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WD 2008/ 042144 PCT/ US2007/ 020598 A SEM CONDUCTOR
DEVI CE COVPRI SI NG | SOLATI ON TRENCHES | NDUCI NG

WOreBERENT TYPES OF STRAIN BACKGROUND COF THE PCWESEDDTE0598
5 1. FIELD OF THE | NVENTI ON Cener al | y, t he present

?i‘rggw ts, rpbsr{solr)g%g???c :ar to tE’ ;orrmtl on (I#E
transi st or SINBUGIQIGSDIEFERENT]HWS OFSDRAINY usi ng

strain-induci ng sources, such as stressed shal |l ow
trench isolation (STlI) trenches, to enhance charge

carrier mobi | BACKGROSNDOFEHE BOVERTION MOS
transistor. 10 Z. DESCRIPITON O- THE RELATED ART

1. GeHEERD QF EHEINVENTIONf process technol og| es are

ract i f.or nuf act.ur i

" agralb B gt €ty SRS A 1AE BRAMBRNE Phipegryred circuis,
and, SHER ARticuldrRy, &P HRCRTHANIS of iridhdd6rsAiviy aithdd\@ahhdGegions by

CMCS technology is currently one of the nost 15
using rs@wpgndwpl%mlm%h such agysresspdtshallew geenclyisolation (STI) trenches, to
enhGRRLATRELITL GSnE, ! BUCRLaORRE ALY MBS AR er

DoneT eorsurpt on Cost B ifen B ng t he

fabrication of conpl ex integrated circuits using CMOS

t echnol og mllions of transistors, i.e., N-channel
2. trmwww T Istors, are formed on
a te i t e r
" SIS GG 19 DS AR ST LS prcied

mand¥factuaing eborhplamsmﬁdgmte(brmﬁui?s Chawreirl, RG tomplekstipuiirg, such as

_ consi der ed, rises so-called PN junctions that are

m‘CfPB'iOﬁ%ﬁoﬁySta’ﬁ‘gF Ghigs aad the lge, GMRS ;t,ecaaﬂ@ay éﬁr%\f’f?nﬂﬁ @ne of the most
t

proniRHE SBpt BB uctb il AibctiBh BlPRHARO RN BperalifE L2 andror

powereg)mmnpffdire and/od ccst ieﬁfndlqmcqf Diwéng tm:rﬁabhcatmgl afrmcomplex integrated

the d t hjlit f th 25 ti )
circuif s LGS oI D ions o Hassisfogs oS SRRel dSapsisfors and
P- Ch‘hﬁ%l Ct%@ﬁff‘)‘rs r 8681 f8Fm& én §%9@§tﬁﬁ@%&l&ﬁﬁ€far %QMH@ dethiBonductor

insulating | ayer. The conductivity of the channel
layer. e @i MIQS trapsasior, despectove of whetbemnatu bl—q:hpenclhtaam@torduea Pehannel

wanlSs ARBL AL RrRli<B RRT PP SR R0 R lare XPERYS diPinterface
of highRCdped AkdiR And A& caRIidnstwittPhn ifverseBddpet tcharﬁl&ﬂf@ﬁm disposed
carriers, and, for a given extension of the channel
betwegw therirain regian prdiiisiseulse reiomi dt h direction, on the
di stance between the source and drain regions, which
is also referred to as channel |ength. Hence, in
cofrhé ahdwutivivy tdf thBechaag iefiohy i.ef thadrige uetepritapagilit@ of the
conductive channel bel ow the |nsulat|ng | ayer upon

condysys ehanpeln isogontielled Siia gate gloctradrefared mrar aist%namel region and
t
sepaﬂt&?ﬁ(epé?ﬁ%% :bgea £y llﬁéu daé gnl n?& ' 'Wlé Eor?cfucﬁ?ﬁ}g %pwgﬂl@nel region,

region su ntia mance
uport fremydeh bf anondbaive. ch'ﬂhmrsl duthe thedpplidaann@if ahheppropriate control

chann | engt e 1 of 30
voltage to Lﬁe gate glectrod% %epen%g on the dopant concentration, the mobility of the

majority charge carriers, and, for a given extension of the channel region in the transistor
width direction, on the distance between the source and drain regions, which is also -
referred to as channel length. Hence, in combination with the capability of rapidly creating
a conductive channel below the insulating layer upon application of the control voltage to
the gate electrode, the overall conductivity of the channel region substantially determines

the performance of the MOS transistors. Thus, the reduction of the channel length, and
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SUBSTI TUTE SHEET (RULE 26) WO 2008/ 042144
PCT/ US2007/ 020598 associ ated therewith the reduction
woRooshelshannel resistivity, renders the channedT/Us29g1/620598
a dom nant design criterion for acconplishing an
assobidfel GRS wit] L[}E SedRALALF 12 SRRR Rlisd rérﬁfef‘sgﬂ\@tcﬁgnnel length a
circults. e continuing shrinkage the transistor
domdiane dsmgmsmdrbmmfwraocbmphﬂﬁ@ an mq:ﬂeaﬂeaini the operatdpugseed of the
assqcj at.ed therewith, such as reduced controllability
integgpted GECWYRannel , also referred to as short channe
effects, and the i ke, that have to be addressed so as
to not wunduly offset the advantages obtai ned by
st dhdi tontiemge akrinkage hef MNmasisﬂoerr@mndbnmwever involves a
t,ransi stors. The conti.nu Si z duct i of t
plurlf BF i ShStrRasiafe ABRow il 3uch fr*Guded bl fbifly orgfe phaamel, also
refefréBbS hs$ SIUr6 chaﬂﬁ%%fféé@tﬁﬁ thb ¢ikadaat 8hveOtd BOAddMessel RoYas to not
t he new devel opnent of highly conplex process

undulp ofisetihe advasages abiained by steaditypdenseasing e chhnreal length of MOS
d to also
wangylGe i SRrOEisTa sl R Ryob P e EPREeb SR, T & R AR et of
the IritRisestS) AeteldiRies NBE Gapatisr @fid FOLibltiie indwt &@vemiﬁumlof highly
regi on for a gi ven_channel length. This techniques

complex Praceshechrigue i Bor sxemplec ko evnprpsatefer sharnehagel effects, it has
h r
been H%B?%eﬁlgﬁ){ﬂalsé 8%?,3 Hil% d&%%ial gomél\‘ljlgtl d[}h of I?l?e MX@HSF elénents by
mcrqa@mgnhéllchgrgﬁ‘edayrxafmbhlat)p rrobieecrmnﬁﬂqegmheﬁoed giveh chéihel length.
process adaptations associated with device scaling

Thlsd?éhf&ﬂ‘ﬁfisc?@?rﬁ the dIesentiain e AChigHpg Hs Pergomace Hmpgyement that is
comﬁeﬁ'ﬁﬁlk SithaRE lddtv)(nde td Qefutug'g tgaﬂlbfd'ggaﬁé&n hetER’%Idln or at least
attice structure in the channe gl on, or I nst ance
postpyning saby ofthequeblems eacubhtredwith tesprovess atamstsorisrastdreated with
VICIEIty of the channel region so as to produce a
devigg,gep Sonding strain in the channel region, which
results in a nodified nobility for electrons and

hol es, respectively. For exanple, conpressive strain
al Oing eff@xemhamnehamdr@n@xr hindieagiogi twe icharghecatianmaédbility is the

modiff3lidR of bysaice sTSRupd i the BT rkicH.AB¢ Bihnes hy creating ensile

and/6D I@bﬂnbféésﬁé dﬁl‘ék@ Sn thBevieity Psfored cihnth @edion &t helto fstbduce a
enhanci ng the performance of P-type transistors. On

corrgspending sfrapin i the ishannieb gegion, whicheresplte in st mgdified ampility for
electg(ﬁl%l\gruﬁgﬁl%é,l l'e% %::111276& r %ﬁ e%‘m*)l%btrcgrg) ge'égll(lg skra[negiogg tﬂg channel

lengthioditdctiby in ﬂffeechaﬁﬁdfl ngi@h iofa sﬂfcoﬁtldi}%ii $aving Sitst@idard crystallographic
engineering into the process of integrated circuit
orientaiigy é%&y arerease athe emobdie| §f pelsti mefr@m{%cae& thgr potential for

enhahHihk i LEEE ﬁ? @&dsgﬂﬁ‘s SORGfe oth8f hzﬁfﬂ | @eation off tensile
a type o

str |ne I'con nay Cons| dered as
strais alangchel mhmmel hemigehr dméctlowhnmllre dmpnelnmgioa dﬂ‘&n N-channel transistor

fabrlcaﬁlon of f, g RRA conductor devi.ces,
may \inGragsGt el eaeed; e %xﬁ' fdy “§Té ﬁ‘&ec?é {95 Sty ghgingesing into the
proc)!‘@I (!)fem"f%?ﬁed Qﬁrcﬁlli‘ fll?\‘r’éb atioff 3¢ %HléxﬁgﬁgWH{é%ﬁé UnlpRhch for further

techni ques may st [ e used. Page
device generations since, for example, strained silicon may be considered as a “new” type

of semiconductor material, which may enable the fabrication of fast powerful
semiconductor devices without requiring expensive semiconductor materials, while many

of the well-established manufacturing techniques may still be used.
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PCT/ US2007/ 020598 Therefore, in sone approaches, the
wodos/osald | ity of PMOS transistors i s enhancedp@iyus2007/020598
formng a strained silicon/germanium | ayer in the
dr ahBrefite HABRERGPPRACERS tHf hdl& fhobllitd F PMOS tran¥¥efsSis Rnhanced
the conpressively strained drain and source regions
by formingea straiapd siliconfgermardjimclaper i fthec drain ndrvelirceeggions of the

Simlarl ar bon_at.o re introduced into.the .
sy Bherbin GiF epRRresH Vel afpned draiy AL Squses Tegionn Gippifpoain in the
adjate@0SillcBn ThhmieD régloh. N Sifilarl§ @bors Aohfzart eftlr@Mieed into the silicon

‘thereby achi evi nfq a performance gain for N-channel .
lattiger pnordst ¢ dorm ¢ lafics kavame tensile soway iy the dram and source regions,

therdhaeBley P p R Rire el ror B L EREGH o e powever

the geirfoamBRs Gl ha9bedadshbiin BRdeRiddadue (GUWrdaiRty GENUES associated with
scaling may involve further performance reducing )
the fopmaten eha strained silirorrqarhpnsmateriak h Hunksr devicgcscaling map involve

j . . Lo | . q
furtRP pEHph RS TSR P RRAChaii T 10 Ul B IR b B ys. such as
incrdabe&d dopadt levéls s thelvhamyed Fegiod, Higlpk diglgweriésingle gfe insulation layer
provi de efficient techniques for conpensating or i
and S likgonfeifs 8PPAYETT OF Rigle HmpeBaRGet (P gEqyidearHigient techniques for
. y | . .
comBEREGALAT S RbopbialifRTontuch REIRG i (pRi8fes by cfficienty
incrdasiapshestloirge Gyrigrmobitityfpr Nacldinheloma| P-elidnnel teamisistors by providing
.Strain-inducing nmechani snms, whi ch be used al one or .
addifignal 51 nFALHAFRS FREDUTDS. MGk Mibcbe used slone or in
comBinh@d:E Fiththe ERSveSHARRIR) st dPRSS efb &hfipPe, sfEGEd #ef, such as a
stressed contact etch stop lfayer, used for contrdlling
stressdbcattatt ehotters kiyenuséd fori qogtrobimgabe etabpwoéasg dor formimg contact

.nterlayer dielectric material .enclqgsing the )
operiisrin it Yl eleelsic My ScISTe HRraPeeiS Fngiiors, may be
fornRARHH a Righl RN BF insdrhfSstrebhhr AAY indid @R ofresponding strain in the

corresponding strain in the chanhel regions. 20
chanpglregionsror e, i n sophi sticated sem conductor devi ces,

isolation trenches are typically used for isolating

i ndi vidual transistors or groups of transistors,

WhBGghdtnmdid,| G0MsopHisQdtele demitsidakloy 8&Q€ksasisélition trenches are

insulating fill material, which typically results in a
typicaBped forvisplpting inddgdepl ttranpistore engioyns af frgnsistorsy hegai silicon
dioxiie" ?ss‘?x?l?all' Sﬁée%t LN rir?s‘ﬁ?a@ingayillah@f’ergx? %ic‘ﬁsg‘)g)i@ﬁlyaresults in a

strai n-1nducl ng source tor °specitic transistor
compressivaly saédsed aendhncortfigatatione Tl mbesasssed isilatRaistreaich may also

the isolation trenches | s advant ageous. wever, the
be useh o At StERIMAUBING cRYECe: X HRPEitie STANSISAT oTARFIgYrationy, 4 which the

comgﬂgg{i‘g;&&sw tﬁpglol;%;iel\f I8l diGs raag%lt%g_%ghg.l %lk\j%'véﬂ, e cdrRentional

sing the erent needs anne
processaedingques Soaformidecisalatien trenches insdyonat. pro¥ide theereqoired flexibility

the efficie of the strain-inducing mechanism based .
for %fpi“??é‘ﬁ‘\geﬁ‘?i %@é{enéﬂee%o O%é%ﬁ?ﬁ“&ﬁgéraﬁﬂ Oﬁea%‘f %F‘P%@ﬁﬁﬂ%}s‘s“’rs'
Furth&@H®re méffﬁfénkg P tleErAR MR g HESAnR Bide@HCbnventional STI
contact etch stop layers. Therefore, conventional STI

technigadsningyibs sigyficantly dessviodepazeds fogothes samees, peshf asr steenssd contact
etch %gqun{aggr:steg@}%?eq’g% 28&&%1131?88' §TI Eerc]:ﬁnitqlrleesnl%gy in%? lpragviigeng significant
performance gain, although, in principle, the trench isolations may represent appropriate
device locations for endowing a desired type of biaxial strain in the adjacent active

semiconductor regions.
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device |l ocations for endowi ng a desired type of
bi axial strain in the adjacent active sem conductor
WO e@Bosd44 Page 3 of 30 SUBSTI TUTE SHEET ( RULBEP@BYUSANMII/020598
2008/ 042144 PCT/ US2007/ 020598 The present discl osure
s ek &)?&Eﬁlddigfloéiﬁ‘é i Olige &1 ioﬁ??eﬁ@é@%ﬂﬁm&aﬁﬁhs tHAY may avoid,
avoi d, or at least reduce, the effects of one or nore
or atdeast reslupe, alit effiects olfsortei drinsate ab teerobl Sob/AdERYI{iEH abdEe.
I NVENTION 5 The follow ng presents a sinplified
summary of the invention in order to provide a basic

under st andi ng OSUﬁﬁﬂﬂuﬂﬁgigﬁ%ﬂ@ﬁNW@ﬁWfﬂYﬁntiOn- Thi's
sumary i s not t he
i nbafoliowing ppréssnts atsimpliedigunmaryi aféhe infvgnti@yincerder to provide a
.critical .elepents of th I nvention . or to delineate :
basiy alert G B SRS aSRreint T dhe MIERIQD ES SHBBHEY fofieihn exhausiive
overRe®5 8 theSANEBNtidiO NRER tndt lifterdledl tBRUEAtif9 kelybrertfcaPelements of the
~ prelude to the nore detailed description that is
invegfiert 05 Yedelinegte] the scopeCeindie anyventionhdtsssitlé putpostist &r present some

di scl ased in is di i f o
conces it A3 LBl 3 ot et e ERIR! tSrilin s discusea
laterstrain is locally induced in accordance with device

requirenents in order to enhance the performance of
respective transistor elenents. In 15 sone aspects,

S ELTARD BE LRG3 AR L1 D380 il fmin

isoldtiog serattuied inBhieh havay thiesiiim is loeally duesinodccoRighed witk device
of intrinsic stress may be specifically adapted tq
reqUIBMERIS JB IfFTgIoy cTiReH B pratartianenelrespeciiyedeasistor elements. In
I S{. Qi . : I j .
o 57254 243iof SISO, ', BYAILOYIAR, ARMIDRLAEDY e b of
a higldp k@a¢ssed dieleemid emtenial; wierele plxs type dintlr ingnitad@ of intrinsic stress

esire e, of strain in Nchapnel 20 transistors, :
ma PR ARG 0 GPFTAEP B BRTCS DCHRPAR ] adjacent transisior
elenRRART IRYrieRhfiple bfi IaPFioprigtelyeSde MY dicRBuicahiRal for filling respective
respective isolation trenches adjacent to P-channe
isolatioantgénshes snayobe alppstedotedinigby a desiedsypehd $todie in N-channel

bili f these | ces. Consequent | the . . .
wangi3is il B o ISR arRL PR 5 phiobidly ipginsic siress may
be Fdtfied Ghiatdsyectivbanopdion\iRhEN taBRCc&it! b NP-dhAfME | B@nsistors to

mechani sm provi ded by the differently filled isolation
corrgsperdingly mngyedsp diehdwle2snelibectod esaddevineageotisnspquently, the
peGRIAALSE ke A0 P41 B4 T AR L et s
indubivgrhestenBmapebvided by kige differeitherillad Asslaton &ehdt@hlnday in other

efficient strain-inducing nmechani sm my be provi ded by
aspeeisnl AfvRtagsrpsly seomhineth dvthy pdditianglj ytram-grdygingugairces, ‘such as

‘ . . . b . 30
s e BD il Ly SRE SN 0
of providing a high intrinsic stress of the respective

dielectric fill paterial. In this way, design specific

chit SEEFPertce highly FEieat f%ﬂf@éﬁme%ylmmgw Rrpvided by
comﬁnglgg Y%l?’-e?tg%l?sﬂed e ndl PACREAAL G s Ha®lripCh hidh filllhpability with other
deposition techn:lques, which may have the capability of providing a high intrinsic stress of
the respective dielectric fill material. In this way, design specific characteristics of

isolation trenches may be used in order to select an appropriate dielectric fill material. For

instance, for narrow isolation trenches, a deposition technique may be used to provide the

Page 4 of 30

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

i nstance, for narrow isolation trenches, a deposition
techni que may be used to provide the Page 4 of 30
WEMBSITWIE SHEET ( RULE 26) WD 2008/ 042144 PCT/US2007/020598
PCT/ USZOO?/ 020598 desired fill capabilities, while
desiféd e;ch sd&vHileeMba&ste @eﬁ _trfehéﬂegqnw bkrﬁléaa&'l Sthé’?)asis of
tec n|q at may provi ighi1ntri'lnsic stress o
techbiqeesy thsqcmay pmmda d hlghrmtnnmalstresls of tteirbspeoti vefill aspacl.s,
t wo- di mensi onal strain characteristics may be taken
into 5 consideration in order to |ocally provide a
deg) Gl SHBE afech! B¥bAimSisicHal stlint Bfard &SRSt | 'rﬁ?y be taken into
channel regions of adjacent transistor el ements by
consu@katngl mmrdercwnlscdb'r ammin & fesired rtmenef biaxhat stnajn efi ﬁlm:tespectlve
ati.on trenc respect.to

t
charfpl FRERQBoh! HDEORT ARPHSDT SIS TRy oY HeKiDE IR Snsiderug e stain-
mduginﬁ%ffebtodf redpective €6latidn tréhtBes Wi)th@gs:pe&&btﬂ% tratisS€draPi@th direction

herein provides a high degree of flexibility in
and ﬁneamnemsm:] qugth direstigh. & ragisulh, Hrerubjegt @@mrccbsclw@d Iheregn provides

a hig] Gegide i el illFs; Y @ONEUME afiillpH, SEHLERpEhg soprpey while at the

samé afnef;ﬁbmdn@ zhh@hl degreeadfadnipatibility “Qﬂhedﬂhﬂéﬁldihﬁl piocéss techniques
ot her process techniques for providing additiona

for formingrhighial serlag cireih slements. orAvitly odien gracsssoisehniques for providing
addxh!)ljxatll %Erglgtlhiﬁ?a %Plg(q{agﬁ di scl o_sed her e! n, a

evice 5 conprises a flrst active
sen1conductor regi on having at | east one border forned
by a first trench isolatign structure includin

fi Aé:t:oréfr@ teongiidustrafiye gigpediment dr?ﬂeseéié}ﬁr%nﬂmwnductor device

I
comfises Atitst ACNE s hRPBLAES B FARRTME ATEIY On2 BOHEPRHURY a firs
trenctlr esobdtion swh@ture nndualmgtajlfmstl dieleadticnfijllamsteaaind The semiconductor

ctric fill erial] other than the firs
devig, Bt For@Rtesia STaPRN pTve PRACHEIDH EEABLBHARE o least one border
forniéli QJye & tsbddndf trddch " BOIRdRLirb@SretRcludfhgl H5Ed0RA! eleéifi€ SR material
i nducing strain in the second active sem conduct or
other é@n ol firke dwiad:tmgflltl materod heherein| the secand visletiio till meaterial has an

.. .di.scl d hod first

inerifiy SRR i ip s B GEreobR ARt E g Slehtkeor | | ng
the first isolation trench wth a first dielectric
fill material having a first type of intrinsic stress.
FuAcherdingrte angtherilkiseaive qnskmdanexmdmd@m hetein, panete ¢omprises
élr'%? A rlsfégﬁggﬂ(i{e%:h n:%/ .g%ﬁ“%?ﬁd“{’?ﬂ% 125 agg% g%ln tﬁ ??s(f ?%}ﬁjatlon trench

withi 1fifst nﬁéléctﬁt: RS fatefial haWihg arfrst (@ thrﬁdsEcSﬁtrestﬂElrmEnnore a
intrinsic stress. According to yet anothe
secopd ispdatios: frenshdpsermadeint the |S§@|lqs>§éactwe FEH ancblSn%Hﬁb ¥ithgpsecond
r
dlele,f%&lﬂo 111 %ﬁa}?{]ﬁ tﬂh%gga n%égéﬁ% uyco% 'gﬂg}cl gtﬁégg 'i’l?zﬂ QjIYff&Q ff’qnm the first
typefof igtinsis stradsi on trench with a di eI ectric fill materi al
on the basis of a first deposition technique with
hi gh gap fill capability. The nethod further conprises
f onni.ng; r t
Son g2 f S HloleP AN AAUEN URclsped petein, 2 method
compnism ¢brmihga filstsiscdmmh tnércth thagingat fénst withim it & eerhicosductor layer and
Fi.n

filling t(.jne first iso qatlg/n trenc welﬁlogddilel%(gtlrlact lfi nmtatre?igf r(]ml t?lef ll)zls£s of a first
deposition technique with high gap fill capability. The method further comprises forming
a second isolation trench in the semiconductor layer, wherein the second isolation trench

has a second width greater than the first width. Finally, the second isolation trench is filled
Page 5 of 30
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Page 5 of 30 SUBSTI TUTE SHEET (RULE 26) WD 2008/ 042144
PCT/ US2007/ 020598 w th a second dielectric fil
woreaosiAk4 having a high intrinsic stress on theChHS1087/020598
of a second deposition technique other than the first
w1thdaes‘@:9§ﬁ(f Hl@ﬂ:cﬁ'ﬁgﬂﬂg Ihghg'fﬁ'baé ?r&e Eg'a%gge Rt déé%{e% 8Ibh§e basis of a second
depasﬂafoartmlmelub@thdnmdrnhé ﬁvﬁtxigpcmkﬁmteq;hmm taken in
conjunction with the acconpanyi ng draw ngs, in which
like reference nunerals identify 1|ike elenents, and
n which: FBRIEPDESCRIPIIONOPTHEBRAWINGS! I at e
Cross-sectiona EWS Ol _a sem conauctor 10 device
conpri si ng different active sem conductor regions for
r e€b¢ displpsuregpay: b¢ waderstoad dy yefsrensk dontlret followtieg desgription taken

. respective (solation structures ar,e ed havi
in cFRREPRNIT b B el d1eiteS s p SLEeR RPN IEtafd idemity
nkeaegkmggm@hhyﬂﬁaguce_a respectlve stra!n inthe circuit
el enents of the active regions according to
illustrative enbodi nents; 15 Figures |h-1i
Scp 'Iﬁ%t | Paa{l %ysch%'l]&%a[@t flugtf rc?’s?%%t?orﬁ?L vxe'wﬁsV\Qf gf semgonductor
sem onduc evi ce accor

devitd | dogipriainigy @lifeerbmdiaceng Ssenhébﬂﬁhbt@h ﬂ:gtdn@nfd’r Redeingi Rgpective
process is conmmonly performed for the different
transa%@r. slementyi WhreinmesReCH Vfr jSolating FiEetEEes |age provided haying spdifferent
a
type %f?gﬁm?sﬁ(?tggg i % ‘élrs gt‘rq{t ;/\ﬂcélg‘a?l fﬁ@[l?sf’% fé"s%é%ﬁ‘éie Cs‘?ram %9 thé circuit
elemasR df @ weve cegiomdiaccadalg ty ilthditradve enhbodlmempect [ ve
strain in the active regions of the sem conductor

devi ce according to further illustrative enbodi nents;
Fi Bidufes 2fh- ?P%@ﬁfah&ﬁl)} Mldsirﬁtgsérééts%ax&ai QRWs SAvHaf seﬂuconductor
sem-conduct or devi ce "i ncl udi ng 5 differently sized

devicesgicatdimgta fugthehBhistratiner embodnhentsl,l a| wdoth adrenich [patterning process
. _materi al accordance with the
s coRRgpiy Bragamik e e iR shive U ng to. furt her

il ust rative enbodi nents; Figures 2b-2c schematically
illustrate cross-secti onal vi ews along the line )
I Elgureolwﬁheremoallg illustrates @@mspige@mrmbuswmérmmmﬂuﬁgr device,

in wgfggqggag ﬁﬂ t)ogges %Ujggrt ngra)! l st rs(aetﬁb\éer:as é%)m jdﬁaelrp)tl géljust the

respetBiV8/sG4ia 1A theGEliVe 288600 3D ﬂﬂﬁsenfﬁlc&hﬂlﬁt& Heseedoabidadd to/ further
illustrates a top view of a sem conductor device

llluSirﬁalemh@gnaelm urality of different types of infra well
and inner well isolation trenches in order to provide
an enhanced biaxial strain in respective active
r eBigares2ofchematisaly tlasdated oropdeieivesf a semiconductor device including

differently sized isolation trenches, wherein the dielectric fill material may be selected in
accordance with the respective trench dimensions according to further illustrative

embodiments;

Figures 2b-2c schematically illustrate cross-sectional views along the line IIb-IIb of
Figure 2a during various manufacturing stages according to further illustrative

embodiments; and
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according to still further illustrative enbodi nents. 5

Wil e the subject matter disclosed hereinis
waeemsomiiebl e to various nodifications and al t BCTEHS100B020598

fornms, specific enbodi nents thereof have been shown by

Way:; e 8% 3REatichlly HIRBurHeaWItHDFiedN6F R5EmPBAGIr device includi

descl:%ﬁi %ed In deltcaim%’. It sﬁou{ﬁg g’e under st oo@{c%ofgbcgrl?cu g
a plutality of Hdfalers cypest oo mtiaewell andfinsqrewell iisolaidnovemibas $n order to
s not .intended to limt the inventiaqn to. {he 10 )
provi 41 S BReIRIPHA ARSI YRACTER TEHENT LT SFpicondpstor device
acco'rdlhgmétﬂI‘f"drﬁl’n,elt ﬂlu§@é’tﬁfe,e%liodﬂﬁéﬁt§.' cations, equl val ents,

and alternatives falling within the spirit and scope

of the invention as defined by the appended cl ai ns.

N Bl PEEh BT S MRS FotpSTBlE G kirous modifications

and SiRSHstReMrig sphtifit Rnibd@imdnid @RBE hale B dho¥n BYPwafbf example
features of an actual inplenentation are described in

in theidrawingp and piechar¢inrdesqribediin detgil. dberasdd be unggssteed.dtoactver, that

h he devel f h Lo
the deiiptloietEin o Ns BB Rhaineitia PUCRBRRATS ittt invepgign to the

partioblaf fdifhs tsifosed, BehineHe cofeary ddéah@agss is ®SRVEF Al modifications,
goal s, such as conpliance with systemrel ated and

equipglenthcand.alematines tadlingowihinghe spirit apd seppsiaf|the, Byvgntierogs defined
Lol ation to another. Moreover, it wll be
byﬂ%%%?égggﬁgﬁﬁ%hat such a devel opnent effort m ght be
conpl ex and ti ne-consum ng, but would neverthel ess be

a routine_undertaking for those of ordinary skill in

the art hRE: uL*ﬁ D _ 1 THE, _ ~ 25 The

Pr §566ks ?lﬂm&ﬁﬁe @Hfbb&ﬁrhéf‘%é l)? Wirﬁ’:éng@? Gid Redrigkd below. In the
reference to the attache i gures. Varl ous

intersgtr oft tlaries , natydt dagu@en bfdayiaceal amplenodneatiohi aal dgscribed in this

I.ct int d i ngs .for pur.poses of explanation
specqiayonnt Wil SCous i eiferiud il af fhe deflonedt b Sy Sk actua
emb¥iklenf &hhdrsus HAfleMERaMER-SpdeitMIediQoh @Rt BKithddRbio! fehieve the

the art. Nevertheless, the attached draw ngs are
develaperidpecifio gdelsc sidheasn pempliguicaiwith Isysemsralatedeansi bugiess-related

f. the present 30_.di sclosure. The words and rases . .
consfainl” e HlivsEY b O ap GrnsBTafic; folEh: RGOS it will be
apprb@ited ah4testich Y d&RISpnSdn® REfow fnllzht R étﬂﬁ‘}lﬁéﬁ taaf diri@ c@fsuming, but

t hose words and phrases by those skilled in the

wouldgjexgriplessrbe a mptisperdestaking forhpseoef lingry skilinimthe art having the

bene%béf"ﬁn‘?s’digclgs re & definition that is different fromthe
ordi nary and cCustomary neani ng as understood by those

skilled in the art, is intended to be inplied by

consi stent usage of the termor phrase herein. To the

Pagbe prasenisgubmgsgrttrypell Qe desribedoyitnarizige da she attached
figu@g / Vg?iglgs?/sgﬁgt%?e%, sgg%l?lgt tdhﬂévieest %fénsgﬁerﬁ)emc@ﬁg deﬁicted in the

intended to have a specral nmeaning, 1.e., a neaning
drawnaigsefior ptipasest dfadx plamddos bolgchndsosdsithb Ined obgdures the presencdisclosure

a special definition wll b essly set forth
with detaﬁles t&lat are wiell Iknlown t\(l)vI ose S(lﬁé(({) En the Xrt Nevert.{xeless, the attached
drawings are included to describe and explain illustrative examples of the present
disclosure. The words and phrases used herein should be understood and interpreted to
have a meaning consistent with the understanding of those words and phrases by those
skilled in the relevant art. No special definition of a term or phrase, i.e., a definition that is
different from the ordinary and customary meaning as understood by those skilled in the

art, is intended to be implied by consistent usage of the term or phrase herein. To the
Page 7 of 30
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in the specification in a definitional manner that
directly and unequivocally provides the special
waledosnoaxison for the termor phrase. 5 General | pCT/UR®07/020598
subject matter disclosed herein contenplates a
exteBleﬁllﬂph Wit bP V\tha@é %an@e'nﬁgd i hgifé‘ 4 %P%l_rﬁéa&ﬂg@ ileNdUfeRbng other
mechani sm be used alternatively or
thanahiatiundens@iod pytskillet hetnsass rsachna ispeatiad idafininec lwal ibs rexpiressly set forth

o S U5 e b TIL fpy E EELb Rty v
specijdl@leﬁlﬁhbh forlthd terM®r Phtak. My be 10 sel ectively

provided in respective isolation trenches bordering
respectlve active regions of a sem conductor deV|ce

n i fferent t
mmbepiralivy 3 ‘PRt BB Jioloretching R ERw s, o fashnique for
provhdiﬁé ahi EMicihf YGhMliRdUBRYg PRechismd whikh R k’l@bs'u§ed0Ellte:si'natlvely or
respective nunber of nanufacturlng sequences i n order
addltl@nqélryd@mbertmlrdeslnma meqbanigms fin |opder iateahinge the) petfermance of

ct v olatlon trenc t.he t.ai n|
respf R o e “Tubis ¥ st SLERKA AROBul I Agiat may be
sele¢ti3¢@1y6{51‘00ide§ liri HBpetties .isolteorSetaéd Bé’td@fﬁng?lrefsﬁéi:ﬂeé tabtye regions of
dielectric fill material for a certain 1so
a semicoRgprteradevie. bRsRanding ew e pumbari afrsliffgrent types of fill material for
h 0 e
the I%g[%?{lgg (3 dt%ﬁ%gglfgléé ﬁler {%ﬁﬁﬁ?ﬁ sﬁ'ﬁct]fuse {ng’%%g Fg[?ﬁéd%r? W 32[1515 of a
respédiat rlumbbo obﬂlafmfanmdng mettphﬁcw iai srdéntogirovide tl[ei‘d&&eﬁ ity of fill
isolation trench. As is well known, for a standard

mategia), dp otheoffsBEtive iselatipR irechothgeby abtainiagnam dadiyidyg! adapted

peﬁ&%{&lg@%ﬁ&heﬂﬁﬁﬁ "th&lisolhtiéh sstritetlifed0) T%Hrée"l’é‘c?xon of a respective
orientation wth respective transistor channels

dielegtricefili ethtasial Fort shedrtain Bolytibon diendcmiap be dhsxdgnacontiplration-specific

ectio a tensj train in the annel engt h
consier BT Gh e RoQ RGP TBUGE FATTER SoHQY CHAbYe PR e type of
transHtbEAE AN HRYs B BOidrined@ the visinaRe ﬂletxjaﬁe%h?é:;sbfaﬂon trench. As
mobility and thus may increase the drive current

is wdbMOMm yfcmf at Isemdarés p@eyﬁtallpgraphmmnégumnanso‘sta)rsﬂu:(m -based

crysta .ographic . .

semig QIR o5 DD GELTUBUDT A RTRSS"S Hgnsistr channels

orxexﬁékﬂﬁzﬁtﬁ'thélﬁl&gﬂl dirdcB6h aihgand] B> @Rgtibe, StehdidstAliPiOthe channel
the channel w dth direction my S|gn|f|cantly enhance

lengthhdirepsion ansbhp| tensileoptran cinatheethannelawidtl tdivestion may significantly

enhag&pﬁl%qag&} ny mo% H %pxdttﬁ S Irr{a 1§Ere§ S’S’thl ndrltvleq',(:“c AP &S atlb\'ﬁy of the
'solat T on tr ench enclosing an Rannel T ansik

respéiiye N- Gmnﬁblotadﬂsisjbre athe etlidi &aﬂﬂrfbﬂmli@&?ﬁalﬂégiﬁlﬁﬁé configuration,
whi | e only noderately negatively influencing the

a CopyyEssivREAE glong the | lepgth rdirestion andca d¢nsde sgrain along the

ISl oGSl ST SR AL A5 P-chane

transiponee nConeeduerntly,he gh teﬁsxlen geassr fndthee Resipbétiveo isodutidnt trenches
al.on e, channel length directi on t he P-channel
enclesing, 51{? &Pm%vse@éastorfraﬁy SERGEAEY T a&*&s eoperforpange thereof,
whllgfoﬁﬂgpfn%ﬂéraé tﬂv@ﬁpﬁhﬂ dRE RRNbHBinAh&: B §1P- amn?lel transistor,
may over sate or-a Trespective negatlve
sincé mfroderacdy hrghtthnsﬂl@-suhmmmﬂlpdnlemrrﬂong the .chiagt wadthfdi®Otion may at

leastsp%?t%;ll—fyTg)TrEpe%'slz%E T%or( {Rh%l'li)zerzse undesired tensile component along the channel

length direction of the P-channel transistor. However, for P-channel transistors, very
efficient strain-inducing mechanisms are available which may overcompensate for a

respective negative influence on the P-channel transistor.
Page 8 of 30
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WO 2008/ 042144 PCT/ US2007/ 020598 For instance, it is

well known that silicon nitride nay be provided with
whe@h/oint4 i nsi c stress on the basis of well - espebiUs®nBR0598

pl asma enhanced chem cal vapor deposition (PECVD)

processes, in which respective process paraneters nay

be adjusted in order to 5 obtain a high tensile or

cohpr astince, 8t isewsll d@mwndmpOSilicbmglitrhb sial i teopravidedi wéh high

mat er | iven I.n suc ro
imrifie Hresagadhe B SiagrPeieidBid el eduboal Semigy vapor deposition
(PECVD) %ﬁ;de%es aﬁ%ﬁ%ﬁ%@e%e@l@&%s RFAREY §%ay Be taa’jﬁht@é"nl) Yrder to
significantly higher conpared to the magnitude of
obtainemkigh eerzstlp@ssompreshm strdsy up@mdmmsmglgam elshp@c nitrde materlal on a
. stress con nitride o as_a con
EiveR SUTAGS olp Tish EPocer e frcse e BRAHe &) GOBPLESHE S currently
achi¢vabR b§ kRowh Oftchnighds & @bicATRC Riﬂgﬁlﬁéﬁnﬁ?r higheénaBhfPared to the
transi stors may be provided that iciently
magn@ﬁ@eﬂfs sensile gitress gorthals @dnmowrgil@gj\aer@eeqtml aﬁ@ﬁf@é gificen nitride
I.sol ation st
etch

overlof8 i 8 B FOr R RGP s R Biocbfl shofit'ahd ¢ tike, o

hightyeeffigiegit! B chdisth fFHUR-ChRghnal trElRitdre endyyieproidet tiadt indynefficiently
P-channel transistors may be prOV|ded in the formof a

compgnsafiefera cerEespeBding éﬂ%ﬁrswﬂmc&w adersiledsolation structure formed in

the \ﬁhln}tg%@/ e E’naerhHthramls&)? 'ﬁl}(th%tn? \ﬂa d&ﬁ i€ F{ galghr]'lgl es for inducing a
per rmance gal n conpar ed'to anne ransi POI‘S

desifed rtypdof ktrain rih IPacHayinelf tkdnsiseind naalyrisl providedugithg form of a strained

nechanlsns naX presently not be avail abl e. ) ]
ieplstieMmatsriali syt PonsilipunERaniuh atViiigly Bay provide a high
perf(ﬁ'frrah(;:é 3ih! donigakd £ Rtn ta.ﬂr?el %gééto&t f&egﬁﬁhtﬁxﬂﬂaﬂy efficient strain-
te ues providing a egree of intrinsic
indusing emechlangsnisempy qmselmuy not b@abaltabtd oﬁ?ometquemtlsollmlatmn trenches

trench u 05| i,on techniques of
tha oy e SERGIBRIY K008 Heaa of dEPoRtt PP aL% Ry g S degree
of itfingif GREPFhAPILE! rovitted rﬁnC&ﬁMﬁHEtﬁ&ﬂ%lt}Pﬁ&%ﬁﬁﬁ trenches requiring
strategies, While neverthel ess providing a
depositigni tectuaques pdrlfigh gap 61l gtmahllntlos imprdes4e tmaiptain @fhlglh degree of
ansi stor el

comwﬂ{?rﬂgt?'gon& &%ngfn 18n§1t PLRCESS s]tra{]elgleﬁ,aAsl?F e]ygrl'rfhe ess prov’ldmg a

signifieat@pEfetniadedRin fos @l I@hdt @6me beﬂféhﬁ&espﬁmﬁig tf@Sidtor Slemints.
the generation of strain so as to enhance perfornance

of 25 N-channel transistors, may therefore enable a

si gni Y o) C t ) I .

o1 A0 RERLORIIS BRI, 6 b EhAeP moceracty wie
isolapien fI@fldffR@,C\ehlen hesnire irethe gﬁmdrhnorf ¢fn@it sd 4 to enhance performance of

strain-induci ng mechani snms. for P-channel transistors
N-chapgel Nrasistare) ntawathgneéqre reélablﬁraeégﬁtﬁ%ma%ﬁ pupAnse enfgacement of

N- cﬂhﬂ«ﬂlt}’an%s{ohé: 'tﬁéﬂ:lfyg ?chuEfn% sg?t?rﬁ@(ﬂ' Ed&%}f&tﬁ%@é Ghttticement with

eém cal” vapor processes on
respédnéo basnsndicitg glecldmissns ﬁor |r1?| -dmnmpelardnis Bturs afd Noasaadelomansistors

silico i oxide y,be ysed for Z ola i on. trenches
presgptly; 4 nleg é@ﬂ gﬁé@ﬁ’s? jeient &R 1 qaqué%PabﬁeFlgH@th such as
chenfi g@@p&xe sﬂféﬁs(CW) p?rb&ésgé%rblﬂllﬂs rb'aé’i@ oWﬁYng&’eddﬁ§ gldsﬂla ambients

nmbi nat | i sol ation trenches having |
based rqnt $ibedn d@slctg:nmdy leenssedrfer isnlatipdérenthesphoing ermm dimensions,

o) TR RS L O S B By
with b@lz&tﬁﬁx%én@h@sr King 18ss5@ltRal ded nf‘lﬁ)‘%ﬁ’ﬁéﬂlsaih%frﬂ’érfib SfdvidCthe highly

fill material for obtaining t Page 9
stressed fill material therein. Furthermore, other design criteria for the isolation trenches

may be used in order to select an appropriate dielectric fill material for obtaining the
Page 9 of 30
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SUBSTI TUTE SHEET (RULE 26) WO 2008/ 042144
PCT/ US2007/ 020598 desired perfornmance gain. For
w0 p@wBase4 i sol ati on trenches extendi ng al ong BEEUS2007/020598
transistor |length and width directions may be
desiﬁﬁ%\é%ﬁ'ﬁaﬂ@et i #bf iRARL, 1&315&019 eﬁiéhgk %Q{eﬁhiﬁlgfa'lérlg the transistor
material sd as to correspondi ngly adjust 't
lengthesd| widdgdibécadonamagtbegirovided with ardaﬁpxent type of diefeeirixt HH material

5 In other, c n appr.opri at str ssed fill
SO apiQiCoFTeso ?Bb%‘f b%‘g]% e “Pg b ?Eé%’t"w’é €jrespegkiyeiansistor.
trenches to position an appropriate stressed
dielectric material in the vicinity of respective
t r Imethst caseg laprapptopriatel pstokssed ﬁll inmediérial ausy] prrevﬁldath aerespective
erformance. of N-channel %ga‘ tors and

. . the

isolagiop ﬁ%‘?ﬂ%ﬂs 1P RO§UIoB A%y %PP’%&’%FWSS ScHifamppria) jn the vicinity of

respél@SE ! Bhsididie eldiR@its Gh brdby 1t9Sin@iviAtaBSS effankd@he performance of
respective fill materials may al so bé sel ected on the

N-chans¢ldragsistane and Prebepesd ttiansistorsa vdieseins adglitianatipt if easiredoithe type

.exanpl e frtheaov=dent||eds .
of ST afFtss 57 Aph PO TUL ARl iy PSP Seraelesiadgn fhpasis of the
respdUiiO¥| eakiftoF &wﬂtzﬁmnneFoﬁ rexagipid, Ofor tthelt aboRelidedsified standard
tensile strain along _the channel width direction,
crysmegreplac rcesfigweiion & fillanatedal mpy |bermtﬂeld¢<bforrm? -ghennel transistor
that Bl dg&é% Fe gtpeggt%ld %ghgtch%ﬁlee t(Nr%é}rF]lSI %(‘)%rH’ ﬁl;}ufga%respectlve stressed

fill rﬂatéxfwtmgnbe ﬁ@mdatl lig those yswl Alonaginaldsi whick ﬂfayg;uba‘amwmsy act along
for instance when 15 the respective transistor |ength
the tgnpistor langth digsrtisn. et ethererysirbogyaplie cenferysating Jof ingfance when
¢ £fos
the r%tgtr%ctl r{ﬁ‘é‘??gﬁp%g‘ﬂ (B{:&Yglgét yg)%c%ﬁegl?ezl;%lgx}gh&“ direction, the
corrgspbating pvisiort dissti@ssed e egtiio dilldnaerisigeay beiadapeed accordingly.
illustrative enbodi nents will now be described in
whi ch the isolation structure of a sem conduct or
dewiag rdf@enbe o 6k heldmshn9het GAWAAR! Fuder {1RstitivERSbodiments
patterning stages to provide two or nore different
will nypds destriblideineehich dhd isolativatsenctare dba stmscpadnqtmedevxce may be
i sol ation trenches schenmat i I : '
formefl B dh GRis GG B tort el eriing TSy P g% T mst digrent wpes
of dieRVirieill MfriaPfiP késp@tfredsslathsi trécBest 01 having formed
t hereabove a seni conductor |ayer 102. The 25
subst_rate 101 may represent any appropriate carrier
Tg th'f_%#a sec)‘i())gnnl_s (éarﬁ ggtgaﬁr goc?rg%s sefg%qgl Vcr‘e(&?gg z? %egnelﬁ{)r?&ﬁ%{or device

100 Eothprisigg'h eebideitet 01 havitpsforat® thefdabbvas séinisbhduet layer 102. The
substrate, having forned thereon a silicon-based
subsiyalgi 104 eRICIeBrese N rAPRIOPTiale-Aariey, majerial fpE fnsaning ereon the semi-

Cc S}
condqﬁ{o?ﬁ%%} (1)9? mi)?Ungla ?glhg’éhtﬁfar?é is/o lergxla %Fés%gﬁ? g)gﬁpstemlconductor
subsg‘mbnﬁmh ama stlicohcnbsarate, lhlaemglf&ﬁmchlfhemeh la silicon baseat demiconductor

ant species, y be incorporated in the respective
mategghy Bnuch &m‘FQ@\“%o@meﬂﬁuf ing agprog featelypq aigraic percent

silicdiPdr mbRC Wididig o fEsCARAUS 6&@ Mﬁr cé]rggn ?ﬁﬁsbﬁe like, as well as

represent a si -on-insu configuration
certah éppam spedies, |rmdy basimt(npd)mg:dl mythe r(:sputtmeh semicomductorbdeyer 102.

rﬂFrOVI de t el ec @Iecallé I(S]-ﬁl at e. th rrfcong ctor

gyare, Uife 1p¢lpding ?éE’PI'CSH “lt‘hf ayH diBetgpresent a

s1hcd)ﬂ 0§Jﬁ%ﬂla@oRSO@P&fr§fgh?Jt%q \Ifﬁ'&‘ém %"B(uié@%stuléi’ﬁg'layer (not shown) may
statenments, such above, Page 10 of

be provided to electncally 1solate the semiconductor layer 102 in the vertical direction. In

this respect, it should be appreciated that any positional statements, such as “above,”
Page 10 of 30
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PCT/ US2007/ 020598 "below," "lateral," "vertical,k"
wO b@siozamt al * and the |ike, are to be consi derBdI/ES2007/020598
relative positional information, wherein a surface
“beltvS QhtetN® GRRRAI, at“ﬁoﬂ%tﬂ‘a)én@@héjﬁﬁg &2 18 be considered as relative
‘reference." In this sense, the sem conductor |ayer
p031m0)2dl|18f0ﬁmah®d Whdyemed stltfecesw)l:& phtle sulBtrateSiOf eyl g used as a
t he | AYe ext end tal !, .
rechF?(igC IBr{hls segse Xleeh éer{ngylé ci%gayeghl%g 3’8@% ‘i‘hé’IVFy the substrate
101 p@frﬁ'ldr@' tHCQa #9032 ¥hd1PS&enkGh The THWRiZSMAT CRALHEH, qre 48y 1a58r 102 is
further conprise an etch mask 103 incl udi ng
substaelslplétpm‘aéeldp@lm gkacd 08)S.t hat substantially correspond
to respective openings 102A formed in a first portion
104A of the sem conductor |ayer 102. The openi ngs 102A
NMBYThd QemRPhES@oI dEVaSP 00 ina§ fuiiRdraddniptise #NGHE sk 108 including
filled with an aptgroprl ate dielectric material to
resperéivenepeningss ftA i tpat Q&SitanéakhegqomsmgAtwezsmpwwehepenmgs 102A
rti tLon trenches 2
forngeg 1%1ialofn él' SOI%PH 1'62 r St%lg tsge/rglecog ucao er; lgd%CA}'hei ¥pemngs f(ﬁA may

reprmhtelreklﬁictltIﬁsOIaﬁi@ﬁ tteBchys QY bél €illed hethd@Sdppaspriate dielectric material to
characteristics in the active region 105A In the
defigend senppetiic aghiy@iegian 1854uwihinghe m@m L0t Ava sherigalatigy trenches

C . S :
102y R S8VMEE,F5 e SERLLAL FUERHEEEI GOSN provie
the ddsired strain tohataetefisticyeid the aaﬂ@n@lgmt]l()\ﬁa | Byfhe entlditaeshown in

. by re pecgl ve_ isglation trenches having different
Figugg 1% t

maskel(Bsmay shushigeanbigured sotasdocopipigtely rover a second
portioﬁemﬁﬁ%‘f tH % thicdddusdP ¥ydr AR ARPEIEE {sAb e ffnt?ﬁéd 4 BRoRd Q&hve layer

may conprise’different material layers, suc
bordasdaby mpec{weﬁioémqnvmermhea havang ARfSrert ayress elraladtdréstics compared

like as may qui r. formn h sk 103.
to e, (PR ratng G I Riathd SioroottefBl Berma diask o3 may
combﬁééedhff@%t Werni? 1B/ s8&fad ih hlH-FefTRAV 86t (ARGY ﬁgé‘r and the
ch may be conprised of any appropriate materi al
llke,f@r magrhe sdquined far Jotmiag ubatmaske % alFunbetmoerecan one illustrative

embichl - Yort e 1 8 OF RS oGRS P Ghe e B rhich may be

complsb dfMany Sppasiiiite Ratddiad E@SEontbfhg 4 Bul¥eli@ént chemical mechanical
I 11 ust rat ive enbodi nents, the stop |ayer 106 may be

polishiignteMPh pepcesst for rﬁmﬁuma@urqmgssswg@alstg besfilled it ghe isolation
[ 0 n
tren&g%ﬁg )}gﬁ éﬁ}ebrs]éé engﬁﬁ)%ﬁﬁ siqu Il\%f‘: glrll%gl‘r'él{sl{s’é) bgzlllnﬁe'ﬂ?s the stop
layef (bf)dinng' bé éom&k’ll mox datert ﬁfan(ﬂtétttluﬂﬁg kgead sshmlso rcover respective
(gure la may nprise the follow ng processes. After
€Xpqse erﬁcﬁﬁof‘l?és§GB’§t1§‘H@‘éml‘m‘CH%9\A% formed thereon the
sem conduct or | ayer 102, the stop layer 106 may be
formed, for 30 instance by any appropriate oxidation
and/ oipicié posdess flowt éarhfvirnirg, thdearicomiycon devicet Y as shown in
. material used r.instance, in qgne illystrati )
Fig @Fhﬁﬂwpr%@e% Wowing progepseie AT Ry ing the %‘é“ﬁt? @Y having
fomi@ﬂttheﬁoﬁ”tﬂpls)énﬁédh@ﬁcctsg 18Jef! 198! 'EHeC str(;Bt l%géra:l(% %Hz?}h b@sformed for
[1Tcon nitride, In which case the st ayer may
mstdnee bynanyedpprbpaaty axpgatiop randfoe dnmsamratle;:hrﬂqmdq chpersduhg omthe type
di axj [ | 1 ow.reliabl

of m&@ﬂfii’ Qﬁedo of Hltépagﬁclblglggag lllllfpusor der t@qﬁxgent—,rﬂg: 1§(?l|ag1%ﬁenches 102A

may be filled with a highly stressed dielectric matenal, such as silicon nitride, in which
case the stop layer 106 may be formed of any appropriate material, such as silicon dioxide

and the like, in order to allow reliable control of the subsequent CMP process. The silicon
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2008/ 042144 PCT/ US2007/ 020598 di oxide materi al may be
w0 ooosmeily deposition or oxidation, dependi ng PCI/UK®07/020598

process requirenents. In other illustrative

dioxfIERdleff di ) aehdskfon i e
loxused hﬁ]ﬁe [ E&Tn 1 l? Jgnt goﬁlegll %%i%&&g u‘gélli) ndTﬁ% o e process
requkbmemsedin ethler dblntratl\@mmtmdanmts Jehdrididectan dill Ihamnmls amry be used

for i R Grchriol QA e gy Greosnd SiioRt g and e e, and
henderbg‘y ol Qppfoﬂrl%r}ﬁitehill sﬂaﬁ 5?51’113811 ﬁfm@éjhﬁ? 'Né%se& P& RS @Bp layer

ayér 106 may ted hi's manufacCturing stage
106. aAd prervsmsadmdrwtedt Mcapbusﬁmtwatambpdmmw; éresetmmgaybel% may be

.provi e sem conductor, | aye
omifd R nairadsiing SakS AL angothorAtr e G Jayeps may be
providR¥t or the 8erfiicohduiRsKayd I 00BYayiee diRdch® Pattéed bA HeARSR dthe etch
the basis of photolithography techni ques, wherein the

maSk elé)éectNe\xé thiet ¢iolyrragsky 10 gRayme fs:empd,owrdemtan@e 1o the basis of

C r. the porti 104B
photp B einby e iich e MIRTein Bl v BiroRmly iRl provided to
locafly |dovératiRr pértiodr B4B0 ikewhich NBslatidis tiehehes 0ors Hifferent conﬁguratlon
i ndi cated, the |ithography process may be perforned

and/ghdiffeeery 4] magsriah afee@p'acz:fqrv@dAR@s PEgyiqushhidicgtegwihe lithography
procés%%é}; géj erfMeldtecﬁll ul %taﬂ? {(3; gggﬁi’g?%‘gﬁ%g&%ﬁﬁﬁ s}lﬁg@l erequlred,

whilpai bmeneaies:)meteltrm aski B)3ahaypbe pidvideddd thiefirtitofladed mask, which
whi ch may be renoved after 15 patterning.of the
may rRes PRItRSfe0h e Daris RE P RABPIelgReiSt kayere tEHChy sy s remqyed after
S
Pt B R AR T RS e ap e RRER6 B b performed
on tHeOBRis afring appmppauetanmtrﬂ)ﬁw/&,tch/\teetpelsn ases pan:tfen/tdae @peﬂnngs 103A
riately controll in ar

into 5 5o FO+ e bt EMpeGt Q6 BamElser Py beapBIRPHEs controlled
in oﬂ@p td BBtalnl 8- de@i?ecpéié;‘g\fé:e‘:’&3’13{a%ﬂern'lg1 L GRiGHh ahd ROMRe. As é)revmusly

illustrative enbodi ments he T sol atl on trenches
indigated, bresame HgtratoveXxdnbodampntk, the aﬂolar@mrtwpmsdﬁ)%omh de etched to

a coplh b GrRonfied o B PEs sCh i Hilae oyl G Choigy an sO1
confidZatiBRYis Q%nélﬁéﬂéaeq\léﬁdt}{ef@cﬁ widsRern3 MhpP GeSSmdYedBNd B further
conti nued by f the isolation trenches 102A.

procevgzmay be soniianed by.Liling the jeabstiontienchard 08ami conduct or
device 100 in a further 25 advanced manufacturing
stage. Here, a dielectric fill material 107A is
pr Biguetedb wdheslaticdlly ilDREatel | ths tsealicondu@ob@diicento0 iRy further
exhibit a high intrinsic stress, that is, the materj al

a vafeeﬁpmamf?ctbeng sise dHers. anirdeqtyie HY materialcl0g Asis paavidesd, which, in
one ﬁ%&eﬁ%@@%ﬁeﬁggleﬁﬁfglt%%gg qﬁtg@sﬁ?rs re§i0 IEﬁart <’i1§ttl'k<ﬁlglater1al 107A

e tFTRSIC St Tes
may FBi:r foemedroineyndetigingi smkfecésr sccas to hhvemathegh Gdndé.l(ib&’ifdn&yphx&lmg or
OVIded th a_hi |nS|c sfress so as to _ ,
Conﬂ%@%& deaeningon i sEorsddeesterof lﬁtrmﬁlctsrzrsssaé%r\?éam@ge B dielectric
fill hARfal WO7 & PmdRYbe EH)@%@ bhe Q%%Iprxﬁ@i?%@ Q%s? So_as to_ generate
respectlve transi stor el enent be torned I n and
respedtiere stinv e thegacsive iggian M5, f which may enhaice 1D7 Aerfaymipee of a
respc{cgi&gﬁga&gigtotfﬂa qrr?eanstltg boef fo?rrr]lgde}g napénl a}eeacctlle\%or%:lgxtolno{bSA The fill
material 107A may be formed on the basis of any appropriate deposition technique that
enables the creation of a desired type and magnitude of intrinsic stress. It should be

appreciated that, in some illustrative embodiments, the isolation trenches 102A may have
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enabl es the creation of a desired type and magnitude
of intrinsic stress. It should be appreciated that,
WO poogosB44 | | ustrati ve enbodi nents, the isol atiP@I/US2007/020598
trenches 102A may have Page 12 of 30 SUBSTI TUTE SHEET
crltlcgaRL&-lEAeg@msVD ZOQS/n%%ﬂa%l? Tt P20 QRO RR, ‘Pcrcfuiﬂecgl deposition
di nensions, 1.e., armeateynarrowvvldtl%/ may
techmigugiof lﬂgh gdp: fxﬂmg ¢apnbilities; fam wagll be eiplhmgth imoord ddthlﬂ mith reference

to FERRS ardce, Thythe iR isaers G Sted i tigind it T pe assubed that the

fill rh!ltl:zﬁﬁt I(Wtﬁﬁ%dynbé: gﬂ)‘ﬂ&dl With lat mBEfalRsy E%EQH@stchﬁfeﬁ "8 instance
mat eriall 107A may be provi ded h a nmoderately

wuhm kggh itendenaysios espmhg witbrespestt tartbe uadexlying mateirigh which will be

referil o Pighe (RHPEARGR P sty siheby s B prfoihiey the PEIEReRiE material
107R5n#&y b€ %fﬂfﬁséd o SHicol OfitrRICAMANEYy a tHigh €RlI€GledsC b idstance of
mat eri al 07A may be conprised of silicon nitride

appriveiviately d Kiigh Pagga |(Gé’akt0r éﬁllfwa@tlylfngh%rncéSomreV10usly explained,
SillC%l’P Plhtrl I T e{)é( d]é OS1 V]ﬁ%:) 1asuréf IS\I’V er:]rlefn fespe tXIe <§/eposmon

prev ous y p al ne con ni
paraﬁeteekﬁ posoht & Bon P&Q&rameﬂnmd@ﬁﬁg depRitRinD d&RpRiohi Yémperature,
deposition 10 paraneters, such as ion bonbardnent
depoamonngreélw@sﬂprﬁated@%@émeiroﬁidt éﬁ%’é‘?’%t&ﬂsés andepigsfike.omay be

appr?lar?a%?ﬁy s%lec eldoi'&b 'é%tagepg{ O%?]ISJCP% ys egr?g) h¥ gllagfggets e@%}gee of ion

bombadment mag =presest. an refficeiti probess, pdrhﬁetéﬁgdheeomfolhmg‘l the finally
borrbardment may. represent an effici ent process

obtajngd A¥ps &n fB\ag@&rﬂer of Iniagsich¥ress-nan pthes pllystrattyer sppenples, the
dieled fg0PA %
el R 027 el PPYed if i Tprh B BAeF majerials such gp slicon
dioxikié?Aavhwly thay dreoYorded ion theebésisy mof oflepositien rembhmiques, spossibly in
|I| on di oxi de,. which bef%rrre%gnthe. .

com@agtlugl Wi RN BQCEssEh ﬁp d)ﬂ%eg to&ﬂ%@p iﬂ’?/ g§jred degree of intrinsic
stres§ONMbi nati on with oxi dation processes, in order to

obtain the desired degree of intrinsic stress. 20 It

shoul d further be appreciated that, pri or to or after

b BT e dont S usl FHRFHBLE pus HEDePRiGon & e gtcarric

fill nRddéritd 1107 ACadddd A prdcess! stéps Geaytie ﬁdﬂfbrﬂn&@ hrﬂbﬂd@ﬂ td éfcgm @&sScharac-
102A with respect to their electrical behavior.

terls‘il%s@%\ﬂ@elsokﬂtl@érﬁfwche%ég?-éewﬁh resmeniefo temin glastioshpehavior. For
mstagges' r@e@aﬁl H%:?Og?c lfnﬁl rlggy Pg%em Prpgdrf:i‘é glls%s in order to
reddce res ive e rlca e ese COrners,

apprwghleﬂ;ély rTBadubG 2Epatice rTBlet:ﬁsdeld fisldd b thesé Scovhersh which may be

oxidation process and the like. Furthernore, as
accopiplighed gy the bﬁfﬂﬁ Pf:%ﬂ %ﬁda‘ﬁ%bpf%?ﬁb angfhelikep gugthgrogge, as previously
1ndlcfa%52?1g sgfpt lﬁg OSI | on QJht%P £ | o 1156%?1? ?tiuﬁogéahcﬁQQIMA and
prxorrmttbﬂf dqiosi‘tibﬁ’l/bf t_hdfl dteﬂ‘&c‘.ﬁrm:ﬁﬂenatéﬂnﬂ 1£)t7Ap Ihalkrrcadd) Ghe stay layer 106

al so cover inner surfaces.of th olatlon trenches
may ${59 £oves ey sptipges Of the isofationire i nents, the

respecti ve deposition process for forrri ng the fill

mat erial 107A may be adjusted so as to exhibit a high

debr Bethef ilhstratvenémbodiments, the respective deposition process for forming

the fill material 107A may be adjusted so as to exhibit a high degree of non-conformality.
That is, the deposition rate at horizontal device portions, such as the bottom of the isolation
trenches 102A, may be significantly higher compared to the deposition rate at substantially

vertical device portions, such as the sidewalls of the isolation trenches 102A, thereby
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That is, the deposition rate at horizontal device
portions, such as the bottom of the isolation
W e@sokmags 102A, may be significantly hi gher cor@QEUSINOT/ER0598
the deposition rate at substantially vertical device
h I 0f - the i t
provif ches SN cPRaE, S8 pldiine PO R ARy g gjetectic
fill inbiekiEd ﬁ(&hmVﬁezi@:ﬁlStfn@Aﬁr&MeP(tMAlShﬁOHdwi@Bl%anqatlga\hoduzngal stress

enhanced fill capabilities and OVIdIn n
compaREPbasatt Wrotsapecre drapel b itielerily HeapaiEn ol GF rongh botiom,

whidhNfia} %Qlc%hélg&ea SR et ShAhcd 85 1R rRshcHaldgintrinsic stress

orizontal stress conponent, since the respective
compereat.i al is preferably deposited at the trench bottom

whi ch may be considered as the "reference" surface of

the corresponding intrinsic stress 5 conponent.

Fi giee 1€ %@ﬁﬁﬁédlﬁﬂhlldétrhﬂek UAt rR_ifSondieos RV NIMC iPla further

device 100 in a further advanced manufacturing stage.
advamhed masufaet)aueg stageit Ehatab, exfesshmateriial|of she diglepiric| fill material 107A

7A t
mayJRaeoRre. JOU ML oB T BERFER SN o Btk Tikydh diofion gver 106
may By ufR 3 adlifdy coftrblBRk ¥he eetpbe@ivel REndvVAE pfRERECFbY Bistance, the

reanaI process. For |nstance the increasin
mcr@m@mp@sum of the stopdpyer 406 duning the FMRproeass mgbﬁrrgle@éx detected
|
o T B Gl o BRI ALY I b Hoces. Any

remaig reSdwds vfnbe hﬁ&lrdll 207 Afmishehentleaeinaved 6y A High/lytshEBtlve etch
be renoved by a highly selective etch _process,

procewsgifi feguiredudient the SPJBY§ralfisy map dake g highes ramaya) Héﬁe during the
|
CMP GHHYR oﬁ‘%%%&ddﬂ Rﬁé&%mﬁha 107 AOM7 AR &Hé%%l%g) él?y&lggG has a

I'n other cases, en e sto
sxgni‘f&antay redugad frémawtllryter d&dmgedler @Mi’\’/@kodem, ahel lﬂMPlg)rbd:ms may be
oces nued .unt i
contGgEd R FEPPETY AN BRERCD BRI Toe B Tl 107 may be

remé@ﬁ%drﬁlhoﬁggrﬁalmagg 801&1%?1?‘6? thef J&f‘i@ehf(fd ZpRiseh sﬁb’gtslﬁﬁlﬁy planar

portions of the devi a substantially
Surf@eavlmgramﬂﬁacbe owpingd,aptiile thaydethmCh@dl.OMm‘c elowrfelled with

ol at i 2A are now.fi
the i Ffipiaf 301 AT RiGR RnaSivert el 0w 5o o RPRYGRiPge, the filled
isolatioh @@ fchek Afe AXNMATARALS thé Bfind teférefce hundrall 102A.
trenches are al so indi cated by the sane reference

nuneral 102A. Figure 1d schematically illustrates the

con r devi,ce.,100 in furt.her, .adv d .
~ o BRg bR BRI itfibitalel e |t BSilauc @ RUREC 0g in o further
advaB&k nihﬂﬁfaﬁi&)ﬁn@ &tdgel MR dhis Gtagdda Eondr didtenm@ask 10® malOs formed to

whi |l e providing a respective pattern for form ng
cover ethp eRartige 0441 athilsnprovishieg @s reppousivgi paitenn tie fpBRIng oigspective

isolahiof renfiR spl](_)gél &tﬂﬁﬁlythg ?Eﬁ%bgl%QB\M A fe‘e%g(ﬁfs?}n&gylalfl& {vpg reference

etch nas ropri

to theandh giasial O nhe frask 108 h@ydeave tah9 af;pﬁipnm&dm&gumaﬁmrﬂos énstance
ARC | ayers and/or nmy conprjse hard mask materjals and
the mak 108may cqx%prasgqﬁﬁi?éweayartdﬁ@ PRy 5@894%%5@ gragk materials and the

like Satsr ?il.glg:}i b tHE tr%@é&We%ro §Et92ﬂe fgp‘gr}ﬂe?‘g‘ﬁ l%9er 109 may be

semiconduct or erdi n’the
fomﬁqboVa;&mrseﬁﬁ@omhytos Udyet 402 ivetidrgin the stop layer 109 may substantially

correspond to the stop layer 106 if the preceding manufacturing sequence may not have
unduly damaged the layer 106, while, in other illustrative embodiments, the stop layer 106
may have been removed and the layer 109 may be formed from any appropriate material so

as to meet the stop requirements with respect to a dielectric fill material to be filled into
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correspond to the stop layer 106 if the preceding
manuf acturi ng sequence may not have unduly damaged
wo b@slosier 106, while, in other illustrative PCT/US2007/020598
enbodi nents, the stop layer 106 may have been renoved
t: I ' .
e Y e O A P8 R ot S b 00 LAY b2 mprised of
silicore gjpaade, sibican ditatle ot any othet hpprapréate alatdrml.bSirhiladl g dhe stop layer

i nt age .14 of 30 SUBSTI TUTE, SHEET. LE.26) WO
109 Fticheolipied eTroESEs) B ETH M dTeET P b stop layer

106t renches 102B. For exanple, the stop |layer 109 may be
conprised of silicon dioxide, silicon nitride or any
ot her appropriate material. Simlarly, the stop |ayer

109,.. be forned at a late t age, ,as. is .al so
de ST thsRecyit? A Hrasess sfhweticcior g i ispBnoh igaches 1028 on the
basiybt thel@GPRGLk 108, IdEDEEHeBL AP ES pt¥iods®f BipIsined Kith reference
i sol ation trenches 102B on the "basis of the etch mask
to the@8h proeess 40 criteria apply as previously expl ai ned
wth reference to the etch process 109. 10 Figure le
schematically illustrates the sem conductor device 100

W Fipuge dé stigsidticlly fillstra®Bied semhicdi0Bor @evick | 1l00Ngith Aielectric
respective isolation trenches 102B. In the enbodi nent

fill materip, 197 forj falling1the eespegtivenpelatiomirenches 1835 pla the embodiment
oyid . Ac t erqal ' o i £ f e .
o BT b SO K W g A YR v
diffefet timevef inbénsieniesndyr afstanc® tHer @aterinlgl OMB mak éape the teAdency of
t he underlying deposition surfaces, which n%§tbe
contyagtipg path resperh o dheopprerkyie deposition spracses; Wi may de raferred to
' I ' Si ljC i L ber; T
843 VoGO o, MRy AT IR i, i oy
deposhed with atHigh degyed dfuchenpressiveangss, ivherein theSndgnitRde anag range from

15 £, S Ot el B oot dtraEve St ghe Siateril 1078 may
reprél,'ﬁ@ﬁtez[ kl‘i’l'(:oxlli‘ lﬂ‘li’dx'ﬂik ﬁa{é}ighh%% £RidH dGRIPSESThYRssHd &sts. In some

n some ustrative enbodi nents, the dielectric fil
illustratieer drabpodi@eBs rthy dredtctranfily miitérad d 07 mayenot pply diffepid the type of
. .intrinsic stress but .may also differ in material . e
i SR PRCRUARR LB ate T EREP BPLRRPTEER P he dictecric fil
matdfal QO7Al  FlrAfernfoé ! ther MfeHal 1 0B MRAE beaforrh6d BnMBi B&is of any

formed on the basis of any a gro ri ate deposition
appropide idgpesitigrotechrigies rﬁ@relnmn:ig, ﬁl\’&a highhdansipy plasmeeC ¥mnd the
2 and th | ke ndi.ng. on. the.t f ekl .
ike HgBerdify o Tynd SF EREALRY i Sy RoufFR8 CElfthedilie,in some
illusirhtivesémbbdiengriRddierRotr %, fill ivatekist| WIBr nay fbel depvsit&t irnh highly

107B may be deposited . in a highly 25 non-confornma

non-geffpEpal manger, iien dhe, wirtical glepepitivisiats HAY pasignifisantly less compared
i 1 fi . . . i t . .

o WSS AL SRR i 4 RO oy s
"horizontal" stress. Figure If schematically

illustrates the sem conductor device 100 aft t he
r e FHVES lfﬁc%swes,g@lyn%étﬁtaa thgseprongugtar wcelle)%?EWE femoval

of eXBRYs RGeRAGCHME nifi&th1 9078 hehieAShay &f adcMplished on the basis of CMP

and/or etching using the stop layer 109 for reliably controlling the respective removal

process, as is previously explained with reference to the stop layer 106. Thereafter, the
remaining portion of the stop layer 109 may be removed on the basis of well-established
selective etch processes. Consequently, a respective strain 110A may be induced within

the active region 105A defined by the isolation trenches 102A, while a respective different
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30 and/or etching using the stop |ayer 109 for
reliably controlling the respective renoval process,
W@s0088431u£vi ousl y explained with reference to P¢EUS1000020598

| ayer 106. Thereafter, the remaining portion of the

S . 1 . ) A . j 0 .
type il YD Uit kP HEARE ol REIQIE 1038 e 10 the respective
isolafion segoiesst 1I02B. aForesaagile, fer ger sbove-iddfified efiritiondifakel intrinsic

within the active region 105A defined by .the .
stressesondbs Rlafiea deenghes 1924, 10781 e soreypadingjadused supignkl0A may

o R e R SUBEE T L P gy

confipdratiody ceshli nint hecarodspomding gpavforh@dbde cdnbkarfoemiche of a P-channel
respective _isol.atiqn.trenches. 102 For exanpl.e, .for
tran§ifiar o HoAr s the RPTiFonse] HESEioR f Bievet ?f[ Ray reRIpseRs e channel length

direoh&9%8a the cbﬁesrgoﬁ@ingt‘ice&gwsﬁoehaﬁi& G204 k2Bt A the channel
correspondi ng induced strain 110A may be i'ndicated as

length doegiioas sharebys im@éasingnttiec holramobility vethsn dhelacdve region 105A.

. Silicon crys ographig 5 confiquration, result in a .
Simifissy 4B offoin b AR REACEOEAENE SHSHE TP FEER RO FSult in 2
signfficaMSindbility efdidcemnsnt foR@1dabhg OMt Soul b@%ﬁb&@iaté@l, however, that

Figure if may represent the channel |engt direction

othes gtrain sronfigurations é suaynkt weed whsmpihe sxysyalogsaphid eponfipppetion of the
may, act .al ong,the annel . | engt h, di r.ection, thereby
serm{3ii Bl s® R S IRERIR SRR SOREHARR, Lo T egt o
105A. Simlarly, the strain 110B nmay be denoted as a

tensile strain, which may result in a 10 significant
nobigure  gesthgmatieallyt iHustraep dbe rsgmiconductensligvige pk00 in a further

advaﬁ@&f F\ﬂnﬁ%a%ﬁ{rgl%ggﬁ ee.;’lgéxjgaiiesggéﬂt}}’eégtr srls%ln ele{naelnfs 120A, 120B are

configura e use € Crys ographi c
formeadrifii @dr@i thenregpectine acdeTrepdndubisey, 1085Ber ThO 2ranmiytor 120A thus
differ fromthe standard confi\g}grati on. Fi

. . . igure 1 ]
comprise rich el yregiopubtlnthal hasestsiintiahn e sHaweb I inogrder to
. k- r e’ . .

opprofifiely it G ShARE RATRE R I e A LRI, gimitaly
the transistor dA0B heommsyee cthe vehaandli tegione d 2 bid shabixigA thel 3&in 110B  for

The transistor 120A thus. conpri.ses a .ch%r%nel region
respach Yyt HRANHEE COUBRCRATE AhRTEe HE I PP HI TSI R n Coieguently, the
drivd Gurréif? F{ragﬁ’éiliﬁl 6f YheSRRANE6rs LB AC N20BCmE R Ye! BlivIBRALY ! ddfusted by

in the channél region 121A. Simlarly,” the transistor
providhgB defterpnti typss tofiestiebsedndicleceiyi 1 makBahav ithey respective isolation

traig.l for. 20 respectivel hanc¢i ng_ . . . .
wenddtt 080 eRy charguit: B AeBieciAlEf Tty b gy fpducing mechanism
providea s atRNtte¥s idoMRiontiréntes 402 RN 0ZB\RA S tradsiftbr 1D@A and/or the

transi stors 120A, 120B nmay be individually adjusted by

transgiteyy | HiEhgnayi be epmplemapirgs with additionab gtreindhducing enechanisms, for
inst etzggilngltanls nrgb h(ﬁier 25? ggrg trsel:er\é}ecgix(zu%lt(?rth}gg&{iﬁfé F G0 I11?Ssil%‘c%%/éermanium,
silic&d/Eaxbdi, IWitlC hidg begoviaed h rePpeRvivel @chibind bsirsd fegiims 122A, 122B
i.solation trenches 102A, 102B in the transistor 120A
based gy devieh eeqirementisi Sydgitionalhy oxeajtemativelyp perrsrrsReNding ftressed
2 1.0- - , r .
ovrB ORI PRI RENANATT 208 LU Gen i e
formadf respectivenéopedoraichsrop lagerk i1 23w/ L23B) evhichnnia g hddieignddly be used as

provided in respective drain and source regions,_ 122A, .
etch gtopgayers during the formation of respective contact openings in a dielectric material

to be provided for embedding the transistors 120A, 120B.
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based on device requirenents. Additionally or

alternatively, a corresponding stressed overlayer may
wheoopo@tisgded in one or both of the transi st or SPAR0$2007/020598

120B, as is shown in the 30 formof respective contact

t 123 ly.

usggllﬂ? rgﬁrﬁl{n tré)t(I): é:\\ylélr’ga ?ﬁrl ngﬁplﬁﬁfgI orngibbgﬁ&o ‘Xﬂp%ow be
describseft iwigiclc ahé gubcespesti paterhingaredpediect isblatiomt tednchés may be

to _be provided for enbeddi ng the transjstors 120A,
accoppdishe &@éhqea%% oBg cogupmy etrhymroessEEThIRUCEPEISIN respective

- 4
diel TR ATt ARe) B dp e Rb el ERRERRR el o 1 provide
diffdoent dypes of fildnatemial\fbi thh réspectpredsdstsorotrerghed. er ni ng
respective isolation trenches may be acconplished on
the basis of a common etch process, while the
pr %Y'F?gd?@ 19 tﬁ@%@ﬁ%dn&&ct?ld WEViEE 0D CedrbpriselBAE és%leétl\réa)éolatlon
be based on an additional patterning process so as
trengir ¥2iAdd 028 fdlefl fvathetht duqlq:resc ofatefrial 107vtvelidrein tlﬁeostop Iayer 106 may

o TR SRS b2 S FURYE S L o an i st

layeif &ﬁlir%t th@ BubskfigdHe hla;ig%urﬂa@%ﬁ)ée'siés e hWintdiertdd QO7A may %e provided

dielectric material 107A, "wherein the stop | ayer o
as arhighly aitrossed efilt onatgmhlmt diler t0hprorvel@p@ctqmgnqede&mhesharacterlstlcs

. 102A, 102B so tQ SQ_act. as
witiy Feagte el R 8 AdvibRp RS FoeBbaht ) G nask 111
mayRtRéviaed &Dddvera)pobreorPsOME deficoaduddomdedidey1 0ot (Ed?l%S}%hdmg to the
fill material in order to provide the enhanced strain
portiond 048t ofrthe s¢raisondijctari layarHO2 avhileexppeigk dite p@HAN cegesponding to
d. Furthernore, an etch mask 111
mes?rgliy%lghl%lr’%%%e}é?%@cover a portion of the
sem conductor device 100 corresponding to the portion

104A of the_sem conductor |ayer 102 while exp03| ng the
porhf semicorducsyalicsg 00xs shawpre Figwe dBaarychoforped aremding to

the f"ﬁéﬁé‘gg@cﬁ&%co [Srgglldgl? suloggatgs 01NRWin gé @orﬁﬁe@uﬁ@reon the

or med accor 'ow n
semipomdiess ésyer ADR e reppervive pagemhg mudess natyeeliifonaed mdich may be
formed thereqn. the  sem conductor I ayer 102, )
basefl & GoRYSpHORA]; [BoRTARBY mﬁ%s@ AT e SRliedeling iy isolation
trendﬁ@y 102 2@2@31%99113951) @ﬂwﬁé‘?ét%hg F)Hd&@é?“ﬂib?éﬁf@%@ sﬂog layer 106
der to conronl’y eflne he is6lation trenches
mayb@?_famgd 'aunyn)ampromataﬂepqsmqrmmm@mmqnms, depending on the type

aft t he stop | ayer. 106 e forne b n ..
of magkelaP ikt EobBRUEPErbR b ItPaLed Binpi LLEE i sfiion lioxide
whe® Ehetrﬂﬁeﬂiéllﬂ©7Aqfs stBkSitiaB cﬂﬁﬁﬂsedﬁffrmlidd)‘ﬁtrﬁﬁ*ﬂé NeR€ ti5d BIP material
| ayer 106 may be formed from silicon dioxide when t he

107 Aramas beatleppoitad oy thubatinnt aw Iaypr@mmdge@slmn gichnigoe in order to

X1 O7A
s ok EFuir3Sbe ok Miie sl st sbY AR L B efprmes for

1nstah€@byl pm\tellﬂhﬁgﬂibﬂjlrwlﬁ&elanoﬁVd:rﬂE)nblhl@tth‘éplﬁ}edlaﬁk/snﬁa@f)e used as are
intrinsic stress. Thereafter, the mask 111 may be

also pgsid fprdefining Prwiall egicns 9pd phvvel Iregipy Mg p coppgroading distinction

of stgﬁgsg}%deﬁéﬂggggo ck%ﬁip%%{oqp %llr@g#ﬁ? gﬁi&' gﬁ gegﬁggr{ﬁss 1sa(Fe‘§1red In other

illustratiieonrampidse theanmask 11é¢$ paadbe QOﬂmeﬂt sana$ k®expose any desired device

provi

portions, in which the respective isolation trenches 102B may receive a different type of
dielectric fill material. Next, a selective etch process 112 may be performed in order to
remove the exposed portion of the material 107A, wherein the stop layer 106 may act as an

efficient etch stop layer. Thereafter, the etch mask 111 may be removed and an
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of stressed materials according to P-well regions and
N-well regions is desired. In other 30 illustrative
we@x@spsass the mask 111 may be fornmed so as t oPERPIXE7/020598
any desired device portions, in which the respective
. . ' ' v . ¢ _
approfRlhecPRd AR i FARHITYich SF el i 3078 iy BF deposiced
on ti basws sf hiP appywphetepecHniqueeth ordeptaprovide theedmired type of stress
.. exposed portion of the material 107A, wherein the stop
within, ther iselggopdienghes KB as 1ePrevaoushy csplainest ofhhergdfisr, any excess
matel A8 bE Afe! £Eond ﬂ%e%fcrnatm Kand e ToRYerPE IU?W b8REm8Ped by CMP
Page 17 of 30 "SUBSTI TUTE SHEET (RULE 26
and/@00 81ifg 24 préxdduslisexiNainéd 06 ag e qagplyoor thist prossss tagiime, differently
dielectric.fill terial uch as the fill terial
stresi?sggl’efeﬁggp Bg xaétﬁa trg@./ agﬂ%{ehgrogglgfismﬁ héﬁ]ﬂ,y oca[ nllanner for the
resp@RRNE ORSILASE tleREHMI PR | 102W. defhekQifiRf, Ot ORirthBE pARSLdifs may be
type of stress wthin the isolation trenches 102B as
contingeg peisipoeradysledgscnberedith féfereaed todrigurarg. excess
material of the second type of material and the
material 107A may be removed by CWMP 5 and/or etching
as With RfQWR@US Fyguex i, aifivchr iRanaa 0 eRbbdimenhhwillhéw be described
' g&gcess regime, differently stressed dielectric fil
in whigheadjagprt aetiye s¢gionspler transistaescofi diffarent genductivigntypes are formed
ner for the Lve isolati tr.enches 1
suct fiE8 e copfup BERE NV LI sPlseBl i SC e Sfferent ypes of
stresSalisolati@drasches aeipeonti@eds| y described with reference to
Figure Ilg. 10 Wth reference to Figure 1li, a further
illustrative enbodi nent will now be described in
which: adj acent .act | [ P0S [
i PR AL oo b PR e T SR eBlors 1054, 1038
in thevfonmadf adjacemoegibng, det, thetregions tldSAadj0dBente tache vensidered as
. regions, different types of stressed.isqlation i
nelg@bogmsr?éﬁth‘@wo\mﬂwé% any Ciye rpg'@arpéo‘ilfi?c? thegebetween. To this end,
the RAVE CONMGDIA H&Y hafe HR0ishiRGY ARACHNA0BAL hVies PEFSHEF while th
© 105A,é§058 in I%Ke form (S)? adrjyace%t reglsé‘onts,S P&gé,pfﬁvele ©
activegggiond 03B 59y H:08Bhaiselation hencloassliO2Bra dtsgeriphery, as is previously

nei ghhori ng actjve.regjo it hout active region.
descliec; HIEhTRGHe BT badet fidicalid s 110, SYRICH gy B egnafered as
an “HHRAWERY B¥Gord REuLER), abifRbivd SMARM &BrRAeat102C5 102D may be
eri phery while the active region 105B may have the

provided| whichn ater éiled ewith02 Bdiglecirics fidle mpaséréal yhavimg jan intrinsic stress

revij.ously 20 scr.i bed. rthe , .at_an | nner .
corBpEdife To e Rpfafif arepdips {4 AR TR, Fhedilaly o sresponding
arrar@@mehtéff Ridéeind nalo6d itrh avelSiddUighet Well (rRAEHRE tWillebe described with

i sol ation trenches 102C, 102D nmay be provi ded which
refergnce tpiHiguses q-2a belowi Epshermiose, faj qorrespandmgafinaesiye neggian 114 may
L Nt stk G, Shi.e: . hpg t . sol.ati . .
be forlelt W Eert 51 G RRARE 828 102D Mighel o Wdbive region 114
may aépresegeapoitionfof whelsensivehduator dayyer 102 ar walylbegpidvidad éf the form of
well trenches wll be described with 25 reference to .
any othagr PTORIaG WUEGH, degendieg My dhe Precsss exiBiRgY; ngds previously

s hd ERIEEA098, KO Y b G TRY ARNE cllfo roces
simikadyi the tich¢hesTa)2DepO2B enay depformied nardf fillbe in a common process.
Altegively, e Hedches 13, 138210587 165D 1)’ be Formed s common etch
process and the filling may be accomplished according to a process sequence as is
described above with reference to Figure 1h. Consequently, even for adjacent transistor

elements of different conductivity type, an individual performance gain may be obtained
Page 18 of 30

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

any other appropriate material, depending on the
process strategy. As previously described, the

W0 e@sokmags 102A, 102C may be formed and fill ed PEI/ES2007/020598
common process and 30 simlarly the trenches 102D,

by pRREPRRY: S POMTRe T Plecehd kO Ra R8T TPTADIOR (34 1028, 102D,

resp&ivelyr med in a common etch process and the filling
may be acconplished according to a process sequence as
is described above with reference to Figure |h.
OOF%%?#‘ q]i‘tsElYemzﬁ}égﬂ flﬁﬁstﬁ?jdsatﬁ@ NemidonRge élt Hvafll@U%Eérdmg to a
of erent con uct|V|ty ype, an |n Ivid
furthee liliu'strm'ivmangadlmen‘awhtm 10 Istaiilaraa theRagleodiMent of3Bigure 1i, wherein,
h SUBSTIT%%E SHgggngUL 200 /042143 I
owBeFy 8B PH S cugg i r‘B F’a‘i‘ 92 Re Pryided 95 ARs AR Mpre isolation
trenchle§ ﬁ?&%%e’v§@|1@b' B e GGHRRerd 3ROwn 1P ?%u?@ g, MSp&gaplsolatlon
respectively. Figure 1j schematically 1llustrates
trenchesil 02Ad 12 mayehd provided aads premqmglytdﬁsalb@ mmmylﬂrthe precedmg
illustrative odi nt which is simlar to the ..
mbglgn a6 AERRGRIE: T FARRE fatenot”IsRIBNED afehel icpigd as 1028,
maytaép;ﬁoolﬁeail WhiRRhdycbé Filled WAhes Uﬂferé}ﬁ)fﬂf@opdl@}é'cﬁﬁdﬁﬂ Qhaterial. In
one or nore isolation trenches int device 100. In
one tilestiativo ¢hodimertiowte Fespedtiyarastivp regines 183fedOPBemay represent
on. .trenc es 102A

: d
adjacepg \;w% Ireigl%nssgvrll pan, br(])r(%r regrﬁyengerdeg%gl\fé 1s%?at1%n fréc'nch 102E.

Since oghdtive it gonvnd3 £, 1058l Q&fdlﬂeya diéfefemt tﬁﬁfoﬂlnﬁﬁlsﬁf stress in the
i solation trench, indicated as 102E, 10 nm

isolasiopireaekes R4 hI0RBy tho trenghy BOREmay be Eﬁoﬂdéé é’h‘fh fyperegmeutral”
t

diel e ff i, ordPEEhAnaul Pncelell S e ieacriy pgion 1054

and tlmacne@r@mmosmdl:acemmﬂatmg &olagigh areachwl 02E aray| benfilied with an

border resente the isolation trench 102
apprepriate d t rgbm@@gaf%rg]%gﬂgtrmg:@trei% gg:}}]aéysr]lg@a&l?)gd% silicon nitride

e i i i I
i ] 8 Uhif 08 L T6R8 51 5 B k) Sy s

dielagtricimatermal, suchrasisilicinnittllediib¢ancdioxide ind thertikee Moalhis purpose an

order. to nqt undul egatively affect bath fhe actiyv
adif i oRsRy il TS BiopCrale o o ROl Bl FAE isolation
trendhNFO2ES @b & R NndthRRCdesdild WRYY rdtrehéd 108 \Me%"laafg for the isolation

appropriate dielectric material of |OMIIntrInSIC
tren@tes d@gA 402B. aln eiher cangs.dihexdddéiongl lithography tstépdeayaredused for

selefEpeie oyl iy YL EREC TR mGra R r DearE)Pak % Bl co fnalty

provde thel desREd Mype bEIEill SiateriaD Msdis P8t Gstaoe deb@ibeiik@ith Feference to
this purpose, an 20 addi ti onal | it hography step may be

Figure){ h.o dernserusatinshighly effiicient sapinyingusingemechanismss Blagtheoprovided

for t%z{rgﬁ&ﬂ e}gx‘ﬁ&ts gfsnﬁ@d Ex? g &J}_ﬁ[&éﬂ %elpf%%d le\/\ﬁl{fﬁrent types of well

ererence ures | e I'sSo

regidnsaigy e@eﬂv‘é.?diffeﬂe(ﬂﬂﬁ stljeﬁlsedtlk'tﬂﬁtlcﬁﬁ&afchei h@nadﬁl dth@ﬂEdnd adjacent
lithography step may be used for selectively renDV|ng
actw&rﬁ‘mum&m@a regipns reguisingiffereghivpse of sepigMapbe spparated by the

1sola?i'bﬂ et'}erltc dfﬂa!hkiyllpg P4 Ql\{llr(?q d9f d(ﬁélkétﬁg dﬁ F}?%tgxfxalf fdr! EH) roprlately

eril a | i ns e descri refer
bufférm%yﬁu‘gmn&dl rhutugloinfleepceonltie adjagiht senéitdndiicemtregions.
strai n-induci ng nmechani sns may be provi ded
With reference to Figures 2a-2d, further illustrative embodiments will now be

described, in which, additionally or alternatively, the type of conductivity design

differences of the isolation trenches, as well as the orientation thereof, may be taken into
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for transistor elenents formed on a common wel |
region, while different types of well regions may
wo emeiva44di fferently stressed isol ation trencheST/USIW07/020598
the other hand, adjacent active sem conductor regions
| . .
consE)(S:‘H:%{Lorn »Ol?esngﬁefaé;cﬁﬁg Qts?éec%fg Fyfg SE‘?(E%S\%ﬂnﬁmat fal Z&%g%%gge isolation
trenahiee| eAs rprevidusly erplaiied akfffcbent armpbsmbm aéc&inyqueB(having a high gap
bufferhng any un ied nmut ual |nfluence on the
filling agabiity wayPe a¥ailpdteon qoeg%wga RAPEGHS fechBiquRt whergin, however, a
respééd(tﬁ&:l ot ég Ss%?slsb(g @lgfe V\H Fﬁl?}ﬂg 1%?%?25(6?9& gf?ﬁ'ie?ltl\%h!plememed.
For mistaaca)an lcoqun,uon:ﬂB/ U§eﬂehlgii demsityuslbdmva tigpadamingirocesses for silicon
. djfferences of the isolation tyenches, well as the
dioxygle; NEm MAPAM ﬁ@fagsfl tFeRshon S aRe I qusagg(Larglnofhoster the
EHBS T IWTESHERT 6BUbfprdiaO20056 047 4he desired perf
resuPC%/U§2007/2§H0598 coﬁglg%?atlonqﬁhengéﬁle%tlﬁgea performance
enhagpenérfti c t ype of stressed fill material for respective
isolation trenches. As previously explained,
ef ficient deposition techniques having a high gap
fi laldannadp abialtetytivedy, e rasprtliabbBertiticiOB RBlatiBA dfenches with
process techni ques wherei n, however, a respective
respeat tte iartsAnsistor veidth ditectinn anilel wensister length direcden alayrheytaken into
ef fichent nce, . i .
consBtarRf Fhon 4155 S PSR Sopor Meleal P §ferie for respeciive
isolafibAcRASIRS. fFok eSdn‘npl@Oﬂ)r stin@Xddd@ystelVstRaphad EoFiduslon, 1), a (100)
trenches may be reliably filled wherein, however, the

surface SERtaHen 31d eYansistgr igpgthidiretinst exented dopgtheps bmmlrﬂguon the
r e A
pr RS £ B8R O! TRASSor PG Gy ATy oo
differeswlyadtiessedt m@llﬁds\e sreit¢hiel in nthes paadistbo length' difddtivh aindwheél ttfansistor
direction and a transistor length direction nmay be
width dle¢iiqtnt o consi derati on when sel ecting an
appropriate stressed dielectric fill material for
respective isolation trenches. For exanple, for
st Bigtlaa @a mcj;smahdadigr rhlplsniralex: anfopguieat obras semicenductor device 200

sur.f e or ent nd a transistor length ..
 comppiieh o SHIPOBHORISAT I LB 18 siicaiPasee lawer Hifuihgdike. The

sem@@rﬁu@fdﬂﬁﬁﬁ 20 nfayR cdh'i}ﬁfﬂ;@edl plhfazﬁi‘ys bBAQIveMiRRductor regions 205A,
significdantly enhanced by providing differently

205B51208€'s 805, sX158; wbicht menbé berderedtherespeative sreneh iselagomstructures

[ [ and the transistor th dlrectlon
202/, SOH, o iy BP0 e lon S, M feppen n KRBl Segion in
which&plGRI 61t fAFthEACHIGE r%%h &Qh@@,r{ﬂé fef’glidiﬂ 2@5C 205D may be defined
sem conduct or | ayer such as a silicon-based | ayer

on therfastss the Respeciive sclaiincismeh 0B, Wayabr map e eaysidered s an inner

wen SEER Se8P' Y58k BB G T EB GhFB e,

P- wdl)ly Wlﬁ&pﬂﬁtyl s fiichniehoriesel aior® BmallEUgdtive @8gion) 2ich 202k region
anple, the active region 205A may represent _an

2055N—‘W§F1P maygheo Rordared Jpy arespepiivR Hmet yedi iSolatiemaenchc 292/ In the
embécggl'eﬂtn Cthe Z1§ol%t Er&%h%@% 958"1?'2% Q M¥n%ﬁr en%& lﬂgfj is less

on t asis o € respective ati1on
come&B to \/xhtreiinmaydtheofcmwsdaned teeicAr202m)ewhich, in the embodiment
illustrated, may act as an intra well border between the active regions 205A and 205B. It
should be appreciated, however, that corresponding inner well isolation trenches may also

have increased width dimensions comparable to the isolation trench 202A.

Page 20 of 30

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

well isolation trench. Simlarly, the active region

205B may represent, for instance, a P-well, which may
w@b®e/o4xied ude one or nore smaller active regi oPGT/US20011020598

as the region 205E, which may be bordered by a

re I t

o nb%gggﬁ' {'%ﬁslg gaﬁuﬁ’éﬂ LesPec‘& vgtl\? gﬁar%lr Lud 1&9%55%4 Ha\tehﬁ) be formed
within theesotive vigitirh203B twhieseih edtigtBEncilpieaieth the aative ﬁﬂg@dn 2058 may

dth of the isolation trench 202A, which, in the
signijpapidy rehance the pRITQrEABEE Oﬂiﬁgf; TEpece tpnsisyere foyad therein. Thus,
[

the %ﬂ%uﬁge nga‘ggg r@rg&{i}g%gf n%agv\ﬂg\e/fgl?m égﬁﬂagrlgtgﬁgsltrneéged dielectric
fill mateeial welas tbsalitaihi tha desmcd:h}q& anﬁaytraah dn théacavé meglemSZédB As

wi di h di.nensi on to the isolation trenc
previyily explgiacdovg <SP h demedepotien SPREPIYCRUITE 26) 16l or forming
s1110819Qﬁflgé%ﬂﬂhlmﬁﬂﬁglggyegzm&ln ApowrveY iRbiehily established PECVD
expl ai ned, réspective N-channel’ transistors may have
techmqutﬁemfap sufer fmtnm redubed gapt fillmgraagalwhty2@miharedh &y weli-established
h.tensile str the activ i on .20
high peliey PRRA 90 AR oh BReERFy (RATBEIGRI e Molerately narrow

isoldtRfRRAEN202BaMEY BE orinddUn e bhsis bE b Mepdsiticn tecfnlﬂﬁue prov1d1ng a
respective isolation trench 202A may be filled with

highagapr Gl rcapatality, S\tml@stbedsqkatmnetmnch&()gﬁf fiay hmfoempdulonstbe basis of
Ecrbebgltpgﬂgf‘g%%;n tgg&rgl?):ylgogvbd gl)g gl?f)]lrésa Lkl tfor ¥ tcbrrespondlng
diclovedid filg siaddrlal.shed depositi on techm ques are avail abl e
for formng silicon nitride with high intrinsic
stress, wherein, however, presently established PECVD

t e‘l‘aggl;ﬁ'? %ﬁsscﬂ@%aﬁ&gﬂf llus{r&F% %e&%g%%“éﬂﬂ&g‘pw%\b' f niuconductor

cap ity conpare
devipd 260vaccoxding taleedsiet illon Ify OCBigaRS2a {ﬁoms@ml;emhﬂmfacthﬁﬁg stage, in
.noderately narrow 10, isol ation_trenches_ 202B be .
whighy i FOBRORAGINBasoLatign Fordi5o s 4P e etiliniteyuRe drmed.  In this

maana@Tﬁ'n‘HF Rehel thB 'dgpxﬁg ng fcb}nbggégﬂ@ Eérgitc}fmd ! lgycrr %2 f?rmed above

I SO on-trench formed on t asis o
a sSuUBEG 2 (i, sdecis By irepresenie pny appuomvdtel eargieh h@terlahtasnn glso described

iSRS o B e A5ED R Pl eplh s omed witin
the S&ARONEREST RS ma% % ttoh§ep§?difé Ctﬁaddéﬁwrre%l@ﬁylzmmgd 205B.

according to'the line lib - Figure 2a in an
Furtquoye riailt asanwfaateying stggs, a sireswldl diblectnis folb m%@mb R@i7Bgnay be
atio trench 202B ar still to he
formef W8t SRR RAGOL (a0, JPndd i iocertotoCaiysomplely fill the

isoldtiof tEe@idh czmAuctAogtobaM@ér Mnfawmﬂ)rﬂk@\/ae lest b/ SEiE@itE surface
201, which may represent any appropriate carrier
portigas ef thg|semigonfuctar lgerRs white dinzomg Hlkstrasive carhogdiments, the stop
S t I S | regc 0
v 8 SHRE IS B, o) S, i B P02 B B e

embséiprngtiee $thesaicdieleetriceil ﬂﬁt‘erﬁDﬁWEﬂﬁnyéﬁBmpnsed of silicon nitride,
Furthernore, in this rranufacturl ng. stage, a stressed
whilgthe sten layer 2061 may/ag epmpgised ph siicamflioide. f or ned above
t he sem conductor |ayer 202 so as to substantially
conpletely fill the 1isolation trench 202A. A stop
| ayzetypiz@6proesss ler foomireothatsethrasducatr devide200tas|shewn fimEegure 2b

may comprise similar process techniques as previously described with respect to the device
100. That is, the isolation trench 202A may be patterned on the basis of an appropriate
lithography process followed by an appropriate deposition process, such as a PECVD

process with appropriate process parameters so as to obtain the desired type of intrinsic
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25 portions of the sem conductor |ayer 202, while, in

sone illustrative enbodi nents, the stop |ayer 206 may
w@abk®s/oka4f ormed within the isolation trench 200@T/U$2907/020598
one illustrative enbodinent, the stressed dielectric

stres% tirn gﬁt Sﬁgﬁd Tn%Qt ﬁu{\%‘%’ 1r¥3 % él? ﬁég@&i ﬂ)f Lﬁelul(n:tglﬂﬁc stres oi% the fill

matexidl i20GB ghapstiedelecRd hsypo (miduc@ raomeﬁéctlfva rterisde nstiragh trh the active
or devjce 200 as shown in Fi %ure 2b

.senj conduc may
regier B’s‘g mﬂéancmg&b%g% eraeanae Qb S chaanpl EANSEIAL §s i prekusly
i t t
oroES) Thedss i SRRl RV R G ERBpIch for msance
on thabasis of CMP,appreiprhastop layer BOGmaphye pseddes selfably comtlling the

an ap ro rlateg&eF |t|o rocess such as a % D
fesPEﬁyilY&e@g‘ L Proggssr eqtter, 5‘r %%P%%“&H%tss‘ﬂ%en%% eoperformed
on tﬁg’ﬁa'%isrbftdﬁeapg?%rfaﬁ;‘ﬁ)ﬁgél@&e@ﬁth\k}%% hgﬁizﬁk if88Rr folddtine3e respective

SUBSTI TUTE ULE 26 8/ 042144
isolmﬁ/tmszlwﬂoam&g the rr@iwed timensmneniedt, rﬁemtorsdspwdmgusolatlon

weo 9058, 330 SR Wb BUBEAS oR05E5° Pl b s sicon

dioxi®Rsfegnbd ¥R theehails & Sddpdkifioh "t‘ec‘hﬁﬁlu@%‘{abl‘ﬁg a ngﬁl 'g@fi‘ fil@Fsapability,
t her eby enhancin t he erformance of N-channe

such %dh%Dsrtndhs basis pka pigh\densityl glasnes gl sabragmosphieae é?ém erocess on the

of .t he |
vasif QY TELS TR AE %E%-nﬂlﬁrsa%%s?nsv S eayBeTky RE chEOT e basis
of a kdpedtivé@fopTayerbs iWaRE pidviodsdl xpMided@ith k€fttenb@td the device 100.

respective renoval process. Thereafter, a further
patter ni ng sequence may be perforned on the basis of

SRRl g MOROPDA ISy R e

deschbed pesbeseskqdemensHeais, thi¥adevicet200 mnpmpﬂmllsngnon trench 202B
i solation trenches 202 be filled
filled: yithog ?awrepmtafﬂ’c Wreelaf SOFH Anpibicpn diox ﬁuagarmlllyc%ﬁhout any
i
vmd%&gﬁilrl]?gfﬁgﬁﬁﬁlgl %&g@ ﬁ'llatéﬂ'ﬁaé grgﬁ#elslrflfgltﬁgm ga@mgpa q rov1dse€I él#]e desired
typead s@uid withinhbe basiesregion 206BgHndka sinbydipleas Bﬂmwra the active region
2051?ub- at mosp her:P ergpr ocess.on the . basi slof TEQS It
Ry TEREPSCRYR Pl £qeion, whergin, @ JESPeghe: fegp! ‘hﬂ{/a“bé“ay feSult in an
incréa8EP ¥REr&N rﬂdﬁ)ﬂlt? got any N-clnh8SP&RIskotS 18 beFohAYE n aiP above the
is also previously explained with reference to the

activgerggion AQB. Yo picyiously2exphaihrshrany owightyve irpast ofitthe stress in the

so RS0 R IS 58 OBl Shn BB AR ey v
sincé Biphdyf EQTidnt 8G6iA-iAeding hiechatknid hie AailalplerfeP Pldhhgnd |dah81stors

material, such as silicon dioxide, substantially
therwﬁqﬁf@mw@wvervemﬂ@sam fos app eegﬁtlgﬁ igflupneessed materi al

in the isolation trench 202A provi des the desired

type of strain within the active region 205B. In the

enbodheraivre,sihaisuld theeappedciated thagitles abidhe2dtsEritvaaly process sequence
represent a P-wel |l region wherein a respective tensile

maysf%%@ab% PR medsiy & dafﬁr% ordeic WhssEy the iselation tgpgies j40¢B may be
fomfegfﬁ?s'i‘ zﬁkf Eﬁ‘t?s'%ﬂ(fém " #eS h%%%&%g@elsﬁﬁhﬂﬁgﬁ&hé{‘dzom may be

ove t act | egl on revi ou
manefapiusediedin athgr nkbm:tanve dniipdahemns, theetremches 2024\, t202B may be
i SO atlo tre ch 202Avv|th res

patterngd Qrpthe (L AEORIRRR, lihagyaphy g@g]l(tap a}cgrenniaod eatgﬁgf'ocess similar

to conventional process strategies, and thereafter the filling in of the respective dielectric

fill materials may be based on an additional lithography step for selectively removing
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since highly efficient strain-inducing nechanisns are
avai |l abl e for P-channel transistors, 25 thereby
we@bdososivel y over conpensating for any negati vePCT/US2007/020598
i nfluence. Furthernore, it should be appreciated that
unwm&; AR 19 ﬁﬁcﬁ%@ﬁ?l RoRC 6o F%u%ﬁﬁﬁon %}{%@ssgs FE also descrlbed
per orne erent ~or g erein the iso
wimtrefermbe&)]ﬁ@ﬁﬁ my be forned first and subsequentl| y
the highly stressed isolation trenches 205A may be 30
nanufactured In other illustrative enbodi nents, the
tr F %%%ﬁratlg?ﬁ 11UEYatexea toga\ﬂév? bP&R Je0ickRBo lﬁ@édrﬁm%fto further
a ography mask and a common etch proces
illustrhtmd wmbodunmmven’fhaorm:lv:q@r @68 s mayt rcampgbesa plmdahty of active
t he eafterth§ﬁéylln |n of the r&dvgqftlved ctr i C
semicon ucﬁ)étrggllogf 0 é%aé'dre(BﬁeSSW ¢l ro9ps fo rmmg therein
respediivE GOERRAY] BhERstHRT SHhighly \éeb%reﬂﬁ ‘f'a@gve P&86n22098 may be
30 SUBSTI TUTE SHEET ( RULE 8/ 042144
provRIEd/ wBRHOmaY 2epesnt l}hwahtregion!s &irgforming thetein paspestival N-channel
fromaqpe of.the j.sol ati ondtrenches Ai SO b b
wansi @, (o verigus rebies sPbleBBoidSTegmns ZBRA. 2p3iBavhe bordered by
resp&EiNE TRAlAtfodl drdnchbd D62 A ADEIB,02€PwWHERM, 3br IIRANEE VikS18LEP renches

according to further 5 illustrative enbodi nents. The
hav1mg\a|rg@cggomdﬂyn@m’qﬂ'1n§g:a@drﬁsmg1ch@w2QﬁB awhilestrenches of increased

nm con 05A,,. _whi repre N-
wio EERRONE W A TR D pe PG RRBEERERN oo B2, Bom
typed bﬁtﬂéﬁcﬁé@ ;2., tBhohdsdaving Bredlicdalidtly af a Biphev@idie m@ﬂﬁ: used as

205B may be gr ovi ded, which may represent P-well
inney wghl @ﬁé;ﬂtfaowelﬂ PrAery dt:n@fdem&]om thepevideveenfgeatiphe For example, the

1sola§8@k§h%g %6%%;5{'}%&‘ Még 1d e%i: %é &gd&%ﬁﬁ% %nq{%‘ﬁ'&%s %ﬂ%%lsolatlon

respective isolafi
trendhee PORES ma§ 2¥e cBﬁﬁBereaOé’stmenmm wtlbrtrénehésancia, one 1llustrative
i solation trenches having a reduced dth may be

emb%&meetafr&pag@vxt saldtipe geQ@yB 20% imay e fillgduith ag approprlate material
that Ihﬁgrb%acﬁeggsnew sh me% %épgrs]%llazoé%sﬂggt hogltglslged;ﬁ%Ptge‘ip filling

i cat as tren
capabiligy)cdsess, prlevmuslyterx@ﬂmhmh Iﬂm'ﬂwgot;hexr banit; able wiid¢ hsaatibra trenches
intra well

vmdthna be, used as nper wel
20240, 085S ot chmmee, & BiEPBhstoised GReIeai ) LR, Sgrein, in one
illus@XRnboditientl e RRLVE oPiBntati&N 6N &R rééfiP@KoRGion trenches 2024,
considered as wide intra well trenches, while the

202G satharespeat tot 3 Gantister 202iB dnaqztlb@ 230 nsd daragsisias widtiedirection 231

. Jinn ches one. i ustr i ve odi nt

is alld)Bken g, oo EEATER:, Thasnirint tisgSlahible Yo TR Gt TR, renches

202@ R RFVAIER & Riditatedl AsalH) Whigd tHE&)théteis dﬁﬁ@z&éd asl (o rhztysbe filled
basis of a deposition techni que providing a high

withfa mpterigf ofcdiffetsnt intmsicstress. ;Epéwam@lr: ythe xegiensnPA my represent

N-wglggeé%nrg $6: %%gngsﬁ)gleeoﬁﬂ a%ﬁ tflé?‘s r essﬂlggl dﬁﬁﬁgg%r I?\gh f%ﬁ)?l‘r%ly require a

differdnt ey;ieabﬁ st)‘vhﬁ rveikhn reslchtOtﬁetheldlieUﬁér[saMO/ endn2BDdiFeMhstance, for a
the relative orientation of the respective isolation
standar gUHiguratpmwheroigthe Jgngh F‘@%‘B@éthds substanyially pgented along the
e r 3 r r
<11 ERANLe BEEe R, & BoBRtsBul AR B sl oRiddcEine hote
mob#itpmilile slowespdnding smkidé isoaint alenlg:hb:s width direction 231 may also
contribute to an increased hole mobility. Consequently, the isolation trench 202C(V) may
be comprised of a dielectric fill material producing a required compressive strain along the

direction 230, while the isolation trench 202C(H) may comprise a dielectric fill material
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202C, one of which is indicated as (H while the other

is indicated as (V), may be filled 25 with a nmateri al
w@boodioifier ent intrinsic stress. For exanple, tPEI/US2007/020598

regi ons 205A may represent N-well regions for formng
havﬁlge?{ %?f@er@ﬁ'td Cp&%%?'xrﬂrlﬁsﬁ hs%%@ lrestu'i u?tao 8rre h&l'ﬂg n@}{sﬂe strain

r ire a ferent type o str With re pect
comphm:ndalmegthecxhsecﬂ&ﬁ)ﬁhd 231. For |nst ance, for a

standard configuration wherein the Iength direction

230 is substantially oriented along the <110>

| dth& KIHaC Gl LAY defict QORY i Bet 1 h
si éﬁ‘. Ccantly enhance the Hﬁfégﬁgﬁy tﬁf Ty %\L@yléo ation trenches
202Aana3espmpd$eng dmiemrlt élllsmawrml plauginghe rWPdd:tiVeduensalBt stoin 210B

alonig 0 ﬁ?ﬁﬁ%ﬁ%@ﬁ i yor 1@ il GFchAn o0 Lt pseyieysty cxplained,

any TRYativeCinGfeP bf I8 hefizéhidll &lecldicsl fsbialnoﬂq}e%ﬁht?sl 202A having the
produ0|ng a required conpressive strain along t

tensté¢ steamﬂmducmwlnmriceﬁlt matdrgb nstyi bmrﬂqccwné,mlmz@ﬁ) stragnyinducing

&‘Pg%‘ﬁ“ dl o eCt 5 Coéﬁf Iﬁflgl) %bj g?romﬁlpa je 1 th%fN 3\,’&9611 205A may

comBn@éE/ MQIZ&Q%Q&? &ellh@d’lht‘ikg] BerfthES, Qu&NAs th BRn&es 202C, a respective

Intrinsic stress resulting in a correspondl ng tensile
conféguration meb rbp@ﬁbqtedaﬂob hgrlzmvéaloﬁnde‘cqrn@h lmeﬂlomendiecomponents as

descPpEF AndVR0 S otk HUSAGHIS SRt W ABH Rncd A chanpel transistors

encléded! BE tilid @esbi:étlvenﬁbﬁflbﬁ|treﬁl‘:l(i&UE(DZIg alnl 6HPE ¢hdeV Ladditional strain-
tensile strain 210B along the length direction 230

induging wuewy fond-cliaanel @ansistars.osichaas highly peessed, givgrlayers, strained
semis (ﬁlﬁl[d}ergaten Jl&lgqﬁévrﬁﬁgégpg% of the horizontal and

vertical |so on trenc A having the tensile

strai n- |ndu0|ng dielectric fill material nay be

accepted, since other strain-inducing chanlsns for

p- dirhald) be, RBATESaied that drcomieading EEie, {0 Miging diffierent types
of nitH i 8ks £73 15’&?6{1 &91 9&9&&:&&1 Qﬂ)%é‘}ﬁe ﬁ@ffﬁn Hﬂ&‘:t‘fonvﬁ%lol and the

'S atlon trenc such as the trehches 202C, a

widmehqaemn 23 map ratspgler@pllmtmy nbrowevidt gendhes 202B, if appropriate

hor i zo tal and ert| ol a french co ents as .
depqigisirpauiiugn g beaya e ot e phe itk dhn v BB b cpdhes while
nevdd@EfSy a0 L4 sﬁs&ﬂﬁﬁll‘}%mﬂff%@ﬂl%é}fﬁlorenC| osed by the

respective isolation trenches 202C. In other cases,

add|t| onal strain- induci ng sources for P-channel

t t d .
¢ BE hEhROancRi Ry B Ao HS hodd EFFRFE Bhy R Kirfeg in pegpraance
wnht;&ows@ tbchhilqué@Uprdvidesi paBseibeadtinth fehdtncd t6Qhd B&RENE00ghd with
reginme for providing different types of intrinsic

refergnecatoddgures 2ai2e o IHaweyar, apaddiiosalbolithegraplly step mepyt beeintroduced in

ordel' %Q g(;rgw(at% rtﬁ? tﬂogg Pﬁ%}() tg ncﬁ%tﬁﬁlsh%%w% ?rléoﬁgt% 4P ?rfﬁ%,s rr(I?f%/different

oner&@lﬁmﬂ dhioaAt elllﬁﬁadeepaﬁbédlﬁi&n& dohintra wedl isslytidietrenched Zﬁﬁﬁehavmg a
for rellably fillin the .correspondi ng trenches whil

highniddh mmay b donmesd, prithey basis ob ot highlyaptrepserb fifl- mawseiak mdwcmg the
respgﬂ'\]/@\féngge sthlf 2§6ﬁ1fug ?{T@g%ﬁl < FRMhc6yle ?ong OsQ;cﬁ‘%g E&g&% QOgB and in the

accor ance roce
sam¢ ptdcassopeqserae the dnnmed wedlly isdiasion itteachesi 200 C(H) aragmtsa) be:)formed to
t he device 100 and with
provide the respective strain component 210B, while the inner well isolation trenches
202C(V) may be formed in a separate process sequence using a highly stressed dielectric
fill material of a different type of stress in order to provide the desired compressive strain

component 210A. Furthermore, in a further different process sequence, the narrow width
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25 reference to Figures 2a-2c. However, an additiona
l'ithography step may be introduced in order to provide

WO b@spedsi bility to distinguish between isol at PORUS2007/020598
trenches of different orientation. In one

o [ i i on. .

lso}*‘?énché@sz%%geﬁgg q)'e%%e%i)ﬁ Ghd B%J ﬁof"@ degé)ﬁt?(jnﬂécg&gue providing

the teheirdingas fldingacipagﬂittﬁs Stle ehaﬁd bei dﬂprdﬂ?dtﬁt tiat thdn dtfferexg process
the respective tensile strain 210Binr

sequgRges Jr foggingrle diffrrantdypeseRfi lmtl%ts@chah%ofm %(R@ aggl 202C may
be BRP Y BRESS L EUARES indlifiph "PSecE: 1hGEAN. SBch and removal

processspdat each gpe ajfmsalanmomfenth Zﬁzﬁi&; mhmther tives,i dMBebr wedrk of the
i solation trenches ned in

isolatigp dfearhes gk & Soxp ah ol iosag wngteft@s BERfess, while the
COH&P&I)(ﬁﬁé Fillfng fn' of theRERSsed éhél&ﬁﬂc ¢ lfng{e n‘p)pﬁe Bhsed on different

ress in order to provi eS|re ressive
lithogtaphy nnask®nasois qn'ewﬁ(lﬂﬁ deﬁurheﬂerlmsh@;ld |fnrtherfb£r appeciated that the

type G 5o &l L O R e 159 B O S8 Pt 4 22 En 202C may
be sﬁ@é&&&%&&&i’@éﬁ&e disal é&tyk@ﬂxrferd%ﬂﬁﬁl%%u&g%Btﬁ'@%ng@onductor layer

formed on the basis of a"deposition technique
202 pr erderdtiorigke ntpecaneiglaiatiod thyagorfesponding capalbographie shareteristics of
houl d be appr.eciated that the fferen process
the SRR foebEe ARIRG: B 5 Vot PFudlosr i o BURRE S oimifagly. if an
incrdak @ISR iRt of I2OFAAnaNEand Redes bem%s@éﬂsﬁﬂ: 9 atd6P Gches 202A
sequences including respective |thography etch and
may bg d 59 asite proyddesa high cerpressiypstrain 1 shel gspestive feagdndirection

230, V\@hilg re%)gctg’\;ehgsrolaﬁx ﬁeéednc?lgg ﬁﬁAn?ﬁb%taﬁil?%gF?gﬁ;%getn dé) Ythe strain

n a conmon
compchreht jor the @ddth difdctien hid® becrovided omds tintitd 4 Brésponding tensile
the stressed dielectric fill materials nay be based on
Straigy COMpPReRt- | i t hogr aphy masks, as is previously
described. It should further be appreciated that the
type of stressed fill material of the respective
i sakat fesult,tthe subjest 2@, diRfl@dsdaredeird Gi26yidesy a 1€chinéque for forming
selected o .t e basi s of iven crystall
‘SOIaBBHFF &t VY maytlﬁglugt’eﬁ]dggqe%&egyeepgygfmmg@geqsrwdf\s(jg gnhance
the peffolffifeel JtaP l&@ﬂéﬁ@@{p@tdf QAnditer %E:Heﬁ?s? Qg z{?sgN channel transistors.
crystal l ographic characteristics of he charge
Furtlpampiee therowhjedtt 1y1att¢r dikgdosedr heyein Imnysibaltlheagoapmlcfor individually
irecti.o i ncrea nce of.
adapfing 5, i 8f1SGons ety Yorgbjod demadiveceinyen Spisghdig reions by
providi® 8ifRSert Agdes dfBirhRid 4Fd¥BEn DRIeR %o ifduRE QVddfed teIBf strain in
conpressive strain in the respective |length direction
diffeyemt 2g@ve gmicendusiqrercgions. i K tisi moseemeettmg process or the
proc%sllgl tfgrt fi Qlttnlﬁé}nla: ?/Cé)g':reg ondi H%J&Blegt%:coft/lrglggeng? mgg nen(g edin a locally
diffe€eit hﬁﬁﬂmﬂl difert tOrsbitdif thSisbRtiBn GRATHS @ﬂﬂlffdféntamfrﬁi%id dtress. The
the subject matter disclosed herein provides a
corrgsporhing, sequesee o lacally formingothst respedtive nigplation \ifanghes may be
e\ [
perf 1t g&glhﬁgnce R’%%El?fe%}? Oﬁ%g lof ?so? 10h rl!lte lélgaét &gﬁeté)§%3%\éxag11g a high
degrée aféxdbitity &l mﬂaﬁmmllysadfabmgﬂi&aﬂmﬂaﬁradwrwms of e¢spective active
Furthernore, the subject matter disclosed herein
semxﬁqr&pp@égeglﬁ%s pgpgmquqtlyf & high degieg i) qowpatlblllty with conventional

techniques may be achieved since well-established patterning and deposition techniques
may be used. Furthermore, the subject matter disclosed herein is highly compatible with

other strain-inducing mechanisms implemented at a later stage of the manufacturing flow.
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adapting the isolation trenches bordering respective
active sem conductor regions by providing different

WO y@es4afi4 intrinsic stress in order to i nduce BCTHES1I00B0R0598
type of strain in 25 different active sem conduct or
regions. For this purpose, the patterning process or
the process for filling in a corresponding dielectric
f i The pattenlaslembeglinkatpdistloseteabove age [hsahtive ondyfdsetheitivention
manner._in order to obtajn the |solat|on trenches of

may dher modifind Rt Praceiced 4 [dilderentrhet cquyaleiphiapRasy apparent to those
skllléc?ﬂlutﬁﬁﬁﬁ h‘ﬂ('mg%@l)éﬁéﬁ} of {Heggﬁéhn’%s TR CEbNM a gii, ?ﬁé e@‘gﬁ?ss steps

trenches nma or ne nmore than t
set foybeabowef maydbeaperﬁmnﬁedenmdﬁffermtmrd«hy Ennmiwmhbrtg na limghtions are
30 de exibility i V|du adapti ng the
interided dg ‘Lsc?}e‘fqnéir}“&?“o‘?r ¢igSh aw 19‘3 Prhan %s described in

the G8Hs %W CHOk th&BfoRE §v1d99riﬁﬁc&l@ Bhitdéula? eRibBBintSey ﬁ@cl@ied above
conpatibility wth conventional ® techni ques nay be

may dehaltevesd os imvdéiadednd ald tsad Nadmd)npatd emmldegectmmhm the scope and
..d ition.t d. h
spir . £ RETEr AR OIELLaT R PR s i e iyt S5 1Brh in the

claidd Bdlow Ot her strai n-i nduci ng nechanlsns i mpl enent ed at
a later stage of the manufacturing flow. Page 25 of
30 SUBSTI TUTE SHEET (RULE 26) WO 2008/ 042144
PCT/ US2007/ 020598 The particul ar enbodi nents
di scl osed above are illustrative only, as the
i nvention may be nodified and practiced in different
but equi val ent nmanners apparent to those skilled in
the art having the benefit of the teachings herein.
For exanple, the process steps 5 set forth above nay
be perforned in a different order. Furthernore, no
l[imtations are intended to the details of
construction or design herein shown, other than as
described in the clainms below It is therefore
evident that the particul ar enbodi nents di scl osed
above nmay be altered or nodified and all such
variations are considered within the scope and spirit
of the invention. Accordingly, the protection sought
herein is as set forth in the 10 clains bel ow Page
26 of 30 SUBSTI TUTE SHEET (RULE 26) WD 2008/ 042144
PCT/ US2007/ 020598 CLAIMS WHAT IS CLAIMED: 1. A
sem conduct or device (100), conprising: 5 a first
active sem conductor region (105A) having at |east one
border fornmed by a first trench isolation structure
(102A) including a first dielectric fill materi al
(107A) having a first type of intrinsic stress; and a
second active sem conductor region (105B) having at
| east one border forned by
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a second trench isolation structure (102B) including a
second dielectric fill 10 material (107B), said
waewmsndkidi el ectric fill material (107B) havi ngPEI/BE8200TI0R0598

type of intrinsic stress other than said first type of
intrinsic stress. 2. The ' ductor device (100) of
claim1, wherein a trenchgv%zgwof said 15 first

WHAEIR CLAMED: on structure (102A) is less than a
trench width of said second trench isolation
structure (102B). 3. The sem conductor device (100) of
clgim2, §é1'x‘i&5‘xﬁi”ucﬁ9'&9{h'czékﬁﬁ)% iisfho: trench isol ation
structure (102C) having at trefch width greater
t harfirstaaative isemicondertathregRm (\ADﬁlAhha\&iag dt tebstrahei twodatfooned by a

structure C onprisin eIe c.fi
mat :“ g|f1 § {ﬁnﬁé ngaalln‘gfsfgplgtﬂ?e (39%@ Hlfclq Iéll%qclﬁrécsgll material
conpar e@ld?@\)%?a'vﬂmg‘ st glgb of §Itﬁ€s5i@stﬁafss Sﬁl'dd second

i solation structure. . The sem conduct or device
(1@0pcayid actine nemiconductdrargiontHIBi haying atHeastione border formed by

Is:uo'da¥ : ?‘QSFS 'Ct i e 102%@?%??@3?}&6 %@gaziekégltﬁ(g dielectric fill

sai d Se%&?&la@‘%m’/\lﬁ %M%ﬂlﬁéléﬁmé 60i AetidQIBIB) Bk a second
third isolation structure conprising a third

di el ect type dfiintrinpigsessaitherahamsgidfirst Hipeiof sitensie plaess.
whose amount is less than an anount of said first and
second intrinsic stresses. 30 5. The sem conduct or
device (100) of claim1l1, further conprising a first
transi stor (120A) formed in said first active
seri condiie semicopdpaer derasseAl0@nef slayadeMdrereain afeneh width of said
irst( )i I g{n“g d
flrstruéegl?fg’ s (l%[)(gggt’rdcg%ﬁég(lg%éggso fakg% aﬁé Zrea & 8’@0&‘3&% second trench
isoldfoBSTrudiuies IGEEET ( RULE 26) WO 2008/ 042144
PCT/ US2007/ 020598 second transistors (102A, 102B)
differing in at |least one of conductivity type and
trgnsi SHYE sehRHdBLORePRe (P00)THE &M Qoqgﬂﬁéroéorgﬁ‘i’suggea third
(100) of claim1, further conprising one further
trendlr splation swhetniea 02€) bating e thitd2Ech widtb rngmerftban haad first trench

. border..af. sai.d second t sem c t ) .
wid i isdfidh SRIBRE (Rko Kmpbse i Steddeyic i Fpterial having
a diﬁé}éﬁ 9be bEABLNSIO Stresd Qbﬁﬁgﬁreﬁ% B iRYinSR! s@e&e@foslaﬂi second isolation

i sol af1 on structure , said one further isolation

strugdgneuct ure (102C) conprising a dielectric fill materi al
having a different type of intrinsic stress conpared
to said second dielectric fill material. 10 7. A

nmet hod, conprising: formng a first isolation trench
(102A) in a sem conductor |ayer (102);

4. The semiconductor device (100) of claim 1, further comprising a third
isolation structure (102C) formed adjacent to both said first active semiconductor region
(105A) and said second active semiconductor region (105B), said third isolation structure
comprising a third dielectric fill material having an intrinsic stress whose amount is less

than an amount of said first and second intrinsic stresses.

5. The semiconductor device (100) of claim 1, further comprising a first
transistor (120A) formed in said first active semiconductor region (105A) and a second

transistor (120B) formed in said second active semiconductor region (105B), said first and
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filling said first isolation trench (102A) with a
first dielectric fill material (107A) having a first

W@ 98/0ef144 ntrinsic stress; 15 form ng a secondPCT/US2007/020598
i solation trench (102B) in said sem conductor |ayer

' i ' : i sol gt | J .
e SRR LB) S t L A FOpegsnior
confiavitivg. a second type of intrinsic stress other than
said first type of intrinsic stress. 20 8. The nethod

of claim7, further conprising formng a third

i s@l ati I j .

281 2t 1 one pbERERdader ke TRUESTIRM F, rrEh cBRSAE BRE further
trendls asa4tioon strnetnceh ((AZX)Cro Wiorin @ finthred blordbe aifr sadd f sdcbnd  active

material having an intrinsic stress the anount of
semippdiiciqr sepign O thagis iy orfingosd ity TPRET L at least one
bordgt fBARES -bPlzga_i@ -sedOR1 TR QfuGhRl (105B) WRSHCbRE F@tskr isolation

first isolfation trench (102A) i1s formed and filled
strughnied102@) Eampiisigg sadiclesteic dnldl materiadthavimgt 3 difdrert 19PBPf intrinsic
¢ 10. The  net hgd of ﬁﬁl m. 7f.ll\/\,her eiln said first and
stress semheref 4y aid sesond digheerdsfill maderil- 10oB) are forned in
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9. The method of claim 7, wherein said first isolation trench (102A) is formed

and filled prior to forming said second isolation trench (102B).

10. The method of claim 7, wherein said first and second isolation trenches

(102A, 102B) are formed in a common etch process.

11. The method of claim 7, wherein said first and second isolation trenches

(102A, 102B) are oriented substantially perpendicular to each other.
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13.  The method of claim 12, further comprising forming a third isolation trench
(102C) in said semiconductor layer (102), said third isolation trench (102C) having a third
width greater than said first width, and filling said third isolation trench (102C) with a third
dielectric fill material having a high intrinsic stress of a different type relative to the high

intrinsic stress of said second dielectric fill material.

14. The method of claim 13, wherein forming said second and third isolation
trenches (102A, 102B) comprises orienting said second and third isolation trenches (102A,

102B) so as to be substantially orthogonal to each other.

15. The method of claim 12, wherein one of said first and second isolation
trenches (102A, 102B) is formed and filled prior to forming the other one of said first and
second isolation trenches (102A, 102B).

16. The method of claim 12, wherein filling said second isolation trench (102B)
comprises performing said second deposition technique as a non-conformal deposition

process to obtain a higher deposition rate at the trench bottom compared to sidewalls of

said second isolation trench (102B).
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