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WD 2004/ 049406 PCT/ US2002/ 037931 Strai ned Fi nFET CMOS
Device Structures Technical Field 5 The present
WO poanid4on rel ates to doubl e gate sem conduct opCTIES2002037931
structures and, nore particularly, to FinFET devi ces.
Background Art 10 Doubl e gate sem conductor device
structures are prom sing candi dates for future
generation mcroel ectroni cs devices, because of the
ability to obtain near ideal sub-threshold slope,
absence of Dbody-effec i munjty to, short-channel
ef fect, ano}SV@lgleﬂiFQRmT@ﬁbgdPW@& frucfures,e
doubl e gate device structure of technol ogi cal
rel evance is the FinFET. The 15 FinFET is particularly
TeckMibd13Gdigve because of the relative sinplicity of
manufacture conpared to other doubl e gate devices.
The channel for the FinFET is a thin rectangul ar

island of Si, .co nl eferred to as the, Fin. The

o 1B RS R idee eh SeminBdd o dricsisutg s gnd
mor@?arhéuli}lﬁitgﬁmfr ddigeyertical portions of the Fin

structure, providing gate control which is superior

to planar single gate MOSFETs. 20 Fi nFETs are wel |

known. See, for exanple, U S. Patent No. 6,413, 802,

entitled "FinFET Transistor Structures Having a

Bac%hh&zﬁ@t e Channel Extending Vertically froma
ubstrate and Met hods of Manufacture" by Hu et al.,
filed Cctober 23, 2000, issued July 2, 2002, which is
hereby, incorporated in its entirety by.reference.
Fi ientle sz FeliCaBAHGIRG deyiceSrigiyres o rapnising Gipdidasi for future
genepifon thiefoeftABRICE devite: belCAlseBF tHBRBIHFRY 4t24in Mear-ideal sub-threshold
2002/ 0063292 Al, entitled "CMOS Fabrication Process
slopéjtabkénze nfjb@lyeeffeat, ifimangy st short@hamed effécd,dhdlygryAngls curcang
.et..al,, filed Novenber 29, 2000, published My 30,.
arvebiiey Qe (oIS SHE LBt TREDID Bt pbngTatica) fevansh it (bR T, The
. . - i i t i i I t
FrE T PR TR e r BB e ot gompued o
other dputde gare devices. AVeShenmetfor tlie KiafE D6 athinaieotadguladrtislsnd ef Si,
need exists for a,l . )
commonly referred to as the Fin. The gate wraps around the Fin so that the channel is gated

on both sides of the vertical portions of the Fin structure, providing gate control which is

superior to planar single gate MOSFETS.

FinFETs are well known. See, for example, U.S. Patent No. 6,413,802, entitled
“FinFET Transistor Structures Having a Double Gate Channel Extending Vertically from a
Substrate and Methods of Manufacture” by Hu et al., filed October 23, 2000, issued July 2,
2002, which is hereby incorporated in its entirety by reference. FinFETs having enhanced
mobility are also known. See, for example, U.S. Patent Application No.. 2002/0063292 Al,
entitled “CMOS Fabrication Process Utilizing Special Transistor Orientation” by Armstrong et
al,, filed November 29, 2000, published May 30, 2002, which is hereby incorporated in its
entirety by reference. This prior art method is directed at improving nFET mobility and,

therefor, only limited improvement in CMOS circuits can be attained. Thus, a need exists for a
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WD 2004/ 049406 PCT/ US2002/ 037931 nmethod to inprove
mobility for p-FinFETs and n- Fi nFETs which are
WG RaouatEo on the sane wafer. However, the preBenuUs2002/037931

i nventors believe that inprovenents in utilizing
stressing layers 5 to enhance nobility are

meth?ﬁ ) ﬁr\{;ﬁ'gl/eemoalisﬂlop ?l‘ﬂilﬁ: s nQHERBFOTS dHichaRNitdad ohhe same

e present 1 nvention, a sem conductor device

wafest ructure includes a PMOS device and an NMOS devi ce
di sposed on a substrate, the PMOS device including a
conpressive |layer stressing an active region of the

PMEGw a6t &8 g)résgﬁt iNRRrS 641G € tHal %Mﬁb{?%gtﬁ%ﬂgié% Stressing layers

| ayer stressing an active region o I ce,

* to enhlusdeanabilitharcawhievatdsi ve | ayer includes a first

dielectric material, the tensile layer includes a

second dielectric material, and the 15 PMOS and NMOS

devi ces are Fi nFET devices. This invention is directed

to a novel strained Fi nFET device structures for
Disclwiisenafdevenridn | i ty. The integration schenme

i ncorporates a new process flow that induces

conpressive stress in the |ongitudinal direction for

n EinE i . in . . .

20 TG helgh Bk Ui SBE L B A REe it d8Fa PMOS
devicdt im&aeﬁ\é[ﬂmfcb dispbied cnndhsubsteatequhé PMOS devite intlindisg a

enhance device performance. I n the inventjon cri.bed .
comprepsiyeiayer SEeISHEIn AUV TABI08 of sePMOS s tbﬁw\ﬁég device including

a [ 0.S: } S| : :

o er A0S e AOAARAGE RRARAARY QSRR KRR cffpressive lyer
includks £ 66t BRletrlcmaterianhe tendild laganitcliales b dadnd diefect v material, and the

Fi nFET, instead of _on the surface of an SO |[|ayer or
PMOR, prd NYH2$ deiees apsFipFET glewicer i nci pal obj ect of the

present invention to enhance nobility in double gate

CMCS device structures. It is an additional object of

t hehRiS=AN6N isiretted eda hovet inan@EF NPT etiye struchirsd-fof enhanced

device 30 structures. 2 WO 2004/ 049406 . .
mobibieyr/ Tgointegraidngghieme incorporates a new process flow that induces compressive

stress in the longitudinal direction for the p-FinFET while also inducing tensile stress in the
longitudinal direction for the n-FinFET. These stresses significantly enhance mobility and,
thus, enhance device performance. In the invention described herein, the longitudinal stress
induced in the channel is enhanced considerably from what can be obtained in standard planar
MOSFETs, because the stressing film is applied from two sides of a thin FinFET, instead of on
the surface of an SOI layer or bulk substrate.

It is a principal object of the present invention to enhance mobility in double gate

CMOS device structures.

It is an additional object of the present invention to enhance mobility in FinFET device

structures.
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It is a further object of the present invention to
i nprove net hods of fabricating strained FinFET device
WG R00uo¥woes. The invention and ot her objects apcr/us2002/037931
features thereof will be nore readily apparent from 5
the follow ng detail ed description when taken in
COfYidlR Glritep o\ﬁ‘e&trbf Reprb @t PVeMdndb @Abr'@)ge n{e{lﬂﬁﬁ 8B fabREdtRE strained
Description of Drawings 10 Figures and
FinFEThiemme istadthisesshow per pendi cul ar (to F| n) and par al | el
(to Fin) views of a FinFET according to the prior
art. Figure 3 schematically shows a perpendicul ar view
of The frivBfitfoh #H8 'Etﬁé? Bejdeds Qhd ﬂ'ﬁiﬂrgsetherlzgf @Ilf%clﬁé'rreereadlly apparent from
according to the prior art. Figures 4 -
the felbdveing tetadéd &:ssrluﬂwnwdrmaal@nvm eovguraetion m@rtheﬂlllanadrdwmg
final FinFET sem conductor device structures
figurst cording to the present invention. 20 Best Mbde for
Carrying Qut the Invention The present invention is
directed to a novel FinFET sem conductor device
structure and a nethod of manufacturing such
.structure. A preferred final structure according to
Brief Pgscripfi ention is shown in Figures 16, 17.
Referring now to the remaining figures and Figures 1 -
3 in particular, there are showmm known Fi nFET devi ces
( FFmres]l and)2 schemateally shost perpendicatar (fei Kjn) 8id. pagdielligo Fin) views of
in standa d or conventional Fi nFET device
aFi u*fcé@fdtﬁgetoﬁ ®BEYA g is fol lowed through the
patterning and etching of the Fins, formation of gate
dielectric and conductors, 3 WO 2004/ 049406
PCFigufi?® 8@efaiialy showde perpendiqiaraiey 6fwFinERGwemiconductor device
source/drain dop| ng, and salicidation. Follow ng
structyiiejascQyaingda the R1E aat e si dewal | spacers are renoved,
to facilitate the processing which will induce strain
in the Fins according to the present invention.
Figures 4 - 17 schematically show various views of intermediate and final FinFET

semiconductor device structures according to the present invention.

Best Mode for Carrying Out the Invention

The present invention is directed to a novel FinFET semiconductor device structure
and a method of manufacturing such structure. A preferred final structure according to the

present invention is shown in Figures 16, 17.

Referring now to the remaining figures and Figures 1 - 3 in particular, there are shown

known FinFET devices (Figs. 1, 2) and device structures (Fig. 3).

To begin, standard or conventional FinFET device manufacture processing is followed

through the patterning and etching of the Fins, formation of gate dielectric and conductors,
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5 More particularly, as described with reference to

Fig. 3, an SO wafer, for exanple, is provided. The
wetlo4efses | ncl udes a substrate 1, di sposed uneler/msani037931

a buried Si02 |ayer 2 as shown in Fig. 3. On top of

the buried Si02 layer 2, is a Silicon on Insul ator

(SA) layer which is patterned into regions formng, .
sidevradl spacers ot sleavrof scusesfdraia dopiag stndwvialicidationFIFRIIgwing salicidation,

Fi oL, 2 d 3. The Fi d by . d .
o YA e b e B e i
the iR a@€drdinfltd @l‘ié(}ﬂbie\ﬁﬁin)&ent@nk nown side wall image

transfer nmethod may be used to formeach Fin 3. After
the Fin has been forned, a sacrificial oxidation

pr dure . which ig well. kn in .t rt b .
Per FErmearegae abdeEhes HaRiDuefedhiing. by FOLpfer for example s

proRided eFHE SOI WakerSidideb aGlRtrateld dRpbsa Und¥@kath abubied SR dayer 2 as
as a screen to prevent channeling during well

shommpih &ig. &t iQmtopi df theeburied D Aayeat2 s $icamserdinsgated (K layer which
. the threshold voltage of .the Fi nFET device. The -
s PR 110 EBIGTR FQrEMInG the GRive RO JOCR A g s RINGE ipfFies. 1, 2
hSFi ﬁ%&f'@) ard 1fthd dreRihi g8 efat@nt Fell known i
an may eztlhéﬁleagﬁ%gfor eno esqﬂgier sacr%{?}?lgr% eoxir%g@eAfter te herlown lfl
thesatc rAlfdrmdtaklypa knevn #6e welirowade traasfgamethod elaydterused toefprm each Fin
be formed. The gate oxidation may be a thermal Si02, a
3. nitrided Si02 or oxy nitride. The gate dielectric nmay
be a high K material |ike TaGs, W2, or any other
gate dielectric material. The gate el ectrode materi al
i s Aet thd@hokdstbeen fommether saotificia owilhton pakedure whichhis well known in
25 lithography and etching procedure nmay be carried i
the gt mayTppopegtarmed fetamaygany damagsdyasytheFe eied geoceduren, Thp gacrificial
.di Af ' : i i an: on. if well
o BG5S PR SR L Eltgptpain i e

implgRationds L§gdrto\udjugedhe tisteshoRriCioltage 6fthe FGRBT ddvices. The
gate re-ox may also be omtted. 30 4 WO 2004/ 049406
PCT/ US2002/ 037931 At this point in the process flow,

t he [.dr aj. j i,npl o

o TROMHRESL A S1hE PRI AP P BRI Forcampi,
dilte @drofldorid slidmag be atedasRehb® thatRrifidigeoddsl Aftérahe sacrificial oxide

implanted Fin region. A lithography mask may be used
remqyablagste dieleatric argy bedomedmTbheigats oxidation may be a thermal Si0,, a
nitrided SiO, or oxy nitride. The gate dielectric may be a high K material like TaO,, HfO,, or

any other gate dielectric material.

The gate electrode material is next deposited on the entire wafer, after which a
lithography and etching procedure may be carried out. The gate electrode is labeled electrode

4 in the diagram.

After gate formation, a reoxidation operation, which is well known in the art, may be

used to improve gate dielectric characteristics. The gate re-ox may also be omitted.
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i npl anted while allow ng the pFET regions to be
inplanted as is common to conventional 5 CMOS process
wo emmhnol4ogy. A simlar operation can be used teCT/Ipi0azi037931
the nFET regions while bl ocking the pFET regions.
After the source drain extension regions have been

" ORIk pl B R0 1BRAR sollRY RS, HERAL Fl)8Rlimbllfred, in

damage 'crea bni an

anotlédr apprioaste aﬁl@ﬁﬁ@%pﬁber hiag baﬂﬁbﬁab crehte adigtabee eiwtéretle gate edge and
Next, the deep source drain spacers are fabricated

b
the imyplapied FimiggionSiANithpgrephymask reay trf:elsreétfgbloek nHIGP segions flom being
1mplé]n9é)c$£}ulea%fo%ngﬁn%lh~'E% E%QL‘@S,Q% flﬁlﬁﬁhéerg %% t(ﬁ)ﬁrﬁﬂ H t%zcgm/eqtlonal

CMOSIploaeRsdedtiblogy.| @asithilg dpbritibh t4h ¥ used o i@lant € nFET regions
portions of the gate electrode. 15 A block mask and

Whﬂql@iﬁckﬂﬁﬁﬁhﬁrﬁ&TfG&mﬁﬁe now used to formthe source and
drain regions for the nFET device region 30 and pFET
device region 20 as is standard in CMOS process

t eaheohe gyurcddinaaetsionnagiofistaivel bedteformeéd, af ReRhiidWanneal may be
process is next used to activate the junctions forned
used 59 heah ¢he damaga ceratesiPy the ioarimplantgtion, Ingmalisemagmanproach, the anneal

may 59 Jnﬁ{eg I‘Eerxg) Gfe ﬁee ng‘,e%?a‘?ﬁ gpacerlfns fab a?%@y&e%{&%ltlgé Q%N film in

nown per

the rmgerbtf 100A th eomﬁo %ﬁ%ﬁwﬁicﬁwmghhﬁdlteﬁﬂ&ml Ede iSH@RFmMBNEL remove the
structures (Fig 4-17) to inprove device perfornmance

SiN filgt fr@méhmhmwnmsmebwmlqﬂmmgj@@ ifitna onplagyyesticatpprions githe gate
electf wn in Fig. 4 and Fig. 5, an Si02 |liner |ayer
I'lm 5 is disposed (e.g., deposited) by, e.g., a low
tenperature deposition technique. The filmthickness
is in the range of 25-300A and the film 25 deposition
t efipdockimask a‘ng lcpmlmmtat@ngée v pepd-tp Sonm thetseurce lapd degin regions

for (Rt Beice ety B i PRET Hovic PR 3ifepllaq f EMos process
techifddodyl €A cO@RARbAAI Popid feAsdrandeal BesONATEE Bled Y3 RBHvate the

Deposition (PECVD), Rapid Thernmal Chem cal Vapor _
junctiens derimeddyy tb@l‘f@}@)t@tmr Aﬁegttlamdaamajv@h@mlcsahcld@pr@pess using CoSi,,

.. EROSI L on t.echni.q The gose of this Si02
Tisi NP Sthy SHieldedSONA it BirtdtBieda” cecond 11 m
which is to be deposited 30 next. Thus, the |iner or

etchstop layer 5 need not be Si02, but is any materi al
t hat theapoipt iothalproces diguathe imteotivesstegs andpsbeﬂu'rds;(Fi‘g&M 17) to

imprbl}j%gqgnec)étpef olrnr{]ar}clg (t>r tlhg nq:er&%sr etm%dp lqn%%%tclewcgg bteé)lg %1rst as shown
in Fig. 4 and Fig. 5, an SiO, liner layer (film) 5 is disposed (e.g., deposited) by, e.g., a low
temperature deposition technique. The film thickness is in the range of 25-300A and the film
deposition temperature is in the range of 200-750°C. The film may be deposited by any one of
a variety of different known techniques including, but not limited to, sputter deposition,

Plasma Enhanced Chemical Vapor Deposition (PECVD), Rapid Thermal Chemical Vapor
Deposition (RTCVD), or a standard Chemical Vapor Deposition (CVD) technique. The
purpose of this SiO, film § is to act as an etch stop for a second film which is to be deposited
next. Thus, the liner or etchstop layer S need not be SiO,, but is any material that can provide

adequate etch stop capability for the next film that is deposited directly on top of the liner
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5 WD 2004/ 049406 PCT/ US2002/037931 nmaterial |ayer 5.

After deposition of the liner or etch stop |layer 5, a
w@opnersé ve filme6, as shown in Fig. 6 and FP@r/u32002/637931

deposited over the entire wafer. In a preferred

enbodi ment, the conpressive 5 film6 is a SiNfilm

dep 03|ted e.g., by PECVD. The film®6 may al so be
matg&l,@gpq d at an el evated power, in the range 400Wto

1500W to create nore conpression in the film The

filmmy be deposited using a | ow deposition rate and

t enffeer depositionostgie liger wRkchistop lhyel B) a compriessivd filt 6, as shown in Fig,

Ideally, the conpressign in the filmis in the range
6 angfFig. g AieRoRSd. CYODBRERIEEHATER HE A elRireheRoTENts g gogpressive

r f 0] 1.0
i RNy a8 £ P CV PR AL CIRRSI A
elevé&@@owﬁf 65 ferangy 40W Yo 1 S0OW S pagreate niait veaprevddein th@fikh. The
el ectrode of 395 mls, flow 3000 sccmof a 2% dil uted
filmapaybegieposited using @ InpalepasitionTate and demprratyrovagee ta makegthe film

com@pesﬁve de“%l‘iyr QIE cgo er% ondn therﬂlﬁl ?fnqgg _?laglgé g%@l&@dﬁ tg -3000MPa and |

osition appr oxi

the filni thickneRSBowlf b@lﬂﬁﬂk r4rR%r 2004 0020004 Hrafefffet! @epbditéon parameters
ressive filme6 has been applied to the wafer, a
are pg %BRWMRC@S temperdientrof 480" Gipgessige o § . 75itgrT, spacing bgiyvagn wafer

and r%%cggczekoft SQ)I,S Tgr egjO%Héﬁ(?rrf\ 8{’ Q?“/ﬁvﬁgxﬁeg rx%lg Iﬁ % J'g% hga as and

conv
1066 363MI NI ghs lubifig ah RF pdveer GESH0 Wattfsoﬂ“ﬂl%%r@dés@ylelds a deposition rate of
conventional, | ithography procedure in which a

apppsrrimaelarl §i95Asandsa filp siress of about @d0%) e400RMPoaf er
surface and exposed through a nmask. The photosensitive
material is then devel oped, |eaving 20 resist inmages

or ARGt &smpreatlei MM ¢ R bR phbERSthe vatdtea BRER Mask 7, as shown
After formation of the block mask 7, the conpressive

in Fig. Brang Figs 9y smsettd mgskeaolpliGilireginns ofghe iafeg. dhisdlgck mask may be

forrges it b TSl b RS Hhb o 7 e S Y he g formed by a
conbérﬁl%halmriﬁi&%ééhure% mm%%mémwer}ﬂateﬁal g‘l?(ﬁ?ed' &ver the wafer

5 exanple’of a dry etch chem stry that may be used
surf’acer attdmxpowdrthmsgh afmaske Thopimtewssitree materaliis theSidsveloped, leaving

e A SRR BB SRR B Lo e,
appears as shown in Fig. 10 and Fig. 11.

After formation of the block mask 7, the compressive film 6 is removed by a known
wet etching or dry etching technique that is capable of removing the compressive film
selectively with respect to the block mask material. A plasmé consisting of CH,F, is an
example of a dry etch chemistry that may be used for this purpose if the compressive film is
SiN. After the compressive film has been removed from the nFET regions on the wafer, an

intermediate structure appears as shown in Fig. 10 and Fig. 11.

At this point in the inventive process flow, the block mask 7 is removed from the wafer
using a solvent or O, plasma process known in the art to remove resist or organic materials.

Next, a second liner or etchstop material 8 is deposited on the entire wafer as shown in Figs.
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At this point in the inventive process flow, the block
mask 7 is renoved fromthe wafer 30 using a solvent
worodA4gab@sma process known in the art to renoRET/UEBNE037931
or organic materials. Next, a second |iner or
etchstop material 8 is deposited on the entire wafer
as shown in Fi g?_s. 6 WD 2004/ 049406 PCT/ US2002/ 037931
121apd J3q The secpmd Tigerdayey 8 hasat lepséyyg}llagpmgrtgﬁ as thgdirst liner previously
degéég)]gh arrh%rlg) ?.ﬁe! {Iﬁe‘f‘ ¥s t%shﬁetlﬂﬁcll %éez{rnsétc}l %tgf orpaLs%& %ggﬁté‘irl]m e{chhng process.
stop for a subsequent filmetching process. 5 Next, a
tensile film9 is deposited over the entire wafer as
shown in Fig. 14 and Fig 15 The tensile fiImis

.9 I‘%Ie)ri?'I atl\lﬁ%‘s!?l% i ng os tgcfj the ¢nfire w%/D S f B Fig. BT Bnd Fig. 15.

or any pos Algue capap

Tidapase finn g, 8ghisghlapd tsmbdlﬁdfbyl ., (flve) fHE(W']D MRTENVESSr any other
should be in the range of 200A fo 2000A, and the

depesitieysteghiiqeccapedle of depesiting g bighboendde film The Gl thickness should be
in ﬁ% raréé e&%‘oﬁ to 2'686& rg qﬂ%%%%? Isﬁo'u?cﬁbé)l rag?é%ﬂ?fl\%a f'o +2000MPa

S tenperature 0 pressure 0

orSﬂRﬂf@h&ﬁll@@%&ﬁ@d%ﬁ@dﬁtl(ﬂi&tﬁh@&%h@e of 490 nmils, flow
3000 sccmof a 2% dilute SiH4 gas, 15 sccm NH3 gas and

pragesptesmeratpe gh480 &umgss'arﬁ oR6 25T spaping petwegn tpferpnd glectrode of

e o aLe f a
SRR RS RS o PRSI, 8 BRI TS ot e
usfigiaftRE powdtfi3a0 aWittsv ETHY S16e&S yfeld@\ande?oml&ﬁlatm@fsippa&lmately 23A/s
|s atterned over the nFET regions of the wafer as

im strgssmfgbouts. The properties of this bl ock mask
ﬁpymlar to the properties of the bl ock nmask
Og evf ously described to block the pFET regions. After
the bl ock nask has been defined, a known wet or dry
etching procedure is carried out to renove the 20
t ensAt thisfpointipthe nmnvmprpcﬁsrﬂpra blesk nARle létsqntt@md logter the nFET

reBfin S EE Walth 2 S inthidl T, e Redns e o RS Blofk mhsk pif similar to the

prf)ﬁé)ﬂé§ mh@ﬁgzk hRsK PR$iodas ﬁescHQéd ﬂ'oedTEBthE BEET 9@6&5 SAﬂ’é? the block
m whi ch i's present on” the pFET regions. The

mMShas beenndefined, admowe dvan oF dgy aclsmgrpﬂoacdumetswamﬂdagly tmeaatbve the

tet 3 Ir m&?feqnt& gplﬂﬁg{é%ggnggghg%ggﬁp r T Yec&n;e to the ?mer etc%l stop
material 8. In this way, the etch used to remove the tensnle film from the nFET regions does
not remove the compressive film which is present on the pFET regions. The block mask is next
removed using a similar methodology used to remove the first block mask, to result in the final

device structure 200, 300 shown in Fig. 17.

At this point in the inventive process flow, a thin film (not shown) in the range of 50A
to S00A, with a low stress in the range of -100 MPa compressive to +100 MPa tensile may be
applied to the wafer to serve as a barrier layer. The purpose of this thin film is to fill in any
regions not covered by the compressive or tensile films. This optional film may be used to
improve the suppression of contamination from penetrating into the Si and also help to

improve the etch stop characteristics for the source-drain contact etch.
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film(not shown) in the range of 50A 0 to 500A, wth
w@200au®ve ess in the range of -100 MPa conpr esSBCT/E®S1002/037931

+100 MPa tensile may be applied to the wafer to serve

as a barrier layer. The purpose of this thin filmis

to fill in any regions not covered by the conpressive

or B8ssihe@peiatipns deppribed sbeyaiacamied phike GMQR;process may be

I.prove the [ t-am ' .
colsRef ¥og MG BT BERS B Rlei iR AR BB T el KRn in he . More
speRiffehllys kIRPprobaating tek FslfowsSndi@es tdeposition ot slirairiaattmndfacdlass layer
~etch. 7 2004/ 049406 PCT/ US2002/ 037931 AJ ter the
(i-co MRS HHASY g@@w&@‘bﬁww(ﬂéal_aﬁéméﬁﬁ,rqeéasz of qomiacemeRliurgy and
rocess . be, cont iy i .
plari e SR RO LR R R R RE SR fon fopmed to
compreedthé empl y, the processing that follows includes:
deposition and planarization of a glass layer (i.e.,
BPSG, TEOS); etching of source/drain contacts,
depgsition of .con oD F AR ;
aaaidt BraPrcR s SO AR TEAF bt Hedephinaidh AIRCL ARIFIRoverlying
the\bdté Bghdat®rd, R@nlté Praweess  thocianad evidhes ofile.sambeype as the stress in
presence of the stressed filns on the I ongitudina

thesfilaelival, pgmgnfesqi‘fpécqmmgs,sivgv@pspﬂ)g{t?@ile)t. Hehe sHESs 1p m{c&(cggin regions
results j.n.a . stress b Ne. i ' .
on 5 S ARIT TR T BEPRRS AR, EopftsdMense,
terRREBERHRENRY) CTOREESS théBoulceldsdin diffusions, tie) filmFloa thé¢ topssarface of
in the source/drain regions on_the longitudinal . .
eaeli Biawedy| be romoyadewithous negatias theaitssisial thefim qn the longitudinal sidewalls.
conpressive/tensile, tensilel/conpressive). To access
the source/drain diffusions, the filnms on the top

sur fRgRiR Mkre AFBENhBwWARNA BescriBaDWRA ivattpreseht cumgideied@ preferred
the effects of the filmon the |ongitudinal _sidewal

| . Sic l's .
enbBdingint ef tha preseitdeveption iswilire aRRarentciothossskillamh it the grt4hat various

resent c i der ed preferred epbodi t .
chapges éﬁ‘i npa{;'émqns may?)te rwdlel%fledgm %gag}lg cg]et%%ﬁglgtq{]o(gﬁs te}% spirit and scope of
thﬁé,iegé,@qwieﬁlﬁ(;dje art that various changes and
difications may be made therein w thout departing

fromthe spirit and scope of the present invention.
20

Industrial Applicability

The present invention is applicable to microelectronic semiconductor devices.
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I ndustrial Applicability The present invention is
applicable to mcroel ectronic sem conduct or devi ces.
W@200002206/ 049406 PCT/ US2002/ 037931 d ai ns 1. PEAT/US2002/037931
sem conduct or device structure, conprising: a PMOS
devi ce 200 and an NMOS devi ce 300 di sposed on a
substrate 1,2, 5 the PMOS device 200 including a
_Jﬁaﬁbre55|ve | ayer 6 stressing an active region 3 of
t he PMOS device, the NMOS device 300 including a
tensile layer 9 stressing an active region 3 of the
1. NMOG\ stenicarluctoh @evide stiudture, adpipasiagve | ayer includes a
first dielectric material 6, the tensile |ayer

i nclRIMOS4leviee 28@ anshan MOS deviger3Wedisnoped oma Sléﬁtiaﬂeﬁez

P re Fi nEET. d vi ces, 200, 300.
he RN A0 b i e® By Peaip oty Sfegion 3 of
thelPM@%ederide, the first dielectric material conprises
SiN. 15 3. The sem conductor device structure as
cl aithﬁeNMQS devagerd 00, ingliading b hensitrelager Gostegssing a1 astive iregion 3 of the
N}gﬁﬁdf" r| ses SIN. 20 4. The seni conductor devi ce
clﬁF Elairredin claim11l, wherein the first

di eltigcédnhpressVR et Mcludasa Arst HioRE@Rtrhadrial 6Uﬂ1‘&,ft&fsﬂé layer includes a
conpressive stress in a range of -300 MPa' to -

seqomd diele@friGmaretiad % end theRMOSand dMOSalevicesaoe I nﬁE'Tsdewces 200,300
claimed in claiml1, wherein the first dielectric
material has a substantially uniformthickness in a
range of 200A to 2000A. 6. The sem conductor device
structure as clained in claim1, wherein the second 30

2. di elThetsemconditctridavict stsuciureab stammdd ialclaym dnivhereim the first dielectric

tensile strgst\? in a range of +200 MPa to +2000 MPa. 9
matenal comprises SIN.

3. The semiconductor device structure as claimed in claim 1, wherein the second

dielectric material comprises SiN.

4. The semiconductor device structure as claimed in claim 1, wherein the first dielectric

material has a substantially uniform compressive stress in a range of -300 MPa to -3000 MPa.

5. The semiconductor device structure as claimed in claim 1, wherein the first dielectric

material has a substantially uniform thickness in a range of 200A to 2000A.

6. The semiconductor device structure as claimed in claim 1, wherein the second

dielectric material has a substantially uniform tensile stress in a range of +200 MPa to +2000
MPa.
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WO 2004/ 049406 PCT/ US2002/ 037931 7. The sem conduct or
device structure as clainmed in claim1, wherein the
WG emand4oali el ectric material has a substanti al PgT/US2002/037931
uni formthickness in a range of 200A to 2000A. 5 8.
The sem conductor device structure as clainmed in claim
1, wherein the first dielectric material and the
second dielectric material are SiN. 10 9. A nethod for
7. nanulflé%ﬁifcbﬂ&c@oﬁgmce QRGeS cRENEFR cBlih YC WHERin th second
conprising: providing a p-Fi nFET device region 8 ana
dicdgvtmc MateFllThad e sulostantially wmfod@Chiokneas meamanges o XA 000A.
2; disposing a first liner 5 on the p-Fi nFET devi ce
region and the n-Fi nFET device region; disposing a
conpressive film®6 on the first liner; 15 disposing a
first mask 7 on the p-Fi nFET device region; renoving
8. t he Thenspmessductorfdevice Stractutelas chirédikiclid dy ivbereinathe first dielectric
r enovi the first mask 7;. di sing a second liner 8
m%Wrgfﬁ%J]g‘pﬁF?ﬂﬂé‘ﬁ‘%@W%@atﬁgéli%ﬁggﬂowd t he n-Fi nFET devi ce
region; 20 disposing a tensile film9 on the second
l'iner; disposing a second mask 10 on the n-Fi nFET
device region; renoving the tensile filmfromthe
o P-Fi nFE&% vice region;, and then renoving the secaond
mas K msEofdor mapufapyringp semicqndiiciapdeviceSTHFH e CONREES
sai ) i . . ¥ o
dopoittiine dp-HhbBPaLAG, kAN AT ol BT |elice 1080 30p on a same
subsdbratg 1,21400 MPa. 30 10 WO 2004/ 049406

PCT/ US2002/ 037931 . . _ . . .
disposing a first liner 5 on the p-FinFET device region and the n-FinFET device region;

disposing a compressive film 6 on the first liner;

disposing a first mask 7 on the p-FinFET device region,

removing the compressive film from the n-FinFET device region;

removing the first mask 7;

disposing a second liner 8 on the p-FinFET device region and the n-FinFET device
region,

disposing a tensile film 9 on the second liner;

disposing a second mask 10 on the n-FinFET device region,

removing the tensile film from the p-FinFET device region; and

then removing the second mask.

10. The method as claimed in claim 9,
wherein said step of disposing a compressive film includes depositing a compressive

film having a film stress of about -1400 MPa.

10
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11. The nmethod as clained in claim9, wherein said

step of disposing a tensile filmincludes depositing a
wo eovgiokeod i | m having a filmstress of about +BODUMea2/037931

5 12. The nethod as clainmed in claim9, wherein the

conpressive filmis SIN.  13. The nethod as clained in

claim?9, erefn the tensile filmis SIN. 10 14. The

et %%imci’éhv&glaéiciﬁéﬁe‘nﬁ °k|“8i9m 9, wherein the conpressive
thi GG SRERE R8P0 ARG Ao B AR il dert 1A Rl fim having a

filmettdss df alsout HAOODdPai N cl ai m 9, wherein the tensile film
i s disposed having a substantially uniformthickness
in arange O of 200A to 2000A0. 20 16. The nethod as
claimed in claim9, wherein said step of disposing a
conpressive filmincludes depositing a conpressive

12.f i | Themethog aa clairhed inictata 9, oheginthé esmpresviveatiimus SiNL400
MPa. 25 17. The nethod as clainmed in claim9, wherein
said step of disposing a tensile filmincludes
depositing a tensile filmhaving a filmstress of

greater than about +500 MPa. 11
13. The method as claimed in claim 9, wherein the tensile film is SiN.

14. The method as claimed in claim 9,
wherein the compressive film is disposed having a substantially uniform thickness in a

range of 200A to 2000A.

15. The method as claimed in claim 9,
wherein the tensile film is disposed having a substantially uniform thickness in a range
of 200A to 2000A.

16. The method as claimed in claim 9,
wherein said step of disposing a compressive film includes depositing a compressive

film having a film stress of greater than about -1400 MPa.

17. The method as claimed in claim 9,
wherein said step of disposing a tensile film includes depositing a tensile film having a

film stress of greater than about +500 MPa.

11



