductor device of claim 30, wherein said second film

comprises oxide.

.34. The semiconductor device of claim 30, wherein said first film comprises

silicon nitride.

35. A semiconductor device comprising:
a semiconductor body having a top surface opposite a bottom surface and

laterally opposite sidewalls;
a gate dielectric disposed on said top surface of said semiconductor body

and on said laterally opposite sidewalls of said semiconductor body;
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| aterally opposite sidewalls; a gate dielectric

di sposed on said top surface of said sem conductor
body and on said |laterally opposite sidewalls of said
sem conductor body; 30 a gate el ectrode di sposed on

o Comp St s PReSHERPRR i 5068 surface o
sdicesemiconducior badyl ahdtze @d;ér}t to QEI@O@atthéIEdlewaid saidflaterally
sai d. sem co d?tor i nuous film

OHPQﬁ'S%é'Gje §e'éirﬁe”f"éoﬁau¢t8 9?8 tion of the gate
el eCtarélﬂﬁlnﬁBds ﬁlrﬁ@iiédo%@d%fupbﬁﬁcér?cﬁo%ﬂ'iéé‘aﬁ% BrtiSRIA the gate

sem conduct or body, adjacent " to at least a portion o

elacdroggranced pettiasel thadon spoace o salﬂ samaicendediar bedwfadjacent
(98 oot PR R O E e PG poREFOL R Mgy oo

sbnnt;qnc&m:tcﬂ l:fddymand sppeljamtstb ratmst @ sation of the bottom surface
devi ce, 0

of AR Rlctor By, sHty At o, AL RIS I sAEhadTicBhductor

betyess. 37. The sem conductor deV| ce of claim 35
wherei n said continuous filmhas conpressive stress.
38. The sem conductor device conprising: a

36em ?HQ%HI%&%F é@%@%%m %%%ﬁél‘eﬂgséipt&tlﬁlﬂh&s film has

sai d sem con aving a top surtace oppos
tesnsiletstresssur f ace and a flrst and second laterally

opposite sidewalls; a gate dielectric fornmed on said

top surface of said sem conductor body and on said

371 r sTherdnieamiuttdredeicd b/ clapp 33 wikergirtieaial domtinbiog@fiin has
sem conductor  body; a gate el ectrode fornmed on said

C%’EPEES@FVQQEQSIS c and on said top surface of said

sem conduct or body and adjacent to said gate
dielectric on said first and second |laterally
38}ppo§he§emi@ﬂmclt@'dﬁViQQaC@ﬂQEiﬁihgmductor body; a pair

8]; d;? gﬁ&%oq{oﬂc?or be&:]yofg?mea on ﬂsu%hﬁ&'sﬂbgﬁégfec %Q, é:etnq{conductor
body having a top surface opposite a bottom surface and a first and second
faterally opposite sidewalls;

a gate dielectric formed on said top surface of said semiconductor body
and on said first and second laterally opposite sidewalls of said semiconductor
body;

a gate electrode formed on said gate dielectric and on said top surface of
said semiconductor body and adjacent to said gate dielectric on said first and
second laterally opposite sidewalls of said semiconductor body;

' a pair of source/drain regions formed in said semiconductor body on
opposite sides of said gate electrode;

a first film disposed on the source/drain regions, said first film comprising a
semiconductor; and

a second film formed adjacent to said semiconductor body, said second

film providing stress in said semiconductor body.
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opposite sides of said gate electrode; a first film

di sposed on the source/drain regions, said first film
conprising a semnm conductor; and a second filmfornmed
adj acent to said sem conductor body, said second film

ne. B EoRERA b hBREE of PR ERANER SRR trsCiny® sotected

flont atgroup m)nssﬁmj ef siticon, feilvvnaggrheuurapsiticige] tiainiim silicide,
nium silicide, titanium

nqup* E’PB‘QG arr‘ﬁ’ @?'9 “E%@I de, and cobalt silicide. 40. A

nmet hod of form ng a sem conduct or device conpri sing:

4bormA%eﬁm%e<sweﬂﬂm¢Cé nﬁ’&ﬁdd&ﬁi’r'db@m@ ¢@RpAsihface and

laterally opposite dewa sonasubstrate f orm ng

a gafeming Iasaetnmcon@uptgabddy bpvisgref topestsfacezant! laterally opposite
y and on said laterally opposite

sﬁl%gva‘ﬁg %u&g Sstgelﬂg sem conduct or body; forming a gate

el ecfcrrmileag argeﬁelld(tbfe(ahe ot ﬁ:emp sorfacslobshid sentictadwadtbody

te - di ric on_saj erall osite sidewalls
283 Gt STy bponls St @ gaid SSRIIBAHCIOR RN, | m
adj afffiing 8 gelé @|é&@d@%m§§a<§at@gib{eéﬂe a'ﬁ@rﬁiﬁéébrﬁ% daid gate

sem conduct or body wherein said produces a
diglecdde on saishlageraliy APpositR éld@waﬂia@g? sauﬂlsennﬁ@nd*ert:tnb body; and

|
cunsy b IR Afploriid e ool B KO eneatn sai
seieicooducion oty whgreimsaii igndiimeodosshia Stresb mizakiavi ng

a top . surface and laterally opposite sidewalls on a
S WQF‘F’H r?’1€’§V’rn'ngagate dielectric on said laterally

opposite sidewalls of said sem conductor body;
formng a gate el ectrode over said top surface of said

45em TREALRhed ob@ﬁa)(m Aﬁf‘@vﬁ&ém@ shifstateds %e?mlconfductor

dielectric on said |laterally opposite sidewall
suhgtrate.

42. A method of forming a semiconductor device comprising:
forming a semiconductor body having a top surface and laterally opposite

sidewalls on a substrate;
forming a gate dielectric on said laterally opposite sidewalls of said

semiconductor body;
forming a gate electrode over said top surface of said semiconductor body

-and adjacent to said gate dielectric on said laterally opposite sidewalls of said

semiconductor body; and
forming a thin film adjacent to said semiconductor body and beneath said

semiconductor body wherein said thin film produces a stress in said

semiconductor body.

43. The method of claim 42, wherein the substrate is an insulating substrate.

44.  The method of claim 43, wherein the insulatihg substrate comprises an
insulating film formed on a silicon substrate, and the insulating film comprises a
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sem conduct or body; and formng a thin film adjacent

to said sem conductor body and beneath said

‘sem conduct or body wherein said thin film produces a
stress in said sem conductor body 43. The net hod of

oarRl siect g™ Tt IR GaItG oriRhs GHIR ik girice

nutﬂagl@t;d@garﬁy@@émame conprises an ‘insulating film
formed on a silicon substrate, and the insulating film

conprises a 32 rraterl aI sel ected fromthe group

4§°n3"l‘$lb' &t gl o?'dlél h| rﬂ?thfsédﬂ_?ﬁ%'ﬂe R %%gﬁﬁ?on uctor

nitride, oxi e net alm
suhstratﬁ@og‘amlsumggagu@@nagséectedér@eriln@ gmilx camsisting of silicon and

onprising a material selected fromthe
wgﬁ{pé%tgﬁgféstl ng of silicon and gallium arsenide. 46.

The nmet hod of claim42, further conprising form ng an
nsu tin y sajd top surface of sajd
i dBRdteneR 02&&%} fiigher$9Measno darenodiriospiaieg laver
o(/@.r ém@i 16y Srt 8ifacs of g&a semitatdubr S \Hané)! %ﬁeamlé‘é.& ate

. The method of claim46, vwherein t
eleﬁlargdaff@rﬁ@ed ayer sajd igp padace pf said rsenmcepmdl@ﬁor lagdy. The
met hod of claim42, wherein said filmis to have
stress. 49. A net hod of form ng a sem conduct or
4@evi the owethod ©f oEimf48, whegeim thermsdating tayer sorthprisasisiligon
op surface and laterally opposite sidewalls on a
n trate; formng a gate dielectric on said laterally
' opposi te sidewalls of said sem conductor body;
rm.ng ate el ectrode over said top surface of said

4%em Elog mﬁig@@ ohstaim 4havhedpinceaid fitno isw oy skess.
dielectric on said laterally opposite sidewalls of
said sem conductor body; renoving a portion of said
4% ubsA magthod md dommeiag la semitoaduttoo dduict aontyeriking:

forming a semiconductor body having a top surface and laterally opposite

“sidewalls on a substrate; |
forming a gate dielectric on said laterally opposite sidewalls of said -

semiconductor body;
forming a gate electrode over said top surface of said semiconductor body

and adjacent to said gate dielectric on said laterally opposite sidewalls of said

semiconductor body;
removing a portion of said substrate underneath said semiconductor body

and beneath said gate electrode to expose a portion of said semiconductor body;

and
forming an insulating film beneath said exposed portion, said film to

produce stress in said semiconductor body beneath said gate electrode.

50. The method of claim 49, wherein forming said film comprises using a

vapor deposition technique.

51.  The method of claim 49, wherein said film is to produce compressive ‘
stress in said semiconductor body beneath said gate electrode.

33



and beneath said gate el ectrode to expose a portion of
sai d sem conductor body; and form ng an insulating
filmbeneath said exposed portion, said filmto
produce stress in said sem conductor body beneath said
gate el ectrode. 50. The nethod of claim49, wherein
formng said filmconprises using a vapor deposition
S52echihgueettst]. of iiainmdt helbdemin saidi film4i9 to Waee demsiadtckss.
filmis to produce conpressive stress in said

sem conduct or body beneath said gate el ectrode. 33 52.

58he meichadireld o aaim &4, whbrekesaidSiinds ftd bddicd enBRY Stress in
tensile stress. 53. The nethod of claim 49, wherein

sgih serpicopvstor bogy beneatht said igate slectredei n  sai d

sem conduct or body beneath said gate el ectrode. 54.

The nethod of claimb53, wherein said filmis to have
54ompTbssnethostafedaim 5% 5vhdriein saidHi isflo bbae codpressive stress.
wherein said filmconprises silicon nitride. 56. The

met hod of claim49, further conprising oxidizing said

58xpoFhag methodaf clain 4@ivhereln saiadirateamprads sifdorr nitride.
renmovi ng said portion of said substrate and prior to

formng said film 57. A nmethod of formng a
58em TR GHEHSH d?%\@lﬁl%@ ‘?UHF\ lsd:&ﬂpriﬁﬂhto%d?iiﬂg said exposed portion

monocrystal l'ine sil i con on a sUbstrat
Of $ﬂld sgmigpndusier Waﬂtﬁveﬁg)wg spidsenrtiar of eplpcmjbtsérahe and
r.f rmed on said substrate, and a first
g§h§ﬁ§£%%$3f§1ly opposite sidewalls; formng a
gate dlelectrlc | ayer on said top surface of said
on said sidewal |s of said silicon

|
Ty A e ol NS fueamitanericier dSVISe RPN con
body ﬁf&nmgeé nfeHdErpdtafihe %ﬂi%on ﬂ%tfbﬁ'haﬂ '8)91 S 8EstBRESnto a

rraterlal to forma gateeectroeon said gate

siligas) pedy havmg@topcﬁu@ie_cpnn@@lte@ beftemaurtage dogned oorsaid
R R e
havi fogmﬂgaa gem Hieleino Hyee oni shévidg surfdndecdf sald silicon body and

o gerligesri]gev%glllsaéf éaCid quconlb%td?r,r ally opposite

depositing a gate material over said silicon body and over said substrate;

patterning said gate material to form a gate electrode on said gate
dielectric layer on said top surface of said silicon body and adjacent to said gate
dielectric on said sidewalls of said silicon body, said gate electrode having
laterally opposite sidewalls which run perpendicular to said laterally opposite
sidewalls of said silicon body;

forming a pair of source/drains regions in said silicon body on opposite
sides of said laterally opposite sidewalls of said gate electrode, wherein the
region between said source/drain regions in said silicon body forms a channel
region;

removing a portion of said substrate from underneath a portion of said
channel region of said silicon body .and beneath a portion of said source and
drain regions of said silicon body; and

forming an insulating film beneath said exposed portion of said silicon
body beneath said gate electrode and beneath said exposed portion of said
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sidewal | s of said silicon body; formng a pair of
source/drains regions in said silicon body on opposite
sides of said laterally opposite sidewalls of said
gate el ectrode, wherein the region between said

SO ] ABh DRt A S g3l HERRR Yl ifTa Pragpe srss
iﬁsmmwlrtdmrhsmn&h a portion of said channel region of
said silicon body and beneath a portion of said source

and drain regions of said silicon body; and forning
h sai d exposed portion

I filmb
gal d gl r%te%w% CB(I m“’oéﬂé@%@f%ﬁ%!%%\%‘@a@% i bl %mguce tensile

sREESH SaiddhanBPRyRfh. portion of said 34 source and
drain regi ons benéath said gate el ectrode, said film

to produce stress in said S|I|con body. 58. The

58 0 il hefioR df'chlim Sh.SHRE P84 ihARHLA Fifd ' PblyBcd ©

oduce Tensrie “Lidss"in sal chann regio

cEfrhn@reESI\detreés itl sgignchZnneltregiwinn sai d i nsulating film
is to produce conpressive stress in said channel
region. 60. A nethod of form ng a sem conductor device

6GONPAI fhbtHbd FTFbEAMG aﬂgemudmaaefdﬁiealdel élﬁnﬁhélhﬁon film
formed on_a substrate into a i con dy having a
top Baiemig @@mq%stalhbgﬂlwg‘uwfaﬂaedmaul@ﬂrdauato a

SIYTRER) SR gl eSSBS GhRLle 0AEA e

suhslmie) ared affirstand seddm!datdram&yoppmmmsdtawaﬂ;s a gate

mat et i al. over S i.I con body,and over said ..
Cobeloriing’s Yot Blefedtis 1887 oPosai bl Slar 3B silion hooy:

gat ed@;b@ﬁﬁrﬁgfd @a@éim@rﬁl dver saidsiged e body aha@tvér Salsubstrate;
sai d, side | s of said silicon body, said

paiterpincotrid giate Matenalite famm @ gaip eledteods @wmmtstomllctgate
dléhé'g f;ﬁ%gg)}é?gg\lﬁéllé 8 ?%g%lllg,%b%&wb Bo%éié'é!&trodef having
iatmraHscepumatawsdewglmvmlomrwmerpendloutar tbeadid iaterapp opposite
sidewalls of said silicon body;

forming a pair of source/drains regions in said silicon body on opposite
sides of said laterally opposite sidewalls of said gate electrode, wherein the
region between said source/drain regions in said silicon body forms a channel
region;

removing a portion of said substrate from underneath a portion of said
channel region of said silicon body and beneath a portion of said source and
drain regions of said silicon body; and

forming an insulating film beneath said exposed portion of said silicon
bbdy beneath said gate electrode and beneath said exposed portion of said
“source and drain regions beneath said gate electrode, said film to produce stress

in said silicon body.

61. The method of claim 60, wherein said insulating film is to produce tensile

~ stress in said silicon body.
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sides of said laterally opposite sidewalls of said

gate el ectrode, wherein the region between said
source/drain regions in said silicon body forns a
channel region; renoving a portion of said substrate

ro t [

02, o AR TeBERH SRiRReD. Hlortin S9b e BRI 538 MBae
camgbreshive atremglnoermd silicenibebdgi | i con body; and form ng

an insulating filmbeneath said exposed portion of

said silicon body beneath said gate el ectrode and
6BeneaThb radthdd O RAARBM WHereh Sid 3ed latiriPMRCR tathveY ftirdss.
regi ons beneath said gate electrode, said filmto
produce stress in said silicon body. 61. The net hod

O odnng T Qo H eI B FuftneSeiBhoing ainfly id fisuiegin fim
adjacentiorsaid tHtewdllyioppesite witavalls of saitl silican koiingnflisaid laterally

0 tress in said silicon
0%@%%}% %g&%ﬁseof'é?'ﬂ%@?%ge&?@%ﬁf 60, wherein said
insulating filmis to have stress. 64. The nethod of
claim60, further conprising formng said insulating
film adjacent to said laterally opposite sidewalls of
said silicon body and said laterally opposite
sidewal I s of said gate el ectrode. 36
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