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rel ates generally to integrated circuits and mnet hods

of manufacturing 5 integrated circuits. More

particularly, the present disclosure relates to a

sem conductor having a tensile strained substrate and
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THE | NVENTI ON Sem conduct or manufactures utilize a

w de variety of techniques to inprove the perfornmnce

of sem conduct or d@yi & TSN VEerIBRt al oxi de

sem' conductor field effect transistors (MOSFETs). FIG

0. a copventi MOSFET devi ce.
ﬁﬁlp@?e“&‘}?"?s‘%rﬁ e%%ef‘eég{‘}é%“‘ﬁgr%% lfé?iﬁa'tﬁc’f’eéffﬁ%%l&?w[ﬁéf“é‘“g

mtegré_té)i aiedilsi Mo@maréioiarly.ghegraaant figinndedlalry tosiserthibadnctor Bavoh a tensile
straméd%%s@gté A3 11‘%1%0(5 Makﬁ% &Qﬁe[ §elcf‘1@l)rld¥cté>r50| ate the active

area of the FET Trom other IC conponents

fabricated on the substrate 10. The MOSFET is

conprised of a gate electraode 14 that separat ed

froma channel r F%ﬁRPHNP@Té%&Y%IQ 10 by a thin

first gate insulator 16 such as silicon oxide or

ox$echizondutipi amufastireauti{iEMdG@)ide vigetynaf tecimiques to fnfpravh the performance of

semcsrﬁ%ét&td@\@&g s&?:ﬁq a§ H&al %E@m%f&mdﬁé?& flglaiéﬁecg-tﬂan&ﬁorg bmbsﬁ@ri)y FIG. 1 shows
fornmed em conduct or materi al

ch

a conygpfiopal M%“EP{ deweT'gﬂdYﬁ?%F@TaﬁE‘Gd’r e PhseRLesporgplgtrate 10
withirn@utivel @ mendié Bpshslidureschasttics & hatrlegtia@isisdge hosoreduwnf the
MOS%'%‘?H(E %ﬁlgongflt Fatlrﬁzatg@sn%w]sﬂ'bstr§9 yi.ce and drain

silicl 2 formed on the source and drain

ﬁlons 18 and _are conprised of a conmpound co r|3|n
o SUIBSEET dncamis] €0 eIt HtePOerH 1B i SPETC RO reipap the
substr&S I(EIQba&hlh fifsCGeaje iddOlaof 16nhdhkedilidoNbxlidetod oxidetireide-axain (@) To minimize
the regls%ﬁlce gf %%% LP thte ge ﬁply{ %@all?g)gmgiro?la?o e(? &gﬂ:gr?’dugt maIetx]ﬁ such as
ource a drai i reg i 8 are eeply enough

Pd%?%mextend beyond the depth to which the source and

drain silicides 20 are forned. The source and drain

I eTfie@disce b @il of gV ASHBIGregudyRiedjaseindp sb@cetah®drhiofepibisi 18 flormed on
oppos%fé si V\ﬁ%?%g g eter 1\2/12 és&gé;e%gcgdrm SP(%%£ gO 51'% fr(])m?‘reggﬁ glggo%ﬁlaé ?ﬁlﬂtaﬁ; ggions 18 and
are comgrised aff 2 copriupd %ﬂmpwngtthféu@tm? rmicgrftyctorgpasrial apdynesd such gs cobalt (Co)
or nicke® (Na} tb Yeude Qodid re GdRambune the ERGE M d%ﬂl@@&rﬁ 18.hehe @caltoe and2fpain regions 18
are fohnbeg &%alt & %]ﬁgh tlé) extei.:}\gl beyon{I %e de trhzlcI llld(r;% et eisglﬁr_ge ang drala sﬂlcldes 126 are formed.
The sqyerle g driig tygionsel emellrawlan&ﬂ @Iubammvte theigrpefion of 4 S@iicelre%laswnd the gate 14
and gé@ﬂﬁtalo@?@ whigf £vEL6 arf 191 ﬁ&at@n &Qik)f@ bdige @& Rral pbBiBonSP HE Sirce and

drain, g%g conpri se shal | ow

an
drain ?gﬁ?scléreéaljfﬁet&#%‘il"lﬁ“%é‘ﬁ%?e& s di mensi ons of the

MOSFET are reduced, short channel effects resulting
f r'mgtth & Swalst hadp sitiade@é fdye¢dus ém uiphisurfase UFhe gatasitictoke gdopprising a

polymﬁ&»‘ﬂ%ﬁteﬁﬁ%cﬁﬂ%@&@ﬂ Qfici LR RS tr QI ARAC £polythag cakse Of
Fow Sour ce ang drain extensions 30 56 r %her than

de sour ce. and drain regions near the end
ferecrrd an pighe AefEd [eRET RIS Rl whrett §ram SYffgions 26. As
dimensibigs|of HRMNOSHET @re sxiated] slavrtrhaand effesis ongtigriemi tigpmalhdigahce between the

sourcéiazl!i BainkRusd &graEﬁBWM(%%E?E)e&o%ang@ F58hse g?shalﬁ@@o&&%ncgﬁsiﬁ extensions
26 rather than deep source and drain regions near the ends of the channel helps to reduce short channel effects.
The shallow source and drain extensions are implanted prior to the formation of the spacer 22, and the gate 14

acts as an implantation mask to define the lateral position of the shallow source and drain extensions 26
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acts as an inplantation nmask to define the latera
position of the shall ow source and drai n extensions 26
wa 20088884/ 068586 PCT/ US2004/ 000981 rel ative POTIS2004/000981
channel region 18. Diffusion during subsequent
.an alln causes_t urce and drain ext nsi ons
et 0 e SRR PU b B R S B s B S B
extenjigng Rl sxteng stighdy pracatlohegardé. of MOSFETS is to enhance
the carrier nobility of silicon. so as to reduce

r e@ﬁes()ﬁ)%cfﬁ' 1@%51@‘3%6&&91@&9 9@&[@%’[@@@0 Jnganbentﬁé (Qﬁ@lemgﬁlity & silicon.
current, fre uency response and 5 op eratin Sp eed

50 as F?é?dﬁ%’idesﬁ’iﬁ“éﬁFf’aH‘i’&FW@“SB’aPtPP & BrEese W °CHEHY %enﬁé’@%’ﬁ’ﬁe apd
operafir@Gpesd. o4 metaBri enhadcing I@im@mioblﬁtyttﬂmehalsl Bezomdd fogis bf re@1i attention is the use
I strain is applied.
of sil tﬂ?'lgelhaé%&ﬁc V%q%ng%nﬁ?rlgsq he(for med by growi ng a | ayer of
silicon on a silicon germani um substrate. The silicon
ge rYFaiATdl igoa mey begformed gxeﬁ%wa& 3 Yoverpisicgl A@IsYic @ BaEaE P Fpsrate.
ﬂwsﬂaﬁ@&ﬁmﬁmhkﬁmam@akhuﬁﬁma&maymﬁ&uhmmagmthﬁmnpﬁes&me@maﬁﬂm
presenC{: of thqurger tgﬁr gr{ilrqu? a (():r%sgl]n i’f‘hta?atnt?:% elg]egtulgee the a%n%lslho? @ﬁ mﬁfﬁ ?a“ﬁ:g al}gn ith the
more yidel kiyead ikieon dtergiatiime ksicy @ fomreila LR 1 @rpattqdelethe dlicoplaydr| Ehe silicon atoms

are es&i‘ilﬁefllbl Bulle8 agfaft ﬁ@fn%ﬁ’e dn&h@r NeheSimb i€ OMensiRYs@lin apphhi& 1S ihk ki@A 1attice
are essentl a \%_lart rom one anot her.

‘“CfeaT"ﬁ é”rrg% BFPOTa ¢ Ee ‘§1BP" é'}hﬁ"“&‘f) PEB St he silicon
lattice increases with the proportion of germaniumin
t hRelaxpd dilisomhay sir paval valynde Aands. Cldie apRbi¢ationed tessile pieario Pg silliepn Jattice
cause SRR (b aél&e@ﬁn@a@fH&eas&h @nedPRhd ©Bbf tﬂ@vaﬂ‘jl(t;ethb@m bl Ber&kd idbMRrgy. As
e.v

e RN AR BAER: PR GREMG STREFUG oY RS rGREge over cnrey
bandsh Ang shetloved eeree hmds offar less eqsglynce A=slecitdn fawr &sadilitiongélectrons encounter

less V%ﬁ@%%r?§ inﬁlq {h§ nucﬁ:luse&h{eQm&n%{o&e@ﬁl&h\/ﬁhﬁs tYl\@rlx e Igcaﬁ& at arate of 500 to
rcent €ss passi n&’ hr oug | ower ener

Y
1000 (ﬁd{?gs thaﬁ,ﬂlJ glaf(ﬁiesﬂ‘c ages Wleb glﬁlagty bsfdfaét}atlclag)élgcrease in strained
silicofi &S bigjiafeid Cerelated @ilicnnt ¢fforingf d powantial increedetin triobifity o8 Cdr moredor electrons
and 2% QIOIHJE% Bf holels e’ﬁ?e 1%& V\;‘I fﬁ&ﬂ% hat B&hL nJ l{) 8%1&'&9 ctlﬂ‘H:ﬁ fﬁH@ onpr to 1.5

he silicon causes themto scatter at

megav%ff/@nwet%o@h%fact%@ebqhwﬁé@ P TP A PSRRI vithout further
reducdnl of 8@1de siASora 268 Sddludtion Tigbwdr @snsiipdibh without aSedilttRiat ef@nhnte.

increased in strained silicon as conpared to rel axed

Si hJ bl MpSRET |

Sobh 505 10428, 3oLl AR 388 MDA sl
fabricpfed e, subpiiie gompTiuREseSilicen aﬁﬁ@pwmﬂverrﬁﬁ@ tyighis fogrnign egjtaxial layer of
strain@B1B 6512, TR MOSFHTARES cﬁﬂv@ﬂtiﬁﬁal MbSE]E’T §t1@ctﬂreﬁncludmg deep source and drain
reglonm? g,bi—laﬂo&v go/ gcg ng:dle I‘aéll: eg(éa smnrs_] 26? é até?l gx‘icg rlagg %% C,Ea)t% feu\r/r?und%dﬁog spacers 28,
22, mh@@@@me@rﬂ dzs#m d:ewte@ & pilzade gaip ccaltazts?% anéehalbav tegnchiisplagennag. The

chann@lqgkffddmmhk MosvET Redes fe Elﬁﬂ@@@lﬁc@ﬁ]mbt&lap &hicR prdvids @rhaf¥ed carrier
e of a NgSFET using a strained silicon | ayer is
mdmﬁ%%&%w?ﬁeﬁFﬁf dfhe MOSFET is fabricated on a
substrate conprising a silicon germanium |l ayer 30 on
whOhletrigerdtd propetty@fsteped slicomMOBEYs of thf typedBovat in HiGh @ that the band

gap oﬁsllllcblf:%fhla:ﬁ%m 1;r1|3@er|\tm&§t-rof %‘iﬁ&% fh%ﬁ%xemélsotﬂ@kmm&:g;grgy requlred to move
structures includjin source _and drain reglons

an clegiraiTieAl SBLHFLE S BPe: o CerPener b eggamym fhice a4 glhéon atice
As a tbsal elie jdbtiondeafj@k én dbdices ﬂiﬁvﬁ@lﬂféﬂ@&rd@)ﬁncﬁc@ﬁﬂ:&gmnsﬂﬂmed i RiJicon germanium
o Sh C . c gat e
. e

channel region of the MOSFET includes the strajined |

si proghsrdetrimental pagperty i stesiped siinen MOSFRTHpARe bae hayt infC. 2 is that the
dielectric constant of silicon germanium is higher than that of silicon. As a result, MOSFETs incorporating

2



10

15

20

25

30

nmobility between the source and drain. 30 One
detrinental property of strained silicon MOSFETs of
woheostoggse shown in FIG 2 is that the band gapCofus2004/000981
silicon germaniumis |ower than that of silicon. In
ot her words, .the anpunt of ene red to nove
SR I T e e s SR R el
decredsdd detvisd dutr@DimdgequeBayirespankeat t i ce than in a silicon
Iattice As a result, the junction | eakage i n dévices

eﬁgret tlﬂgédrvaéa%&r a‘alﬁe\@@ﬂ' 19J0H>'oﬁt1r[g%gé1ﬁé@§111£c9ir1ﬂggldsﬁET designs are partly
Icon germanium 1S dgreater than in conparable

offset HE%‘F dignd VAR FRgUIndTop sy @ siliel Seariim FRgfans f or ned

in silicon. 35 Another detrinmental property of

StThas, hed issi et dcfon: NOSHE Fabriefiod precetsypehistiiiomn is sirafibddhy the highly
compnesssw%] (I'i]eg)%)] 1t¥o|;1] g?]la)g&s oH % to% #hg Qf Sﬁuﬂnetr tﬁ)efre 1§!1 Lée@ ancgﬁ{e %Qie léﬁrﬂm ina

Ticon. resu
silicor} M@@Eﬁ?d’ﬂﬁ*?‘i‘t Aigpngigs 4/@102@@2!?@6‘8‘58@ ﬁGF/f%ZO@%F 50098 10 mcreas"' carrier
mobilfy tsin€ Qhirg@ERRAI UM exhi bit hi gher parasitic
capaci tance, which increases device power consunption
and decreases driving current and frequency response.
Therefore, the adyg ncor por ati ng
strained silicon |n$%ﬂﬂgggg$%§és?gﬁgygﬁe partly
of fset by the disadvantages resulting fromthe use
a Ah CPERHY GRRISEIFPURRE n Ppthrddor feyming gdnetal Wé@*}?@nﬁmﬁéﬁe&d effect
transift@MOSIIGFELE nfeﬂbﬂ inelaclels PvifiROCAGEatk Ravitdgia @lite Bithdd@ave ihs substrate

and p?r}ormm%a% geaslg %{ne orf] %]@ oll %de]posqn‘g gtgpésde%/ﬁmgge zps?)E elt lla}gpangffm mmg é spacer

ere il s
srount oY BekSiRSU SR ISFAS e ajapPr PO A1 (e HDESGREPsiing on cich stop

layer Wo@ﬁ%ae@ﬂ" ADGid) Gndaheﬁhﬂeﬂ ¢ @iﬂco@%ﬂﬂd}bbéﬂﬂg la A¥REwic Eyeibove the etch stop

e e S oS S50, R

layer ex@riyh Biglycogmisesitindeotitionathich &srepses in tensile Wepdh if e Iy ofilirgn-a
met al oxi de sem conductor field effect transistor
( %Te)xemﬁ'fﬂ? eﬂﬁdmgt rblﬁ@s' télzdﬁ&hdarf&\fbrﬂﬁﬂgg ntaBakias kdnado@ductor field

ove_.the su
effectbré?s]tsegﬂ?(?,%%i% mTllét{ﬂgg[proaﬁglg 8 beftﬁlg’ Cf) Prrsmﬁa‘iaéer 8?311100n %ermaauum having a
layer sftsgipst mateipigerinted fgreen, sPadest cnagfarzata mehldtiog i émaedsip}éi@éﬂlcon layer,
and a%&t@%@c@ve%@zﬁoﬁ{g&j o8l Siel 1rﬁ§l%r@tlé%r h@&%t&ﬂ a@@ﬁM@da@pdtt&Miﬁg the gate

[ 1 con above the substrate,; 0S| tlnﬁi?% g "
condug?\@bayeq aa%l%gated%@%ngtlwér tQ ?HE éfgate atnﬁ éat iuéator al picop a%eér orming a
spaceDdroudil the ge¥nd anelineléuoShrininggn elcidkiteplleyetabp e teapeeer, adh tw gate, and
forrmBg a% u%rl%bel ?élgcgncll;)gl ﬁ)x%rthe eéq'l stlo;?ﬂ%:tr in rh?gthgffcoﬁlﬁgsmqg&ggsﬁtfoh ﬁgcess that

ayer eposi t an etch l‘ayer
comp&@wbq 1ﬁxeﬁ@f siicerh %leﬂlmrf@sed *gy/e raiif-ses hi gh
conpressi on deposition which increases in tensile
st AdtiRr dxBmplitg ehBodienOElatss th & Rehnd of febdv@ra tensesptapyising providing a

gate a%cr)]\paggllh% I’lgyer w%l r%tt atg Bas ?Ra?;@st IP(f%gd rQ)fumatg Ea@rzp gd@v(aﬂsec;f ﬁle jf{ate forming

e semcon transi st or
an etch giep lafi ﬁ@vw@w@ mdgpaaerfs Wbt hatteh skwipyenisiorrpd & 4 %%}@Pmlafssm
depos‘ﬂioh ba@lﬁﬁ}g ﬂ@iﬁ AR b yer; A farmnhgaiycﬁﬂec@if: 1a$dtr|ab(ﬁ/€) the BElt @dpildker, where

e SO T Rt ahe EREPPE R paparen Dy i ol AR B0

conductive | ayer forned on the gate |nsulat|ng | ayer

Thethergrihale fghteros dnfedventagss of te tn@qaqt;plngﬂltbp@mg aparent to those skilled in the
art upgﬁ)ﬁqy\g b tf‘(eefolll@%%r draWAELs, Fe@atiRd H&&iﬂu@ﬂ hiidhd BYyeRdedleRinfsor m a

gate and gate insul ator over the silicon ayer ;

formng a
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spacer around the gate and gate insulator; formng an

etch stop | ayer above the spacer, and the gate, and
woaowoagssan i nterl evel dielectric | ayer above Po®ust@h/000981

stop layer in a highly conpressive deposition process

that conpress f Lcon. caysing

i ncr eased tenﬁ?@%ﬁsgﬁﬁﬁﬂgoﬁéﬁgﬁm er exenpl ary

enbodi ment relates to a nmethod of processing a

t rémasiesiplry egbodinénsiofige gisctogurel ivilldieigatteget descaibrgwéth geference to the
accon@brlying Qﬁwln@/ GherBlSuhH8s SaliCiRRmSRAGRE S | ocat ed

proximate lateral sidewalls of the gate; forning an

etch stop | ayer above the gate, and spacers, %%Ef €,

etidh St wh?%y&?m%sgecﬂwhw rﬁaﬁesgﬁﬁﬁogﬁf EBpIERY formed in
accordd8p ®6th ton@enticalgbdagingt rain in the silicon |ayer; and

formng a dielectric |ayer above the etch stop | ayer,

V"”ﬁéez 18 L Rﬂen‘?dug Lrgs%tsgcltl&lai M‘Epr&s@ntgﬁgﬁ gied@trélﬁkd%hmnq}foSFET device

npressi on deposition causing strain in the S|I|con
formeﬁ w@orda@e wth H@ PoFripRE| %?Céssw\%aaeﬁvoé%rma??d“‘a%ﬁﬁw Hfel o
the invention will becone apparent to those skill ed in
t hEIGS.a@a3e bip eihertiAiv brosts@fiortahéewf représematiogs o stamiureg rmdddering

oeodth IR P e RIS, 3 V0

THE DRAW NGS The exenpl ary enbodi nents of the

di 8| vi& aPeci v RerBafipE R PP HRE aid e Pl pbpdigents.
to the acconpanying drawi ngs, wherein |ike nunerals
denote |li ke elenents, and: FIG 1 is a schematic

Cr 0SS- SERETANMIED DESERIPHONGEEXEVPHARY EVBQRINMENTS onal
MOSFET forned in 5 accordance with conventi onal

Pregessi ﬂgﬂustﬁllte@truc@uléssforﬁetﬁdﬁh%@ricguoﬁ bOSR2RGHLNOSRETEN
rep resentation of a straine sil

accondaiie Pl o RS AR TR 31 HEVEHIREHE F%?P&F%f’?‘&yc?é%fsﬂhﬁ"@l
germanim@d0 havifean mitakid 1dYRSEETconf2 fin(ed od jts skif4eS. Ti8alidm gammenium layer 40
prefer%;'l%@u ol 09158?1 xéce C\LH&QQ% apyljogﬁyatglﬁ @I‘ Qﬁ%@é %ﬁg@ﬁ the range of .1 to
structures forned urlng production of a FET
3. device in accordance with an exenplary enbodi nent; and
10 FIG 4 is a process flow enconpassi ng an exenpl ary
e nbiedilinenkermanidnm ddyteld Bagpicddy seovinod iamiindnsvafer. IR kdedanium may be

growrpﬁfust E Ilb e%ca%E{rlYE 0 1\{onEJMEéQ m%eggn%eH @ermal% as source gases,

struct or me urlngfabrlcalono
with assvlrsmtﬁ@apmwrp 0 NSBFHET Tt o Sl rtar s o RO B and a Gy partal
press@é(ﬁﬁm hﬁﬁ y&Hﬂ@&dé) RN be usdl ikzltedative Iﬁﬂ)\ﬁ&se@. Giboivthet the glicon germanium

matenaprg%%r be mlt %fi usnég?tx s? rap os of alkerncé‘t%flyf rt1 r%)lrelémetog Gglﬁ\r/r%agge Q‘Qdually

mcreaﬁdé»emqmgé@m ad@wqmq%urﬁpq 78 @Tes UG tOl@mp? gpdignggsimposfigs. Bhe thickness of
the s11§b@ﬂ£8&§énﬁdnplﬂyer 1§h};|-b'e)ﬁet§ﬁﬂhed WheSoRlante wih &P pd'r@)élaﬂ@blﬁiat)/on 2he upper

port10§I tfl%sélﬁ:o@ %e?ﬂ%ﬂeﬂrrlfﬁrf?sltrgtyéq, on 4}611% éhe tsg/%neg 5F1cfon }ad?r 61\%/'115 grown spould have a

uniforgi dompaitiomaf er. Silicon ger mani um may be gr own, for
exanpl e, by chem cal vapor deposition using Si2H6

( dTl%' hiaQdyeAnds SetMbik Q%J‘%Qﬁ&m@a@v QUESRiHGAEED) usindiSLB @ a source
substrate tegfﬁ),erat ure

00 to 9 gr ee
e v ] PR DB T SR TR g%w’ B eff o oddeEeti . e

silicon layer 42 is preferably grown to a thickness of 200 nm.

As further shown in FIG. 3a, a gale insulating layer 44 is formed on the silicon layer 42. The gate
insulating layer 44 is typically silicon oxide but may be another material such as oxide-nitride-oxide (ONO).
An oxide may be grown by thermal oxidation of the strained silicon layer, but is preferably deposited by

chemical vapor deposition.
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20 pressure of 60 nPa. SiH4 (silane) may be used in
alternative processes. Gowth of the silicon gernmani um
worb@Erocgise may be initiated using these rati os, POT/US2004/000981

alternatively the partial pressure of GeH4 may be

ar I ncr eased froma lo ress

or Lgc%rlélecioovgr the S%lﬁ rlrgq%tmg %aé 15 a 5? angli,ﬁwe?@/ﬁ:pigg :’TP:%D & con.Lréchwe layer 46
typicdllln cenhpriees goly)sﬁhcom e ms; alltprg@nelg epei st anethdr angterial sraly askpelysilicon implanted
with 8658l ned in accordance with the particul ar

appl i cation. The upper portron of the silicon

germani um substrate 40 on whjch the strained silicon

| a9éeflylﬂ§ thF gat%eoai]’%tlvg %?ﬂ 48 ISH%]éyeé hardrgask s{ruetpne ﬁ?mprlsmg a bottom
hardneeipes48, dlgneferfddgo sialbbtmorentiraietive42ating (BARE), @niddaluypeghiapimask layer
50. TE% ll)Jo?tErg mrgrﬁ;&sk qu is %gg@fyl shrlc&%?(éigé? 81623 faﬁlcgtge%gﬁ as@ layer 50 is
WW“@ME&%@&W%“K%&ﬁeNéture of approxi mately 600 to 900

degrees C. The silicon layer 42 is preferably grown

t oTia sﬂb&r@éﬁ&rﬁﬁm@ﬁbs%ﬁﬁ Mhs f&&erﬁf m&hh efallGh@anth ibdlatibsG2. ‘Big,shallow

trenc scgaqgr% 9% o?igédrl]a for {renélh av'n er cfj 51£ alf ethe sﬂlcl’m g%ﬁnamum layer
bR i AR ot Yep B Ry R 2

I NS u
40 ang gijs Oe ﬁlb/frr%svprlfqﬂ@wa a pryif tﬁ\erm@mmdﬁtwy Pe tham@v%erlg rﬂareé pf sgicon oxide to a

thicki$sQHht ﬁSufﬂéiénd@‘fl‘ﬂ'tﬁertﬂeﬁj;ﬁesos?ﬁbf% bf m@}essure/@‘v D:’(LPQQD)'\M)SQEatmosphemc
atl.o

rown
L i
mechghegplamlighing oy anéthV\@lCE 00450 BBSHBBHARCT rbISR @@4&‘@0@9@1”@3 Foroxagitely

level Qe fultGee@8hEsiidds LAk Ng | ayer 44 is a gate conductive
Iayer 46. The gate conductive Iayer 46 typlcally

t t
et TR R R s SR R R S AN AR S
insulagw Ingnfotivrm a@ate 51 yrida gelt dligned atteingintal 6€ t Fattenihgiy parforh@d ngnge series

of am@trofn@é’t@rfes Jﬂ% Qt[@rﬁtke @Eé‘r H&Hrhgsﬁlaﬁa? g(pﬁsﬁn% Iy Bgotﬁesg%ﬁsg R 2 etch mask, then
| ay er also referred to as .a

sk
R A i A He T R h C RS
patterhaiifegolysifiéhn ufihethdpitérodqhldvar dhirasikk by €8 as 4i8et¢hanakly Piet pettbrys the gate
1nsula§l(1)é l,la}%p&m%)fﬂe%gtl FE asg. ‘h %ng) Asaéﬂgwrl: H%%GJ @p @l tlﬁ%ggﬁﬁlﬁe 1!)\96'}[ fdrdmask

fi'con nitride g.
ayer & QR SHBURRPUT SHUBER 4 Bte HGHTHAIST R OpHEP L P frdmask layer
remaifdtaltheQdte by SRGktiveap sd.i ons 52. The shall ow trench
i solations may be formed by forming trenches having

t ager %dsmﬁ*s%%"é@&{nﬁe (!)f%lé g@ atﬁt }o n?a%gn &%ﬁa@%&dﬁ%uk@%@%&e 5714 Othe gate

40 an icon For nrng
insulagpy péjanel iths mrotesiing o Tbre*p%ffgrr t5<? fgypreferaily fpmedfby deppyigas et a conformal
layer &)ﬁi pdﬁectn@: n&htehhll ﬁhdﬂ)&ﬂ Sy dnkakopicetchidf foir@h@Oihe protedtivé hatkdd@from the non-

vertlcal sur?aces ?o l’ea Hle S acers TLe s acersg Sl gfen%{é fo(rdeC}/D}won oxc? or s111con

essUr e oZone i'con oxi
nltrld¢ayer |s then densified and planarrzed such as by
chem cal nechani cal polishing or an etch back

ProGe &&mpl'a@@i&ﬁb@&i}n&rh ak baverhdl %&msédsmoﬂﬁlhgclﬁ&ﬁ&rs %@ﬂﬁep@&@d using a
the s

plas Q Ia‘moc)e( m]iqsl))éﬁo epgsgmgﬁg%gbﬂhrgce%s EFE%FE %r]pce's_sll%grefg;ony a high
compraa?Stoe rieppauqnehanaddgtensﬂe tilaie tght dlicoolaphud?. | HAeh domyession Aeboganegan be

achicleA i ALd ﬂ@pav@yeruurngmfh%m@ tRbRam A Chrfbre3@dnfic AL LiAR fhyer 42.
gate insul ator Patterning is performed using a

Se
IEIG. 3d shows the structure of FIG. 3c after deposition of an etch stop layer (ESL) 63 conformally
over the gate 54, the protective cap 58, the spacers 60, and the silicon layer 42. In an exemplary embodiment,
the etch stop layer 63 is deposited in a PECVD process with high compression as to increase tensile strain in

the silicon layer 42. High compression deposition can be achieved with increased ion bombardment.
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of ani sotropic etches that pattern the upper hardmask

| ayer 50 using a photoresist mask as an etch nask,
woOhew/o6grabt er ns the | ower hardmask | ayer 48 usPag/ushm4/000981

patterned upper hardnmask |ayer 50 as an etch mask,

:: 21\?[\/%‘3&3 Z)Ex)é %ﬁgtﬁuc turg %fe 1518% S%telr h%ﬁgté#%kanﬂggri}vel ?]ﬁltectrlc @?%éaryﬁrsﬁ. The
ILD lgyhyes Sgextorfo@ily dm;eslitedtqurghel et o o ) Frtfaigatie T8ases 65 deposited in
a mgHTWongﬁscsKre P€§V§ B@W@s "[ﬂe mghgsswh B&)ogltmn%ﬁ@s%§co Qbrelsi¥ in the silicon

|'ower har dmask er 4 hosen such that after
layer yoadfliag psHg stgp aP%g‘e%l?% @’hF“ﬁ‘é‘% F*’éirt‘fir AP N%yer, a portion of
the | ower hardmask |ayer renmins on the gate as a
pr Otheddyen eandba PepbBed, Riclisas Q3merddyens atdter phoetiatey rSactofddifong layers
can al%%e%gﬁo@ﬁed fv/i-'}ﬁ Hi@lli éo%re%ton ﬁ%&&fnﬁecﬁrﬁ AL QWQCrEa@@thQ@ﬁsﬁe si%m 1n the
he gate 1nsulator 56 and ?otectwe cap 5
Slllco%%%?é ‘s 60 are preferably for rred by deposition of a
conformal 25 | ayer of a protective material, followed
bywail ts&yir6@ing stetve hi BiGs. 8:0- 3¢ epeyveatsh e sepiyoireated ebodiment, a variety

of altémglggs Im%l' %J 1518%&'?&% Agclardl lgr \Jaﬁégf ofsé%gecrﬁge%?s 1& %Cdrﬁﬁ%%uﬁm% invention

acers are pre ornme )
may k@ le?l?}’e?ﬁte@)x@ geregk terglls Isp@grbodifpanisiegremrashe MR ]@(Teth‘}ﬁ Fnames a strained
silico@¢randi rﬁgﬁdﬂ{ on atsiﬁeon(‘g@rlﬂfaﬂﬁrﬂﬁberj aAY Surck SRAirdid yediHs Prm@ ih ABcon regions

that areﬁ)row%rdS ;1t OR’Paosnclﬁ’SIde P (%st"he g%tg 'Hls I(in 53 Fgclr%)urce and (? rain nfﬁlons%&eé %Xtend

em Ca e posItion
beyond thylemsls ofjtlep spm@fralcalb |thyss gediing iﬂlezletrlwemww@n @Waafeq@é gdrasition

capacltdhdd of 36t Sntib RN ShidoR gehdn@inl imbRmbdd@iosl | | con | ayer 42. High
conpreSS|on dep03|t|on can be achieved by b|ased RF

Comab SeCR <PB el T Rl B 5 9t o it i roces o
SiGe pferiab by numtlrwraevemmdﬂllc@cleaeum@e rTI@eﬁO@ﬁiQati@WY@ff inglyfleed igh
tempe?atuQPHlo%Xﬁﬁtlo(l @%@ﬂvel@ 8e AU RIIBBIHIK isQ¥Rfile ! §ieh FAbRss2ehn belréiRated to

gro ective cap ﬁBe spacers 60, and the silicon
reduc %V@F““&‘%’n“i??oé{vﬁjeté%‘@ T'&y enbodi ment, the etch stop
| ayer 63 is deposited in a PECVD process with high
C ohpn@iss hlpmaas ehbpdinret bageintepigichelegy raibncdnpine@gitlt fidy-depleted

smcm%rl lhsca%r t )erHoa’gv'er e ne QR S A AR s@lﬁ{a@ §1héoh g@u@mdmﬁ an
hi eved with i ncreased i on bonbard

unce GG A G PeSPISD SABTOTED DS TRy fin oo be mainained
by intgtlditgtaingle-ofystl Ih{gh-Bhagfidl @rat bk peigiilbid 1gtice obns@mt withSile| Barekample,
» &l BY&G The ILD layer 65 is

20% égg%agﬁ%chgvegﬁpog# t@é gglg)r the etch stop |ayer 63

Pr ef er abl the LD | ayer 65 is deposited in Ighll}/,

coltpres il é@awmdmﬂafcw“y%% S B B e applied o
the topl @paiof & Slicoh fie.r ByuS@5lyia i pros:Btico bf thased] etesdl,| theGoess inltgysdicon die

t

can beC lﬁ?a?t%g Irto Wa tcéetrr%hé s%resé Jg‘%géug%hgab%\{ege%%gﬁyﬁs 1913%@%&5&& énoblhty,
improgigg fevige spsed. |Aﬁ@tper |waX/@fr1ncmasugﬁwl|l?éfres§ B H¥ a§ing| aalyx@?—shaglq(gﬁtal substrate
on whttl tlieldic@aabe pladdte TBe doGd Bhapd @@bmandﬁaﬁxsa Byeehmping b th@R The dome

shape lprOrIBe %gstlcPl asgr%sg I%thetshl%]n cﬁeefépu%n in tgns1e e? str%r% I \r}\ﬁ Ir leZS te hte he

processing shown in FIGs. 3a - 3e represents a
priESehthbys piresss flpw docemprodfierteerprefereed grafrodiateyt of BiSs. 3a - 3e, the

aforerfdntiGHed@lelnd S5 Jﬁ@)ﬂth@@lltén‘fﬁﬂlf& nﬁ‘aﬂi‘éﬁ}d a suﬁgﬁiﬁﬁsddrme& in af operation 80. The
ments in .accor

s B e S0 ey M R B0 TR AP oo

furthesindideemprodnsuizit Hrmed oo tip sisdnedsibdobRaker atdreghte fompédugdels gate insulator. A
spacexslgyref"i's @&)qsited and a spacer is formed around the gate and gate insulator in an operation 82. In an
exemplary embodiment, the spacer layer is deposited in a highly compressive fashion causing compression

and, thus, tensile strain in the silicon layer below.
6
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15

20

silicon channel region on a silicon germanium | ayer,
and source and drain regions fornmed in silicon regions
wOhe4/0a8386 pr ovi ded at opposi ng si des of the gaPeT/UShm®4/000981
dept h of the sour ce and drain regi ons does not ext end
be)&% tgh gtep rraé/er 19 [%I‘Q\ll(geﬁ gén%grﬁib ackve Hle g;ﬁ A é}%@% rag c n fa§e/ecrjsu1% alp 9perat10n
84. Ie apaemnlahereboérfne@dhﬁﬁ@msﬁ%hmr lssfuemqsmim egteghrmmpreﬂwn fashion, increasing

the teh.‘ﬂ@ lst&ﬂﬁﬂ e tili@A fayer 1 An B8] cﬂéléc@fc %&ﬂ (M) 8 Q‘Hcﬁﬂéﬁ% abd¥e the etch stop
fusi on %urnace can be used after er ssin
5 e Vi

R Tt e e 1 O rfpamen e
ILD legee@mdepagited in@ lhigh cobtpressianeECYRI pkgtss.0f higly cdngrassiml degghsisorecan be utilized
with ;Q ﬁegg one o? e ggp@&tﬂﬂ@of UEeQmQﬁ%' 8@ a8t4| £8 8% OAI&&QtY\%fy, thoqgght cgmpressmn

Ge- oxi d whi Is volatile. proceéss can
deposjitiog gajy b asefi grall ﬁféweeat%ﬁ%a% %?31815 ik epeae?no% taf’e%réefrfﬁ {§rocessed
includihgfoingition] 97 a@ﬂ)@ﬁ h‘:ﬁﬁty af feapiresadut VA ceider dir BRiIde and dd€n regions, metal
. ' n be conbined with
mterc? %r{e%?g ’ D§a els Swag%/n lélgn on insulator (SA).

However , a challenge exists in that the strained

si ivelbhs apearesi ip feretadngsydingry skiliirie priihsghe Gisksalescrrd in thrppove
proceﬁﬁﬁar&ﬁd’c ﬁ’dc&sdﬂi@}éxdths&a pPsaRf taékﬁlfbﬁt thihe® th2l ahel Gskk RRDBEGELorpdMARd into the

above Sproce?sg]s 11? accor? fe V‘H h e pﬁrmcuqatr stn%tulles {ol,l]ag gonﬁed gor exanrlﬁlﬁ intermediate

proceheEt isksauetn rmefion i rmogi Cpassfvationdayernp reotecu@()%@ﬂ)@eee arpcessing
tasks,FE RGN 8V R KoV df Iﬂho@fe%ls@asf@sran@@r CARskidg nayarg QbREY and counter-doping,

rnat|ve I.ment e
o SR e pe B SR 0 s S n gried sov.
surface of a silicon die. By nodifying the properties
of Thapwocgse déscripad ia thiedpscriftieolskenmisy dmpodilmentsrietd noohe pdif@med on an
entireGRRTRSsuBPR i bR Jafr IbRIMES mh LR el S med {e@§t§/elyﬁse@io%@éﬁlﬁ%%strate

tenSJIe tres roves arri er
Thus, @ﬁ? g’%F‘H‘@’d’ﬂ‘éW ‘ilé“rétﬁ‘ilé&‘ RS SSGRST P VeiFrar egLY piglerred. it should
be unfleesiexd lthet Bdse @gwdimgntiare offered ¢y aaydd menpleapledrhaiivalion is not limited to a
part1c§1lalbe§ﬁb6ﬁﬁ1§nt thr!axl}éﬁHs maﬂcﬁ? mgc!hﬁcaﬁ&l@ Cgﬁblgzltl%efgld Fel;ﬁgtalgoqg@at fall within

shape can be manufactured by stanping or efching he
me“HHH%ﬂwﬁhﬁﬁ%mﬁWBWVﬂ%gmamﬁﬁys|caI stress to the silicon
die, resulting in tensile stress. 30 FIG 4 shows a
process flow enconpassing the preferred enbodi nent of
FIG. 3a - 3e, the aforenentioned alternatives and
other alternatives. Initially, a substrate is provided
in an operation 80. The substrate includes a |ayer of
silicon germani um having a | ayer of silicon forned
t hereon. The substrate further includes a gate
insulator forned on the strained silicon |ayer and a
gate fornmed on the gate insulator. A spacer |ayer is
deposited and a spacer is fornmed around the gate and
gate insulator in an operation 82. In an 35 exenplary
enbodi ment, the spacer |layer is deposited in a highly
conpressi ve fashion causi ng conpression and, thus,
tensile strain in the silicon |ayer below. 6 WO
2004/ 068586 PCT/ US2004/ 000981 An etch step layer is
provi ded conformal |y above the gate, spacer, and
silicon layers in an operation 84. In an exenplary
enbodi nent, the etch stop |layer is deposited in a high
conpression fashion, increasing the tensile strain in
the silicon layer. An interlevel dielectric |ayer
(ILD) layer is deposited above the etch stop
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| ayer in an operation 86. Alternatively, any |ayer
materi al can be deposited. In an exenpl ary enbodi nent,
wOheo4H6$380 | ayer is deposited in a high conpreBermis2004/000981
PECVD process. A high conpression deposition can be
Whatt scllu' %3'% W|th at | east one of the depositions of
82, 84, and 86. Alternatively, the high
conpreSS|on deposition can be used in all three
opér at i éreethgdior Brmingyaygetd @xidq symigpndagie digidictitst G@sisterM OSFET),
compSéifddCt ure is pr ocessed i ncl udi ng for mati on of any of

a var.ie ures cts for source and

o AP Bt PR i G0 B ReERRT R Sk (A EHC” and
passiowats dhvast enpef the Hlowitg dspdsitinpaepapparent to th os e

h aMépBth% gﬂa%[ er §llﬁi| fl)llmlﬂg@ SBJ&&‘ (éH) Ero&rla%tgatg B@) atnagéﬁec'msulator (56) located

describ processes are not necessarlly

abo"ee%ﬂeh%fls\%onéﬁ‘z) 6tt°ﬁf‘etFe St“‘ét%‘?(tg “0But rather that further

t asdpssitgyin f1€h siop COEPEH) éﬁo@tdthd: $phd@r (Ghethe gRQYH), 40l OE BSS @Bsilickdn (42);

accordance with the particular structures to be

formed. For exanple, internediate grocessing t asks

sutirodief dickettq laxe @Adbeve hyvish staflaysaddk vat i on | ayers or

Pr @hR64 htVelst bRYE the ddpBdinMe @ Bpabdr e@es&b@gmg irﬁa‘&Jﬁ&op faS?H'r (63}, N

depos?tm§ a dlelgc?trdcal Fﬂer %Sﬁgrg[grgst(%su ﬁglth%%;m%gs%o%de%g]siygn vTherelﬁrr[ESlayer gf silicon (42)

incregg¢samignsile siteinon, and ot her tasks, may be perforned al ong
with the tasks specifically described above. The

process TQ}ﬂﬁéﬂ{oH bigithed R clafd€1, AB&ER HdPbiH3 a@lﬁac&w&p&@&iﬁng an etch stop
nes n on a
e BT 5 R e T RO RGP S oSSy b

perfornmed selectively on sections of the substrate.

Thits, whhd reetiod elaigadio diaireh tgerpip [hg Sigh epmepssin techidques igelndsdigh ion
bombadfleflescri bed above are presently preferred, it should

be under st ood that t hese enbodi nents are offered by

and

f Th
Wa)( 0 %?1(6 'gﬂlog Clﬁ‘glg d1|nc e1 f%%%ggllgl(}%nélﬁagepf)%tm\g g:lmeé Jsing blasedaRF power

20 partlcu ar-e
for highpide bantbatdinems,, conblnatlons and pernutations that
fall within the scope of the claimed invention and
eqsli val epdSethod e 26 CAMOL §8G6n RERAISLANAA ROQ I nesNFat least 200
is clained is: 1. A nethod for formng a netal oxide
sem conductor field effect transistor (MOSFET),
conprising: providing a substrate (40) having a gate
(52) f oAmsthodpfiovasestimga apigercommmising0) ; and 5
pepbaling Nehedts) hiRasd siRBEIaRE (@h e £ 5? faﬂﬁh sﬁﬁ:@x@ %40} loB4ekd proximate
ositjng a spacer | ayer an orm ng a spacer
hwm?%§$dgfgﬁgﬁmﬁ‘gate (54) and gate insul ator (56)
| obatiegan egh svplager (6A)bovedife gt (54% omi spab} ((Qh @treeit the etch stop layer (63)
is forxﬁé&qﬁ'g hi &)rr&)%g&on d%ﬁ%'c&dsﬂg stﬁnl iRl th%h ﬁper 5»{ &ha ( 63)

above S

si forpigse %lﬂ??w layerrﬁéﬁ P‘t?vﬁ%ff@i qup %@6%{6% i “éF@Elt“ﬁ de?lepfgy ewer <65> is
forme(] @b highlrompredsioe depbsirion sdusifis diaiyi @1 thd Hdpn laydaeicei N at | east

one of the depositing a spacer |ayer, depositing an

et F.h st PR Jle%g bt c(aﬁg%,’whgrglq a liner is included between the gate (54) and the spacers
(60).

nm.

8. The method of claim 6, wherein the etch stop layer (63) and dielectric layer (65) are

deposited using plasma enhanced chemical vapor deposition (PECVD).



depositing a dielectric layer (65) conprises high
conpressi on deposition, whereby the |ayer of silicon
wWQ022)4/068386r eases in tensile strain. 2. The met ROW/US2004/000981
clainmed in claim1, wherein depositing a spacer |ayer,
deposi ti n h st . r. 3 depagsi.tin
R e R e
bomberdmpi ques. 3. The method claimed in claim2, wherein
t he hi gh conpression techni ques include high ion
bon®ar dmedthethod of cldig 6 HeRAUnCtB BB Hyd: (53 FdoRbiBedsilich it AgT
conprising depositing a liner using biased RF power
for high ion bonbardment. 20 5. The nmethod clainmed in
claim1l1l, wherein the layer of silicon has a thickness
of at least 200 nm 6. A nethod of processing a
transi stor conprising: providing a gate (54) above a
silicon | ayer (42), the gate (54) having spacers (60)
| ocated proximate lateral sidewalls of the gate (54);
25 formng an etch stop layer (63) above the gate
(54), and spacers (60), wherein the etch stop | ayer
(63) is formed in a high conpression deposition
causing strain in the silicon layer (42); and form ng
a dielectric layer (65) above the etch stop |ayer
(63), wherein the dielectric layer (65) is forned in
a hi gh conpression deposition causing strain in the
silicon layer (42). 7. The nmethod of claim6, wherein
a liner is included between the gate (54) and the
spacers 30 (60). 8. The nethod of claim®6, wherein
the etch stop layer (63) and dielectric |layer (65) are
deposi ted using plasma enhanced chem cal vapor
deposition (PECVD). 8 WO 2004/ 068586 PCT/ US2004/ 000981
9. The nethod of claim8, wherein the PECVD i ncl udes
bi ased RF power for higher ion bonbardnment. 10. The
met hod of claim®6, wherein the etch stop |ayer (63)
conprises silicon nitride. 9



