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METHODS FOR FABRI CATI NG A STRESSED MOS DEVI CE
TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The present
wonveisoon general ly rel ates nethods for fabrieariusgno6/028197
stressed lates to
nmet hods for gﬁgfﬁgﬁﬁﬁgﬁg?ggigé ﬁ%%ﬁghgﬁ@nggnd for
preserving the stress and the stress i nduced
enhancenent i n HERGFIERR OFFRERSRANBNOE THE
| NVENTI ON [ 0002] The majority of present day
[0001] i NTIRQraéE Ghveitib wénbelly teBs} narhedsi fop Fabrietitgextedssd MOPS rigviees, and more
partmul%’g%%l?t%s tg anet%ds llel E&qw&%{sﬁpﬁ/{f)b ﬁé@ce@inti ?&garetsé‘r@ﬁhsﬂhe?’ LtREsSand the stress
so called metal oxide sem conductor field
induced gpifapqement pgprdideicst s (MOSFETs), or sinply MOS
transi stors. An MOS transistor includes a gate
el ectrode as a CBACKGROENROF THHENEENIIONaced apart
source and drain el ectrodes between which a current

[0002] Ca{‘h %ﬁty Af Slggéhtr @Jy Mféér%t@& CirQRP kagdaré Qnﬂléﬁ%mg@-‘b? using a plurality of
controls the flow of curre

itercongig sk Wt ABETFAr LD AU o oS PRCTT SR effect ansistors
(MOSFEM%&mMGSMMmm AnMO$ mansigmtinchslts o gtelplep@dass a control electrode and

spaced %{m‘? %&§ gn(ardramae'iegtrc{@ bg{wleg wiidld chr?Jnt Qﬁ Ylb\g te§ con-lt;blevoﬁé%le Ebpﬁid to the gate

transistor, usually def i ned by
electrode pepiiale B Byt efprecat tbfgmh a chagneh bGP the 6°H§F altddlf%“évcmf‘a? lity
of the majority carrier in the transistor channel. The
[0003] CUMOSRiansB6vks{ i ctifrag apbipéldrittaysisok, agermddDs darrgnddvisesorThe gain of an MOS

,tran51st(9 u%?aﬂg Eiéﬂﬁ eﬂ%leQra &d&q Ee% dg 1s ‘BIop(]jrh&lalrf@lhg Eﬂoﬂlﬁty%;fl{hg kng_]%rlty carrier in

les, the jorit
the trangigirrehanpeL | Fhegurion AVPRAPAORES <tf F%WQP SRS lop A RORENGPRLD (o ity ofthe

ma_]ontﬁc}érrﬁpﬂhlw cH@mﬁl 'Cl&fmibﬂhﬁﬁdf ‘Mﬁed, 08 Ghijbrtikgl carédr irsd F-emsnet MOB kya@nsistor can be
mcrease%q) Pp eym% a comﬂreﬁve k)n%l 21;1 '\&g %}tﬂge c‘ﬂﬁc’n‘nelt q‘ﬁe HEME& bit éfectrons the majority

ansi st or
cartier e Neloed MG trapsfstoy m@e Hmlie%?f’ﬁsl?yl agPlYIpEA ISRt S T WEE q o channel. In
a silicoh MOLRARRE! suchl reResSdah b€ Qpp1ibAD thd' &ﬁﬁieﬁ&f@h MOS Iﬁ‘alﬁfsfoEBﬁ &ropriately

‘ embeddg%%rsggsﬁa clérlrgs}gaé%?%l stéx ?,]sgé1 ep 1r1]1e e Si 1con su '\{p§ tf rth%q{ ssfsgogr 'lﬂy stresses are

stress
caused by/hticeasisiit@es tetwetthie BiGE pwlohe webdicommecrst T atinsic irsses in the SiGe

redistrifufeBkS 'ﬂ%taﬁﬁﬁcent%s %ﬂe@%&%ﬁbs@ﬁt@ pERUS B tRYchhRbItrbgG@ of the MOS transistor.
m smat ches be

Unfortygafels qne pt thTH’é?{’lF‘Hi Fith W@§%$esé§%t§§mg??yt IF@} ﬁegéamcg stability of the SiGe
layers. (AR elvated ielpdr@urbstheointinic srels actbrliGalkpagelafes dusdo ¢igerntion generation. The
decreas§ HR&&SE % tﬁm ﬁ@s@?zl rgddcﬁgnQn {hg gre%hﬂdﬁ%'moﬁfﬁ@' 119:p=~a§3f anli Iﬂ@m%tenoratlon of
ransi’st or. Unfortunately, one of the probl ems with
*Wwe@ﬁ%@ﬁﬂﬁd Si Ge technol ogy is the nechanical stability
of the SiGe |ayers. At el evated tenperatures the
[0004] i NtAEdoRIRgly, B tis @Sigableno pheidSmSbods afgtefalslcartiak aixeewd MRS dayices that prevent
stress rqax§1J1o?10 %E{ng&o%e&ﬁgr Esﬁr&pe feaﬂﬂ’gs ﬂ@ Qﬁa?a@él%u&srbf ﬁIe rp?e§e§1t inbdAtion will become
tur

causes uction In the stress | nduced

apparelmf@m the wbﬁq%ﬂnbé%@é‘ed éﬁﬁlpl‘f%‘hé‘é‘ the gReeRsed Glpigsi BiFngp cgriycie with the
accomy o QFaRIREA the B0 dihe Bampaldicldghdbackigtomdds desirable to

provi de nmethods for fabricating stressed MOS devi ces

that prevent strgss: sﬁﬁdn@ﬁﬁ?'o?ﬁﬂﬁﬁ/ﬁﬁﬁbﬁm e, other

desirabl e features aracteristics of the present

invention will becone apparent fromthe subsequent
[0005] (e Aerpathed fog Ebqetingristzsed AEPS dauiceaip psh o8 & ergoRfuToT SUpRIE ff prayided. The
methodGORpriserahd sBps diférining l @ata eleddiafeadvyriying tarsambdageton ndsttateand etching a first

trench fg%mv%o' q %&cﬁ.&ﬂﬁl{e%@é@iﬂ%ﬁg s&gtgaté? @k Iﬁgé't ‘i’r@&ﬂ 'ancBBl: lg’&!::cond trench formed in

.alignment with the gate electrode. A stress inducing material is selectively grown in the first trench and in the

second trench and conductivity determining impurity ions are implanted into the stress inducing material to form
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[0005] A nethod for fabricating a stressed MOS devi ce
in and on a sem conductor substrate is provided. The
waorbitedomonpri ses the steps of form ng a gate eCeaiSemd®28197
a sourc]@ }/e%{o?xltrg%%rcs:thmmgﬁ rr{gacdg'gelug ge 1%19 rnr eér': sbe?](;[nﬁ ex{cP1 d r?ﬁtergf% lrlllg %Ice% induced in the
substratgy ghlgyer af reechapiyallyfhipnd gateripl WWSMVPW@%@@@W@{ inglycgng @gterial after the step
ofioninPkARG I N alignment with the gate electrode. A stress
i nducing material is selectively grown in the first

trench and in-t QgRﬂ’ £RE ﬁ#j gg@%ﬁivity

determ ning i npurl lfelﬁl‘%ons {z;re (?Frrp a% edInto the

stress inducing material to forma source region in the
[0006] f j ¢ presewt inyprtigviillderaipafienberdetsribad in anmorswafdfolﬂwwmg figures,
whereinl BkelHufS:@1 Méhote ITi€e a&ﬁeﬁﬁ Santl REeLEie B1GIN lmhaleﬁhthﬂtyr ifhis@ate, @n cross section, a

of mechani.c rd material..is.depgsi.te , ,
stresseA ﬁ%g rievwe andtnhe thods tfor eltg g%?craﬁ%ncm arl]Céor an{:e w1th vanou]s Frr(ﬂ)rodlfnﬁrgs osf tthee IC1)nvent10n.

of ion i npl anti ng. BRI EFDESCRI PTI (]\I(J: THEDRAW NGS
[ 0006] The preSEAMLERRHEYCREBATION OF THEREYFEO¥r be
described in conjunction with the foll ow ng draw ng
[0007]f [ glms Eslowind) edftae]km dds(tri@&onnﬂs Rl &eﬁiﬂﬁl@tne ndthrK @ndeik aaﬁﬂ&xﬁpd to limit the

mventlon or tHVha IG’:: tion an es the invehy mat rm € thereusS Eor @ egti n lg be bound by any
SBct1 o I'cé and ne

{resse @ an
exmesqul 9r frmblpd @mry @r?seinﬁd it e rraepring Wmﬁale&i% éerégr@wéomeﬁém@ry or the
followifid deta€1 degt¥igidhi on. DETAI LED DESCRI PTI ONOFTHE | NVENTI ON
[0007] The follow ng detail ed description is nerely
[0008] ex%f@, Ei‘ ){llustrate gsse% 1\?89 dévi%e 96’) g.nd dne‘i;h%d gtgpq fférq?‘?ncatmg su%h $ MOS device

i nventi on cation an
in accofdanee rytith @Wouwwch@?nmf g invpgior  Inghip Blustitive smpegimenistpged MOS device

30 is ilRGHARE bPY siddMy/P- &ﬁﬂfeﬁ\ﬁ@g dralﬂﬁtoi g e}] m@gatémm/foﬂ{eemts@@seﬁ NOS devices

such as %ﬁﬁg @ gagdl ?ag%lglrll%lg:‘l ghrfsgtggss%gglrjapg{so mc uge[ ﬁ’étfféﬁw P-channel
MOS tipsGRrs atd ﬁreSiSM @@@m@@f’edbl Ob@pdgfwétoww'dbw ce 30 and
nmet hod steps for fabricating such an MOS device in

[0009] &C %ﬁ@iﬁ@t@;ﬁ idhd RanMBES HﬁM@QJﬁﬁlﬂistﬁﬁ RfeSveQ kndwAQnd d3Vid Melii@8est of brevity,
ve.e nt . Str,

ti sed. .devi. 30 ...
many b e{onl SR L ALY U P S TRREHA Al DR p et R wpfut Boviding the
well kndwm provegdegtile dAlgiongbulet tedro MR ddvicg praerieséedo MISid dryyiggessmetal gate

electro®UG arfokidd §Md 810 t&a@m{ Wil 984 BurdugiicdBo RETRERy %w%y@ttor device that
transi stors,  and al so_i ncl ude unstresse

- cha

il RS i 0 T L B e e B 1 R ovr s s

insulatdr (@iRgiesixie & oft®r iusdlalor) WhB.G@furnya posiiiesedbe@ p senicondulier substrate. :
manuf acture of MOS transistors are well known and so,

[0010]I n Ats hﬁus{rzﬁédeﬂlefslé Pfthepﬁm%lfatcéﬁre mytregso@m !icQE@hO Stﬁ @8 Srdance w1th an
wi Il only be ment’ioned briefly herein or wl

y
embodlaﬁzilttof gla 1:@\3}11@1} léegg)s Wtb( ;ﬁ@iﬁmgpar s&gl}cal?dﬁﬁortshtétr%%q F%ﬁ 6ewllconductor substrate
is prefepablycasmodi@tatiind Slicof$ubduat gdherbxh ehett@mrilidviDsbsiete! 5eled herein to encompass
the rela@i(lfg? ?«[rl: %{Jh({ogfmg{eﬁalg tgg(gaadg ﬁé’eh Qr?thp @e\fﬁl du@topﬁﬁlﬁlr{ géﬁ’rﬁconductoi substrate 36

nsu at or termw
will heﬁ@ b@ sedred oy f@u@m flxsqugﬁlqngptéylﬂxplg llwylog,éﬁ?Wﬁ%@tadplcon substrate or as a
semicofitRVtbC@bitlaRt Sillded WEMSte B6 GRIFHY Gt bukkesilihah &alt eCd thadRyer of silicon on an

insulatigl%v;ﬁ%tr I?commgglt %now as S&Ec%n-eorn-n(l:sg d uc%df)ethr[a %urn q Qup%)ptgg b}J & silicon carrier

Irone ver a I NS U
wafer, gyt [sdiere jillysiaiegtvithgut mta@bp a§ anbldlqulwon W’cgerpgrgfe[ap]@ ﬁ)@@lhwéﬁfafeahas (100) or

(110) oBigEH6R MAUELAT thspthiih n)faﬁl@ watb0R $jch ABS! debisksioriad 86l fabiicatell (6 doped with
acture o

1, the esse device 30 in ..
N-type LA AR (i SR SOl Tl cLTes dpie e Bftonyis cqptivty, for
examplpd tyhopimplantationg Shallge e ilatenoS TH Wiws tliusttated)36 formdglgin the semiconductor

substraf%qmlgﬁﬂ:glﬂp&@arte :ﬁMQ&M &Wes as reﬂﬁlf‘eti%@%lc}fcuﬂ functlon bemg 1mp1emented As is
nonocrystalline silicon su st erein

vell km&g? B WpRPTspEhat pa bag%torf T 60&%&9%%% Rotbe decribed hor
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the relatively pure silicon materials typically used
in the sem conductor industry. Sem conductor substrate
wa@@oomoidooherein be referred to, for ease of di BCUAS2®RI028197

in detal) Ufn Q0hdrdN ®T inbihdad £ Qﬂél'lo@ﬂren@ﬂ thzﬁ Es%iléd\éﬁl) Yhe R fal <§‘ ltl'le s&ﬂ&mductor substrate
ubst r at conductor su Strate

a
ond 0 5 Tr iy By S OB PG RS IR B ik ff vlating matral,
the surfagg/iensugly plndrizadofor azampebyi chenitah inbdhghidabplabirizbipa KOMPL Y  know
as silicon-on-insulator or SA) that, in turn, is

[0011] SupPRYe 8ak ﬁts@atocr'Gb Is Q&Becp@lrtﬁé sﬁffac\é\@tfsﬁﬁen sbbfrard §6 ﬁﬁg &ite insulator may be
| ustrated, w as a bulk silicon

a thermplly grown wlicop dioxidy {}“teﬂ & btatlté’ct‘iﬁ silicop Sibstppigsn eftttef}lmtﬁraﬂtbﬂf@yr may be a
deposifed ingrigtatsich s asilitombxideesilidon hitrgle porighi distec@if cérstent Waiilebr suth as HfSiO, or

the hké’\hDQJZBmMSQeﬁ&k Edn b%Qleﬁcﬁlteti %IQﬁenL@ap (/dpgra&esgltlorﬁl_&% Swvigﬁ]gue chemical

urlty O ants or exa
il"ge gate insulator

vapor fkﬁpt\%tnn %%@ e°fdt}t§§'a etﬂti‘“teﬁech%t’b‘bar‘ dfﬁor Aenesiir@EEYP
materidl GrtypdoaBynp | (egandmgters@iim) inHickdsat In @tordblealvltiomie efBdlitlent of the invention a
layer ok‘ 591&!(9}5&951&: §1§Z-gll )62 gsn Lositéci Ml%(!: ﬁl?tlagg')of 0§tf ﬁng&lzggrd ’f'ht@ lz}ylgreof polycrystalline

sem conductor substrate to e
silicon ji, prpfgiably 4epodied pewdonsd Prlsgyalliag ssontand ISCtutsewnﬂyfwmtsr dqved by ion

implanfagdnn g lay¥pé4aiTRnd Rekk mAGridl Suc‘hﬁ!; élhdéﬁl OMAR, silicBRAiRid& lofsilBBA Yxynitride can be
depos1th[ O%SRR %§rfa£<b§ttth S‘cbycgrg allljge Sl [ g?)l%ryata]?ne 1inatg’r?a1 1c::a|F1]1(:"‘t>e deposited to a

process need escCri
thlclmegse?fébﬁtt 100gmp blr hECF‘G?j by thy hsﬁegen ewuttlpe piCtilaneh gfthe jhayd etagymaderial can be
depositedlb @ tHidRkesSof bori58 nif aldolbg LBEMD.cONduct or substrate and
that is subsequently filled mﬁth an insulating
r_t.he trenqh IS

m I
0012 d k 1
[ ]I ndk %Isng yer 4 and aﬂnder]ty‘ﬁé agfer ?f Ro eycrys%qlme s1lran E? are photolithographically

patterngs) tg rfefp & Bahangeh M%x@mﬂtfe gy clshieadh Ghlas otk ImcHIG 2. Gate electrode 66

overliefthd B&fld)nzcﬁtsérﬁ&nﬁm Substfa 3k khat Al ﬁ)ﬁ@ Ehaﬁ)ffel [32h9is JMONAL | ﬁb@ kransistor 30.
strate

el B0 L S G35 T P B2 i v
chemisiy mélﬂetélalfdomante@n by cthledtipregetie by plhireevhvg st CH; £CH.or 805 chemistry.

F ollowﬁ§ 'thg pdileRfhe %ﬂ{ﬁé S elec@dde r@){ccg}@an@e SaPas Exhl%quﬂeﬁﬁ)'f' th@th{%ntlon a thin layer
ilicon oxide, siljcon nitri

70 of BHEGH 65 P OBHE TR 1 ChIBRIS SURTIAL BF BCFIotgPo fby heating the
polycrybtalkier, silDepinsh bedizingsuHiat. OLayercCArvabbe Q‘espoelattmdmhsy of about 2-5 nm. Gate

electrod?:bi@ gﬁd:l er %%%e uge@ Q@eﬁ' 1$ﬂ 19191a1(t Q%to fo|r19 %mQ: Ds%'& g:?! illustrated)

epaosition (L , or plasma en ance
of the 1‘68% H?HS‘ét%‘p d&5 posdhle '(eetts’ve)d mefhod obfarming pliipleowpe ‘Wétd@lﬂl rgions are well
known,ibst atepi geatahy/to Thislifemn ameteie Seel hotdy edpRintdtegiiness. I n
accordance with one enbodi ment of the invention a

[0013] lt ﬁ-Yr?z{ccch{am}g it %ﬁeyeﬁpogéﬁéx{? &f tﬁé injve% %}1 %glldséateqﬁlpﬁﬁl _;’ %%exgﬂtsgacers 80 are

[ ayer 0 %atelnsuaor
formed gpy b etr\ygtga?new & 75 pfigpiE lictiode értletl%twwspa@ﬁaet Redprmggof silicon nitride,
silicon oidbpant ifxe by Gd’pysiﬁr@|a|layﬁﬁof31he| q;&beﬂnﬂd’ﬂidl dver M@&&Qﬁd@dﬂ%g 34d subsequently

on ni

: musoﬁdﬁawwe'tchﬁé%&ig Bfegs § Cﬁ{m%ﬂe bé/ r%%!:t%@ 'toante c n S'%ewzlﬁly sgacers @lo tgate gectrode 66, and
* the hardypaskion fhe g ob%Re e dlickrsic egrisddes @tewsnatletd eigi tregclieh 82 and 84 in the silicon

substrat8 il ipa&& aﬁhﬁt st1 Bligp@ény it $toﬁixﬁ1é1 ete SlebtioBOF6. THIGrenches intersect the ends of

R e N B
Prefera’trheeﬁelmf thyrirershes dis| aglpsh Ofﬁh@t h&‘t @2 pmsk material can be

deposited to a thickness of about 50 nm also by
[0014] LP&YDustfa@®h2]G. Hadhe trm atle 8YES witdh léb%dof YRASH NP ehateAN ©5. The stress

indueing na B 5 Y b Tisho-C P BATPLPA 5o g eca i vit  ifeen
lattice qoiE@nt thamthe dattise copathm Oélsréc,an Cthe dEBreas in [ldttiss ormpmcbfithe two juxtaposed
materiaks |g§1era%s a GRSt Bl ERLQORREN QY B ﬁ1§c§1afs It]lﬁt qudts&i%ﬁ]tecpfn the host material.

sem conduct or substrate 36 that wll form channel 68

of P-channel MOS transi st or-330. The pol ycrystalline

silicon can be etched in the desired pattern by, for

exanpl e, plasma etching in a d or HBr/ Q2 chem stry

and the hard mask can be etched, for exanple, by

pl asma etching in a CHF3, CF4, or SF6 chem stry.

Fol | ovv| ng the patternl ng of the gate eI ectrode in

o a1
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70 of silicon oxide is thermally grown on the opposing
sidewal s 72 of gate electrode 66 by heating the
weoaborangmeal | i ne silicon in an oxidi zi ng anbi eRrCT/US2006/028197
Preferaggl tﬁ‘e%ﬂesp ﬁld%r@%tehﬁ cﬁlsés me%hi@%st% degég'%lgastgall?{ 85] Hh tﬁéastllﬁon 18 stressed,

el'ectrode 66 and | ayer can as an 1 on
but rerpaigs 2 avhsta?fﬁgk 4%t ¥ Pﬁﬁf%fd‘@fs% %ﬁﬁ?&ts FPRTeHse @ dpartes 6 Fricqf de stress. The
stress infidcing tnfagetielcbhn b4, fdirhﬁarﬁzﬂﬁ noh@RAStalibsilicod Rempoas (366 Haastabout 10-25

atonucfpglrce&%gnr[yr?ihln%g f‘l C &ﬁﬂlen hcm'il cBﬁtéﬂllm? 20 £F BR8% der xiltnof substitutional
Krio o thi

1ons are wel are no er mane
carboni a0 BIITOBH 1598 QPR SRV 2 P wmentb%bsestlma Favene eafigtl, the sress inducing

matenz{l ﬁ@ﬂl&}claﬂﬁgr&fz‘xﬁ@r adélétﬁ&a ghbvich p@f& Mﬁﬂ@d@l fﬁﬁeﬁlttaxﬁf grbxk?tﬁ of these materials on a
I'S

silicon éxg\{ %PQ se?ect’lve nner ar IE %’{0%9 all nee no be ’df:ﬁcnbesgg ' t? Ccase of SiGe, for

posi ng Ssi
examplg thfcﬁil%hpé &@ice qm@ansgremwam the bale@?ogst@avf shigonf @ri#asopr@fes a compressive

longitu8indl Ist€e3dlin ﬁhﬂsfsdoﬂtfhann&%k I 'ﬂﬁ%oxﬁ@i‘ésﬁe@ loﬂlg'itudu'ih@strle?s KeRreb¥s theh mobility of holes in
P er . of terial over the
channeijgtareu? fé nce 1 Proxécs ﬁr\é gerfgrman e o?aﬁg ;Mgg trglg{ PB pi cal l'y

etchlng the | ayer, for exanple by reactive ion
[0015] ot FRilqvans & @rowHl ¢f thepwetriadugine mgigtiab it Irenshas $8 ands 84, Papief conductivity

determinih@ idASErElinkpRSHd AR theRfest RPcHE mta{aﬁal Gﬁh(ﬁca%h 8E4rFoRE €6 B%8m a source region

o2 snd {350 B 0 T P e e Py Fffmfipceny s
the lmpa%qdamehusgh‘t @n@ileécmdcsd@ @6eal TFhEu*tuV efrotiesit ISWWleilﬁsl'eﬂ}Q implantation is
completeh EERM téﬂfpeﬁﬁ@@ A&kevE Soaust ifridsic @@&J&?Q MG dlE oﬁ&r‘%g@ogmducmg material

asma etchin or, HBr/
o o, s 1 B vt Bl 4 o el of s s o e o e
surface@f thaBiGat 0. 04-0.2 nm [0014] As illustrated in FIG 4,
the trenches are filled with a layer of stress

[0016] | NAXILERGNEBYBlah ?rlﬂl)olaQrent-Bh ﬁg §1tv£n%§1§ ad 1ﬁ1t§’s'&§¢éd19 FIERE Shd r@leaﬁ@m)f stress in
r A I ne er ha can
chamel i GG 5 SNBRCTE 8 0 HIn gt PFBPL, TR piiphe Srses of e sre

inducing gmegdrialnt Thehkayer tof digh afethagieal Goeagthamtrde ke ifdrnngion .andl events dislocation
nucleatﬁi)h falﬁ(ﬁﬂrﬁﬁgﬁoﬁ 4 tﬂe@ﬁr?a'c&& eSS ﬂl@l‘icm%t atelr'm tﬂ{pl }epzﬁthgg%%@ﬂmcal strength

rials generates a stress at int er face
s PGS FRCAPY o8 (oA eR oD emngtoﬂlwﬂmhéanﬂeﬁmfew@ph o¥fter application of
layer 96T8ut é¢vica kanPe @fitgac@id toyhigh enpsiatues Sndi tieCkttess Rgl bepkesdrieal Layer 96 can be any
. r | as II
o BUSEE 0 AL ' AL 081 Y R e o
prferablis el eraics dhap die fYowae's ogalysaf thepsirpss dnducingappiesiah) ior grample, for use with
SiGe wHeE hi _aSEBngfs nio@hliseff a‘tﬁbﬁt 150 6P slliesiSitride € b’k B6&1ds ABBUEI 50 Q}Pa) silicon
'carbidegg%‘)uenr 'I?] |161‘1 du(l:a%et%: oL \t/ 4(%)(21%([1;2%0[" Pa imrcliz:ga (‘(i) %(eccar a é} gl ! % modulus up to
800 GPgbqfwﬁﬁhﬂW@?nahﬁ% dyenpst éls bied bergip,| 19w tsppE TV Ak ARy termotature less than

- about 680°@, A4 Ql@il fém?&it&i‘@ ﬁEanQinkaﬁe%da@%&n &t bevee. a]ﬂger 96 can be deposited

r bl han gbqut 2 tom
oy CVBug‘I%e‘ﬁf BB Bar e Brdrer A5 thee EPrask T ety PEOVD at o
temperafEe efrabenlt 4505C bypihe alxsnaleiﬂymgd mmbyf dchiedsipt andemgrogiowt Himilarly, silicon
carbide ESI%%%[%SHG%;’ m{g%efv%or ﬁﬂéetSQQ(li Al nQﬁleWtahSS@‘fC ak!f'%D diamond-like carbon

als on a | icon in a selective nmanner are
o e R A F AR HE e B THSS  BUEC HSPEY i SO afed: i acordance
with anCcts@at® fmisidiGent df die imxaiop (@} ilbteted), Eefirkiasovile laatybd df@ad oxide having a
thickne& QR %r%%pw famenéa&qumt Norhdh L@@m&?@éﬁdﬁn tr[l@fa@ %Saag Bfde serves to

and this creates a conpressive longit
Pfeventtailbarﬁagrl@t%we% BRreprle ghe S‘?Fﬂé‘ ngptfIPE S Tndering ﬁ@#l@oe@ﬁcﬁamatenal
stress increases the nobility of holes in channel 68

- [0017] anfrdendsOs dFptditesn tedvemplerd o walrkaewndtepa (nbt-ithizanske buchhSiepositing a

layer ogdriezfgélc ?ﬁagﬁal o[feQ 9%%]96 e?clh.in ] P}ﬁ% [hgogglgﬁlg M\%lictx%ﬁna;te %1 a%ﬁ [a$e§§6 to expose

cl ng mat

portiong; g the, éwgrm g ddaelt egiehsn @Wg forlelﬁs n&faalzwwwﬂah@wds ﬁmgh He openings to

stress inducing material as4ndicated by arrows 86 to

forma source region 92 and a drain region 94 of

P-channel MOS transistor 30 as illustrated in FIG 5.

To becone electrically active, the inplanted ions nust

be anneal ed, and such anneal is usually carried out

soon after the inplantation is
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conpl eted. El evated tenperatures, however, cause
intrinsic stresses in the SiGe or other stress
wondurmisg2 mat erial to rel ax due to the gener at POWUS2006/028197

electnglil)s J:ogt%&q‘.ﬂe% ceta.g(?‘&ralﬁ E‘e%m %ln%g# l%%rs%@ %ntelagyels Jgél%e%?? %g%eﬁdﬁﬁonal layers

creation o e surface o
of mtemmattc’eﬁtﬂél&ﬁt@é WdttPF b‘f? YA reprlied pnd prgterpedh ta rietiigypr, thi groper circuit
functidnlof tiSiteghtedcicit Yelngimfiemehtb® r el axati on of stress in

channel 68 is prevented by depositing a layer 96 with

[0018]hl %g@ﬁgﬁpéng @)lcemﬁiaa o ac{}ne%%ag b{en 8re§thre‘§ ﬁnhccﬁe fglfe%%%%etaﬂed dfscription it

tress I naucin er o hani ca
shouldéale ragﬁiﬁaf?d thet g p/:a;é mglfbé’b(’ffvéﬁ*aﬁﬁis icHigt- ﬁ}epu r4gsQ é)ﬁ {appreciated that the exemplary
embodihiegi 0@ &:@inplaRy eﬂllﬂﬁ‘dnﬁéﬁsl aonB I&ﬂanﬁil‘eﬁ} pODRE oD ﬁhteﬁded tdieniSitd sfcét!é&pphcablhty,

or cong j 'pneof ﬁ"lt n%g'l} ion mda#%wtpyg Rniﬁer %e tggje oe Ttoagtal eg}ﬁ%c%pﬁﬂne \gﬁll%rowde %hose skilled

Nechani cal ren re the
in the grigitl apenyepipKt a9pd atap & lr@ﬂen&htylg drerremplaspambodipd meemréary embodiments.
It shoutd E2RSderstoli @at @ﬂ@dslcﬁﬁﬁds Qi fmal@eke 1@ tibhed dﬁéﬁg&&nﬁc& RleBents without

Su ted t ratures an £s | b
departin; B EAS er&% ec e glic/ i ené%n %s geﬁ T %Ll m éne ap?%l ed cgmfs a CL ls% ule)/aelen?s thereof.

deposited at a relatively IOM/tenperature and that has
a Young's nodul us greater than and preferably nuch
greater than the Young's nodul us of the stress

i nduci ng material. For exanple, for use with Si Ge

whi ch has a Young's nodul us of about 150 GPa, silicon
nitride (Young' s nodul us about 350 GPa), silicon
carbi de (Young's nodul us between about 400 and 750
GPa) and di anond-1i ke carbon (Young's nodulus up to
800 GPa) are suitable materials for |ayer 96. As used
herein, |ow tenperature nmeans any tenperature |ess

t han about 6000C, and hi gh tenperature neans any
tenperature greater than about 9000C. Layer 96 can be
deposited by CVvD, LPCVD, or PECVD. A layer of silicon
nitride can be deposited, for exanple by PECVD at a
tenperature of about 4500C by the plasnma enhanced
reaction of dichlorosilane and ammonia. Simlarly,
silicon carbide can be deposited by using the vapor
phase Si CU and net hane at 5500C and PECVD di anond-|i ke
carbon can be deposited using a gas m xture of Ar, H2,
Si EU and C2H2 at 2000C. It may be advant ageous, in
accordance with an alternate enbodi ment of the
invention (not illustrated), to first provide a | ayer
of pad oxide having a thickness of, for exanple, 2-5nm
beneath | ayer 96 of high nechanical strength. The

| ayer of pad oxide serves to prevent any reaction

bet ween, for exanple, the silicon nitride and the
under|ying sem conductor material. [0017] Stressed MOS
device 30 can be conpleted by well known steps (not
illustrated) such as depositing a |layer of dielectric
material over |ayer 96, etching opening through the
dielectric material and |layer 96 to expose portions of
the source and drain regions, and form ng

netal lization that extends through the openings
toelectrically contact the source and drain regions.
Further layers of interlayer dielectric material,
additional |ayers of interconnect netallization, and
the like may al so be applied and patterned to achi ever
the proper circuit function of the integrated circuit
bei ng i npl enented. [0018] Wiile at |east one exenplary
enbodi nent has been presented in the foregoing
detail ed description, it should be appreciated that a
vast nunmber of variations exd-st. It should al so be
appreci ated that the exenplary enbodi nent or exenplary
enbodi nents are only exanples, and are not intended to
limt the scope, applicability,
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or configuration of the invention in any way. Rather,
the foregoing detail ed description will provide those
wekod7ioaghoen the art with a conveni ent road mapPEDIUS2006/028197

i npl enenting the exenplary gnhgdi nent or exenplary

enbodi nents. It should be understood that various

changes can be made in the function and arrangenent of
What iggladfighit s wi t hout departing fromthe scope of the

invention as set forth in the appended cl ainms and the
1. | egathoéfuiabrichiingtaSirdsivd MO deGteAbIYB athat 2 sepicaidadtargebsirate [36]

1 d for fabricating a stressed MOS devi ce [ 30]
compngmgt?nﬁé%%ﬁoa sem conductor substrate [36] conprising

the steps of: form ng a gate el ecfrode k66é overlying

t he SBHECSHETENEH® (60]Berhde ke peggspudugiprehistige 8Ok i r st

trench [82] and a second trench [84] in the

s e etabingl a1 BisiGrenchu i8R budat seqond tpgchf[B4] gt thet sewivotducgrdubstrate, the first trench

second .1 RNeddnd U bBEmlcR indlibHRANERL 1Bl B6ac9641€
el ectrode [66] sel ectively growing a stress inducing

Tk Rlint bt B b e e e

deterni®i;ng i mpurity ions into the stress inducing
mat eri al [90] to forma source region [92] in the

fir SIB%I impfahtn F}c[n@&:hw@@teﬁm%ﬁgﬂhﬁxftﬁgﬁs%o 109 essiitbutiREmaterial [90] to form
second frenc or
mechanf &P gﬁgﬁgg 4 ‘ﬁﬁf% st téelmh[r%% %"%\ﬁéﬁl WIPFQ[E?]H%‘:hg fepqnd french [84];

i nduci mgl material [90] after the step of ion
inmplanting. 2. The nethod of claim1 wherein the step
of Slﬁllrrﬁr% al 1&9@1] of mgcrh%aﬁg h&m{daﬁ[@@ otfe!?@m§ e Q:re@sfmducmg material [90] after
epi t axi al | rowng a | ayer of nonocrystalline SiCe.
3. The‘hﬁétﬂ%‘lf nd‘flp?ﬂlng wherein the step of formng a
| ayer of nechanically hard nmaterial [96] conprises the
2. s fTepmettfod digirirs il tvherejn the btay @ selafivelyareviigabmpraes thegsteq of epitaxially growing

alayerXﬁH&ch%taﬂBQSthS greater than the Young's nodul us of
rmnocryst al | |ne Si Ge. 4 The method of claim1 wherein

3. o eﬁ {) g]ﬁs.? étgp (%18121;? ?(Ieé 0%11 gal ll}gld‘:‘a:% material {96] comprises

the stemza’dh&mmgalldyyr offi antelriairbetveng ia Xloungsm ghodubg gliem:rlﬂalnthe Yguigh frgdwus of
monocAMRIRR, CONPri sing heating to a tenperature greater

t'han about 6000C. 5. The method of cl a| m 1 wher e| n the
4. [ tggﬁpm%l&ﬁ.gglaglgil }/1 g% ! OV\%? gguélg a rei?\cs} %lkﬁmﬁrél ngterlal [9% comprises
depositifgladeye of mebhiically trmltxmtenaﬂ an¢haingbhigg ibzferd aipysteq chmprising heating to a
temper? (O 9aes ol diilikpo-end wherein the step of formng a

ayer of nmechanically hard material [96] conprises the

o Pt RO DL B PSR oo
the stefh difeeléctwayt groviong Girsss oahitguisterid chataateriza@ byheofttst ourggls aortulds and wherein
the ste A' ln a YaD& fﬁ?gaéy%gllsf lfa{drﬂla%gal%d] Mﬁsegfhe Q&PJ? %MQL layer of

tefla
mechamcally hard material characterized by a second Young s modulus greater than the first Young's modulus.

6. The method of claim 1 wherein the step of forming a layer of mechanically hard material [96] comprises
the step of forming a layer of material selected from the group consisting of silicon nitride, silicon carbide, and

diamond-like carbon.
7. A method for fabricating a stressed MOS device [30] comprising the steps of:

providing a monocrystalline semiconductor substrate [36];

-6-
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the step of formng a |layer of material selected from

the group consisting of silicon nitride, silicon
woaodriodgno2 and di anond- 1 i ke carbon. 7. A nmet hodPE®D/US2006/028197

f abrd il b Bbhofs5f 658 BB Akl spGampr i S ng the

steps o prOV| I ng a nonocrystal ?lne sen1conductor

substrate F etchlqg a trench [82] intg th

mon oSEIF%?l& ‘Il"f‘grfh"' teeath [Ed s e P’B’P""%’Hﬂg’iers%l’l“&““d‘%’r E‘&tﬁ“’v &) that is lattice

filli ngpisidaehed] méth s mp@Rtystellifielseraicombuee supsitawl[36],nie monocrystalline

sem co Q&H&L&Emm&fdf [%] h[n%%]a fﬂs@ Q’Bun% §ml}(ﬂﬁuts 168 m smat ched

with the nonocrystalli'ne sem conductor substrate [36],

t he ponocrystal line sem conduct or nmaterij al F l havi_n

a fi1REtet g oEmpeili°bhavingareerad SUmE § Hefulys gPaiqnig the firstYoung's

naterlabm@gﬁymhavwn@mansmm@ﬂdmﬁeumgm&mwnduﬁusw@réauanf

than t '3&;0& %tﬂle Mga}lzcd [ g&ll g Befbrectf?é;’fx@lﬁg Yylll:ng seﬁrﬂ%nductor material

nonocrysta i ne sen1con actor materi step

of dep6§?¥%%ba%FWW¥Wﬁ%ﬁ“%ﬁ?%?Pﬁﬁmf@6] occurrlng before

t he nmonocrystal | i ne sem conductor material is heated
8. t o hﬂndftl&:ﬁ"pbﬂm 0 wiergiti tha bteyy ofbh&ﬂxngbmoﬁocxﬁﬁﬂl@ﬁsub&ratﬂ[h@ comprises the step
of provqgfl{gll%n 111951 chn S\M;E%Etg hafd el'é% §1t s@lgctlggly A Vt gﬁ'qua c@mp?ses the step of

nonocry stal |l ne substrate rises e ste

selectivglyifling Fhﬁ dengh Wishrenp e sigliine ﬁ@teg'c}l HOI:S@ oted frst tlaea%r@maﬁtalswf

monocStelfineGiGesad Medotry@dihe kilibdnico@aiditpent kiserte bart@anpri ses t he
step of selectively filling the trench with a

5. MRIRGGY Rl Abdfi « TREEE MRS drlQlls Bl fBL he group
consi sting of monocrystalline and nonocrystalline
silicon_containing at | east 2% carbon. 9. A nethod for
f abrirevifingdgrorccspiplincserroptdrr Y aUriEar $590] conpri sing t he
steps of: providing a nonocrystalline sem conductor
Substeatiige sfr@6dopditmeaathe monoarysillire sgnigodidiot substrate by éitexially growing a
moNOC yithhdulifimci B GARI U QbauBh& A 601 BY e Rkl

growing a stress Inducing nonocrystalline

seni cofAterGFtorEesERy Bel [1’9 &1 essd‘i“fiuf‘PFem‘i‘PBﬁbs@lu% fegiqopdygtor material [90]
sem Cohdihghbittics nbmbittiakieh thedbdnpcryshilling tef@ssduttrduliriig[36]; and
nmonocrystal line sem conductor material [90] having a

| at tﬂr& . tﬁ@ﬁlres% 'E%n\ﬁﬂ tltnl;] mtﬂl;é[qn &ﬁ%':s&fﬂ c!)ﬂd@&or substrahe [36] by depositing a

sem conduct or su reservin
stress ﬁlf‘b‘?f deetpgieplly h’ir% Referipbid gﬁgts%ﬂsq ipdyging @moelaﬁ%f@tsawwnductor
substr axhien{l 6] behye tikeypress iinklhdiG nddnocryktallifg sehicoidGdia a2l [90] is
har d duci ng
nonocrys a‘ﬁ”néggéﬁﬁggﬁ’ﬁ%?%?ﬁﬁ§?%?.a| [90] before the
stress induci ng nonocrystalline sem conductor materia
10. [ Ghrymqthod gf figina @ tvheieir e gon f piserane thestrgshoogirpses ie Hep of Bwotiting 2 layer
of matHNPO T seletfd frdih Be BROlidWOshistihg &FlsifitoMnfridafsetic&i darbidB @nd diffoneHiike carbon.
preserving the stress conprises the step of depositing
a layer of material [96] selected fromthe group
consisting of silicon nitride, silicon carbide, and
di anond-1i ke car bon.



