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WD 2004/ 084299 PCT/ US2004/ 007464 SHALLOW TRENCH
| SOLATI ON FOR STRAI NED SI LI CON PROCESSES FI ELD OF THE
WO DMEREL2GN 5 The present invention is rel ated POI/US2004/007464

integrated circuit (1C) devices and to processes of

making I C devices. Mire particularly, the present

i nvention rel at 8IALLCAHV TBENCH ISOPLADION FQR t r ench

i sol ation structugesafikp SERSIN PREEESNES! ayer s

i ncl udi ng germani um BACKGROUND OF THE | NVENTI ON

Integrated circuits ICs(i_% Include a nultitude of

transi stors forned LD Qi EW\W?I&N substrate. 10

Vari ous nethods of form ng transistors on a

S efheqoasely pvariorsisibBted tidegatel ckad\iic) davicksped @iptocesses of making IC
dev1cg';e m@ﬂa}&élﬂaﬂ ! ﬁl@é}%elﬁtlrlqrgrﬁmﬂeﬁteé t%qlrréthgcpofff&ﬁmg @%H 15915@)@ Etructures on

I nsu or 1solation structures.

S“bStf%F?ﬁl*ﬁ’@rst“F]ﬁﬁ%%%ef”éi‘%‘mon a silicon subst rat e i nvoI ves

the wel |l -known Local Oxidation of Silicon (LOCQOS)

process. A conventional LOCOS process typically

i ncl udes the fol BAGKEROSINDPOF THRENGENPON First, a

silicon nitride layer is thermally grown on the

si kdte%f%@d §1H*a§st (f(%; ﬁclu@g %[ti@.ldl: Xf’ traffs%[b\[sqgﬁﬂe@ 5}@4 seIIth& §ubstrate

processes require a high quality, therpall
Vaf‘%‘i” PFthagh ot fpriing JansisiTep 2 anicoUBIir e aRRTR KoM tg“r?d SierrEaily:
transigioe 1@ $s8latad) @i &bh @RS by hatding atssolgpnatricivtddogr aphy and
etch process, the nitride layer is selectively renoved

to On@&élﬁold%?foﬁmf@lah&rt&s Mﬂ%ﬁl‘é‘or} sﬁ@[}&é b dWes HO %El?ﬁ(o% bl Oxidation of

areas are | ocat {Ja t erni ng
SilicoagHpcey) a%oaﬁSh Aa@é%?gﬂonal&qqoé|lﬂa>ceﬁ< vefeally gml@?@é\t}eﬁ foﬂﬂgmé sipgfeicd steps.
First, @ sitivdn it 1dyei daérin@ity srdveroa die Biiconisiitstratte ey, cdiiviehtlonal LOCOS

I
T 12, G0 5 B0 SRS B0 B B
proceggingprobleinp, arﬂqu wsigeridiogrenty g egph iREdsS, 1o niprggle éa@@fm selﬁewelr fraoved to

produc@iipitéth ﬁ/ﬁer@t@d’nhbt&@&u&fdréiﬂﬁeaﬂ hrb folvd ﬁ)ca{téﬂy efte@atenﬁ@mvseﬁce/drmn areas,
..l eavi.ng onl heo rain

a flel% %xFlJ(}(;e SlS e%own, A)é ox1 {s m%]%dteds %ﬁm%‘h Céncf% laa/er S{ll? ams 318 romge odlly grows

on th¢ sileeah aibitaig e@pm éwlg s s‘am/dd@matmrwg Se@ulflneély atﬁ@t Odlﬂmrﬁwth is

comﬂeﬁﬁﬂh@f&ﬁlalhﬁg ﬁ)rt%ﬂ@d)flt&\%tm&erl%@lcﬁ &rﬁ&)le@ﬁe'a@ﬁk dnS the) oxRBE R8:Be/drain areas
nt [ opa STl process typically includes the

Onth‘?%‘f’?sfﬁ% UG ¥PHpi fied steps. First, a silicon nitride
| ayer is thermally grown or deposited onto the silicon
s ubsatirenprecessNendprmingstisplefing sipBtutes priddefinnshiguregranll dtie begions is a shallow
trencPis Q4 B2 @Tl)tphﬁeﬁ A b&%u&ﬂa% S{T'I B8 cekAYally Sicl&Rd tﬁgfollé/\ﬁhé’mmphfled steps.
a

Firs, B TR Bt R B S e g e R b P
lithodrdpby 0 eicic@pdssathesilzperigide byreisseidzs tahyatmovestoptodime d pattexm where

tran81§t91rsmr£ch§M£&§ are %fbte ﬁycat&&1 A ik ﬁﬁ@?lﬁﬁgﬁh&%&ﬁ&?@&ﬁ"ﬁg&s tﬁ’e slulBsGQE is etched
on the exposed surfaces of

to fOffnrleP&?Ff Af‘FféP“/el R ab%épr&edqaéln%%ﬁ*eefafflwrowa P%ﬁe’mseﬁs%ﬁof the
trenclhi Thh liic@ OYde ity pitally formed ahg/@fyﬂﬂ:éhlte{m‘pbl@tu(eh-l(} Pydactilaticaitl) gt ambient.
An mpfpéatl%zf?léﬂzrﬁ u\éE Fs”ﬁl&c%ﬂ hl%llde (§16C) i§ %nketsﬂleéo 4 gveq [h.g gftrféi@ layer and the liner

eposi ted over e nit
0x1dea)ﬁt(ljmtttﬁérepqhn7§1?e inpplatye p@@n%lstm]lsﬁedttﬁ ereaiq agyRapr surfaﬁ% The n1tr1de layer is

subsetjiRgilll rachd Weto MV ARd @lde kifucfarh weliede kacies.eat e a pl anar
surface. The nitride layer is subsequently renoved to

egf\ln/ ﬁovs &le%c )s(cgl Qf%n §tf )%% c%&e%?xgmlﬂgzgd Estllanxt%d Eﬂrlc%ﬁ] Proizesses d'SMOS

owtrenc ructures
procepsps agg yigped éb‘n%ﬁ"aﬁei teepystq SNEEET) paslosmgedy ingreBe tf}ﬁrceeee@é%lty of

silicoRli@red} tehiicA@ ebsikinck MMAMBRE QordskrdIAsh St Qcreds@BITiE Elirrent, frequency response
- performance by increasing the carrier nobility of
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silicon, thereby reducing resistance and power

consunption and increasing drive current, frequency
WO exposeed 1 WO 2004/ 084299 PCT/USZOO4/OO7464 HmﬂUSﬂmMmWMM
e QBB LR SRECH S A LESE S Gt ot VBTl R e
smmgﬂh@mwate or layer. The silicon germanium | attice

associated with the silicon germani um substrate is

gengk akidoy geﬂiﬁﬂnﬁlm 1%&&%LSMC1§M%Qhe sh@(gh g@m@hﬁﬁlﬁ s&ktl‘alteqp&nerally more
spaci ng becom ng w der wt

I ghe
Wldebé?*’c“&“ﬁ‘?%{‘gaé’m&fﬂl%on JEeFraf Wl%@&%%ﬂ% &itp Plgfaeequeatﬁ&euoé e
germahijgnBecyvis¢ the tiliven la@itegdipns Siith ithe Gliﬁgegﬁlﬁcﬁﬁgﬁrrﬂd’ﬂuhrﬂﬁtﬁdeﬁﬁensﬂe strain is
creatt:cﬁg $tle sﬁco%tlaryéj Rd sicor arto%taﬁa%[ssleﬂm%}l:ﬁ% dapargfpon‘t ondYfober, The

'icon atons are essentl a rom one
anot her. Relaxed silicon has a conductive band that
conttarsisiiembasgsonduciys bags that cpripipRsix eqynbvalgnisibrrdat Thsmprbipation of

tensite@tgi o he Sillicicsusds Gout bfeheSialehdd 04 €1 UBRase fnQudrgy0dnd taF the valence bands
to deg;@%sg ﬂ%ger%an S rés{ﬂt éf 89%%% e?fecltsn eleec?rgxgs%}g/f%c%vei&wm 38 gerfetntelgsrs when

ence
Passia@éwweéweé e&egy bele dbwo s lepraets pedsypfforddspesi@ahce to electron flow.

In adp@bE E18dtrohs@SeSt WA @35 ﬁ@atféﬂﬁ Shehd floRtRUadeut bend sgie@xf atéah) Sl causes

ands. Th ands. of fer
them?‘é%%ﬁ?f%ﬁé% ¢ S000F OB Bt 1 G PR o =8 ety gl
drampgically ipgraappd P@sgnedlsm(mtcmmd teelereg yilifangmoviding an inclegel $1 nobility of

80% Bhﬁor@fot ¢1686hs 3LV, o‘Mﬁb& lfor @1@933 a8 1n<§r@a§eq}1 hgblﬁt? ﬁ&stbgé‘n @hd & persist for
tines less than in rel axed

currentalle?i& %to ?%éne%av?lg §fmt1{nete g GSp @Ftorﬁﬁns |b?113¥e§} tq egable a device speed increase of
35% drtanvafuitoatetiugtiinn deers g, drn 28% raidtiedin$odr carungasP@iIeE at@uction in
perfokdngxed silicon, providing an increase in nmobility of
80960r nore for electrons and 20% or nore for holes.
% i ncrease .in nobility has been found to persist for
BUPE Estrmeny BoME Rrosespessan favse g3 PRy mL R faHoa problems for IC
structifye dagerf, and egnipment. dn heeficuley edmbunenadadsing ar aeNfiusion Gp e@iﬂammate
varloh%ﬁlﬁ‘(ﬁ\&ﬁs a‘-s)Jomatgd,Swﬁh%etfg‘)%U&tlorl gc{ug)th%{t aﬂcﬁlgt é‘gtédocr}cu(?t strlgc S ass ciating
, or a 25% reduction I n power con % ut
with t&e P%?TEF&‘E U Pt T e isass ot n%fevebflm@étrthmfwmmmoﬁthm films.
In ad §HADSecpnaesa@sfugiental &S eegRhiia AdcUi SR t)ra‘mldﬂ@_t BtQRE interface of the
liner, Q{e{%m' & ng r&fabdlt 1ssu% foyt‘ﬁé g’{[%%uct l ayer s, and equi pnent. In
parti1cul ar, mani um out gassi ng or outdi ffusion can
cont am nat e 20 various conponents associated with the
 abPTEHYT Btieedgi pris ey Prblestiaeider veivhishieqmperatures and HCI
ambi@it ¢nilCdntheBSasRBBOC idt thd1Geifb léhand;betrda&tgm&e@m@&@{me For example,
COIIV(J: E(gntdlrk?ri %&??{) ({ng%o elﬁ%] an u?h ?ém%gratﬁr%p n]alg a}‘(Enlmye y lé)(é(ﬂr Hngvﬁiclg enhance
g“m%ﬂwu%%$%§gon can cause gernanlun1accunulat|on or
"pile-up" at the interface of the |Iiner, thereby
C alisis,Nigereli€d neddiof dntSYT firBSwiReh aPbe fbriRd ﬁmlov&tarﬁ[bb@itdﬂé’ ﬁocess Further still,
there g% Qéﬁgérv Qelé il%ling nﬁ%(?u%{lt& Ip)élse%é/:i]t o (g:?lé&gg tltglgyg?ngﬁft are not susceptible
to geré‘ﬁwnf‘ B‘ﬁWs F‘ﬁ g6l dieds anieedifor andMQSrirsnchdifier formitmh povess. Yet

furthek, H@RGH deSDibad linaffor(ngt}an)pro%&sﬁ WElidoCas sixBptRXB @%@mum outgassmg
ST e

ger mani um out gassi ng. Thus, there is a need for an STI
liner which can be forned in a | ow tenperature
process. Further stiSUMMARKQIETHEINVENIIONf or a process

of form ng high quality oxides with good conpatibility
angh yehplal anlfdﬂﬂineﬁ. lﬂ(ﬂaﬁ@@d é ﬂét%d ogﬁaﬂaﬁct%fgriﬁﬁtegmw circuit. The integrated
assl n

01rcu1tt1nch91 shtrerulzh%seo}aF ?n regrl]pa ts 1n 2 ﬁubﬁ};%e 18§ c!lng\iggli_rnanlum ’?he me%od lnclud%'svgrsrmng a
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further, there is a need for a liner formation process
that is not as susceptible to gernmani um out gassi ng.
wo-enothernIstil |, there is a need for an STl proPE€FES1008007464

not ut i I|ze hi gh tenperature to thermally grow
s R e SRRty FRUENT et T e FERIHig: Shoci vt

locatendad the rerh isvlaloa {393) régiong Tie trhibal ao ivhidesframing trprra@;s &nthe substrate at
the ldcﬁfoﬁsgﬁﬂlﬁgg acéeﬁwﬁblrld{lct -gprﬁetil wy&%tﬂﬁ% tret?&%es(ﬁll %lgwlteﬁntperature process, and

I ncl udes ttenc i ati on fegions in
forming, erlﬂlﬁgusg@ heaFieARiuCtPhe npet Hl‘}ﬂ inj t’?ffd{e&%@s"f e PUTY- a 2

WO 2004/ 084299 PCT/ US2004/ 007464 nmask | ayer above the

Sulystan&hee axe&pldry&ﬁbcﬁlﬁﬁeht\/rahtys teh ebh&tbf Tdﬂlﬂméfﬁﬁlhbwl t&)(cﬁhﬁsotaﬁon regions in

a serilc%gmctglplg %)lulrh? ﬁlet%g'ds %%1(1% p?o%d\llggta@lard ﬁnﬁ&e}%}é}? aﬂ)ovgghe sermconductor layer,

proviging ¢ RhQEEesiptdFyA ah@‘fe tthe ane ﬁléf'éi%}YPF 0 gelestitsbtrpaqving a@rtlorts laigthe photoresist

layer |1r£)£@btbﬁkﬁ$grapﬁlﬁ prddestl MBe Betif@ Eﬂr&‘a&nﬂ:l’lﬁ&s(iémcﬁfng Rhak mhsﬁYa@Er at the
erature Fr OCGSS

e
ol g LN [ AGD B4 G S BER oL R ondctr
layer [irgteiren¢has, pigecotveringtheenibfmat $eaicondystorlateeinto Bn déde liagn &t theetrenches.
exenpl ary enbodi nent relates to a nethod of form ng

Shatd Q¥hdr Eﬁﬁﬁl@ry'eﬁ@ddﬁﬁeh@ﬂat@sqg h Ql&ﬁod d# forfin %5 maapﬂ 2] qy&fl a germanium
ar

contaﬁﬂéiaé/ert ]H:Eelgegﬁ;{:dlgrg % é%%ﬁ\%ﬁlg}fg{ng %flle g«lrrn wwatalamg?yer to f01>1/n t{le trench,
provigihpt emesidgttor lgymn tha ergteinta ey thrapethtureysfcebspané formiagich oxide liner from
these%ggog&;cﬂoyﬁ;,ey renmovi ng portions of the photoresist

| ayer in a photolithographic process. The nethod

further includes renoving the hard nmask | ayer at the

| ocations, form LN the he | ayer

under the | ocati Q‘ﬁgﬁg’ﬁgeﬁﬁ’ifﬁ@‘é’ coi ?’BW&

sem conductor 10 layer in the trenches, and converting

t h&xeyohfyomyedimgsilt braeturonwe full pyrderstbeiitipmehe foliawihg dbthilve description,
taken ilcohfdfetibi @ﬂpthcea%eompx@tnc @ﬁ@ﬁlgse @he@éﬁ@mlrﬁ&ync@mglslmgtto like parts, and

Her relates to a nethod of formng a liner ina trench in

WY ger mani um contai ning layer. The nethod incl udes

sel ectively etching the germani um containing |layer to

f OFIAUREd it ¥ @pretrctiongvewisdiemgicalragdngiof oprdiro by sillcarygrmaniym substrate
1ncluc§al‘£geaos¥r51%(§hlcér?2?@ Impd%dteﬁi eedglgltr#f:ag(nl e@%%?%hoé@%?t 1£}Qf 1ma<!’<l:grdance with

Xi [ u y

an exﬁﬁéﬁfﬁ%ﬁfi SF?IEWWW%“@QWP%W enbodi ment s VVI I I

beconme nore fully understood fromthe foll ow ng

deFAURER ideges-peptdnaview of ik partidnillisoatgdunCGUBR 1ishevring shographic
patterdRE QP ANYiI Ng drawi ngs, wherein |ike reference nunerals

refer to like parts, and wherein: FIGURE 1 is a

o BRUREG e Rl EoADT At PO UG RE R b e

etchirgistep Gothe haymesk layer; oxi de | ayer, a hard nmask | ayer and a
phot oresi st |ayer in accordance with an exenplary

€ ﬁb@ﬂﬁk@&nl a Qbss- RSV QW tht FRER il3@ltil BBURSEE ! showing a selective
RE 2 is a cross-sectional view of the

etcm%&?e{’ %Bﬁ‘ f”fl?le Yffated in FIGURE 1, showing a
lithographic patterning step; FIGURE3 is a
cr BSERESAY 4 aesabectidndwicwfof thiveoriyo itusioatediid FIGERE dtsealvingn selective

etcmr@S@JBﬁhgmﬁl@@mcglgl ~selective 25 etching step for the
ar mask | ayer; GURE 4 is a cross-sectional view of

tion illustrated, in Fl GJRE 3, show
Flggl?{tﬁ\? S a cross- sectlsonal v}ew of tlhe portlo%{lustrated in Flgm{B 9, sgowing a selective

etchmg step for the germanium silicon substrate;

FIGURE 7 is a cross-sectional view of the portion illustrated in FIGURE 6, showing a low

temperature liner formation step;
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etching step for the oxide layer; FIGURE 5 is a
cross-sectional view of the portion illustrated in
W(Flzmz%} showi ng a seI ective et ching step fRCT/UBI04/007464

licon
or SRR} hsreunra ot @°r5%5'r1{§rssﬁedi if FRRURE, wavipp set formation

step;FI GURE 5, show ng a selective etching step for the

gernmani um silicon substrate; FIGURE 7 is a

C I‘ QETERLE & %’ﬂ@}!ﬂl chl@éﬁ’a m sthg'\%né)é)srhgﬁo%ehclhl 1%&551&&&9’% kR the portion
st E’JFI[? ow tenperature liner formation
lustgape g 9 %ﬁﬂ2004/084299 PCT/ US2004/ 007464 FIGURE 8 is

a cross-sectional view of the portion illustrated in

Fl GIRERE70 isshvooss-segtiodal giivechbodtivetaiving of Sfoetn ofd sHdbFgeSnanidm
subst?ategm{ngla stMnQ&:&thﬁ ?% %%ﬁ&q%vfp ghe@d r%&?:l E«g\g’n& d p%gtggsmt layer in

I sol at1on process
accoydineg jiigh apother pempiREy emoqugenéof@ nslei*&%w §@eft isQ#tian (STDepoess;
schematic drawing of a portion of a silicon germani um
S UIDETUREL 1 id avedssigitivgal die® tof @é freibn Sliubta0:a i FIGYRE |10, Sidwidgia teographic
pattelng% a hard nmask | ayer and a photoresist layer in
ordance with anot her exerrpl ary enbodi nent of a
shal | ow trench isol ation tI%STI process; FIGURE 11 is a
cr SEEIRER s agrrat-seioat visw of %Pop‘éﬂ“fl veippted i} FJGPRR{ b ghopips a selective
etchifrd SGPRIC tht Bard mhGwiya a | it hographic patterning step; 10
FIGURE 12 is a cross-sectional view of the portion
il .
st Igﬁ}ffigﬁ%?sh eck'cﬁa %Jﬁgjﬁgvjofa ?i&?ﬂ&qgﬁﬁgﬁiﬁﬁgbkﬁ( ‘1%2 sho()v? gas ective
etcm&gr%@r%ei‘lflﬁﬁﬁr view of the portion illustrated in
FI GURE 12, showing a selective etching step for the
OX FUBREaAY ey, crdsd-Eetdfimal 1w ioBth@poeiod ShistBed il FIGERE V3, twirk a sclective
. [ ted in FIGURE 13, showi ng a
etcmﬁg@ goqlfh%é@aghfgué#gweﬁg step for the strained silicon
Ia er: FIGURE 15 is a cross-sectional view of the
poFTGURE: 19 19 2 patst-septioqel ivigw of g retion flustegte il FGURE &4 phowing g eelective
etchi®d s&f ifdd the §ErBMidnOsilidoh ibgateani um si |l i con substrat e;
FIGURE 16 is a cross-sectional view of the portion
il . '
e oo R kB e R 3 DR ST B B e o
Sem“i?fl gerstien 8 tion il lustrated in FI GURE 16, showi ng
a liner formation step; FIGURE 18 is a
Cr BEBREAC isla@iad-seutiogavet of thepopdh liu@iitet id RISURAL & éholvihg a liner
formgllogtJ%E 17, showing a selective liner renoval step;
FIGURE 19 is a cross-sectional view of the portion
illustrated in FIl GURE 18 shovvlnlgatl_renchfill ) .
FIGURE 18 is a cross-sectional view of the portion illustrated in FIGURE 17, showing a selective

liner removal step;

FIGURE 19 is a cross-sectional view of the portion illustrated in FIGURE 18, showing a trench fill
step;

FIGURE 20 is a cross-sectional view of the portion illustrated in FIGURE 19, showing a gate

formation step; and

FIGURE 21 is a general block diagram showing a shallow trench isolation process for the portion

illustrated in FIGURE 10 in accordance with another exemplary embodiment.
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25 step; FIGURE 20 is a cross-sectional view of the
portion illustrated in FIGURE 19, showi ng a gate
WO oronmsd2on step; and FIGURE 21 is a general bl BCRUS2004/007464
di agram showi ng a_shallow trench isol at rocess for
the portion lllus’%T (L& p dﬁ%ﬁ%ﬁ@%’éﬁ%rdance
with another exenpl j METS WO 2004/ 084299
PCT/ US2004/ 007464 DETAI LED DESCRI PTI ON OF REFERRED
EXEVEIRRY ERBaDivENTS: ieiCURESnfa¢titing agite@ated diggt ({Qtieacgordance
with AREBRMar9 Emlﬂﬁfﬂ{éﬁta GhdthdiRg i1RGrateBiEaEBREM: Gilok QM' rbdubds @rmhlpum
an_exenp Ian%Henbodlnent The

ous P PUT G P e s GEEG B8 SRR i o cn
be uggdiingakdow gerainigolgiot (HTDfpusésoor apy @ie@mBuASSOldicad @i and iilizing
germﬁfullrh G%egﬁﬁsrm&' ;HJEE o%%ﬁém;?;gt h%L [eﬁﬁéuﬁﬁr? SAdv-em?g %[?1? GRS oxide layer

be used in a I SO
Canbﬁrf%@%dsaé logy er%vtuﬁﬁaa%@égrw%dﬁhuqh@wam@ w@r goema@atmaiay For the
purpored df itz Ienﬁgjdm@&tr dﬁﬁﬂlbeﬂ RRitD Fefeddnbe26 FIUIRES a0CE0P Eeﬂﬁii&attl@ process refers to a
JaAsS at nperat ur e nt ageously, a
pmcfgyé]er o{i(% Y graer flt(‘g’an eppfommatea'%gélél ow t enperature
and éet pr ovi de a high quality oxide with good
c o Aglering [l HIGYRESHghrogghe, a quess-pronmsl visiv of higoriemidd di amemdgrated circuit

(IC) deREiFated ePbriWn D is 8 R f@)?)ﬁ)césg’ ldﬁl(@dBEﬁ oilio Borm @ sllaﬁW/ trench isolation (STI)
rgcess pe rf

enper.at ur.e proce med
sac¥ REHE HIRIBG AR O B0 e S iat ey e 16
proviedf ayverrajsergjcandnciel GUIRES 14 ort arpeipiagihm Qontadni gl ©8Sor Substtate0 ISadstrate 14 can be
providé@6RE s@s@ri on 12 of an integrated circuit (1C) is

i I I ustrat ed. Porti on 12 i s subjected to process 100
FE 125)1 ]o an | ow trench i sol ation

t r Uery ' ‘IBB?fta &) P%%OII lﬁeI“d’a Bovidet visuparaiedas thiéottom-most layer.
The qybodiinete desoibed with refereimi RFUGERES O showvy @ subdifate 1Ly @ioutlGubsgate, such
as, sJB&QIé'lg @ﬂGQNl@ [) b@ne§tﬁ II‘ %tha%clg QUn R ltIE§z¥n§ea}1]ia?erig'lélrj %gitff%gr%t énatirz'l-al than

btga mepi um cont ai ni ng ‘b’o%er or substrate. I
substialer} 4 onq EnbadipgAL HRITADBE? ymisonsugiergebsiraiepuchay p sitigog substpg upon
which glicop garoandim sabsctatp 4 liak bdan Fdwcan be provi ded with

substrate 14 as the bottom nost |ayer. The enbodi nent

d e?&ﬁbrbﬂ@anv\ﬂetaﬁy tg/[% ?geﬁlﬁg&lultgr d’é\h@@;&tﬂn Rggof mﬁgﬁ%&anry { the various

substrate 114 w t hout a substrate, suc
semicpRiuetey REgegses ehs 4 goppfpmeptary sﬁ‘B’s‘tXIdafeéH%duetaﬁCM@SI precessghjpolar
procenmbetticademoondactd ipfob Q4. ettionad Iea[‘ylbabn dnbi@nc O&Lihﬁﬁ)ﬁ atta@ 1d,4nd may

1nclunl.Ierllnqnﬁuo@|gpecl)eQﬁﬁ?JH)m%o§l ?&[1 ate 13 is a sem conduct or

substrate suc Icon substrate upon 20 which

Si I i.con germani um substrate 14 has been grown. Portion

12588 IR IR EIcRT earAt R it fuiconbigotimaterigt inglestingi sepmanium,
and chiterdegfl withhdee ddpaims oanlytyp&fdoﬁaht@ SBStia@ US can HE A HRXBURYeD provided on a

semiogﬁd?lgtgxso‘? msu%aH&e%&%/dg% a5 Qurggra%qg n rtqié/qnore s%stra&e iﬂs preferrably a

sem conduct or proce
compggitipa pf sdlicay %?HP?(*}{H&%(& X ﬁmw@ssx is WWWM@ avd nb?ee geperally in the range

of 0.1604)i L&ed 1€ cafbe@rop@bidepRicdf an | C, and may include a
mul titude of electronic conponent portions 25

SURSHE @lrSaibdhe 18 Pf4ef era0 %{a
sepsaed J)u Clt 8nr € ga?wn albgve ‘T’aaer 18 gbch i é'n pos1t10n M) using
disilane (SiyHs) and germane (GeH4) as source gases with a subst1ate temperature of approximately 650°C, a

disilane partial pressure of 30 mPa and a germane partial pressure of 60 mPa. Growth of silicon germanium
material may be initiated using these ratios, or alternatively, the partial pressure of germanium may be
gradually increased beginning from a lower pressure or zero pressure to form a gradient composition.
Alternatively, a silicon layer can be doped by ion implantation with germanium or other processes can be
utilized to form layer 14. Preferably, layer 14 is grown by epitaxy to a thickness of less than approximately
5000 A (and preferably between approximately 1500 A and 4000 A).
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and can be doped with P-type dopants or N-type

dopants. Substrate 14 can be an epitaxial |ayer
wWEe@viogled on a serri conduct or or an i nsul ati V€P©Hﬁ&2004/007464

such _as bstr at Furt her substrate 14

pr ét SRS EJIC%P 26 d% S bt et 1 B SRR P("é?ribl& layer 16 is
grovw@dx CViRhes lempératise efpppraioarit @D dled. am@r 163am@ragure silicon layer and have
a thiGkBRE bt el apprwrﬁat%?ﬂga%d 1 0.1-0.4). Layer 14 can be

grown or deposite 30 I'n one enbodi nent, layer 14 is

gr wn above | ayer 13 by chem cal or dep03|t| on

D()l O%If% or o¥idg Jayes ARis E)Ingéq%J)‘l layerdo. g]gﬁa’ﬁ?éﬁ & oet@m}ayﬁrsw is preferably

therI&iliM goen gasest sWstrdle 1 (6 ulhRkieator bdhedap Spkifa@ly @00 and 300 A. Layer 16
serve‘r'ﬁl RP{ %&J@feleénx ca%%g 8erénr§l%y gg+v‘§n| nlrl g Qo%ve?l%i gn%],lrh?glgéeomﬁgét%%rgreocw P‘Pr:%eatmg to
aPPf%ﬂ*m%?ly 108951 ﬁ? Hg@ropmﬁ% etmsph@m éierrmmumwytdtﬁ@swrmr Pitgas agpgiopyproblem at

tmsgohle&@tgmﬂ,r&gncegma}@ﬂger natively, the partial pressure
of germani um may be gr adual I y | ncr eased begi nni ng

fro ssyjre or .
gr agnllaaérﬁa ?%rﬁ,ﬁig%}(ﬁ?yer is pé%w i)vgf aygllg Ergferglg}/ In@%ﬂayer 22 is silicon
nitﬂdeé&é‘h) revided et adogkeds tf;betwvm apmphramlmao oml MG A bygedepssition m thermal
grow@f pr&:%sﬁ epreﬁ@faﬁ? %@%epﬁ’ls H@wdeﬁ 'id J ¢\§§6i gt-ogvtl']c [Qgcggs | AYS prélséure plasma

| S grown a
cnbaf BB M opgen Eﬁ?&ﬁ%ﬁﬁﬁewwh%w? yﬂhzs% o ey therml e
procgss wing i dlohyrofiletcewSiEsClLA RpIONh (NH;Bdny nikb0 (W) anxtire DR g]A)smpeSatme
(e.g. %%%Q%Qﬁ éa%%g uf g &ﬁé%@l%ppog%ég)?depﬁltﬁlg nfff}ldg) gs(eis s?la el (§191r5 nitrogen

i's forned bove
(No), 6?%%%%“& (1572 itk apsvgr of Pedyresn anpaoxr%ate@f Aepdisy w*aatalpo % An ammonia
(NH3) slapesat,/m)eniire glagdans Ioﬁﬁﬁﬁ liya I@Q@QS&II'IZHZ S &viatel 8YB Eonddhtional CVD or

re.silico r and have a thickness of
gmw&l %gsgﬁg’a%glﬁ%i?%ﬁﬁ‘% eTSQI %ed}ignd 150A. Pad oxide filmor

oxide layer 18 is prOV|ded on layer 16. Layer 18 is

opt RBprgtesist [axgF &4t is piginjos top plopask laksir y2. Breferphby pheforspisigryevid ivany
comhe@dialiy favasibHdSitlin@biRlechb@vt ghoRrekiktis@k Bﬁ(Sﬁlplg}f C(bﬁtM@ﬁS’PR 955 (i-line) UV5
(dee; f ?&(#I?;gkgér ngl%g hotore%s:% (I')atyﬁéil is s%?c%vegl}y removeg v1a éloto?%ographlc process to

leavecaeﬁty@ﬁ #4ip ﬁ(ﬁprdmc@'ﬁltttaéf?p 02 FITURES @ﬁ’é@@s W unemattﬁg 2§.dn FIGURE 3,
maskapr 224d oAt BVid/a PO ingl proc@l sdKa %ﬂur@s‘tmmm@ Iaycgqg m&!oiﬁ!ﬁ}we with

s S 53195 s R B il e
OdeeHa}feuz‘!rréwr Heappebe spRpadafiglaywizd édichader oxi de | ayer 18.
Preferably, mask layer 22 is silicon 10 nitride

( S[[I&RI@DJRE B.Qivd B8 Proddss i ctaklde8 RS &r&h&h ﬂ%m%e materlal and layer 18 is

censf RO PR ARl o Reu & By Bhabp 0P hiteiey By BFOwsE D Laver 1
can bp etehef d]eidh‘}{ qtching OVEsH rAligmgingly, ogreot@dss fechiquawardfeagbagd ®,remove
selectRdl FsiRs of SV BARC BithiedIBMyeAds (MBRRE 19ER8S e hb RMbdedPES R, ox1de layer 18
rocess can al so be utilized. A conventional thernal
isetpidt ride process using a dichlorosilane (Si Hd 2),
amoni a (NH3) and nitrogen (N2) m xture at a high
t e MI8EERIEF,ehe efck pgeess 16GBZedo eah trosph glaxnn P eridl SttaineBhidicon layer 16

can b&> {?) cef hat apertu e
an b %ﬁf_{m f@{agfot?crﬁxg 5 ew?]tﬁ :all- %Q%Elh% f)r@&ssrlg F’IYTE#D g(lgta Hs ﬁﬁe?h Lu%ﬂ'ﬁit 14.

et ween approxi mately 550 and 650 watts at
40%@%5 R A 30 oy 3rr PSR o fglow rench
isolatjoh stgxt@res BscopPpos @ith 4 Tepd 0NZ/ PB4 BIOQFIZHRE 85 SG€ ratiet prafeiably have a
w1dth%91@ééﬁﬂﬁlh€trd “ct’flat (g’\r.(lggrt%s 349 I—I“EMenchQJ p%%&?tﬁy ha%aepdé:gtﬁ QH)%%en a%grommalely

ot or esi st

1500 g\ Oy A ?F&§RV1¥ %‘gf@rwé 20 anP@FSé«r Hﬁltsynch?ﬁﬁa‘t f@reeaéyangmri@dy@fs spgtional

shapel vath @R Yiarr (@ FvR06 bahd ay thavdiomaDhe@ mbodihdhediQtsséiead rdfence to FIGURES
phot oresi st such as (Shipley Corp., MA) SPR 955

(i-line) W5 y
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20 (deep W). In FIGURES 1 and 2, photoresist |ayer 24
is selectively renoved via photolithographic process
W0 004l0829% apertures 34 in accordance with a sPEpUDR4/007464

-2 b B nallhs PEBERRS AUSL B St s %f‘srﬁ%ggggm a dry-

ry-e
e“*“%"f?Cﬁséfo fafﬂb‘¥t Roghes. 4bsrré¢aé‘hcaa ker iehed lathe pante@tep g layer 16.
accordance with a step 104 of process 100 (FI GURE 9).
Théltbhugk ésaihédng b@ﬂmﬁéﬁ&in 4 Gy Steﬁll%q{rdcyﬁ tl‘ize?‘rre§dll_1és| i 2fcé)‘rrmed in any
procs SldonShink BRRSEo bfer 18 B e i e e dnches e
P rov1fleﬁlé111 de PRY Hrosgidaysr J4dgo @hﬁ‘ﬁ@ a3 lﬁlt‘}‘ff@'ll\@h thdrogorg bif thd theh¢hedmssociated

with aj;remxzscte nﬁﬁi:i?l(ﬁ Fehdl sub’@ﬁe?e i3adé§5ngl%§uﬂo§ the ﬁﬁcgmaggof %a?ertlk' aﬁ1 . embodlment in
I a I n accordance wt ep
" 1‘°‘?‘“’3% HEERRT IS 58650 b ?ﬁﬁaé“@?f thap g &pnoheg assecigpd B arete
etchlng process. Alternatively, other etching
t e@fﬁ%@‘d%%g lipaan38gee fonmied inztedretichesragnoing! wih@beRie€®H. Preferably, liners 38
are o;ﬂ@r@ b0z o0dxide @Ns@[coﬁ&ommgth{a%ﬁa Jm (jlg(yvf{emée%at\%gprocess Inlc)ne

emboiAD tql ok ggp et before or after ox

et Ched ™ 307 WhErtpR gty g0 g 84D Jihisk esiereupsoveprhwgréhp fotiom and
side waflpf thetnersh gl o8¢ dnibodimenadyeds R2ind 18h& &h;rpe&ibe‘sdlé ﬂhé:faﬁnalnat/&ﬁmers 38.
Ina pﬂeﬁ:ne@eﬁﬁbo@ﬁwrﬁ qm §§jan|d B2 A€ ﬁ&%g&ﬂg Snt at{er he rencI%/ %arigl eldn 9

process so that apertures reac
strate 14 is etched through apertures 34

b

o TOT It BB G 26 d1eGhE Flbme ey Sofiat FGORS 5 being
formed py gybstrate d4 ol The eatfodiamna @istisdel wath SteRRce WAGORED [QLERSws liners 138
formed O1afeF 1G6 RS, Qédlzﬂh% fs& eferably have a wdth

cor?espondlng to 5 %?%ngér?%res 34. The trenches

pggﬁerabty have_ a depth of between approxi mately 35

mglﬁfa 0 @Wbﬂdlg% hgerWSdaqu‘foqgfed @, aq gdvantapgous plireyiioldt dighg ozone

(UVOTYprecetsr énah esbodarnthavien &2 itlﬂam%zny tfiathes%s@éi&ecﬁﬁ@ltabé?ﬂék 34 are
prov1c§(hﬁfa§ o%@n%tﬁd@ﬁm@ Hd's Iteg t%a{y'%{rl,t ]gg% rflgong e ola &jt_t%ﬁgenclbes upon

bein % di ment di scu er énc
g V@”ﬁ m%‘glr‘zrg@t tpéorp erszt)@wewm oxyrgm@lbmhmmm\emmmmg 2

wavel(z:l‘a‘lﬂn iofigpp@xitnpaly & 2Xingd iﬂnc@ﬂbfﬁfc& 'tﬁeQﬁ&ie Qﬁﬁjnde%g@@&}%er d@%&sﬁt@k ® form
additioh alo xVde i aving a yave D >
LR S . e S

formthe
sgne step as |layer 16. Al though described as being
et ChemiF ﬁxyﬁe“dﬂr'g? A SERIERGdiBing assats Both Aemic peyzeted omanmiyeeact with
the sﬂlf:anamsedatedwlalne)yer llgraﬁ);ﬂcﬁ&@eriﬂ totra] 8 r(;%l@%laﬁf oMtthlgﬂ gnels 38 are shown only
t t
with la%? ]4, 11H£r§§3 lpal eh%grown o1l 5145? ewsaﬁsa esogla t? Btlfhggyrgaiéﬁd Eéqnfplaf}h[év%ry)cesses

apertures
are disgussed) uglirltrda%taérs Paignt Ne. 6sh§§>9,ct1naueé td Baccal on émnay 2,201y Ang Rehnique
utilizing @yt WD @Ehnigh€cah bERERR GBI & AL &bk 1r@ﬂ§i5% %ﬂiu@t?negts of UVO
mwgl h enenegcrpesubstrate 13, dependi ng upon
(k ess o?n}ayer 14. In an enbodi nent in which
substrate 13 is not provided, substrate 14 is deeper
t RArnpgraustys B ENEProgsssis e lomtteupewiurdpr @pRthertbe Rddthg gbrManium

outdiffitsloEUREfeBbl |thd'IW@ 38 s58d X °
e y prédess &rfi&%ﬂﬁq g‘pger%tprg of E§ ﬂ{e‘ipﬁéro 1m§i§ly 600°C.

t
Althou%Saslgxg e?naeera l(tre is utlhzeg %.]gfr ity 3% gpad gﬂmpgt}b}llltyclglﬁrs 33 esn p@]@;yduced Ina

most prgigfresreipditent, ,rhgdwcnerapetamm fr&ng &y paifatined 40h @&E&Sure WAl RIK, 600°C
(e.g., bl®v sy¥t0di nent, liners 38 are between approxi mately 200
and 500 A thick and are provi ded over the bottom and
Acor “”%m the trench. |In one enbodi nent, |ayers 22
AaOTHE Boly Fr‘b(%@trmbae?ualrfeqreﬁe REPPHEPESMD Bfocqss ia gtilizedg form
liners 3$ #f agenperafuerof butveemippohiimaaly 500 aay 85(8C. 218retaﬁt€1y 2% cRdnficalAbor
| 1ed. Liners

deposm%ﬁ ﬁrp&&queH?rHeh a%fl(;wetelrlpaera?urg (% pse%n ?(g)n%) aQréunhéqsIS% agﬂpz gases.

can be
After tht: fpgyauap ef aZRoRe 4 q{ch]a@;cJREln&rsa% dagick gpid il@MeLhn@N(RTA) using an N,

substrate 14 only. The enbodlnent di scussed with
reference to FI GURES 10-21 ‘shows |iners 138
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15 fornmed on layers 116, 118, and 122 and al so above
| ayer 122. According to one enbodinent, liners 38 are
w0 oooamghi2dn an advant ageous ultraviol et |ight oORONES2004/007464

s. In one enbodlne ort] di ng
it § P ERES B ees St e TR LR G S0
apprqaim@iel ycb@ decbmils.afipplixayite e ved than hp et elyeshatt RTW i &idl Glottc@use significant
germ&”lM(ﬂlelf@JsﬁLonu ALy | N one enbodi nent, the trenches

upon bei ng ex%ose%l to UV |ight react to form ozone

and atom ¢ ox n (0) by absorbing W lig

h a% Hipngf %WW@K@{S@S &1 ba Ry Abtteniy l21g Semwonéﬁe‘%) technique.

Prefe]faﬁlly,l’fHﬂAI hi daequz@lfmeze@ armpadas gioplﬁrgﬁﬁlh%y 7@g® @mhrltelamxyen
r tional atom c oxygen sorbjng. UV || .

semorg ST G Bt Gpooaie s D P oorrer AR B G feimiaue
in whiph 881 aml @ gat fiovn gre ebcidiclyi tigpd @g emwitoff (Biked) fartbetwean apprydpeately 10 and
30 seBJafs. 0zone may react with the silicon associated with

I ayer 14 and/or layer 16 to form an oxi de |ayer.

hq hI|n 38 are sho onl W th
h’esP@%? ‘i‘i“%“o hBeéS H‘%%é@‘g{}\&‘f‘lﬁg P*éé%%zﬁldﬁfieamn (HDP)
PTOCEWI sirhilaf ‘ayf@ICVmHOC@G Gfmlsﬁd 3boldV/CreferdlycthS&posdon po@sses do not utilize NH;,
msteﬂlutﬁm%@aqe ) te@a&ﬁg bégg%&ﬁc Pﬁﬁ%ﬂp Ness ﬁref]ﬂgﬁé Ribed sHEUEHO, gases
to Vaccari anuar tec
and atﬁftﬂ?PFliatleer?@beamn W@Xm@hr@p@{@é 6&@ He HRP| plrcrczse dtiligeschéph &I mgywer (e.g.,

betw&@aﬂp@xﬁna%@bl@ﬁbmmm'w@&b udi ng adj ustnments of WO
ener gi es and oxygen envi ronnents. Advant ageously, the

te r.oces t her o
PR REEE Bl it SRR U RBRGr e st (e Fomt i e
trenclips ge@ted jwigh greﬁﬁrcsr%edlsmlvmﬁewb@natrmreblmhcloe@sxldewawsued inaCVD

proce@ao @fe%b Bﬁiaﬁve@%rﬂ 403Qief¥siked Q{Jagara@thirl&yo;lﬁ%@ ?fE'ﬁS!)l ﬁlgcekss
al i conpat.i bj | i

and go I i ners
e 6 (oG LA Bk PGSRt G Pk s e 401
prefetablg bdtvéen tam)rqmma&lmaoeo i BQeSshitls performed at a
tenperature well bel ow 600C (e.g., bel ow 5500).

Ac ﬁ]@JlQJ'V@QatErQI @ﬂ?&ﬁ%d @m%ﬂgﬁ{}hn% &tlij@{) sufrfﬁc%q};?]ﬁ%? Y6 Bxléached The
ocess is util form liners 38

femga? Vﬁ??ﬂétfvafrﬁiﬁgal 89 et Wls mpatgiia) ke Wﬁfr@cvs BERS kA 1B sottufes 34.
InsulfivehaeraldOycan tehenabdly agamhbey afraippidHordepios prodedss. Prefcaiysinsulative
maqefwm hov@iald? Gfure (e.g., less than
e 00 eanoT utrlrl |oz‘esa§8| Hfd;}rﬁ ﬁ% gases. After the
forrratlon of a 200-500 A thick layer for liners 38, a
qui"eR® TR B RETC "3itHE 4P Sdpepaikd afger fhgy reghepgre foymegigand before layer
22 is 26pdd. (B4 29 9atiRChAISLIO Delis R0 ddkbhed wiiliayent2 is Sacpelr Laferreel arsit1s can be
smppédll;lggg,eerggn et ween approximately 900 and 1000C
(e d500) for approxi mately 30 seconds. Applicant
bel | eves that the relativel short RTA time will not
c afdheuah el ig AT in SR %ﬁ#"&ﬁﬁ sgielestistugsrforgied within the trenches
(above tht @@ sSfarkgand bifle syeidcesafl Biiehbe38) te B GirABIHF JayérilB@iisslat38 ne@fial 40 may
» atom c | ayer deposition (ALD)
siop gtoﬁgﬁ’r%g}fﬁ%g%gr eferably, the ALD technique utilizes a
erature of approximtely 700C with a silane _and
OX9 sl ﬁtvﬁﬁ%tﬁlﬁ’é%) is prAtleEgﬁrdIP%lgenfh@s zgﬁ)méti(éw;ﬁ} agerg}lres 34, a gate structure
44 capbOElide® Mliate sBruqduié &B:aﬁ:bﬁﬁ oempﬁtioﬁzﬁe MDSFBT pitd dirict@é] sichbs, b Metal over

oxide?%tpst;ugtﬁllg Ig @)ﬂf@lhcdn%v \Mgmge ag %n ‘iin ne e%?()% felnto%a\’%e sguc?ure 44 is

ternate furned on a élg
compEissh Pf@%@nntﬁh{ner“yld% tiggpigm nsloiegeemﬁ tor fopmegtby p plasafﬁdﬁmeqieposmon

sputteB AdEdhhigRN Durihd sﬁﬁ[eﬁr_lg;%ﬁitr@g@ﬂ(l@faai Qh BBSloVided @ g e 8Bliab Y nitrogen
compgslltl%g’ (r;rtqhe gale%gnddq r.O ’ﬂug llnc?cﬂﬁc(atll_o% n be used to adjust a work function associated with
the gate structure 44. For example, a 200 millivolt shift in threshold voltage can be achieved by adjusting the

flow of nitrogen gas associated with gate structure 44.
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10 process simlar to the CVD process di scussed above.
Preferably, the deposition processes do not utilize
WORB4/08420065t ead utili zi ng si | ane at a tenper at UPET/DE1004007464

70 DP utrlrzes Si H4. and 02

g ag‘g%UlEkel 8 '_furoutgg %g @Ps ]a E tHn% ﬂ%";@f%f@“&? (Igbre accordance
withgrphepBermlarTéraboiBRntp r@oma umtrare¢ eFIGURES RRrpEeT reduces germanium
outg{sﬁnQand outchﬁﬁs% %f&bl@]ﬁpa{s%llatg@&lﬁi s\fllcglpé%gnaﬂﬁgl FQ %es\’\@ﬁeg?()c%s[z !:z{ﬂ be used

1§U g ayer insul ative materla
ins Splsar b B T%Igféﬁe“fsaﬂér RERCSHE TS € fier 95deane pilisiag germanium or
othelassls@cqeatoedto\mgdaslagm hibiie @erafide. Adv&tﬂgaihkly Q 1iIRbLRAA 1&)er 4Q be formed
from!amotiek ﬁ{re? foﬂmd%t I%JNl m%grnturg {j prov1de P sg)l?%h qudlrty %dae wg}rlgood compatibility.

process. Preferab
Low &é}ﬁﬁfétf‘fﬁ & the ﬁm%r)dtn@mrdaserswmrl rerfﬂa@pq tp ERIURES TGS 2 prrperetsts below
appreéMirha@dlyrebICY Sin)glar S&u@@és@iﬂFI@@QEl Y h—{@thiﬁre &Hllh&tgf&ergzla lfs}uq-n%(r)aqsaﬁ] §@ng by 100)
ss,can be nsul ative materia
0 th‘p!trgrq““”s AbTy e %@ﬁﬁkgé(??%xr mately 2000 and 8000 A
thrck Insulatrve material 40 is renoved by
polResHing g FEFERISG anhali 4 cregs-gegipngliyiefaf @patfion| 143/ efan hEgiagd circuit (IC)

is illuseadah B&t1onﬁh2 (FIGORE, m\é@ ecfll tol prsiih 8ol (FI@}U@tZ?)rtb ﬁh 4Quatiow trench
mnthrn t he. trenches associ at ed

ol R oA T2 B T MO BT AP oty i acon v 116,
Layep blﬁmpgdngyovar arrepoeduatdr sebbtratepip4 oG gotmagitng bonifethifRHees SbSrate.
Substrif18 EARE YrovildAS @ L 5tQraeBh &L dubdirad 93 | {FRat ved from

above | ayer 16 by dry etchrng I'n one enbodi nent ,

ngul aHl e nmater s deposited after the trenches

are ‘%rneﬁmQEHWB%rar%mr%V$rﬂd?%ﬁrgper?rﬁﬁeanwrﬁenwmyofme
variopypsipicentlicioe proeeses juell asia sorpidniestag thear oxilke sdatebndiator (cohaygbcess,
b1p012r%rdce%s sl %gmcoﬁ(ﬁytgrrp?ocgsg ﬁd?r?onlﬁ &@rﬂ)e Qr? nt1%§C %{1 ORBS gf ah ?C

rocess t hough mater| I'S's
mcm‘%f@ﬁﬁ% %ju gel‘ifg?‘ﬁcg”a‘p%‘ie‘ﬁ@?réo@t ructure f or med wit h| n t he
trenches (above the top surface and side surfaces of
| i Aesisie3dy ispofeblyapilisurgapsiuo br dtl&y@mlcﬂnﬁluctbﬂ’iﬁdtﬂrlaltlﬁc‘iiﬂmg

germm ﬁddQ!m %Qo&@%&th B E}‘Bp dc%tmt&r E\lorypse% aLt@C%ngate lllép ﬁm %e an ep1tax1a1 layer

er insulative materi al
pmv‘?"r‘ié’ﬁ B FESOMRE at Bylaliye e aet Eﬁbétsatesl& Flathga@@ substrate 114 is
prefembly & cdnypsition 80silibdn gananke (Bif Q@0 @bkre XoRtafpr&dlithdidi MIF d4dmore generally
theG&H3e 8919608 % R 194 R Ak pet Y

" eaﬁlrérre\et al 04\§/er OX |1 e?ag g‘%@sﬁ uc rﬁ?deca?)ﬁe S‘““F“ Si S\lbs%agenmdg\ﬁ/rgp RE D).

OX|deI%ate structure. In one enbodlnent gat e

st PG dlicen laye 1L4afsrpedabrvetaye Hdwen PritisProggse Prefrably, layer 118
is grotvh @V BNandripeiatie o@ﬁﬁpﬁ)xﬁﬁﬁﬂlﬁowo or 1E9r DAREk lbycaﬂ_bmi pdWdicon layer and
have ytﬂ@ﬁ{essg?@%leﬁ é {emm%&l};%kl%d 196k, techni que. During

sputtering, rogen gas can be provided to

nodi fy the netal and nitrogen conposition of the gate

c o?ﬂﬁl@@@foﬁﬂm o pide laygrcfils is @arrl%irrméaa?r Ipe Laxved1fiportighal diaye 118 is

preferaigy therfnbillyGikdvairon &ffs)S)Dﬁlbﬂrtale dlSM) b hncﬁﬁi:sstdﬂ @ppﬁﬁtnﬁite@t 1100800 ELayer 118
in thres

serves4a€' a blF o laﬁ}(manqje ther g éro%n 1n a onve tlona lfuglh empeﬁtuéwrgcless%y heating to

tage can achie I'ng
1000° ﬁrl‘t g ﬁaespaes% Sieireanien Owdtfﬁqmgmlemsgaﬁmtawmet a/pfoble§ &\M@is point due
to the 281D P18PCT/ US2004/ 007464 FI GURES 10 t hrough 21

illustrate a nethod of manufacturing an integrated
rrdance w t h anot her exenp )

ettt e R Rt ot Al e e ek ver 1221
silicory Ihtrlé}ﬂéhNQﬂ_l‘OYIM@t&EthClgl@&S oblrivenn app]mmglarsls BOmprnaMm@bo A by a deposition or
therm#&) 'éiodrthfpidéc%h 09%1%19@ |nﬁ£ﬁ£laﬁlsﬁ§ Gl pﬁ;v%gd WM, ok gﬂo&fﬂ rocess and and can be

ructures. The process can be~use
mmhgﬁ%VF @ﬁ??é&%H i solation (STI) process or any process
requiring a liner oxide and utilizing germani um or
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5 ot her substance prone to outgassing at high
tenperature. Advantageously, a liner oxide |ayer can
wheookiosaredd from another |ayer formed at | ow PCT/US2004/007464

%rature and yet provides a qEFalltK oxide with

0o OTHE B Er B4 i LG M Bt BB plgrest et 1345 any
commnesnddadisl iavad sife 1d1msmd&$>eﬂ/' phbtolesist @fck b Ridgleyt Corg-| MBAJREES 939 6-Bide) UVS

(deeﬂ I§;\7)a Irl HEBRE ?f BIF{)?OE EEL%)M 123 %Q£198ﬁb§%ﬁ+%a 9 Qgﬁ‘loto%{h%rLﬂc process to

tructures in sim

1%%&9%?@343& I YPFeante VY a P %@@IGUB% 2D REPraeys 304 yhing gattern 128.

illustrated in FIGURES 10-20. 10 Referring to FlI GURES

10 IIaMdUER ;12 a1 B:S123 BelchadRala di @bin@ brogesda tiat dpertule 2340kach oxide
layer x%_c? % gMSOE r(oces% 208 (1?%&1%]% 2 esgt ed Pg%%lfj%%s selective to
8111602 ]zl)tﬂqe OVith eppnertdo csirﬂallqm\m rlgvre 24 chrsis| saipped afiqr stwr)IZZ is etched.

structure. Portion 112 includes an oxide |ayer 118

p I QVFIGERE 03/ @k edh Sbde@iiehgsd th biSiOtroh @) Bitonkilfide mb@YA bndlder 118 is
etcheg S0 tgat b Jt%gsglg% \égcirhr%%ﬁr;ﬁ 1n§:?gc£(]>(rj or%:% g’frﬁ S u&g‘i { proc§u%0 %GtngE 21). Layer
118 c}x]_bp etchef ipy gdtp elohiigdeatessbdieanatvelyybiker pighing techuigpegean be utilized to remove
selec@&' p&ﬁdh@&iﬁaygﬁlé e GRelREst Jaker 13D (FRATHE @Ncat BeremdVd B&ord BYafter oxide layer
1181 %/ of sem conductor device, or portion thereof, nmnade

f§ ‘any of the various sem conductor processes such

as a conplenmentary netal oxide sem conductor (COWs)

pr &CSERE 14 ihp efclaproqessarabanged to pichotuloegh sdiern neatamidlu Strored silicon layer

116 dah &Cl@ﬁos/ed RRUcbldBe Widida (ﬂﬁé’fcl@r% pﬁ)@es?%ttﬁa'f %ellttg:es%4 @acﬂ@ﬁﬂsﬂr@enlm
f including a nultitude of electronic

ortio Substrate 114 | refera
Si b %@ﬁﬁﬁg o SR SRR e Eant tti ot st n R B ogf shatow rench
iSOlat!Cﬂ@tlrusrdlrengach@deg@rmmsi@m06a)fmfo@3@0‘b@l@m) Vit trerfehds pypéerably have a

w1dt1%ﬁ@mn§m? lo a&l:rl{lﬁépﬁm d @lﬂ%&}{%&es p%f'é?é\biyr h@&eea dlﬁtﬁo&@ﬁ/egxeapﬁ@mmately 1500
ovi ded sem conductor or an

axi a

and 4833051{‘1 anﬁ%h szgéé 1.5 gﬂf& A bﬁ? E Bestfei’cé‘?secml@ve ErAPERERh s Esectional shape
with el lpgtowatpertidilbing 8t thehogdne r'eob krghclses CORPOBAvE btben cdfs-sSdtiohat hapes.
Substga?erﬁ@ﬂl Hartgra{b@ Elcfx%l il@d&y—et\é\@&r p?océs koo PJ tgzééhg?tﬁ!) atg 131 cglplgz etched

I's nore genérally range o . strat
in thegsgpe gepias BT bi¥rt of a wafer and can be SI i I ar to

substrate 14 (FIGURE 1). A strained silicon |layer 116

is Aft@uﬁﬁdésc&b@\aebdxr@yehedhiaddrbwm pejoést, axiradch@reacteSe&med in any
proceEJ sglfta%fe@alp%’wdin Xneer ergu;leEinl 4S It gngMbokaMrregfthe thertlﬁes for tlie 8trenchcs are

era ure o r oxi C or less

Pm“ee&ﬁ way thippeh 1@734 14 @ﬁnvt%@i é{bsvéﬁ&e g ﬁa%at%ﬁlhf lé of

bet ween approxi mately 50 and 150A. Pad oxide filmor

oX ind8GURY &, a ddhBriha lapdr @2 i6l@emeadrin tharye@thedh6 abdvapes 1421 &n dns

gl

embogiﬁkhtqgs%s UZggs?ayfglﬁléJn%l%éor Br me?arl E. e§ 'ﬁﬁtﬁcglz I%e fo%eE'B rl%NXI n)g\M&er {«], g., below
600°Qp 8@30@6 B prefesaplyya laygighat ga@rbef @gdl%?é thfOWﬂrévlatway@ﬁerwé rwh as oxide
liner. Qost frereramy, lidgerg LOMA 1002084 GRRVAEHcRN@cola@h ddpesilResyat W £ a
temp(Qaturg et%ﬁo 9%0(5' %?’%2%6 ugr)ﬁpgsdt cil' olgcfg:oucrgang% w1g‘1n39 X@f or% gré)gessh 200 IGURE 21).

not a pr obI emat this point due to the presence of

| ayleapotg gubogimeair lpyepk26 dya teial of Sﬁ@gq{ldqlcgy materjap geppsited by atomic layer
depo@foﬂ(/AJ_d:@ dt 16w @fnp@éﬂu@ eLeJy&yl% cad BSa sﬂBblﬁlﬁﬁf alk Yilic o RS & chidbe@bn-
amorjl-%z is silicon nitride (Si3N4) provided at a

i'tkness of between approxi mately 300 and 1000 A by a

deposition or thermal growh process. Preferably,

mas#el la%rpre@@.@lyip@vmctiv pigkdlly o the regDs gysociptadwiith apsriree’P4 of layer
114 add 6} 1@@;5111*66113 FndSI2AN a9y 1260is L@)iﬁcrwd@@or{aﬁbﬁaﬁée 891ayeP1280m FIGURE 17,

084299 PCT( Us2004/

00
layer %%93 converted to an insulative material suc ﬁ as a liner oxide material 128. Preferably, layer 126

(FIGURE 16) is formed into liner oxide material 128 in an oxidation process at a temperature of
10
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A photoresist layer 124 is spun on top of mask | ayer
122. Preferably, photoresist |ayer 124 is any
weeommesedal |y available i-1ine or deep W photmEﬁSmt)4/007464
oo VY PrfrEY coretéeion DKt 5P aSrot Db pries Cermaniun
outdiffediady iedoeddyiue © ML b@dervbsacidedpitlaybr 126 Ogefapny, te prtinclaws126as
Convgrggg]eolglgqxgdgﬁl alpf | N accordance with a step 202
process 200 using pattern 128. 5 In
GURE 12, | ayer 122 is etched via a dry-etching
p r &%‘EJBRE &8 tlﬂarartﬂ%fﬁ étatau%eégr efeiiad o gnope gy %‘e mp FZS]?‘.’E’S‘ the top
surfatebf BiGE A2 aNeMatively,hayar 126 e ba.%o@:ﬁ ﬁﬁm%&&facéﬁﬁhyérﬁhﬁm liner oxide
matega]f)128 1%@?1{/1&‘3{ Elneerto%g %ertglgﬁg%%%i S 11‘?’1eer|1 L VetEe t?ench%%aﬁ 4’%%‘1 with
aPeftbfélé“trl pped after | ayer 122 is etched In FI GURE 13,
the etch process is changed to etch through silicon
di oxFideraag ﬁﬁérﬁhsalﬁ&i)rlln@i}ﬁﬁﬂle &diBhek Sssoctite@ R@Blaps @urbslIdA. Preferably, liners

138 Bé% 4udtekl gp’?%%%;‘agld‘i%%ﬁf%fl ]h?g 1alq'?_r Cc? b f %g&gignﬁécg)ﬁéu%t%p or metal
layere fncdneembodimantdingrs &35k amgow@tdeg(ﬁ) SO%Attfeqim &t dng erthlypdimgpthlayers 122 and
118 £4 élgnefo%qm%ﬁﬁ oERM3rshes. Ut b {)ﬂe%ﬁ&'l ebnBodifAD¥SerS LI hd 28 are not
g%g t% S o{ 1?% &%8 Phot oresi st layer 124 (FlI GURE
stipppR il gl B reeipYellBef ore or after oxide layer 118 is
etched. In FIGURE 14, the etch process is changed to
et EhFIGHRBUY lagér{ 12 afiinswutive matatial 149tis tdnke depasited oonlayegiidrand within

trenchle ﬁss&,@aed%h 5%&%91@4 | DsuBE GhAANCR0 WiptelraBly Hidon@idxidb Bosited in an
process B‘@Frt ures 134 reach supstrate 114, 15

HDPlpH)c§f %R;Eulirgo mgtEf q,(gltGéJ Rff)t H’f%fe%l{bé Hnétaatltv?ﬁl%}ﬁ&hmo is deposited in a
silan@(§@t:l moces. ABAnaticelf, @baort phespicdredicroglasa(BERG) prawss taneba otilized.
TnsuthtS0 i i@ oS gr&e Gtshebh AEOARAAYS600%hd dhodh kP 206 of

pr ocess 200 (FIGURE 21). The tirenches preferably have

wi dt h correspondi ng to apertures 134. The trenches

p r SFEEB W%@ I%PIB%V&? by RoHshi e R PR PRI B dyeached.
The ramnelalk@ GBulAivalagkr Bawss ckide naferif) 14@withitok trenebes asdoeihedwithldpertures 134.
Insulgtf‘vg Q?e!? ?@0 &bk 1l::]rﬁt¥lgd l%/ atnrtnﬁf))e? %gsltrg)ﬁlng G'e %ﬁtﬁg Ergc%gsleso rﬂ’?alfer%@aﬂﬁﬂatwe

he narrower portion bein bottom

mate‘tmrl é‘f?dhrég‘oYf’é from ploge 1H3é?€/ 24y H’é‘retcélf‘%s s-sectional shapes.

20 Substrate 114 is preferably etched in a dry-etching

pr &ces smitodinfear imutahie 1iyeeide hegiateSuis tbtariab 140 Iddeg@iteda@er the trenches
e e W TP RE (P A Ry BBt ryer 12
reachehe trenches can be forned in any process suitable

for providing an aperture in layer 114. |In one

enaothupgiendteriat ih ehoap RIMIGURTS 19728 beitghi@ingle &nct@SoraE @within the trenches

(abO\Q ltl{%\(dpqgr?ac@ Id s&lbs@ufx}@% f‘ilpeq‘sofég)l}%L %ﬁ §lrta %ﬁ égle?ffd’]gxgdjﬂ%(/e material 140

trate strate
may%f-‘?P@JFéEP 1"6fa°ez§?fgf8ﬁf16§ mal |ayer 126 is fornmed in the
trenches and above | ayer 122. In one enbodinent,
| ayeNGURE 20, Sfted mstexinl CADNCu@idad inQlie tidBdhé! assbagteirwmqhadrtueam4 a gate

struct}ar% lg@galiggpr%deﬁl é}a? V\étr{lﬁtp‘p ?Sr6%fanl'll.{eea cgn% rglbﬁal ggé”f % gl@ure such as, a

era ayer t at can
metalt%effoefimaaerftrvqﬁew avlrfseleowremda BatgstlEaHurg s gpe eesbp@eent gate structure
156 1§ doR@éd wildRs BxuﬂH‘ ©f.es1abl dlc;)ude@ay&r 154284 4 Sicén ke Zﬁ@)qa}tehlﬁk Portion

1121 115 n}pcgepig ?Jnragneglfa?t gaderé%%éng f are rproi/%%db )Laye(r:I 218 é)%lll Qrevant germanium
outgagsngor dance with step 208 of process 200 (FI GURE 21).
30 In anot her enbodi ment, layer 126 is a netal or

S emlqubtﬁgiq&toaﬁsmg@atjeg i@lancdﬁn oStk ggudmﬂﬁt@ma@eduaﬁf ﬁ@er 11sbls not
... aepos| L.l
utlhz% ‘@t%lpf’r&‘%ﬂlz %@gat)e stﬁ;ﬁ%lr(a&%’? Blg)gﬁcfdgiv(éﬁﬂy QYeF2 %eémzﬂt&lﬁl contamlng substrate
In ancippo prptiedinrsnt, laygey B48 cArA6 ajtagtajymerdtaded BAN), tipanomn niteidb (ilN), tungsten nitride

sidewal | s of the trenches adsociated with apertures
124 of | ayer



114 and of layers 116, 118 and 122. Layer 126 is also
provided on a top surface of layer 122. In FlI GURE 17,
W(:Bﬂloh/a&ew 126 is converted to an insul ative nmarPEr/Usi004/007464
such as_a liner oxide material 128. Preferably | ayer
(Tuly 2‘8‘“‘(1;@4“ nifgde CFETIY)dgyRient aRPr<Bpafel QP Adhiskaad lut Lvtical {ve'asicon
dioxide2Byet app@Kimatly dat A Gk pTIeGESS&s Biocated @ipRleatrutiuee 166 canbl sil¥On nitride.
2004/ 084299 PCT/ US2004/ 007464 approxi mately 900C.
Pr C
S L U, S5 Sl SECH s gy
prov1aeuaeprffgleti ﬁ)@m@lérryrefnqun%gg e Rreesyt prentpny 1&19 & thg pgpose of 111ustrat10n only.
The sﬁxpei thﬂ &ilds it trehdmes a@entot d1@1olsaay1edr hnlla@ fhsﬁlon Cﬂfdyrféﬁlb@ﬂd h[i]iax@tus of the
mventli)n 1s gort ?néuete QO {ﬁ? %e altl and, Cé)Irlrd; t1ogs %J 1S éerd §§r1oas éfl Wéfs may bf: made to the
detallg_ ngclqspcb\mhpﬁéem fgons[hp fparit of the inyeayjmy wiichis defined by the followmg claims.
Al ternatively, |ayer 126 can be renoved fromtop
surface of layer 122 before liner oxide material 128
is formed. Liner oxide material 128 remains as |iner
138 within the trenches associated with aperture 134.
In FIGURE 18, liners 138 are fornmed in the trenches
associated with apertures 134. Preferably, liners 138
are oxide (e.g., silicon oxide or silicon dioxide)
material formed by oxidizing a sem conductor or netal
10 layer. In one enbodinment, liners 138 are
approxi mately 200-500 A thick. In one enbodi nent,
| ayers 122 and 118 are stripped before the formation
of liners 138. In a preferred enbodi nent, |ayers 128
and 122 are not stripped until after the trenches are
filled. In FIGURE 19, a |ayer 142 of insulative
material 140 is bl anket deposited over |ayer 116 and
Wthin trenches associated wth apertures 134.
Insulative material 140 is preferably silicon dioxide
deposited in an 15 HDP process and simlar to
material 40 (FIGURE 8). Preferably, insulative
material 140 is deposited in a silane (Si H4) process.
Al ternatively, a boron phosphate silicon glass (BPSG
process can be utilized. Insulative material 140 is
preferably between approxi mately 2000 and 8000 A
thick. Insulative material 140 is renoved by
polishing/etching until a top surface of layer 122 is
reached. The renoval of insulative |ayer |eaves oxide
material 140 within the trenches associated with
apertures 134. 20 Insulative |ayer 140 can be renoved
by a nunber of stripping or etching processes.
Preferably, insulative material 140 is renoved from
above layer 122 by dry-etching. In one enbodi nent,
insul ative |ayer 142 associated with material 140 is
deposited after the trenches are formed and | ayers
122 and 116 are stripped. Insulative |ayer 142 is
pol i shed or etched until layer 122 is reached. 25
Al t hough material is shown in FIGJURE 19 as being a
single structure formed within the trenches (above
the top surface and side surfaces of liners 138) to a
top surface of |ayer 116, insulative material 140 may
stop at a top surface of liners 138. In FI GURE 20,
after material 140 is provided in the trenches
associated with apertures 134, a gate

12



structure 156 can be provided. Gate structure 156 can

be a conventional MOSFET gate structure, such as, a
w@o0amesabh9 over oxi de gate structure or pol ysi | PCDOSIHO€007464

oxi de gate structure. In one enbodi ment, gate

structure 156 is covered mﬁtE gﬁugxide (e.g., silicon

di oxi de |l ayer 154) and a sil k arbide (SiC |ayer

148. Portion 112 is subjected to an anneal after

| ayGHIAT KFoALANEDIBS are provi ded. Layer 148 can prevent

germani um outgassing. The techni que of using | ayers

148, an d AlRéhog @ﬂo@?@g@ﬁsﬁﬁ)% ﬁkﬂc@fsl)lyﬁoﬁge\éﬁﬂst if9 ?eﬁ)[ﬁjc%nduf:toﬂ 18%E the method

118 is not 35 utilized with portion 112 and gate
COMBSPPRict ure 156 is provided directly over a germani um

C Optogiding nhprdis taya bieve thé fmanatubierlayefbodi nent, | ayer

148_c¢. L JLEL] (IfaN), titaniumnitride
( Tuﬁrﬁ;‘; il ‘Bﬁ‘é’ %{etélgtq%{?‘{aw& @et"%g@%“}%& 084299 .
PCTISZH0a0 TR 2gL0ns pfthavphotoresist Fserahipeationa i aphetplithogfaphic process;
( Trombiidg th RyEhasRfaya pkQ¥datidt;el y 100 A thick and | ayer
154 can be a.silicon. .dioxide |layer approximtely 100
A ?erﬁmcr:lﬁFren‘fllllecsemzﬂﬁ?zahérérrn?kal?é%%lfigt?héaéo WTH gate structure
156roriding beontirhal gegpropdugter lajer in [he trershagrrdér st ood t hat
Whidr@ertitt@hed 6k rnda B8R BSer ifPRCIxIdk BneE MR RBes. 2N
particul ar values given provide a preferred exenplary
enbodi ment of the present invention, it is for the
pukpos e Tof méthdd ubdlaimat i farheomnmypusingd The shapes and si zes
of ey i - e L it i on.
B S el S Rl o 2P o S T mas
layery i vited to the precise details and conditions
di scl osed. Various changes nay be nade to the details
di scl os wi.t hout .d rting fromthe spirit of the
inééntig%?mﬁ%ggﬁ&T%?gﬁﬂfﬁggmﬁvgthe foll owi ng cl ai ns.
12 PDHing 9082 9QtePET thySPOaWy 10 7@ B shallpvAirdyEh isqNAT repins; and
CLAIYER) hhardlmastapi {oh0ehe Oh ih@idiHeRga.shal | ow trench
isolation regions in a sem conductor |ayer, the nethod
conprising: 5 providing a hard nask | ayer above the
sefi condurtiod of resehcturing srovteghavaigrirauifiia db gireadh islatibrary@ens in a
substﬁg%{:ﬁldﬂlg gerlnﬁﬁu%, [ﬁ@ﬁl%th&ﬁ%ﬁlf)ﬁsin%e' ectively r enovi ng
portions of the photoresist layer at locations in a
phEXBPE ¢ BEGFPRPYC B 0¥€%  renoving the hard mask
| ayedeiiaty etchieg thofak 194 3q fofnDapaing atsb@meies Idcitiohd & tHa &Ei@h isolation
mgmH?Sk | ayer under the locations; 10 providing a
conformal sem conductor layer in the trenches; and
c ofPirBing iravehet Méhechatabravir losdigtsconduct or | ayer into an
OX prd@dihg ﬂ@fm’cbrﬁiu&t@%; héta ﬂ@ﬁ&ﬁt_hin_tl%-treﬂaﬁ& iﬁrﬁbh%p%tuﬁ |p@lcd®; and
2RO RT3 DA, B P Bt R B e
providing a hard nmask |ayer.

5. The method of claim 4, wherein the semiconductor or metal layer includes amorphous

semiconductor material.

6. A method of forming a liner in a trench in a germanium containing layer, the method
comprising:

selectively etching the germanium containing layer to form the trench;

providing a semiconductor layer in the trench in a low temperature process; and

forming an oxide liner from the semiconductor layer.

13



15 3. The nmethod of claim1, further conprising:
providing an insulative material in the trenches to
wWo 20oa084289 shal | ow trench isol ation regi ons; anBCT/US2004/007464
renmoving the hard mask layer in a wet bath including
acid. 4. A nethod of manufacturing an integrated
ci rcui t Thawethgl dof tieimctor 5.90kainitelow egpedddse procest is a deposition process
sSHRSE L Ml ermani um the nethod conpri sing:
]mr%% é&ﬁrtﬂiteqi&ﬁéger above the substrate;
selectlvely etching the mask layer to form apertures
assoc ' at’l%g mWh(;dh)f l:lgiﬁla]t {»vﬁyﬂe?n tQJ lo IEE%IPEIE@I@?H)CASSS 9!1 Eﬁefnﬁﬁ vapor deposition

orm trenches in the substrate at
p“”PB%ﬁﬁ‘%ﬁgm“ﬁWBW?GPng a sem conductor or mnetal Iayer
within the trenches in a | ow tenperature process; and
25 9 or mThgmetkodde arlyionesf slains il Y, filti@ers efprisiaf pia €diog anGifsulative material
in thy@énales b il fhach ASbiGOERES Of the substrate. 5. The
od claim4, wherein the sem conductor or nmnetal
Iayer |ncludes anorphous sem conductor material. 6. A
metibod dfhe @thddli o ghy@nd df BiGikns it Y, @adlel @ﬁbﬁh thdbxile URE SRR YoM is an
omd§8ngg%9|ng | ayer, the nethod conprising: 30
el Bct ver et ching the germani um containing |ayer to
forn1the trench; providing a sem conductor |ayer in
the trench in a |l ow tenperature process; and form ng
an oxide liner fromthe sem conductor |ayer. 13 WO
2004/ 084299 PCT/ US2004/ 007464 7. The nethod of claim
4 or 6, wherein the |ow tenperature process is a
deposition process perforned at a tenperature bel ow
600C. 8. The nethod of claim7, wherein the | ow
tenperature process is a chenmical vapor deposition
process invol ving anorphous silicon. 5 9. The net hod
of any one of clains 1 or 4, further conprising
providing an insulative material 1in the trenches to
formthe trench isolation regions. 10. The net hod of
any one of clainms 1, 4, and 6, wherein the oxide
liners are fornmed is an oxidation process. 14

14



