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' WD 2005/ 010997 *159159* 039727 NONPLANAR
DEVI CE W TH STRESS | l YER AND METHOD OF
VEQRMSOASPEN 5 BACKGROU ENTI ON 1. FIPET{YS2043/039727

THE | NVENTI ON [ 0001] The prE8ét invention relates to
the field of sem conductor integrated circuit 10

LAN ESSAING k@@ﬂﬂ?ibn' ¥ER AND
[’Wﬁ%&ﬁiﬁ@%ﬁ&w A
DI SCUSSI ON OF RELA Ecﬁ'&@g}? Lrﬁ:a'é'rder to

i ncrease device performance, silicon on insul ator
(SA) transistors have been proposed for the

19, e et ea i1 con OMNTHIMNNN

|nsulator (SCl) tranS|stor 100. SA transistor 100go002*
includes a single crystalline silicon substrate 102
- | ayer 104, such as a buried
1'gﬁﬁ%igggiﬁggﬂﬁﬁgﬁivgg!A single 20 crystalline silicon
body 106 is formed on the insulating |ayer 104. A gate
dielectric layer 108 is forned on the single

[0@1’?‘"? ;Bt'e%@ inlveftish ?&ﬁﬁési@@hé'ﬁ@lcﬂoﬂ@érﬁc@hd@éﬁo@@iﬂegﬂéltéd circuit

on t e gate dielectric 108. Source 112 and
méHLﬁéBtu%? drROBRS spédficdlntorin fdl:ilﬂr&rénsistor having Kifess
along laterally opposite sides of gate el ectrode 110.

indoPpéx3tiohudyer. depl eted SO have been proposed as a
transi stor structure to take 25 advantage of i deal

sub-threshol d gradients for optimzed on current/off
current ratios. In order to achieve ideal

2. DISCISSHONOERELATED ARTh transi stor 100, the

t hi ckness of the silicon body 106 nmust be about 1/3
the size of the gate |ength (Lg) of the transistor or

T = Lg/ 3. Ho I I
(00931 In RESPr4p GRS deHie RORIOTRERES: SRt ép BSUREdecY)
J filmthick k .
roP Sl ap e i tﬁg%faéﬂc%ﬁﬁfer%@ﬂ%gi?@éé’%%# grouis
Figturllc(ee 1 |I|t\1/9ra gg%/sq 831% fully depleted silicon on insulator (SOI) transistor

100. SOl 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
1
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PCT/ US2003/ 039727 thi ckness required of the silicon

body is thought to need to be I ess than 10

W2 and around 6 nanometer for a 20 nanBEEUSH003/039727
gate length. The fabrication of thin silicon filns

with thicknesses of less than 10 nanoneters, is

R A GT o RHTEAY LbHcp e Jan 1

g IRGEL ancaBuigrg hetohetdor BAFafinkR Gte Rndifl e
fagﬂgéﬁcﬁ{ o H‘sﬂ@&‘\ ‘ﬁﬁﬁs\n@ﬁhdl‘?\%k‘?\%%e B ekt MRan ﬁ@ﬁiéﬁcﬁﬁé@rs is

econes a ITDSt 0ssI € sl nce t e thin silicon Iayer

ctrﬁndé?@d t6 Pe' Kéi‘gélyruuﬁealtom 866 Papd, 6BmmiINgG Wvafer uniformity on

ate etc various cleans follow ng the gate

th?tcﬁaeﬁaﬂoﬁé) AgRbmRtE Is|Laifficidt éhaeh§e ci0mthesothies tranti o be able
or silicon to 10 grow on. [0004] doubl e gate (DG

todRta& these thid Hilrhs eforrm rdis@d searceAdrairiredfions tos deciease junction
proposed to alleviate the silicon thickness issue. The

redistdnice, betome@s@imodtimpessibie since thiethimsiticon dayerindhe
202 fornmed on an i nsul ating substrate 204. A gate

salire¢/drdin iregipfé becomeseahsumeddusng de gate atehsand yarous cleans
body 202 and a gate 15 el ectrode 208 is forned

follovingehe gate etah gad sparer etchripaving ingufficieat sificemd 0B fer silicon to
sides of the silicon body 202. A sufficiently thick

QﬁMﬁ@]atlng | ayer 209, such as silicon nitride,

lﬂfzéﬂicébbg le Q\fﬁilﬁs( I.t S\Qt@g,es L5 %I“%&troge 20%2%%% have
oGS S S b 00
ic %@Q %c{lfﬁ%ﬁ'&ﬁ@oﬁ%ﬁ?f@@fe@ é’ﬁgnﬁﬁ%ﬂgﬁﬁ@%ufi%tré{éezm A

gagg ﬁ%l?@thg?qsq% fcaﬁpé& Ot/ P&bEs g?g'tecﬁhé&iiﬁéay '2'02°$’ﬁé‘brbate

ransi stor oper

el&tﬂ&gbgogﬁnfggrn%ﬁe’édQScMoGthégjdtd dite«_@étﬁb Q@Btfbﬁﬁédsdmthe two

The npst

sidey o gtsiic BodypRoR oA §Lhmcfé‘h'ﬂ |tl$icl@ﬁsulét layev 209, such as
(5%1 25 however )Oreqw res that ?t he body ggcfzaggtterm ng

S|IR%n%ﬁﬁie\ﬂfeldttm&alltholhtmﬂmadl&trod6208 Tram the ko of silicon
than that used to pattern the gate length (Lg) of the

bo#§\20%. In order to obtain high density integrated
citcuits, it is generally desirable to have the nost

[0605) Pmusle gate (DG] devioe 2@ essentizilyhastwe gates: ape iy &ither side

l ength (Lg) of the gate
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 operation. That is,
with a double gate device 200 a fully'depleted transistor can be formed where Tsi
= (2xLg)/3. The most manufacturable form of the double gate (DG) device 200,
however, reduires that the body 202 patterning be done with photolithography that
is 0.7 x smaller than that used to pattern the gate length (Lg) of the device. In
order fo obtain high density integrated circuits, it is generally desirable to have the

most aggressive lithography occur with respect to the gate length (Lg) of the gate
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‘2 WD 2005/ 010997 PCT/ US2003/ 039727 el ectrode 208.
@btzg‘%zoqu doubl e gate structures double the thickne
Silicon film(since there nowis a gat el>q3r|1]U520031039727
either side of the channel) these structures,
however, are hideously difficult to fabricate. For
efetiitide2083!
AR08, it soblerBate RRKIGES fbulio i Moot of the
siisor film [(Shce theére!
DESCRI P |0\|§o'|6:é}$HrnglF§AQ éjbh)eclg%f g;@@%frtgejfhaﬁﬁéﬁ%ese
struttusds, dioweves] are [HH66Ss!§ @ f i
substrate 10 transitor. ¥ %%lgﬂﬁga‘gnfegsé)gﬁa&gﬁkﬁéﬁghwn body
202 Irequiras 2 siicon Wody afoh wmupbaﬁ produLeSA ilicen bo ty 202 with an
transi stor. [0008] Figure 3A and 3B is an ill ration
agpedi ratio (height torwidth)sf@boubGihg a stress 15
i ncorporation filmin accordance with the present
|nvent| on. [0009] Figure 4 is an illustration of a
stor in accordance with an .enbodi ment
== e DRAWINGS 0] Fi gures 5A-5E
|IIustrate met hods of fabrlcatlng atri-gate

transi stor mnth a stress incorporation filmin
resent i nyention.

enb nts of the
"’?ﬁ@ ?ﬁ‘ u'~? an Q'Hséf 3§°Br%@ GlRsesecto @M%\Néﬁ afippleted substrate
9 ts and body wi dths which can be used to obtain
par I'ally 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

[00TP PRy ITES DA Shd Eﬁllﬁﬁ%@d#ﬁ%ﬁ@t@ép@éﬁﬁ{ﬁgg rate transistor.

present invention Is nove
transi stor structure wth a stress incorporating -

| ayer and its nmethod of fabrication. In the follow ng

[0@D8Y FigureBA and 3B HUSPESOH bEa itd %aﬁé%toﬁq{a\ﬁrﬁgbtress

in order to provide a thorough wunderstanding In
ingorparation ifimdnaicoordanceatitiethe resantimventish! - known

sem conduct or process and nmanufacturing techni ques

have not been described in particular detail in order

to not unnecessarily obscure the present invention.
[0009] Figure 4 is an illustration of a tri-gate transistor in accordance with an

embodiment of the present invention.

[0010] Figures S5A-5E illustrate methods of fabricating a tri-gate transistor with a

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

[0011] 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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“ [0013] The present invention is novel non-planar or

tri-qgate transistor structure and 10 its nethod of
‘P’QW@%‘H?”& The tri-gate transistor includes aP T Ugx83/039727
filmformed around the channel region of the device

to provides a stress to the channel region to inprove

DEFAILED DEPSCRIPYION G THE PRESENTIRVENTIONESUl LS i
odi nment

of the present invention, the stress filmis fornmed
beneat h the channel region so that it conpletely

[Oﬁﬁllrﬂ‘\’é‘ Preddit imitionlis afhovEPif-gaR 6t sbi-prandraranistor structure

channel region with the stress film the stress
with brstrégs atstporatingRyer andiits méthed aiffabiieatisranimethe following
thereby providing stress over a |large area and
desexiption nagherodsispecificidejaiticariecset ferth in oederdo prbmda a thorough
stress properties, such a type of stress (i.
urdersiaadingvia tbe presentlinyentian. t neothevinstanges, s\tellelgmvaan
be varied in order to optim ze performance for . .
samicordustor pragessanst mepptacturing teshgiquesnayeanet hegmsgescribed in
In_an enbodi nent of the _present jnventio

pa[rtwulgadetaslrla@d@rtf@rnqtéﬂmecséwdb@aé@wr h@pneﬁgqutsFﬁon-

[0{5 %B%nﬁsql Eor tlgggg%ék%lg}ac;rgp %Pglﬁgrﬁ-gtagﬁ f’ransns%r sftﬁxrcture and

s SBRIACEEM BB, T e SRR R0 B S ot e

aré urﬁc? @f)er]aéﬁ lfrgéi '?ﬁ ?t f?tﬁ 'd%ifg a\b éﬂgvziﬁgséf éf?&?sfH nel region
¥ V& oL P8 & rcis CP

t°§@ﬁ{con°a4 ?O?Mgﬂi@g C?Ar@gt%r %rgﬂﬂg bﬁrégull;sgrﬁ inc O|’eased transistor
drivat&iriing! ?r‘r‘ta'h' BBdl t"o?ﬁh Fés"é?@n entibf, the stress film is formed

sem conduct or rmed a Jacenf to the gate
bedie@ttPtHe évariril 'Fé%oﬁfsot that ﬁ'c@ﬁw.ﬂétbﬁ/ é’lJrréth\@dértH&hannel By
2005/ 010997 PCT/US2003/ 039727 sem conduct or body.

cohiplétesy sundlodnding the ghanaelaegidrowitie the strebe film, the stress film
sem conduct or body on opposite sides of the gate

prevides stress td@eali sides oftheghiaanel, eneby pravidingstregmover a large
di el ectric surround the sem conductor body on three

area dad mammnzungrmdsmrovngmwaaapmiommn@emr ¢he figp-ateass
channel s and gates. The gate "wdth" of a 5 transistor

progertiga.suchoa type oliaess B@G.rpqmpneﬁelvemret@n§ﬂ@e@d)thq a@ount of
sem conduct or _ bod Lar wi dt h" transldsgfors ?

stress 6aa bgyvarigth gb@rc%@ 1(rY gpgi;nge perforgance for rent ansns or types

(e.g., PMOS and NMOS).

[0014] In an embodiment of the present invention, the tri-gate transistor 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 substrate, 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
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" transistors together. [0015] Because there are three

‘?ﬁ%a@%hﬁ channels fornmed in the sem conduct or bo?&
¥dénduct or body can be fully depl et ed wi&T/P$803/039727
transistor is turned J 10 "ON', thereby enabling the
formation of a fully depleted transistor with gate

deﬁﬂ@bﬂéué%&rb .E’Sc{ﬂﬁﬁe e X 'eyggh%ggrixjﬁh‘é SbRfconductor

t he use of sem conduc
b
oo 10 8 g e 1 i o o

gatm dietedttig surrbuhd ¢hel s¥micondutisibddy on ﬂﬁ‘e§t§id’é§ thé t3hsistor

the td-gate transistor of the present invent

essantially hasliréeiseyardtptianmels anasgatesr The deﬁe “wudth" of a
fabricated where the thickness of the sem conduct or

trapaigterria eguat to tve sume of eatk ofi thesthwee Isibs oftheammicohductor
the gate Ien th of the device. Because the novel
bedy.. Larger‘wigth! trapsistors cao ber fosmed byhesemmeatingcsevebal tri-gate
ted ina fully depleted manner, the device is

tr@ﬁ%fﬁ&f?é‘?@%@@r by ideal (i.e., very sharp) subthreshol d

drai n induced barrier |owering

and a . reduce
(oD LPEBeEA5es et re frah HePara B EhAIN AL E RN tnesemiconductor

sults in a | onwe

b?@ﬁ&@%%@bﬁqr@ﬁ{ K Sty oA g@:lg/ denletast whan tag-fransistor is turned

016

A A e o e

exanp

s s b 4 e SRRl o TS

present 1 nven

sedfidoRGuctoFbedies &Fﬁgﬁ’mﬁ? ?héﬁ?@g@@@gﬂ%a%erﬁmgg& lrl':1e%J ﬁ g ©

3A taken through
senticonAUEtoEbodieB e Idﬁﬁeﬁ&én &K theihthe ol ?érﬁﬂ? (gq,g"fﬁfefhé device.

forned on an substrate 30 I'n an

That és5¢hé strovtemé iofthe trﬁgi@l@tﬁ‘éﬁ@sté%f te prosent Mv%hitiBg qRgbles a

substrate which includes a | ower nonocrysta

fulyodepletetbloan SiSToF HSBO SRASA Wisrbithe thiskinedd éﬁtﬁe%lconductor
upon which is fornmed in insulating |ayer 306, such
b0dy agd wigln ofithexsetsicbntuctor boedyg aire equaht mbcgata(i@ngth of the
however, can be formed on any well- known insul ating
devigs s lBerause fae noyvekittgate dransistor obther presest invention can be
|tr|des oxi des, and shappires. |In an

OP%G-’?E%% i duly Yoferlgted,manaet, the dexiceos, cheracterized by rideal (i.e., very

b nm conduct Qr bstrate, ch as but not
shefl'ﬁﬁ,rsﬁ@@re%ncﬁd s?ope an(f| g reducc-g’(liJ d?aln lnducesaubarne? Iowuenng (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" resulting 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

5
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" nmonocrystalline silicon substrate and gal | i um arseni de
substrate. [0017] Tri-gate transistor 300 includes a

WQWEOHIATt or body 308 and typically a pl ural iRGE/B$2003/039727
sem conduct or bodi es 308 fornmed on insul ator 306 of
insulating substrate 302. Sem conductor body 308 can

o o BN i, SRR 8,
silﬁogﬁ:{i@ﬁ&? g‘rﬂ. tﬂﬁg%%@%? 80D; howelertal e fftned on any well-

silic and si'ticon ~germani um

knbi{iENbuHG SiiBsirafs et 88 saBkates fGitfed i alfiesh diolide,

ree-rive sem conduct ors, such as gall 1 um

nitﬁpéﬁ%ﬂg?é,%éhaﬂm@b. iedh efibBdFASH ofe presentianeniion, the

om applying a stress to them It is thought that

suBstrael 30268n B dmiEdrriuctdrsubslrats suchre bat fotdimited to
applying a stress thereto, while non-direct band gaps

manddrystatiagisiliconesubstrate andrgdiiany adsshide siibstrate.of a
material which can be reversibly altered from an .
[001% Triagatedransister 8604dncludes atsemicendueiobbody 308 and typically a
external electrical controls. Sem conductor body 308
pluralitycf senyicanductgr bodiegsi0f formed an insulaten3@6 ef tsidating
el ectrical performance of transistor 300, s desilred. :

substrate30 afipmicondiaterdheriic 893 caabp formedofany weil-known
crystalline filmwhen transistor 300 .is used in high, .
sepusansiistaTdBaLesiAl it WG GameL BPBHLY can pe pRRaRRRA Py @Pplying a
stréps 10 sl aDiconintBe U 8 pLf GEC et aS SFRPR (SHAd Sfikon
getBRDEL S oRd s hEce RoBfil i€ fisstian -hout 5%, ThRee-five (11-
V) Bhifeciicions: sieh 8 g Brsemte feahsh RpEe BAF 4y Gasb may
alsbbébfit W%PB&H&S%@QE t8 &ﬁé’rﬁf‘tq is'tMed hl%lelt direct band gap

semnm con I's a single crystalline

mzﬂéhélﬁ‘?ﬁ‘aﬁ hbtbeRéM TR HppNIAY &t treddafiiréto, Whfle §on38ifect band

as a palr o ateral 'y opposite sidewalls 310 and

gaps wilFBeRé ! Sericonddctir 308 ielofnéd of 2 materiédPwhich can be
2005/ 010997 PCT/ US2003/ 039727 sem conduct or body w dth

revétsibly/sitéred drom lay, insalating statedo ducardudiive staiesbyapplying

top surface 316 opposite a bottom surface 318 forned .
external disttriealecaitals. TBemidosduatorbady 308 s ideally@single crystalline

surface 316 and the bottom surface 318 defines a bod
film when the best electrical performance of transistor 300, is desired. For
example, semiconductor body 308 is a single crystalline film when transistor 300
is used in high performance applications, such as in a high density circuit, such as
a microprocessor. Semiconductor body 308, however, can be a polycrystalline
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. In an
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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* height 320. In an enbodi nent of the present invention

the bodé%helght 320 is 5 substantially equal to the
314. In an enbodi ment of the presentPCT/US2003/039727

|nvent|on t he body 308 has a width 314 and hei ght 320
| ess than 30 nanoneters and ideally |ess than 20

seSSBHGOR gt EnGERE A flondly, SeEnReFREShaLEFBoY) 308 has 2
tof)%u?fa'i:b'?l% %@%dé’bﬁh%fbur%% ﬂ@f&rﬁ%&iﬂ 'srﬁbst%{beSoz The

ransi stor as a gate dielectric layer 322.

dlgﬂ (He?wg%:g ﬂi’eg op ﬁ?r?aéesﬁ@bﬁadh@%oﬂaﬁw §uﬁaﬁ1§13ﬂ8r®ﬁnes a body

sem conduct or bodi es 308 as

hé@ﬁmo NinFal BRibodimantloBBe frabentdneéstivr the bodyeheight 320 is

IS formed on or adjacent to sidewall 312, on top

swstérﬁléﬂiy SHaapfittherbady wiitncea! |h ansmibodimeritldf thé pressnt
as"shown in Figure 3. Gate dielectric |ayer 322

mvzeritldvﬁ theen bouse BOBKTaman wiith €3 145anti beight 820 less than 80 nanometers
enbodi nent of the present invention, the gate
antl ideatly less thaa)’c’@rnarmraeters i iban eémbadimentphhe prasent isyyention,

oxynitride (SiOxNy) or a silicon nltrlde
theibedyheight 320ishetiveenyz the badywidths314 n2 &F&Se’\me body width
i nvention, the gate dielectric layer 322 is a silicon
ynltrlde filmformed to a thickness of between 5-

(01 - gaféctranysior 999 e A et IRyBE SR Bt bfectic tayer
32453 Toirndd B8 4t Svolipedhis HRe 25 SeB Y iﬁ%ﬁéﬁ&@#ﬁ?ﬂ‘es 308
=i Sl 5,0 P ong oo

B e
asT§Hovﬂ’i?‘FnGF ¥ se GO c#lél%cﬁfld]ayér S22 ehh D2 dellRiown gate

ectrode 24 Is 25 fornmed oh and around gate

digleelrivahyerc TharrémbadinaentsdTane présdritdnventidh, del gake dielectric
Gate electrode 324 is forned on or adjacent to gate

laybird$ adilidon didRideqSi0s), silicors ostgmitride (B« N) or a silicon nitride
sem conductor body 308, is forned on gate dielectric

(SBRK) dielevtric layer.t reah cqmnlmdn‘rmé obtie prfeseatdrwmﬁqnt the gate
body 308, and is formed adjacent to or
dneledﬁcoamsezm sificon skpuyideriilohfogaed tei aath!@knes,s ofRatwveen 5-

22 formed on sidewall 310 of sem conductor ho
zoi In an embodiment of the present invention, gate d}e ectplc?gyer 3822 is a high

K gate dielectric layer, such as a metal oxide dielectric, such as but not limited to
tantalum pentaoxide (Taz0s), titantium oxide (TiO2), hafnium oxide (HfO), |
HfSION,, zirconium oxide (ZrO2) and lanthanum oxide LaO.). 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
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* Gate electrode 324 has a pair of laterally opposite

' 326 and 328 separated by a distance '
@Q%ﬁmds'hﬁze gate length (Lg) 330 of transistor é@ﬂ%@zoosmwn
In an enbodi ment of the present invention the :
| aterally opposite sidewalls 326 and 5 328 of the gate

orfggte‘étdiﬂégtﬁ%%géidﬁzt Borfnél bﬁ GdealPs1 0 ordbmiidsHductor bedy 308.

ra osite sidewalls 310 and 312 of

G%%'E%Ié@t%’&é%% HAR%Y paf Bf 14teRAN ] opptisite FidewalRAB268 3Hd328

ormed of any suitable gafe electrode material. In
se@@r@t@’@qgﬁ aelistande Whichpdefiriay theryatelémgtht(bgpase of transistor 300.
0

el ectrode 324 conprises of polycrystalline silicon
Indmpertibbdinsentawfthe present inventioint the Hateralynoppositsidewalls 326 and
atons/cnB8 JJ 10 -1x1021 atons/cnB. In an enbodi nent of
328hof the gate eléatrosie: 32 rurhin g directien perpengliculantothedaterally
metal gate el ectrode, such as but not limted to,
opposie siewaltsaht G aneh3 12 af semispnduetor hedy 3Bt ri des or

OB et R i B e SRR el
B BoTonshl o S B ol 52 somprises o
oo EARIFS 50 B < BRGS0 AR g stomslom?
- B orilent™ oy sl eBal e R b ¥ ion the gete
oGBS 8 bl Sttt g P ufsen,

tantaRin it ﬁﬂ:n@{‘é’rbdgg?i%gﬁﬁso& AysVrvativusrAetalic systems. In an

sem conduct o on 20 opposite sides of date

enBefiineRt f fpresehb Rention theya Sibctrblie is forhtsd fredi & material
330 and the drain region 332 are fornmed of the sane

ha¥ gtk ork flivctionsetieeh 318-5\8 eV Pt isrto Bet apisreciated, the gate
conductivity. In an enbodi ment of the present

eléoinodiet 320 naed not netessarity B8@ sindledmaterial egidacarBBe aheorposite
a dopi ng concentration of between 1x1019 and 1x1021

stackafthionfimsSsuch asrdinot ligg@ddod polycrystalne silisen/roetal

be fornmed of 25 uniformconcentration or can include
elestiodegiron natal/pplycrystallinecsiliecemelestiodes or  dopi ng

‘Er ofiles such as ti 8 regi ons (e. 8_. , sourcg/ drai.n
[062}] disgatestransision 3004ya5 i sawice refiama3(apd adrain region 332.

i nventi,on en fransistor 0O is a symetrical
Sourcsaien B50can G lion 3%re e TaRd i SpaigIdustar body 308 on
op;\gmoéile Qi%\ég c;frbeatg %Fe%trdo%%' 3% gs S oy%%qg/ |&8r%ggA. The source region
330 and the drain region 332 are formed of the same conductivity type such as N-
type or P-type conductivity. In an embodiment of the present invention source
region 330 and drain region 332 have a doping concentration of between 1x10™
and 1x10?! atoms/cm®. 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, source region 330 and drain region 332 will have the same doping
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* PCT/ US2003/ 039727 concentration and profile. In an
odi nent of the present invention when tri

at e
\%F;Oawg?/‘gf’%?r 300 is formed as an asymmetric trang"%"f/852003/039727

then the doping concentration and profile of the
source region 330 and the drain region 332 may vary

cdrﬁ:eﬂfrgﬁén taﬂ Bﬁ‘l&n l@ 8@ ﬁ\ﬁzﬁ&fn?éntedf?ﬁé H’ééént lnventlon when tri-

aracter|l S e portion sem conduct or

géiQQ%n%%g% %@E%rrﬁ@& \Wa%h §§%hﬁ1étﬁ@ﬂ4aﬁ§|s%{iheﬁmﬁe dopiry

region 2, defines the channel region 350 of

cdﬁc@ﬁﬁhﬁélﬁ’ bnafmoﬂéftﬁ thé Banrs regia 830 3hd thedraihsegioh 332 may
defined as the area of the sem conductor body 308

va?y'ﬁri ordeiad obtaih lzepartit@lae elettrical ehafattertstia. i mes
however, the source/drain region may extend slightly

lomém&pbh@ngaftsenabmducidebodv 808 thocated between epulde region 330
diffusion to define a channel ion sli htly smal | er
arichdeain fegign 082¢tefinasdbe dhampehroq o P50Iaf kansiziona)e The
of the present invention channel region 350 is

chiannel fegion 350 can@lgebe mﬁaed@ttamarﬂ@ of the semicqndugtor body

enbodi nent of the present inyention, channe
308saurTaundgskay thﬁ%gﬂ%mq%é%& At é'mf-s w‘@ﬁV%th?ﬁ]gPUfce/dfa'"

oGt %%wﬁu@%@v%gpeamw Ghlod SR Prgramvie
A1 MR ol 31 e o
i AT 98 s

un@@ﬁgdﬁwé@ﬁ R TSR s e
chgﬁﬁél regiHSs0 ¢ &cy ed FiofocAfdtallindBRidoh N VRGN bﬁanﬁeplre ion 350'is

ran eglons are P type conductivity the channel

do @alqu tysiehny 86pdd to/aeohanetivty levélof uetwtebnsimh‘hw 1:210'°
d-gate transistor 300 can be fornmed into either a

atd¥6Xeni3. amsars embodimenPdfiet presentinventiers wien thed ghannel region
Channel region 350 can be uniformy doped or can be

is dopedlit iotypicalliydoped torthe wipposite cbadudtiyitydype of tiae souece region

to provide particular electrical and performnce
330 fencitbe adraisi fiegion B32. Enaepample;mmrethe e@;urowrstdraﬂaneglons
i ncl ude well -known "hal 0" 25 regions, if des

arg sty cepdpetivitythechangel esgier Mauld be dape atogzatwe conductivity.

el ectrode which surrounds the se nduct or
Simfiarse when:Hie sojrce and el tegiens $i8F e Ehuctha; B8 phanne

regluﬂn Wuﬁgg,@hr S edn mtf/hi n ﬂwlé rr]r';aenene?l Fﬁ-gateri?aﬁgggor 300 can
be formed into either a NMOS transistor or a PMOS transistor respectively.
Channel region 350 can be uniformly doped or can be doped non-uniformly or
with differing concentrations to provide particular electrical and performance

characteristics. For example, 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 tri-gate transistor is characterized in

having three channels and three gates, one (g1) which extends between the
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"9 ] WD 2005/010997 PCT/ US2003/ 039727 source and drain

{‘%gi' side 312 of silicon body 308, a second 2
whi gﬁg&gé}?ends bet ween the source and drain regFSWi"%a‘%?:’m””

the top surface 316 of silicon body 308, and the _
third (g3) which extends between the source and drain

QUfhARR oraf Fefori ST e 3 7201 e by Boasdieligtga) whicn
s Bentectlitiox Alrod sid Qi oot P thd oyt pe Sf6'dricon

o487 S0l 1Ay igBTMAl et Behasi s ghozil i rins

o fie/sidéwall 8 10toftsiRondtibdys 308 asshdhp infFigare BA dir Bigure 3B. The
320 of silicon body 308 at sidewall 312. Larger

gatei“didth” (Gwhef trhasistorB00bIE thetsanmebitheywidths of the three €hannel
devi ces coupl ed together 10 (e.g., multiple silicon

relimse ST §s, the yate dddthof tearsistgt 80@ 8 eqealdotthedwi@i4320 of
as shown in Figure 3A). .[0024] As stated above the :

silipaincbady 303 at sidewadirdshiQs pdus heowidth ofjsiticon dodyfs308 affthe top
the three gate width created from sem conductor body

sugtagect16, plussihe: rigttd0 phsijear body 308-atrsidewall 8AQ. Larger

LLtransistors with larger gate widths, transistor 300

Width® trapsisiass ganbe abigingdbhyuskg multlpiq)%Vlgeﬁq-ceyﬁésﬁoaﬁther
bodi es. or f.ingers. 308.as showy ip Figure 3A  Each

(e SormuBiniR sliohT BodiS9S Audounded by @ dnabdate eigdtode 334 as
hformeg._..on i;g‘é top surface and sidewalls as shown in

S QW&JP Igure, )'Fi gure 3B. Gate electrode 324 is forned

ofR RGN bt @%‘%ﬁa@aﬁﬁgf VSRR eI 30 o fym of the
o S P ARSI AP0 300 o
o BB P §ABSRI U Sap b hp ek oo o

adaRnalb 6FrMiple SeRtichRslctsPBodies op fiRBErs\808 aEhawaim Figure 3A.

wi dth and height (thickness) as the other

Eachrgendicdndictor body S983HHs a lgaterdietediie layent3220fortied on its top
present invention each source regions 330 and drain

surfagé and si@awalls adshawnde RigunediA and Figuiec3B 3 (Bateralectrode 324
is %n%%tdrci)rs grluli )édfaocuer:llt (tec(;I e.tagr? Ztart]ee Bietl)gctlt'ig %23632 gggf? l:)(f: Ecr?;
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 regions 330 and drain regions 332 of the
semiconductor bodies 308 are electrically coupled together by the semiconductor
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
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"material used to form sem conductor body 308 to forma

ding pad 460 and a drain |anding pad 480 as
‘gﬁg&ﬁ‘%‘@a. gure 3A. Alternatively, the source KEgYPAL3/039727
330 and drain regions 332 can be coupl ed together by
hi gher | evels of 10 WD 2005/ 010997 PCT/ US2003/ 039727

BAERha714 831, BB, S, RSBl ginec
v RS SO TR ey g of

trartfstot 800 bsidhowirineFiul BA wolidbetdual ¢tk Shim 6fthe gSate width

sem conduct or bodies™308. In this way, the tri-gate

creaRaBpéach ePhecsemizontigétor BodiesBOBYIngthissway dthe tri-gate
desired. 100251 Additionally, as shown in Figure 3A

transibtér 800 ean Be fonmetivithgane gdtewidth diesired. pr esent
invention includes a film 360 which inparts a stress

[0025] tAdditioreailye bs ishgiworin Figdred3A and Figuitec3B, the tappateideyice of the
a proper stress to the channel region, the nobility
presenttiaventioni inckides 2efilm 36@ whighhignpartsa|stessitethe ighannel region
devi ce can be_increased and the 10 devi ce performance "
350rpfithe é’@_.VlCIen l%haenf:ym ﬂ_ﬁﬁ?PfoStﬁ% tartae shannalagion the mobility
o s ot 1+ GRS B bldR o b e e B8 Aot e
cesfHetence WheSiL b A% oAl s eBebEimention,sres
. ' j | [ th
incgRBSeRRG Bimotho is7Rtmied obrard BREAG RHOeRHbARRLRE | "1
solfRGRHI P04 B8 SPolA 008! 8850 LRSS, By, nan
oriRRmR LS| re BT ST 82 TR, 3001 formes
ovéfasdrarslindtie Q‘éitletéléct%dé‘?sm. I B YHbSAImen &f hé présent

I ncor porating m 360 1s also fornmed directly on an

inveRtioA cth sticdsdaterporatitig file 368 1s fortedidiréctly on exposed top

Additionally, in an enbodi nent of the present
poitione322 ofsilicdrebotly 898 as welb ap direttly onforl adjééént te sides310 and

formed directly beneath the bottom surface 318 of
312 efisemichnductordnatly 36B Additiodally ibamcembodimesthafithelpresent
invgggt;;,gthgg?r@%g i%@mﬁﬁcﬁﬂﬂggé ?s: @Iggoflgrrggg d?rfacfl{l] %\amaridnadjacent
to 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
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" incorporating filmcan be fornmed beneath the
sem conduct or body or bodies by 25 first renoving a
WO the barried oxide or insulator 306 HREREE$A903/039727
the sem conductor body and then back filling the _
region with a stress incorporating film By including

ool B850l il 5 585 oo o chame
' [ 308, ial 360 11

a%%@%%@é’? gCIT/efJ_SZOOS/ t0387?7r gzﬁplmgi glr ;/asur rounds .

[0@;@ rlllﬁl ?@@hg%rﬂ{d&ﬁ@?%ﬁ% gﬂ%ﬁg@g%@ filn$ 868 hak 4 Bémpressive

I n an enbodi nen

streGs SBRhAf FieeSEmicBanétor Bod% Bpdfddpaciily theshannel %e)?i%r:] gf the

conpressive stress so that the sem conductor bo _
seffifGtdutdybédieisaliidiel teheilé 8ftess. Aéhanriet végionduidtipa tensile

body I's under” a tensile stress. A channel region width

streas$ ﬁﬁﬁ'rdvés thkraesilityrafredetrorishandrttirefdre isidel ot usenin a NMOS
and therefore is ideal for use in a NMOS device where

devite whenei thescamrierscdrealectrons. | iIn am emtinadimenthof the present
present invention, the stress incorporating film 360 .
inventianf thenstrass ingoeparating il 360 ie adilnchaving syitakle compressive
roduce a tensile stress between_ 0.5-5.0 G

d .

strga@m produse.a tensilpstiess betwaen &@%G%@né?ﬂ@'yﬁmut 1 GPain

sem conductor body. I.n an enbodi ment of the.prese {
the ahasinel sagiontrf theseaucoNAUSIIRRAY-ni #n embRsMeRt O_E he present
InVGTiBRCing: IS MEAFORRITE I B0 FEisca BilpTbse Rsgwesn 10-200

' ' bi lity. by 20-80
nafietesa ain capopReen aran breckrl dpTRaier e pREF iy 300
.. | - h ' d
impYe8 coEE 0B 6 2090 PRRAES el agi on 350 of ¢ he
[ooéﬁg\r? Qﬁ%lt)&&inwg)f 'rtﬁealdféi%"nt fhveRBBh e filfh 360 RiSS-a Rnsile stress

nnel regi on unae conpressive stress | nproves

so ‘thit t%@ﬁg@b&n@ﬁcﬁpbééy 808 dntcssicvidly thel sheminel féqiuﬁ 850 of the
in aP d

evice where the carriers are hol es. n an

seitudiuERsibady ishider assthpressiverdtrens. Alehahnehnegfish under a

a filmhaving a suitable tensile stress to produce a
coﬁ%r@édﬂié £665¢ impiovesthdatoistity of Holés Snithereforetis ideal for use in
Cc

annel region of the silicon body 308. In an
a RMOSIdevice wierelthe gamieratare hotas. | nan embadiment of theggesent
invIch;tign,StlhleI fﬁ:%nSGO 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 than

about 1 nanometer.
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"nitride filmhaving a tensile stress. [0029] In an
@@&W@h of the present invention, a thin oxide or

‘g Wattng film 319 is formed on the undersi dETHHE003/039727
of the sem conductor bodies in order to help 25

reduce parasitic | eakage effects. In an enbodi nent of

O SRR B PSS i G e S by g
SIS SR SO 5222 SRR SUABHOK onerte i Tl

degﬁﬁed atHdravisiesh Wheh taPRisto iS00 Rytuaié® “ore! tﬁétdh%ﬁel region

24 and gate dielectric 322, transistor 300 can

3506lptepletes thereby proviting ehe advantageous @léﬂtncalﬁmaractenstlcs

transi stor 300 is turned "on" the channel region 350

anti pdriora@picetafsa fully depleted trandistyy. tTreatds\wahérmgaosgistor 300 is
el ectrical characteristics 5 and performance of a

turhed I“@M’eqadepleﬂon regisnds formekhiat channehhegion 30salengwith an
300 is turned "ON' a depletion region is fornmed in

inversion dayear«jitbe sagfaces ofitegidn Bsar(l e., andnyersion layer lSatormed on
the surfaces of region 350 (i.e., an inversion |aye

the side surteges and: tap sirfase i the semiconducier QQﬂ)f)aJ@Q)mVﬁF%On layer

sem conduct oy hody The inversion | has the _sane
has HigisemesanAuciily QQ%%"'@&R%@G and @%5\ rr?g;'%'b? %ﬂg ffarﬁ@rs a
ween the so

conglistetbEnpRLbetYean Gr seipe And b el Brallsiy qEfnt to flow

ol 8 oG 5B e g o g o
mv?r i = o T‘h@ed%géticgﬁﬁor? E%‘ﬁ% fté ffﬁé %gggﬁ‘gpfe c(:ﬁgﬁ’t?eltrgﬁion

t or can

350 A0S ¢ nsﬁht#r' dan BEBLR B b achi ¥ o éteﬁaﬁéqgi%ro"ﬁﬂly

élec ornmance charac s over

deﬁ]@fédf#éﬁéism h&l/& tmproveardibétricl pembpiditted él?él‘%bfér@h%s over

For exanpl e, operating transistor 300 in a ful

norfiftilyedepleteansrgsartigy @spletetnandistors Fbregxarigiel opéra»tﬁfgy
steep subthreshold slope. The tri-gate transistor can

transiston B0 daadfdliywdepleted ynasinee pgives tranksista 800 anlideal arfvery
| ess than 80 nWV/ decade, and ideally about 60 mv/ decade

steepy subthiresholdisiopmt Ehe Wi-ghtes transistarcandve fabticated with very steep
t hi cknesses of-less than 30 nm 20 Additionally

subdipeeshald glapesakiess 1ars80 m/degadeang Idﬁﬁjll\/eawt @dhmidecade
evetnrveﬁéc’xln ?att%ca%eg 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 produce either 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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’ has an inproved drain induced barrier (DIBL) lowin

fect which provides for better "OFF" state | eakage
V\V/\ﬂlzgwor’%?ul ts in | ower |eakage and thereby Iowe'fCT/ngoO3/039727

power consunption. In an enbodinent of the present
invention the tri-gate transistor 300 has a DI BL

3 46FPAeBpaely It ERAA R of ficeietehE Rvshiaf, e body
A A gl o

etQ&t nsRA6E Will e forgﬁy eltne&héP ?Eb)oﬁfrt\ég%t the rr-gate transrstor

ransi stors having | engt

ha%Oa Eéd%’%é@@,%%ﬁﬁh Rt/ Ogﬁé@&%tﬂ%%mhaﬁa (p@%lly depleted

respec . n enbodi ment of the present

trariziot isForméde body height, body w dth and gate
| ength are chosen to have dinmensions in which a fully

[0082) | RHectli-¢ atertrarmdistor of tHe presbat invdntiom cahioer said to be a non-
enbodi nents, the tri-gate transistor has a body

plarmrgransrsiodaemuﬁe‘rtmdvgmm layeg ofitheuchanrel region 350 is formed
partially depleted 5 transistor is forned. [0032] The

in both thet korizomtali andoverticat dieegliops dmsemicanducior bedy 868. The
said to be a non- planar transistor because the

senicardiictor dexjee obthe n@senamr@nt@@gaaral%be@nﬁma a non-

i Sanashy e ol o b i o s oo
fro,trr!11 Epﬁggar%:gnt@lnwagtaha lasrdses Pg% cp gbfjered a non d

[0033] In an embodiment of the present invention tri-gate transistor 300 can

" include other films or features, such as a silicon or other semiconductor film 410,

sidewall spacer 420 and silicide 430 formed prior to forming the stress |
incorporating film 360 as shown in Figure 4. For example, in an embodiment of
the present invention a semiconductor film 410 is formed on the source region 330
and on the drain region 332 of semiconductor body 308 to form “raised” source
and drain regions. Semiconductor film 410 can be a silicon film or a silicon alloy
such as silicon germanium (SixGe,). In an embodiment of the present invention
the semiconductor film 410 is a single crystalline silicon film formed of the same
conductivity type as the source region 330 and drain region 332. In an
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
single crystalline semiconductor film and in an embodiment can be a
polycrystalline film. Semiconductor film 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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"s app e roeeee romt e ga 10 planar device

\gc e the electric field fromboth horizontal (g2)
ﬁ(f%@f"f’?ggal sides (gl and g3). [0033] In an  PCT/US2003/039727

enbodi nent of the present invention tri-gate
transi stor 300 can include other filns or features,

il el LUBVRIB AR A 978 AORHEH 5o 520 4By n Fiuro
4 RSO S S UEEWF SH0T 4 S22 v

ure or exanp

PGB KRR T BSA vchfTdt $056TE 420 rave

a HHickrfiSssistaiean ZUDENO&.OQytéHd?rfq BsilicdnS@SeriRonBRctotfith to the

drain regions. . Sem conductor film410 can be a silicon

sdurterant draipi fegions 380 asd 3324 tie seicardudier Bady BAd forming
(Si XGey). In an enbodi nent of the present invention 20

“raised’ssource madodrain Fadionst e thicknessrufl the soys¢erbhdridrain regions is
silicon filmformed of the same conductivity type as

in¢neased therebyagducing e sourat/drain cenfachrexdstance tatransistor 300
enbodi nent. of the present invention the sem conductor

and imarevingtits %legtrlcaﬁemaraptewtlcs;aad pesfosmancen ger mani um
wherein silicon conprises approximately 1 to 99

[0034] i @anrpbediment affae presgnt inveationd silisidedtimy 430, such as, but
410.need not.necessaril e.a 25 single . crystalljne

nof HER . ARBILT Skiden dicke! SHoiRyaRe SERE!t Slids - fonmed on the

cryst ine film Semconductor fil.m410 _can be

sofifts! EaliL 350 e rairipaRi s, hah rapediesiof 134 pegsent

. i . by ' S rs..4

m B S 2055 R TIRAER <3REE 0,28 e boay 308 s

shé\gﬁgﬁ 8’1%5'741 gﬁﬁggz@ﬁ'g%@ B%lg\/é}‘gafi‘ Libd Wintéd YWectly onto the

top surface 316 of silicon body 308. For example, silicide film 430 can be formed

on silicon body 308 by first forming a silicon film such as an undoped silicon film

and a silicon body and then completely consuming the silicon film during the

silicide process. Dielectric spacers 420 enables silicide film 430 to be formed on

semiconductor body 308 or silicon film 410 in a self-aligned process (i.e., a

salicide process).

[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 film 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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"laterally opposite sidewalls 326 and 328 of gate

wWoesbdAge7324 as shown in Figure 4 thereby is '
the sem conductor film 410 fromgate electrodeoggyhggmmmxn27

shown in Figure 4. An enbodi nent of the present
i nvention sidewalls spacers 420 have a thickness of

fabfitatsnoR4 tr-gafe trBkisistbtibegins withistbstrate 5621 #osilicor or
filmto the source and drain regions 330 and 332 of

sdrhicoadutton filthy 508ris fartyediod sibstrateg502 asishewn indtigure 5A. In an
and drain regions, the thickness of the source and
endbadiment gif tihe present invessiondthehsubsisate &@2ds @ inawlating substrate,
source/drain contact resistance to transistor 300 and
suthasashmgn in Figsire &4.i lean embasiiment ef thespresant lnventlon
ormance. [0034] In an enbodi ment of the prese

inbyloting PURSEater S02 nelicks o MeneHYsEing Siicar Sybstrate 504
ar{;{)g lon zrgufqt@tgdtg%é f%céﬁldgﬁqgoﬁscﬁ%@élfﬂ%ﬁgﬁmwltnde film.
InBSuRG Riier 0B iSPialet somibeRguE b MR tim.SURRIEH0%, and in
ertbodiiieht i tarfert 5 A iNesS iR Bpo 1 2000A L H$ifISting fayer 506 is
soffiéifnos Forelrf (5.4 ¢ iRt Dlayef Oyt f@‘%‘?‘g emiconductor

ﬁllﬁ‘r?g)e 35 ?dfo'n aﬁ'# ll}%ﬂf&ﬁi‘n @sﬁa‘té 502, %'sd h.seﬁcéﬁductor on

I con a siI1con’

mﬁ%ﬁﬁg‘—‘(Sﬂ)M subREHE 590 's@@re'atéd Cfofher @h@bﬁdlﬁ%d@‘@f the present

silicide process. Dielectric spacers 420 enabl es

invantion| the substraté G0Racdrebé arsamiconducstensabsiiatel suciradbut not

308 or silicon film410 in a self-aligned process
limfiledeto,a silicoramariodeystaltine ssipstrate @l@@aEgalmmarsemdblgubstrate

in the enbodi nent of the present invention a
[0635}iAtivodghtseimicondwustor filom 508 lisrideslly @asilicdrs filnhdnfatherd

on the top of gate electrode 324 as can a silicide
embadimepts nbnanrb@ otber fpesfsapaicenducior fithas iswbichscardar mobility

be a silicide film450. Silicide film450 and silicon

cap jbeenhancadavigi UREE Giress. Auehas bunatdiraited 12 §H|con
ge RN alow | Sera it lessdhfin oo 88, End M Ghateralh ScH as,
I d 0 d
galbiy isERideL(GhAsl 4TS CRRENE CBSH, Jh Y efripHifRnt Sfie present

B Scp BP0 A BRI i Hopdth loch . i
oUBE ST SomBORAGLGE ] 51 14 B S5 6Pk i
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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* WD 2005/ 010997 PCT/ US2003/ 039727 fabrication of a

{)ﬂgte transi stor begins with substrate 502. A
VEPPEENYSY  semi conductor film508 is formed orPCT/US2003/039727

substrate 502 as shown in Figure 5A. In an enbodi nent
of the present invention, the substrate 502 is an

oo A e MR R B BB M R

T S RS S i g
naﬁoﬁ’i%tél‘“soéhdjldé?é'u? ‘ﬁ%éé thﬁh%o ﬁéﬁdrﬁ%r@' i bﬁ%rﬁbb(ﬂMent of the

Insulating | aye 06 1sol ates sem conductor fil

présetiifmitiond semicthdugtst film 508 RI8ABA o tike ﬂﬂfzkﬁéisst o a
thi ckness bétween 200- 2000A. I nsul ating | ayer 506 |s

approiinately eqelEto the date dlength”ldesired ofthd &bricated tri-
a silicon or sem conductor J 10 film508 is forne on

traasistors Uhan embsdisentaafdh® pPesentdnverdiom, semiconductor film 508 is

sem conductor on. insulating ém(]) substrate 500 is
forovashthicker ithan desired gataliengtit ef e devicer hrsamembodlment of the
i nvention, the substrate 502 can be a sem conduct
presgnt invenéions semicendygtor fim 508 isifoeaed &o a tblqknesﬁ whlch will

nonocrystal line substrate and a gallium ar rﬁ?
eng%!sslheéa@ﬂcatpéd@qaftextrtan&s‘@q t@ﬁm Qﬁﬁfatﬁr‘rib 61&3 lly epigtedsmanner
15
fora@:&%eaq GaleLiegat rg%wcohﬁué’i or fiTme in which carrier
sefficonssiclor T 08 eBh Sedprnedon BeVirLne aveaTRls, Spah, Alyywel-
kndWh PéethiSa. HRBA gzrﬁe/@a%ﬁsgf%ﬂnfggl éa %rn @é@g?di’lcs;hb}ﬁrate known

gal [Tum ar seni

o B SN lchii 6 s B PRI TAT Bl s

cry's&llﬁ'% Sk sapoPste B thenEHReaP TR Pthel buﬁﬁ&gﬁldb%% within
doped to a p type or n type conductivity w t

theSuMRRatd aThepdrivie bf fel siRgl drystafike: éme@rﬂé@oam@@bw% the

Sem conductor film508 can be insitu doped (i.

buristhedidetbdcomds the sligorsiilves)8.0 Anotiesradchnigae cUrrerBly used to
formed on substrate 502 by for exanple

form®@0O| sybstratesiiman epitpkiaysiliedn &im transtarn techriqablvelichds h
PMOS and NMOS tri-gate devices to be fabricated 25

genexslly referredite asdhandadsSO4t Imthis techiniquera firstesilicgs wafer has a

| evel of the sem conductor body at this point
thingexide grows amits awfa‘a%thaéwll laer wye@ﬁameéwrf%p&ﬁe&% in the

0038] d fil m508
SO[ struc S\F/ﬁ' 2 [ ?n qersnhygzggéﬁﬁrﬁé I )u,smmade mfc'o Ihe Frgg 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. Well-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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* equal to the height desired for the subsequently
formed sem conduct or body or 16 WO 2005/ 010997
WORZMIOWI/ 039727 bodi es of the fabricated tri-BEE/ES2003/039727
transistor. In an enbodi nent of the present
i nvention, sem conductor film 508 has a thickness or

o o b 2385, HCHETHE A o o s
subKfrafe ngq% Sé%?%bﬁ%@tﬁgt gf@hg &@s&%&qﬁﬁ fc{rﬁ‘fe'%e?é’in from
one &hEr. (A8RHoRG e rg‘gn% féﬁl?écfﬁyertﬂ;,hég taﬁva y portions r?f the

ransi stor. n anve

suBE?b@QﬁS?ﬂ@%PfrbH g\% gg-ga {elraRslsiap] lgyﬁfr éﬂ&ﬁﬁplé%lf-ﬂ%wn

I'n an enbodi nent of

f fi f
ph?ic?ﬁﬁéﬁ(ragﬂiﬁeéﬁd behufqeiécﬁﬁﬁﬁié“s ahdfthémbaeR fi lli‘hg tﬁéfmdhéd) regions

ss whi ch enabl e the fabricated tri-gate
wifhl af fstldting Mm)SueRs 8ied. in a ful ly depl eted manner
10 for its designed gate length (Lg). Sem conduct or

[0G40] Nex Sstaadakkplictolithdgraphynand atching iaedmnqw&seamwwto define
any well- known nethod. In one nmethod of formng
seniitonductambodies bafins 5204s thasemiconductonfiim 58 mmm tri-gate

techni que, oxygen atons are inplanted at a high dose
transisterassshewa in Eiguse HB. i Incars embasimentbet thet pregaat invention, the
anneal to formthe buried oxide 506 within 15 t

fing @6 dodiesch20raee pattenned tahaveca wiglh & &whigh-s ﬁqs@fto or greater
thaa' t'h'ei&'&trf ABRreB0 tinGaledPnotLie) GRS [RTGRed TaBsiaTo In this
way, iR, 0st SiRenhpBotadtah 'é@ﬁ%?én i o B taiiGete the
traRSBIcE ¥ ssop@ret windff date BlectoderBncttingtay ot e o,
selﬁgéq\fﬁiug?q{tﬁg@)}gb’f l?ﬁe@ﬁgglgnﬂ? %B:ém{)&‘& ?ﬂhéﬁéﬁﬁﬁﬁvention
the{)é%rﬁfcoﬁHgbf;dl?ﬁog‘g%J &F fi @é’wflﬂ'ié@é‘ﬁ idth 516 f555 thaal d}"bqual to 30

ow t surtace |rst waf er .

naﬁéh%ler@@n@” ideally 1228 thah W@%u@l’ﬁ)’ 2@ RenbaEles. tig érh@mbodlment
surface of a second silicon wafer. The first wafer is

of thegsresbritinoentivm,thietsemibonductor bediep!orifinsdizaa @ dvidth 518
the hydrogen inplant. This results in a SO structure
appvoximatelyhequaii tbithe silican dodyrheight 509we Irbaniembadiment o the
underneath all on top of the single crystalline
preseht inventiobsthedins ontsddies 52@rhave a width 518 which is between ¥z the

T

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 landing 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 generally
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* snoot hi ng techni ques, such as HC snoot hi ng or chem cal
nechani cal polishing (CW) can be used to snooth the
‘Fgﬁmﬂﬂ P%e of semiconductor film508 to its REHVS903/039727
t hi ckness. 17 WD 2005/ 010997 PCT/ US2003/ 039727 [ 0039]
At this time, if desired, isolation regions (not

L
o 48 gk B 88 %ﬁ%ﬁ‘kb%e'ﬁqéﬁ%*%rate frgning

seﬁﬂﬁnﬂﬁ:ﬁf& IIH%'I?H{FI{ %Qhﬁl Cc an et cni ng tecr:'ﬁ)r?{gdggmore

nown ogr ap
siligo! bbB@% &éfﬁié 520 ahd$oliite @r‘id?BPéin 'Ieﬁﬂﬁlﬁ’%e pad¥igdR afd 524
Insulating til such as Si02. [0040 st andard

red@é@h@élyt Mﬁ@@ﬁdu@tbﬂf 3] 5bar@etmruqu=?e ahdeﬂﬂﬂg Buried oxide
define  sem conductor bodies or fins 520 in t

layee 606 ¢ dxposed. f WelkKritvri semidonductorgstthingtteeimsigaes) such as
shown in Figure 5B. In an enbodi nent of the present
anisatrepici plasmaltedchiing far meactivejodiedehiog Caarke peed éo etah t o
have a width 518 which is equal to or greater than
semigonduator fitre 5084 alignment g\atl'ethleda’rgltﬂre@sz)mask t Affer
fabricated transistor. In this way,
semtcpnﬁlg@tqr fifm §08) is m@gechwrmmlpanﬁugtou Q@deSoOF fins 520 (and
icate the tranS|stor ar asso&)e ted with the

soqu @f aipdanding hadsi 34f andi b i Flﬁg"'e Qrasist ’B@

renfxsch by WRHigwrL EobbiEs, St 8 ?@d{he@y%fsetr'gﬁﬁ\i%nq 02 ashing,
to @ﬁés?%lé'ﬁ% BipeE HHh BRUEPET 20 hanomet ors. 11 an
BTNl IR P SRR i o
seﬁﬁ@ﬁ%&t@?bﬁhy 59?“ ?‘Lhé’tt(?%%;%%it &iia%\‘%&c%’lﬁgér BQE%‘ ?rﬁrge% oh the top

surfiR@ 527 6fEadinyfthd é’érﬁané&é’toY"BbSiés' 520°86 ‘Oﬁﬂlrhslbﬁ tﬁé‘ faterally

20 sem conduct or body height 509 and two tines

opposite erislvalisrs28add 529 dffdachSithe [seAfiddndistor b@a@blazo The
as shown in Figure 5B, the photolithography and

gatedidlectsicdarybe aalepasited dizlectrid or @ grown dielecatrdc.| mdnng

pads 522 and drain | andi ng pads 524
embodiment 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 (Taz0s), titanium oxide
(TiO2), hafnium oxide (HfO.), HfSiO«Ny, zirconium oxide (ZrO2) and lanthanum
oxide LaO.) or other high-K dielectrics, such as PZT and BST. A high dielectric

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

vapor deposition (CVD).
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: fromthe sem conductor film The |anding pads can be

ed to connect together 25 the various source i ons
‘gﬁ)dw[’% ¥ nect together the various drain regi oﬁ§%/&§2003/039727
the fabricated transistor. [0042] The semi coduct or
film508 can be patterned into fins and | andi ng pads

AL B3 T SO 46 G RE A B trmes. e
g%t?% gﬁﬁcg #Q@rﬁs?ﬁﬁn'n'eﬁ%rgﬂ?e ggf%e(?g@fd;eﬁ’rﬁ]d I%S}ePSZG forrped on the top
s BE by 85605t s e@b@aﬁét&tbofdse%m ahd |§“R$|Jmé‘d1 oor

sem conductor filmin

aﬁ%b@%ﬁpeyg%@g@i&tﬁé SbeIBFhel dﬂ?@rkadjﬁcémrt@tﬁé %ldéwalls 528 and

odies or fins 520 and “source and drain
52916%8&1 Bithe Seimicandubtdf bodissasshowaliy FigireiSEnThetgate
I'm508 is etched until the underlying buried oxide

elbatrede 580 Has toposetace/ 82 dpposite o€ bottomdsirfane im-mﬁdmgn the
techni ques, such as anisotropic plasma etching o '

inselating sabstratesiihand hasra pawmﬂhietaﬂyemposne S|dewalls 534 and
sem conductor film508 in alignment with t

536 oTbe dlistancerbetweens ther laterally oppasita @lldewallm5§68anq, 536 define
et ched to form sem conductor bodies or fins 520

il S e e s
foreed rhyopjegketgmesgglgbg, suilablegate @Ea/qt@de,@agg{m {al @ver the substrate
a@ateg.]geefsmagﬁgz&ee%graa%%fe%ee 540, "he 48 igbg can o
fofed th3 %8%%5@3&%%%%%%%&%“5 O?wéﬂﬁkgéﬁ&@% gate

'el&éﬁci"ezﬁa%?tp%ﬁ%%@r 35850 b 5 e e R 00 of

se?ﬁl%f) &BFBoaﬁsg:g@asﬁﬁ% g%fbdé%:gbd Qﬁél%?laF%Qheﬁ ttéiﬁé@ with

I‘IC can site ectric or

wéll- Eh&% gh(«:»tol Hogtaphy EPRCEtERINg teEhhiIgBes 16 Fer gate electrode 530

I nvent | e gate dielectric layer 526 is a silicon

fré’rn‘ih@?bﬂ?el@bﬁ*b@étrﬁat@nél M empotiniéntofdhd préseit invention, the
oxi dation process. In an enbodi rent 20 of the present

e et et e
of the peagent inemtionnthe getegeiectrdde materialcampriseza palycrystalline
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
invention, the photolithography process used to define gaté 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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* deposited dielectric, such as but not limted to a

‘gbgh *g’iﬂel ectric constant film such as netal oxide
PBEBIPOE  such as tantal um pent aoxi de ( Ta205)PCT/US2003/039727

titaniumoxide (TiO02), hafniumoxide (Hf 02),
Hf Si OXNY, zirconi um oxide (Zr02) and | ant hanum 25

T R e S A

and

.rf - i ) .
HvenTEA, 1 G eSS od ) 4y 47503 ana ealy
S ThaIBP @3UARDTAT nABMkleriext , as al so shown in Figure

5C, a gate electrode 530 is forned. The gate

[0945) Neat) sobifce and idvainardgionstioethaarsnsisor fé forrmnedHe!
526 fornmed on the top surface 527 of each of the

semicondudior body 52( es oppositagidies of gateélcetrode 580, aFeaN
to the gate dielectric 526 forned on or adjacent to

embedimerdafithe presentrinveriion? theo§owrae lanef drtaive regions include tip or
sem conduct or bodies as_shown in Figure 5E. e gate

SQUree/drajn &xtension segionspSewiceand drath extensidreregion540enmd 542,
surface fornmed on the insulating substrate 502 and

resaectyehsicangre farmadiby plagitjshdepants iSddvinta semippnaudtor bodies

S8 oL B 8 e oS i reon 540
a%ﬁ%?ﬁéﬁﬁ@ﬂbﬁ%ﬁ@éxﬁr&qIlgﬂg)esa?l ecgrode 530 can. be

_ r-gate,pasigigrethe
BG4 6 bl 90 ARG BB SobliBimeana to

patterni ng

coﬁééﬁr&?}d?g%@%égﬁﬂ (ﬁ-1 gﬁ eze‘@ggfsm%t thgg\z@é ?’r?—gate transistor,

bet wee
ing omiccndnolra oihohee 3p0% c8Gd it Al oah gl ions o a

cohééntration leethveed! HO10220R1 0t RbhRYcrhS
w th 15 wel | -known photolit hgg?l;lcprﬂy %ﬁﬂgpﬁécﬁgﬁ%@oﬂhe

presentivention; thef silicory filnts stecdopediby THlimplARtdic BRde
el ectrode material. In enbodi nent of the present

emboedimentoof, thetpresent iavehtiar, the dorvimysiahBitioncoadiirs 5 a vertical
polycrystalline silicon. In another enbodiment of the

diregtionelie. i adisectiamperpendigalar tol substratie502). eWtsn gate electrode
onpri ses, a polycrystalline silicon germanium all oy.
53( /5 5 ppIvslicon Gath @ GiEarte. dicamis doped diringwthetionimpiantation
proégggra ¥ tg l@%{ogﬁ%gafqgg aflﬁl-@%gskct%nﬁrgvgﬁt t?'len%tn?ihgliarl)tg]tion 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 ion-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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~and their nitrides. Gate el ectrode 530 can be forned

wel | - known t echni ques, such as by bl anket
‘U%ﬁ@gﬁ"tlpﬁ?@ a gate el ectrode material over the PCT/US2003/039727
substrate of Figure 5B and then patterning the gate
el ectrode material wth well-known photolithography

53B:ardhe Sokbeih precpl hermam SoBRPERAG Sy anGBLy bigher
Cﬁﬁﬁﬁgwﬁi%%éﬁﬁr‘%iq% ) REfrer e riliphish i pbliBe. Halagegions

enb oe?%%@@‘tb&f IBF éntaﬁrﬁé ﬁohé@%ﬁeﬁ]ﬁt tl(\g gg e ét%lctrbHFﬁﬁy utilizing

rese
h f eat
'ﬁ?%@??n@@f'“ﬁﬁg"‘%s%é%ﬁ%%%og3? AT Bé%?s/ 039727
[O(WYPNe?d Gf deifdd) WRe JubBIAIeCSHOMIP I RigliYe 50 &@Belfurther processed

enbodi ment of the present invention, the gate |engt
tPf addifersaltfeatures, stthads heavily mu@émé/@am ¢ottatt pegions,
| ess than or equal 'to 20 nanongters. [ 0045] Next,
depositetl silicbrdonitive segroerend drait hegibng e ferno raised sbareesnd drain
in 5 sem conduct or body 520 on opposite sides of gate
regiens, asdeelbas the gateeleetrbde] amd theforhtatiopr efssilivide on the
i nvention, the source and drain regions include tip or
swcetsbalomrwa@xegmsms weliasron theogateeeslagigodr.ai n
ext ensi on regi ons 540 and 542 respecti vel can be
[W@h@exi&a?sawrh@ lagpemﬁa thenburied omﬁ lauaaé@@ dncated
bodi es n bot i des 532, 534 of gate_ el ectrode
UG RINATL AOIEONL G Ihe SPTPISGNEHSIos 50 £ BeriPSiprempved to form

o S A R e T b a5t g pmovec
ol PG el P g A B it i
wifiGShBintiany BT GRS RimibbATuctE: BB) S WhEDthe

pé ¢

se?r%é@@ﬁété?‘ b8§|e§ é’%@l&oﬁ%& B o‘n’mﬁ%‘%@eﬁ 5(‘5‘6 ?é‘a silicon

ment o presen

oxidé the %ﬁee@n%nwx.u@!hoyémaﬁrﬂeaééneauv e@éheoeamg'mﬂé

of 'the present inventi the 1on-1np ntatlon otcurs
bufferéd W étchaht. Riis Rrbé @pptécigted thatlhhp elitable wet or dry etch

per pendi cul ar to substrate 502). Wen gate el ectrode
ted@tique whighntans sklectivelyasteh emaytthedruried insalatihg ldygrasithout

during the ion-inplantation process. Gate el ectrode
etcldng away the semigerdwciopbedy may be utibzed tpfarm airigaps 560. An

ste
etchanrg 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 patterned
photoresist mask will be utilized which exposes the transistors which are to

receive the subsequent stress film and covers those transistors which are not to

include a stress film.
[0050] In an embodiment of the present invention, after the removal of the buried

insulating 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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. shogts fiom e spuicgatodhg deain; oihe Ryposeaf

* 20 from dopi ng the channel region(s) 548 of the

- ransi stor. The channel region 548 i
"{)‘%#‘{0?@?10%8# the silicon body 520 | ocated beneat E’C@ﬂ%m-""’”’”
surrounded by the gate electrode 530. If gate
el ectrode 530 is a netal electrode, a dielectric hard

ol 8 T84 8 oK g Sk psavotor
erE‘éé(}ogén 84f=Rdas fafh itk ﬁﬁé‘éi%ﬁrﬁ%ﬁ%‘l@étﬁ&’ IABHK efbodifent of the
ody t d

used to dope the sem cohduct or o form source an

preé§EntIn e tRITS tied BottomU6F4RE fing HBRESRRIGE b?fSiOBQo forma

present invention, "halo" regions can be forned in

passivating oxidé/filmi having@ thivkness mréaten tiedn abswtt nehdneter.
regi ons or source/drain extension regions. Halo
[0031giAfter the aindeplgihgringulatisg fim (506 is memoved leantinpassiveatiomnor
21 WD 2005/010997 PCT/ US2003/ 039727 548 of the device
oxidatioarcoroplete) a filling steprofitbeistiasg ibcerpofationsfilmy 660 gan begin.
hi gher concentration than the doping of the channel
Theesirass incorpesatie file S60mnusthsyan insulating e inversles te prevent

i on-i | antati ng dopants beneath the gate el ectrode b
"p o dsel T Stress facprBaration film is

o bl AL AL i S v
strp§8 o Poraf Juftasbedie b BR i o R ick Ueng FRiffted. Fora
IS8 85k RgeFE P s SELSREIRE, B B9 vt e
ol il s 6 U ARy R e S
chgﬁr%l:rﬁggﬁquidrﬁ t§ﬂ§ii§§ré§§, We SR¥8S i%@%@%@@h 560 ntraeds to be

unde Jacent to the semco tor fins o

a dopspressive fMIONGditibRallyOtHB pistedsuseditoF6fin ithe slress
buri ed oxide |ayer. The buried oxide | ayer can be

incogporatidn fily 560 stipuld beleconfoemal process csugir as enapoeiphase
etches the buried insulating film wthout

depagitiomwhighl ganeblahketgdepesit the dilmesquatiy dncerticalaatyd horizontal
When the 15 sem conductor bodies are silicon and the

surfaceseand bewdbie ito §il uademezdis thes semigandustor bodiee, Itisdesirable
buried silicon oxide |ayer can be selectively etched

thah s stress incorpesation ditm ke abletiapompletalyfill theyeegions underneath

el s 1 ke b2 5 oy oo arawer s
ma‘({ﬁsgutll':%ttijr?@erly?r}/ge lrns\t/JViattirnJlg%m 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 nitride 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
(NH;). 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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+ etching away the sem conductor body may be utilized to

' aps 560. An 20 etchant with a selecti
%re’[e{aﬂ'%lh?ﬁﬁan 10 is desirable. [0049] The buri ed¥é+/¥]sgg03/039727

i nsul ator etch can be perfornmed on the wafer with or
without a patterning |ayer dependi ng upon the |ayout
. : _ ¢ .

2t erY SHiThGes i efaplets MRS B BRFair B REak Ind Ricon
bédiest 0 receive the subsequent stress filmand covers

those transistors which are not to 25 include a

[60S2EFor BiIPNMOY 86vibe wher@the BBATEreRMé holed, Mfe BR&SRSE regions
invention, after the renoval of the buried insulating
néedistd bein bempedssidrnto inereasentheciobility obtherhdles & order to place
short oxidation or passivation step can be perforned
theochamel inncemprassion, therstress incorporatiod filinmeeds 22be\@ tensile
2005/ 010997 PCT/ US2003/ 039727 order to reduce :
filgnr lisan pohoslimentef thefpresent inmgntion,ithe Istressiinkzarporation film is a

assivation process can be used to formthe

P V. .
tepsile siligen pifride firact ric. 1n an enbodi nent of the
sent invention, the bottomof the fins are . .
lﬂﬁéils'iw%n gmbegliraeniofithemsesent ipvertiomthe §iress incarperation film is
nanonet er

RS A SRS S Bl e A BB RSk Fipcheatn
SRR 8P BpBBB S Ehed ot 0L AP0 RAAT sEkoust .
sehfigh Pyl Bod Bl SRR AL FRA T ieffess

I Nsu
iné&bbFéti&oﬂIH“@orﬁﬂ@tne]ﬂy gﬁht%gﬁgé RRE Sng&eﬁé}gds ch{]\ﬁc?%estress over a

I ncorporation rovi

largecarealres@Ehgh e HE8rélrEiress inTg*@ hetfhePto Thpdve pbility.
the -~ 10 stress i1 ncorporation film depends 'upon the
Additishatly, ihearnBedieerits of 8 preiepdl invedition, tHEVilm S@8sS Broperties
where the carriers are electrons, the channel regions
are esatulatededuringddepdsition incorgler &s optimizethechifefordevidd Y
of electrons. In order to place the channel region
pedfovancensi |l e stress, the stress incorporation film -
560 needs to be a conpressive film Additionally, the
[0054) Aftes dgpesitiop i completedsamaasking andwrichsten cam beiused to
560 shoul d be a conformal process, such as a vapor
rerpaye éhe glgss incogrpratipn &l feom @rea vdiera dids siot deptred; ang

hori zont al ur faces_and be

equal |y on. vertical an . ;
ProgessIng pantinued fad Rrenal marnardaifonmdhack endtaadures, such as

i, S .desi rabl . . . .
me'ta) infercorhects 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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. that the stress incorporation filmbe able to
rrFI etel fill the regions underneath the fins or
W4 ‘E@‘Q?P the device. This can be facilitated RET/US2003/039727
maki ng narrower fins or 20 nmaking the underlying
insulating filmlayer 506 thicker in order to inprove
Mﬂg_m ratio of the fill under the channel
i > an enbodi rent of the present invention,
the stress incorporation filmis a conpressive silicon
nitride film In an enbodi nent of the present
Wéaé%ﬂtl on, an NMOS device is fabricated wwth a
conpressive silicon nitride filmfornmed by cheni cal
vapor deposition (CVD) 25 utilizing a reactant gas
m xture conprising dichloro-silane (DCS) and ammoni a
1. (NS emRBRASCRRHeWcEchmpHsiag: i n pl ace of DCS. Such a
process will blanket deposit a silicon nitride film
over séricondbetor dody \Navingea tep sdefacs ianddatecaliyhoppasite sidewalls
23 WD 2005/ 010997 PCT/ US2003/ 039727 and verti cal
formed arwasubstratsyabl e the filling of the air gap beneath
the silicon bodies. [0052] For a PMXS device where
t ha gaterdigestrierformed @n saiddop surface of églokﬁsmcea@'ugtqr@ody and
be in conpression to increase the nobility of the
on ﬁands@teraﬂy eppesite sidgwalls of §atdn%erewa>ﬁ'ﬁlyptqr¥>0dy:

o ol el AR SRR 4 LG8 et
sl LT o ARt SR AL ARl SR Sposte

| sid%%ﬂﬁ@* o0 SRR OP BBbY TR o conpl ctely 1111

%fmﬂr foﬁ@@ ha?ﬁé%}ﬁ t@%ﬁ%é}ng}& dutl, OWJ Fﬂ/l’?é’f'éﬂ’t‘ﬁéﬂ{f”gl

1es a regi on an surroun

Gb&%fbggs%glh é%aﬂxembremb?or%agﬂode a5 shown in

gure e stress 1 ncorporation filmconpletely
surrounds the device and provides stress over a |arge
area resulting in the desired stress in the channel to

2. i nfrhe\seniiobhdudisr dévidetof ef=iinl ¥ wheneiandzidifilme preduded ae
present invention, the filmstress properties 15 are

compréigisiviecstrebs inrsaidl spanicdriductorrbadyder to optim ze the
filmfor device performance. [0054] After deposition
is conpleted, a masking and etch step can be used to

3.  The semiconductor device of claim 1 wherein said film produces a tinsel

stress in said semiconductor body.

4. The semiconductor device of claim 1 wherein said film has tinsel 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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" renove the stress incorporation filmfrom area where

{Yt i s not desired, and processing continued in a
GHEOWEHner to form "back end" features, suchPEEUSE003/039727

nmetal 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

7 oo TPEREIEGIOGIOTNIOS o it RS BRI TRE g Gutop body is 2

Siﬁ@g/dpﬁ}gﬁﬁé%ﬁ%&%@ﬁ,_l. A sem conduct or device

conprising: a sem conductor body having a top surface
and laterally opposite sidewalls fornmed on a
substrate; a gate dielectric forned on said top

8.sur The senlicariuttoradevics of claim Pwigrein daidsemisonductor is
| aterally opposite sidewalls of said sem conductor

seltenigd froin thegitopatarsistingeof silicoery] genmaaiuin gsitieon germanium,
dielectric on said top surface of said sem conductor
galiivuy assenidelj laSbnGaR, GaSh agdtcarbior inapptubeson sai d
| aterally opposite sidewalls of said sem conductor
body; and a film forned adjacent to said sem conduct or

bo% wherein said film produces a stress in said
9. serft 8itn9atR trapsisted\cOMPISING:The seni conduct or devi ce of

ot 2 Bobia LS o bl BN A SR SEBSH1S, s sicon
0B R4 1667 bud6de B5pbut< adiotom Slitace andfit enisecond
g qrros e SIRFRIEE o7 oo 5. The sem conductar
gg‘Q'Sggtggigfécﬁid%}m%edr?gﬁid%b‘%Jrfa'c@‘ didzidsEMBYrRtdEbody 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 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 method of claim 9 wherein said thin film has a compressive stress and

places a tinsel stress in said channel region.

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

silicon nitride film.
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"' 6. The sem conductor device of claim5 wherein said

WohGRa4Me film conprises silicon nitride. 2
20059"80?89937 PCT/ US2003/ 039727 7. The seni condug'f‘g%sz"”"”””

device of claim1l wherein said sem conductor body is a
single crystalline silicon film 5 8. The

12 enThe BaHficsHduteot davicd of tiairmd whBRig s8idSthirfifilm has tinsel stress
sem conductor is selected fromthe group consisting

andf ineptpotates pesmprassive stréssinto gaidnehznmel region lof said
arseni de, InSb, GaP, GaSb and carbon nanotubes. 9. A

semicongduciort badysi st or conprising: 10 a single
crystalline silicon body formed on insulating
substrate, said silicon body having a top surface
opposite a bottom surface and a first and second

13. at Ehexfri-gatgisensister of glaiml 1&wharejasaidisemicendustardiadychannel
on said t surface of said sem conductor, bad nd,

regiandsdaped {2 pihpeceansivetvily withia Gonganteation leveldtivesn 1x10
ff1|q§r€ip se/m' gonductor body; 15 a gate el ectrode

- gloms’e) y gate dielectric and on said top surface

of said silicon body and adjacent to said gate
dielectric on said first and second laterally

142 EARL R e RTA O1 Qb AP S e o o i

source

SoBRRTEARATTs (Bponios A SRS d et v

m f or me

befWebrs fk '8 al B107? afdrhigems said fil mproviding stress
in the channel region of said device. 10. The nethod

of claim9 wherein said thin filmhas a conpressive
stress and places a tinsel stress in said channel
15r eJihertri-@dte Hansister sfecinim 9dwhér@in daidi thin fillm completély surrounds
wherein said thin filmconprises a silicon nitride
saiflisemicasductor body and said gate electrode.

16. The method 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 sidewalls 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.
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* WD 2005/ 010997 PCT/ US2003/ 039727 12. The sem conduct or
Vi claim9 wherein said thin filmhas tinsel
glt%r%@gm(ﬁgﬂd i ncorporates a conpressive stress i hf&/US2003/039727
said channel region of said sem conductor body. 5 13.
The tri-gate transistor of claim10 wherein said

18S eml'ﬁ@ rﬁ?é(}ﬁlégl of B Pf‘ﬂvﬂ@?éln JHAHA il ﬁ?@%é ﬁ cdmpressive

ype con vity wth a concentratio et ween
sté@é%%fs'ald sdmicbRdBCRr BBYCTB. 14. The tri-gate device
of claim 12 wherein said channel region of said 10
sem conduct or body is doped to a n type conductivity
with a concentration |level between 1 x101fi -1 x1019
1%t ORE eethod of clEhm 17 wheetia daidtiin fitmproflucdsaa tinsel stress in
wherein' said thin filmconpletely surrounds said
saic semicuhdactor bodyy and said gate el ectrode. 15 16. The
nmet hod of claim9 wherein a thin grown oxide |layer is
formed between the bottom of said sem conductor body
and_said thin film 17. A nmethod of formng a
205 end e mathed of glaimcy whersin sﬁﬂ'ﬁgth"? i byas; ahlgn%el stress.
sem conduct or body having a top surface and laterally
opposite sidewal I's on a insulating substrate; formng

e di ﬁ? i P% B(?W @nwﬁ'e[dﬂﬁoss%i(ﬁhﬁrgﬁ&ﬁ g:%}csfs %’%Bgﬁséve'stress.

SI devval | s of said sem conductor body; form ng a gate
el ectrode on said gate dielectric and adjacent to said

22 e et oE R na R sel] SGRliohoBRRA L comprises a

rﬁéﬁé mi o said sem conductor body wherein
St gnﬁélmég“'?&q%roduces a stress in said
sem conduct or body 27 WO 2005/ 010997 - -
PCT/ US2003/ 039727 18. The nmethod of claim 17 wherein

23sai Thé higthdd bfciairm dToRRerein 8l serpicopductor body is selected from
the group consisting of silicon, germanium, silicon germanium, gallium arsenide,

InSb, GaP, GaSb, and carbon nanotubes.

'24. A method of forming 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 film, 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 insuiating
substrate;

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

said sidewalls of said silicon body, said gate electrode having laterally opposite
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' stress in said sem conductor body. 19. The nethod of

W ! erein said thin filmproduces a tinsel
s??gdsné"]"lygr?\;\hS sai d seni conductor body. 20. The rRtTHERp003/039727
of claim 17 wherein said thin filmhas a tinsel

stress. 21. The method of claim 17 wherein said thin

ide! el r ite SifowBIls@Csaid
SIdfgW%mq%F el nidsig? s%yéagﬁ?mg&%ﬁéggy conpri ses !
sili@onﬁbﬂgﬂ e crystalline silicon film 23. The nethod of
claim17 wherein said sem conductor body is sel ected

f r dommihg & pair of Sourcedrainstreqibrfinsdid silibon dedywn opposite sides
silicon germanium gallium arsenide, 1nSh, &GP, Sh,

of said Isterdilyroppusite sidewall2df said patd eléctrodepwiiengin the region
nonpl anar transistor conprising: patterning a

betweercsaid saltdeidrain regions in saidfsiliconcbagdy fonmisras channelgegion;
substrate 20 into a silicon body having a top surface
oppemovingaa portioprefsaid insulatingsubsirate &iom undetneath ggportion of
film and a first and second | aterally opposite )

channed fiegipa of sgidsiligprubedy andibeneath apartigr pf saidssauice @pd drain
surfaé%e ,q?f__sai sjlicgn body and on said sidewalls of

regionso3aid slirop hedy: 88%ositing a gate material over

22 B e o] B gops oo of s
s o) G463 oo WAL sl o B3 o oo
sofgh Sl g eneh e BBl o7 0 5111 con

WD 2005/ 010997 PCT/ US2003/ 039727 si dewal | s which run
perpendi cular to said laterally opposite sidewalls of

25.5aTfe nfétho@ UT Y24 WhcheiRGsaid Bih il hasQBofigrebsiestress which |
regions in said silicon body on opposite sides of

prodacés haineekstressoipneid chasheleegldre of said gate
el ectrode, wherein the region _

26. The method of claim 24 wherein said thin film has a tinsel stress which

produces a compressive stress in said channel region of said semiconductor

body.

27. The method of claim 24 further comprising forming said thin 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 thin film is continued

until said silicon body and said gate electrode are completely surrounded by said

thin film.
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" 5 between said source/drain regions in said silicon
an%, r a channel region; renoving a portio éP
sal o%ﬁ@u ating substrate fromunderneath a porFFg $4103/039727
channel region of said silicon body and beneath a
portion of said source and drain regions of said

295' AL H‘légﬁgd of 8RS R firther 8Hﬁﬂ§|ﬁ@6klﬂiklr?g §élﬂﬁt§r§ttom portion of

herel n beneath sai d exposed portion of sa
saﬁi ’sérﬁ%nﬁ%@tbr%@?@ffér%&p@s Sai@ |s©ﬁilcmtﬁ.lcﬁmdbcb®,naad Iprior to
sai d exposed porfion of sai source and drain regions
forpRingaaid thah filrpat e el ectrode. 25. The nmethod of claim
24 wherein said thin film has conpressive stress whi ch
produces a tinsel stress in said channel region. 15
5 26. The nethod of claim 24 wherein said thin film has
a tinsel stress which produces a conpressive stress
in said channel region of said sem conductor body. 20
27. The nmethod of claim 24 further conprising form ng
said thin filmadjacent to said laterally opposite
sidewal s of said silicon body and said laterally
opposite sidewalls of said gate el ectrode. 28. The
met hod of claim 24 wherein said formation of said thin
filmis continued 25 until said silicon body and said
_ gate electrode are conpletely surrounded by said thin
(;) film 29 WD 2005/ 010997 PCT/ US2003/ 039727 29. The
met hod of claim 24 further conprising oxidizing said
bottom portion of said sem conductor body after
exposi ng said sem conductor body and prior to formng
said thin film 5 30
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