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WD 2004/ 066368 PCT/ US2004/ 000982 SHALLOW TRENCH
| SOLATI ON PROCESS FOR STRAI NED Sl LI CON PROCESSES
WO halsD6ed6s THE | NVENTI ON The pr esent i nventi on PET/US2004/000982
relatedtom%%%rated circui ég} devices and to
processes of LV TRE N@H&QW‘ LION RROEESH M cul ar 1 y,
the present i nventSTRAINED SIIJSONCPROCBESSh®d of form ng
trench isolation structures on substrates or |ayers
i ncl udi ng ger mani umg X% & | NVENTI ON
I nt egr at ed circuits(‘é inclu a nmultitude of
transi stors forned on sem conductor substr
Vari ous Treplssadnvsgitiop éfrr?ﬁt?pgto infegrated eijeyit dlxlqvices and to processes of making
IC d&@Jat. Q\@d’idph@ttcﬁ)lﬁrlﬁ th rleseart iRy cAlof rdtdtd W rhdtholl bfortiitg, trench@solation structures
OHSL%etra?S a}étsmcfu er'lls stors are i sol ated from each other by
Sut at 'Sdlation structures. One method of
form ng tranS| stors on a silicon substrate invol ves
the wel |l -known Local Oxidation of Silicon (LOCQOS)
process. A convefAGHAROVEOE THHORRENTON cal | vy
includes the followwng sinplified steps. First, a
silicon Iﬂ%grﬁti&(ﬂﬁcdnﬁy{eﬁ) 11ic£ud£ hﬁﬁlﬁiﬁﬂddftrg{s@w@ fadmed dh@ semiconductor
subsgzllte a%gussr’rlfel:glsés 0?}orrmng anmﬁtors ory 2{ seltmcg Q(!;Ilgl!lb tﬁ?e %n the art.
processes require
Gengrllyj igeosistors arp 15@1@64 faynsqacft Qﬁheabmrl%ﬂlaw OdtéPlatf?P ﬁt&tciut?ﬁ an d
ot her processing problens. Next, using a |ithography
and et chofemREBSS, fortli@ thistsfolsd@ a Elﬂc}bﬂ Kubktate iGv@]vethd welHytiown Local
Oxi(%lgcirj{l? o\é g?lg)r glr(gé(gss glgf_)gessa (%%ven onalwg)?a(‘)t% é):::i)rceasgé;[)éall? 1ncltu%1es the followmg
simplified seepsy rFiret/ aivlimpmnigidelager isghefupadly growgx prabe Slﬂyorg%uwmte S&glelally

conv@lodg L@C@%Jﬁcéss@s ﬂeg\h‘e R hiz® Ghalt) SR Bmd 1 @roh Ts1[1édﬂ%1t1'1c@)f@5r to avoid

il emai n
sela§ o PeC G PRI o A P RETAY AT BATESH gt v s
selecgﬂ_vﬂpremﬁved &l fraduceafphigrn eberedansiptop wivlveginewayrkat be 10Qa|:13é After patterning

the s%@r@@drﬁﬁ Q&s pacHefdlleﬁéls %fowtl hﬁs (B(Me f'o@ﬁl 14» ﬁMﬁfed @E&e thEHRNE gyer still
| eavi ng 20 t he oxidi zed source/ drai n areas

on
remiiiyel h%%ﬁ’&é’%‘éﬂ bt bSO bvAE EroRA GO P PYBEERY ppifpmine step-
Finaflp afidr agjdd gasith ﬁ_tcomlgets the vdtalaing poréiord otk mtmlenlgyes oeiregevedriehving only
the &[d@egsoﬂlggé&ggieés%n ale e)ﬁ;la%h ﬁygntsﬁbgtﬁ‘t:eh i solation (STI )
cess conventi o process typically includes
the follow ng sinplified, ste s. First, a silicon

- nitride ugPerProoess {4 &rRige f“ﬁuliﬁ‘l“%?/%‘“&rtes e fEeing sy Apdyirgipgeions is a
shalBivltie@0 Bolatida S TTpirecessNAX by venti® hah gTIEprocéss tybiogly &phes drdoliotvinl simplified
stepp rF?rgt Sgicog H&ldél )Iﬁﬁ' ﬁ%rnﬁ'll% %Jo%? oxJ o§1{ed 5@ o thE 1@&)5 's%@tta}/e Next, using a

ern transi st or
hthogr@p}ry@ecl ?ﬂ?ha’ifqﬁiesét rﬂeeai&ww@néedasﬁ@s Fe%fé*a"te’éfdemo/!fdt (R Progye § RAFIP fHgere
tranilshﬁ sQRIIIBE/ aebhPdrd ko BE E@a‘ﬁe,d he p&%ﬁﬁig iRts@urdeBiradt €€ the slittrate is etched

to form trglﬁﬁes egﬁﬁr ﬁle treﬁo{les are for{nﬁd Ei Lner 5t r11(3r aﬁ{l 1grf)\]:vr9 (ganEe pc?ﬁd siugz%gs of the

expose aces O
trencthr @hecliner oRide lsltsrprrellly felxrreél et awsryﬁxggb feaatrityee fgrlydrechipric GG reig ambient

An 1h§ug.hvetn$alrf&t§1r ALY Sitlcbh BoxiE A0S N Q& dép’ﬂea O@Eﬂh&jmﬁlﬂ@la%ﬂ bind the liner
nsul at] v

oxide gjtgipie rpghp *ﬁﬁﬁl&itlvaglﬁtgéﬁ?%@w@%? Seice Hr e qﬁy%‘%ﬂde fayeris
subsaquelntly gnolvédrniefeave dhiogige suutthmeqwithinghd treeche. The i nsul ati ve
material is polished to create a planar surface. The

nitride diayefirehd 1%@&1&“@@6%&&& Ye ﬁtﬁl%\iﬁgrafnéh slllﬁzalV@Mdg?processes
oxide structures within _ the trenches. %Pﬁ ow trench

SMOERPgEPSGFP {aPe §° lg‘in’raﬁFéfa&?Sé‘g (MPFER quﬁf’?é"a‘?e IngieRsLe fig qarrier mobility
of sifi¢oh ) tEe@dby (DR Yespraoe asd@S/er coSMuBiop piaidessew divecuutit| fiegedcy
respgng]% %ng ;C‘)%e? g %p%:] edagééru?é?l ggmog}ﬁ':g-%fo%dfby Exg@fg% ﬁlapéf ﬁfe s;hé:%ri/ on a silicon
gefma@é@éilhﬂ@ﬁter@é@!y@t ance and power consunption and

i ncreasing drive current, freaquency
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response and operating speed. Strained siliconis
typically formed by growing a |ayer of silicon on a
W@ 20006368 35 ger mani um substrate or layer. 1 V!]:T/U52004/000982
2004/ 066368. PCT/ US20Q4/ 000982 silicon
Fatt 1 oo e SERC AR G T AgH e R Fip SRR generany
moreSuideHtspatdhang pge sidicaalldttice roth epapingledcymigpaiderdvith hamhea pgpyepniage of
germ%{nlnh Gy eac{'let slllfégn lat\%e angré Rak {hQ Qmé&%&[ﬂ &n&%ugﬁﬁtué@' thnsf?e strain is

per cent age germani um Because the silicon
creawdatl fhp @bcoa lawgnEhwhﬁw s e TSR LU figdcBHt gt aha ALY
|attice, a tensile strainis <created in the silicon
I ay er. TRbexeskiliton G aabiiEivabad esieiiihaix efuad vlldnetbaaisaFite

apphBaquaof ?eﬁsei%e %t?a% h ﬁie 5111(5:3011 S.llse%)fo%g Pf?tflel \,afél(?clg b!ﬂ-@&o fefdd Erl‘{s‘ﬁteﬂg}y £nd two of the

ta I'ns six equal valence
valena@tpquisqucr@we Bfenteesi oA eesst PR B SspTopashetialy yeigh 30 percent

less WiRH f>as§ﬁg thiB&h VIRIIQRE SR ABASs. tTBUS, AE Toﬁlaﬁeﬁerg}rbaﬁd@@ff@)lesﬁxrddstance to

Ience [Sase ln. en
electrromgm/ tIn 8<Pd1tﬁ>& o ftﬁoﬁlf gl?eF gnlfdléss vﬁ))fagl%r{ar %1ﬁr§y fé?r? ?c\{?gﬁy of thA§m§ﬁ1 atom,
whicB Guugpe there it scatteiss srawp€F0pa k)80 tigestidsy bagh rdah@l siliogne |AS @ F?élrltg garrier

. moblh@nsqﬁamagaﬂ§ incib A8 ih QMEEd Qﬁ%ﬁ %pw{g%el&gé &licoh, %ﬁﬁldmg an increase in

resistance to _electron f {betlon e111 Eg found &
mobifiy of 8QFf grpporedieleg s A POA 81 m‘&ﬁ@? wesf P EHRE ThRgy s ggen found to
persibthi@ c&iehi fRRIA uBtb 0 MmedBontrkgimeca hes factommetbeliesalat ¢neble adevae speed
1ncre£s%%%5%f w1§1§1§ f&r@ler]rglqgloh l)ir@t?icé £ Sbrg 5‘5’%] reh&tlgnqlx %@gconsumptmn without a

resu carrier mobility is

wduq!llpramwrﬁ%lawy I ncreased in strained SI l'icon conpared to

rel axed silicon, providing an increase in nobility of

80% or ek ese Bfgern&hﬁmﬁxr SMISS priackss20%Mm crusergern@nifug corteoli@gon problems

e | PR ik b Durk Qr oufERioRt b

for Iﬁ-{ R ructgrﬁsr Eagg}? g?d grlggegllt th t)i}{‘tlJl] an:glg aL\I/ OF{HQ%HIegmr: cl) i r0 an contaminate
variofheegiporfepig gsgAcigted pish thefabrisgiéns eﬁlbpnéﬁﬁh%ﬁ itegragge VFCB‘éSt%‘b‘éréscFSS“‘a“ng
with ktld %fo@é@&:@ w@[@r FolerModrRetiim Suudabsh@ican rREHICAY @iPacDine therdtioof thin films.
In adéltlmi geer%ralbr%% ?dé?ﬁUSIieOIﬁ ga%tcalg Q%elrnq ng én accluﬁ%li%p g’nuorgpt le- gg ra\th ﬂ%%ce of the
linerj ther @ OBsipg @b@élsvesmﬁéﬁ the@lb¥rugj@e-mani um cont ani nati on

problenms for IC structures, |ayers, and equipnent. In

particu |@fmanﬁﬁlromgﬁklslki§daﬂ ué Igaﬁﬁzﬁlhﬂlbgnr@ﬂenﬁhﬁ Atk fai g higinteQgetures and

HCI Px'glg%rﬁ?%rgg{rlc?f}gﬁnt%ésomateg W{th t?le dner gfre]l sl§a11§v§ %(alc glguon ﬁﬁ)tltrﬁclal?e For

exangler eotenties) SASBETodk pragesseppan htﬂtzn @Hmpr@e@s@ézpr%aﬁaéﬁﬂy 1000°C which

enhahiddlot {H8kium BQESRR UM out gassi ng can negatively inpact
the formation of thin filnms. 20 In addition, germanl um

UL 115103 £43%, SN AL SEITHLAL | BB Gy o
Furttgaudli thge is @ hded ir b progess of Suyeing higlh qttahte ogiies wih gagd Fmpétlbﬂlty and yet are

not s@%gm@ k%m&ﬁhﬁ%ﬁésﬂ% (F@Jﬁlepﬁllﬂﬁér«t, is @ Hée@ kdr ){n m@@ﬁ&mﬁdeﬁformatlon
e ver ures

er a

procgi T BN e 1 LR Pk D TR o G PUHES D S gl prmnim
outgdskied) Fhrthes oiligthéron a @@Hfo) ais§ T potass Bat dBgmot uekatigh emperature to thermally
um}:lgln\gentl onal STI liner oxide processes can utilize

tenperatures of approxi mately 1000C which 25 enhance

ger mani um out gassi ng. Thus, there is a need for an STI

I'i ner which can be formed in a low te rature

process. Further %‘tIMMARYt%FEEl@VENF@ for a process

of formng high quality oxides with good conpatibility

and yet MAreempioy ershudiceptdduse 4 oetigd ofamiufzrnuingty asgiangcircuit. The
inte%'?a:fe?]ité:?&\;t 1&$ud<l,s trencgl Illglraﬁeon re:gloi?ns fﬂgggostfrz@{ mcﬁﬂilré%a&ﬁrﬁ NEH method includes

process. here 1's a need
formingpa siéicqnunﬁ@de lfr'yefraﬁ%\‘t"’ NS ubsFade §§§elﬁqqa%1y ?t@lﬁ%é‘te sijjgon nitride layer to form
suscepti ble to germani um 30 outgassing. Further still,
there is a need for an STl process that does not
utilize high tenperature to thermally
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grow | iners. SUMVARY OF THE | NVENTI ON An exenpl ary
enbodi nent relates to a nethod of nmanufacturing an
WO nioegeased circuit. The integrated circuit iPCI/US®E4/000982

trench isolation regions.in.a strate, includin .
et e st ad T BB SHEREbR, gt o ety omine
trencliels tortheckebstraty @ theadsarioes, tiidorging otidaliners intheltrapetieeeftijesalisijate in a low

' the silicon nitride layer to form2 WO
temp%ﬁ%’%%ésas PCT/ US2004/ 000982 ~apertures associ at ed

with |ocations of the trench jsolation %ST&; reﬁions.h.lf
The net REEPnehs sxepalaly EBITGIHiY© 2 Medptpfduming stafigy rench isolation
regioﬁdlbs teiradogduatbr 1hyre The mathdddndudesginglidingrarind ghagdaydeabbyeni@rsgmiconductor
in the trench f.th [
eyl phGRENT AP ok SHERLE B E et Ml PR Ete
photaresisHexgr inf PhasylitHosrgphistpaicksowL herms et furtheg fngludes ppmoring g haghgask layer at
locatiols, BriSifSkneHasi &e Qlird hd¥@4yer uhb tHIBICRRMs dnfd il @S liner in the trenches in an
Qrovlg'ng a hard mask | ayer above the sem conduct or
ultravigleblisht YCESi di ng a phot oresi st | ayer above the hard
mask | ayer, and selectively renoving portions of the )
phot or eiesanothayemplary czbestirotmbielatehiogrmeind of fmggadier imp{gnchina
germgfﬁﬁxﬁ' Qﬂtafnﬂ{gﬁ@@rr Thé‘lﬁéll_k!)d e 1ulid3 BEEL VY ddife 8 EGmAmSKcoh@MBE layer to form
at locatjons, formng trenches in the hard mask | ayer
the trgrch @pd Prgyitina ShedingT ghae ‘é‘%‘&h T8 tﬁﬁpeﬁ‘“’lr? REFSin the
trenches in an wultra-violet light process. 10 Yet
anot her exenpl ary enbodi nent relates to a nethod of
form ng a |i neBRIEF BESCRIFEION RFTHEJARAWHN G cont ai ni ng
| ayer. The nethod includes selectively etching the

ger mani W G00¢ ahidkibent A¥@kcok® mbemily ubd@idod 8HE e fM6kving detailed
s G T i Tt B R e B LETRS b
like it odi wherins Wi | | becone nore fully understood fromthe
followi ng detailed 15 description, taken in

conj unctai@rM kB cloiBe RS FONDARYIRG: thwins HQPortivEa&ilibon germanium

s R T o GBS AR S 5] Bt BERBRg
accotip@ewiliganafengplgnoentbiodimeny bf ashglowiteoh isgetiamdfTiprecessubst r at e
including a strained silicon |ayer, an oxide |layer, a

hard maskclhRy efs a aash-Bcbhotio @ﬁﬁ&ﬂortioﬁﬂlﬁﬁraﬁe@ in FACURY (aieahg a
Wi th an exenpl ary enbodi nent of a shallow trench

lithographicpAiesHNE &1 ) process; 20 FIGURE 2 is a
cross-sectional view of the portion illustrated in ‘
FI GURE TFIGER®Hisagros-sedtivtdhvigr affhd rortioniliverisi nd1GYRIp?, showing a

seledil GRE  ep Sr Mo REOSSK BREL i Onal view of the portion
illTustrated in FIGURE 2, showi ng a selective etching
step for_the hard mask |layer; FIGJRE 4 is. a .
cross- séctronar a\‘ﬁoés\ﬁe%‘f’m?%‘/i‘gw BfotFet Fopis™ fuluftrﬁgéfl QYR 3 showing a

selediilGitdRIng Step Bhidwwxidy layer; 25 sel ective etching step for the
oxi de layer; FIGURE 5 is a cross-sectional view of the

portion P*Ihbﬂﬁ’g [s%tc%gjs—éeaiogél GIREr tﬂe; po_&ﬁ‘:@muﬁ&teain I—S@Mmﬁ,ishf(ﬁving a

etching step for the strained silicon |ayer;
selective etching step for the strained silicon layer;

FIGURE 6 is a cross-sectional view of the portion illustrated in FIGURE 5, showing a

selective etching 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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FIGURE 6 is a cross-sectional view of the portion
illustrated in FIGURE 5, showing a selective etching
W@ e@p/06368 t he ger mani um silicon substrate; 30 FCTAURE07000982

: ?] gl &ﬁéﬁgﬁ%g%%@%lﬁectgnﬁ%egfof tﬁq%ortg) n111iu|st9a|?e|d in %IH%E{]% é}tsﬁ&i&/mga gate
formafi@rsnpt | on step; 3 WO 2004/ 066368 PCT/ U82004/ 000982

FIGURE 8 is a cross-sectional view of the portion

i1 USt rﬁb@ﬂEb@s e f3RBl0dk: diszPRAWHEEnSh BBl tredc istREidn@Focess for the

step; FIGQJRE 9 is a general block diagram showi ng a
POI‘I%HQFW‘E‘?W‘IP@H%H sol ati on process for the portion

illustrated in FIGURE 1. 5 FIGURE 10 is a . '

Cr 0Ss- SEICURENALSs aiawesivhe nat saheratia diangys of a partion pft4 spigongfermanium
substr%te ?r{c uhlg ?stlgglgc{%{%ﬁjlg}er %ﬁjg{%erlé}t:rea ﬁaﬂﬁh&éﬁi 1a9§ afdl 25h6tBefi® thyer in

I'con”’ layer, an oxide |ayer {éb yer and a
accorﬁqamvawégqt@f exemplan einPPd“%ﬁBE"é Fahéﬂ%tfwft lﬁOIaélﬂ'b fgprocess;
exenpl ary enbodi nent of a shallow trench isolation
(STI ) PFIGURES] iskl 3siRiectibial visw af the @stion Slmsttaied e IGURB W, gfowing a
litho a? gé%term 90 i.llustrated in FIGURE 10, show ng a
PR cppatternlng step; 10 FIGURE 12 is a

Cross- sectlonal view of the portion illustr g,

FI GURE TICUREH arpsusectiatl gt of e Rl H@‘“’é‘ffié‘la}gli% Fﬁtl’néh"wmga
selecid@e@nin®sedp fdraneakrd nfablGBE 13 is a cross-sectional view

of the portion illustrated in FIGURE 12, showi ng a

sel ecti iéﬁ}lﬁ{Ecllgl agcro%% ?eQUOnﬁ Vle%vh)? 19f>(dr?0¢1 il bR AR iin HEERRBE, %ﬂowmg a
is a cross-sectional View o e portion i Il ustrated
selecfivy eFNGUIRIP far3he osidelddig a 15 sel ective etching step for
the strained silicon layer; FIGURE 15 is a
CI‘ 0SS- S@Iﬂ[ﬂﬂﬁﬂhs Mdr@wsedfionhIRve wpdtht p@toni illustsddiafISTREA3, showing a

ectlve etching step for the
selectlve etcﬁn forsf{:'e %}%Hﬁe% SSI?} on‘% EIGURE 16 is a

cross sectlonal Vi ew of the paortion i) lustrat % .

FI GURE FEURHB\i %@osa—secg(élﬁl-lvte&/ﬁ&%Pcapond]éﬁgqutl?)81% gkigé,;showmga
selecR@ clehif iR fdrfhd @ridinumeRisons@Riritgnal vi ew of the portion

illustrated in FIGURE 16, showng a liner formation

st ep; F €68at eas@se%ﬁc% &ﬁ%ﬂhla 9&%11 ﬂﬂs@é%dq}i Fl@ﬂ)@E 15, showing a

portion | J showing a selective
Sermstqn@té?orfieewﬁ\?aﬁtel’step, FIGURE 19 is a cross-sectional

view of the portion illustrated in FI GURE 18, show ng

a 25 t rreeoiE 1 1k£cr6§s-e¢&t10nEIIV&dREth2@orh®1 iBuscatols s FISRIRE] 16,58¢wing a
fthe portion illustrated in FIGURE 19, show ng

¥ or mati on step; and FIGURE 21 is a general

bl ock di agram show ng a shall ow trench iso| at |
process F[I(%I,JRE Hds a cross- sectlonal view of the portion illustrated in FIG 17, showing a

selective liner removal step;

hner\forms\llyloF

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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portion illustrated in FIGURE 10 in accordance with
anot her exenpl ary enbodi nent. 30 4 WD 2004/ 066368
WE@DANS3604/ 000982 DETAI LED DESCRI PTI ON OF TI—E:T/US2004/000982

ot hod BATER PECCRI KGN S ik B gl efinbbinip s £, 2

accordance with an exenpl ary enbodi nent. The net hod
i || ust r BIGEREP h tidu@URESs trhte 2 mebodydf manyfestimiena intesatqdeeuifdC) in
accor@a“@&ﬁﬁ%h Q)Qmﬁlgg R Elhdul Usl ARndIiARKRNE, BIBIREE AlRchgh iehluces
[icon germani um | ayers or structures. The 5
germ%la‘ﬁ‘ PR ARdiOR I UL LIS PP UTHEA W“@ 8 iogp |g%§ﬂlaf(“§“r]|a§)“fs o SFRuures. The

proceﬁbrc&Cl&&SedCM a sﬁhﬁl}bwﬂfeﬁﬁh&ﬁ&hdﬁﬁﬁ[ﬂb progeep caaryipreess BxiideE adinet oxide and

ut11121n%J %ermaznllurglgor %ﬁ"lrrnﬁ)lg ﬁc@ tppo Jss1§gLJap Rib G Eerdtio n&lv&r@ageously a liner

SSin era ure. Advan ageous %
oxidellypeen bedsmmaeat|karytempeéaéme e e 1 GOt e QY PH e Fpegmpatbily.

For t}@ rﬂﬁlrpys@st of ﬁfe @Mbdﬁﬁneﬂt d@bcﬁb’ed%tﬂ kdfdr%c@% IFOURMSE1FD, g @@demperature process
ati bi

ses of 1t odi ment
U R R = 4 et
tenperature process refers to a process perforned at
a t enpeRefeuingtoFIGURESS! thiesh Seqsrsosecipatlejoy of ppretionfdof an Integrated

cucuBﬁ&ﬁE ﬁlhﬂxgte(ﬁ @oﬁio%&b}ec&@&@%s 0 (AGORB SBto &ﬁlﬁb si@ana&l trench
VI ew

or at e circuit
1solat?qn ﬁjlg)( sltra(ttlgg oF§18P tl% Bﬁ d%ﬁaq o§(1d§ E‘Pﬁr g% Proxagjetd gverg rg (s)t(r:ajengcé gll cé%la&ré 16.
Layef{ 16liGiREle® pvet @sefnipomugorshizsiritoiy dr p eerwiniuni-gaylaiing dyer(0STpyirate.

an JRedid@ udes an oxi de | ayer 18
Sumtﬂterﬁ%%%eo\yg?&%bst ral trlléd silicon |ayer 16 Layer 16

i's provided over sem_ condugt or, subst

ger mani SRS ERH 3T ?ﬂtlﬂl@'ﬂ arngy%rluono c@n s §fo|y§f({ with sglb gat% s o 2 the Eottom—most
layerC @it cBodim@y deitiedabiomeferancs WSCYRESE1013 shaks a Qibbieater 1 ¢ withogt a
substra%e &Qﬁ zls osﬂ@s%zt@ de(FRﬁFIEE 8 %en%%h . a&’hb!?ﬁteﬁé Qéﬁ'bg 8 saMetnfdterial or a dlfferent

rate e bottom rmst | ayer. The errbodl
- w b if 1 OPCTEPURE M OO QG S0 = @ slcon
substfapb i@ silitdh gatniahiontsutdrats st teat @owrsuch as, substrate
13 (FIGURE 1) beneath it. Substrate 13 can be the sane
mat er | al n% bn B CQIll Ee a%§ S/EJ of sé}ﬁgoﬁﬁdc@l detwlaoa Br 1§)Hp)§ El{eﬁt)femgd@ from any of

In one e strate iIs a sem Con(}\‘}t‘:‘ CMOS) cess, a
the vgr%eaemw@ue@rdﬁrpceges a"’“@laF ?%ﬁlcmﬁ?}%ff‘f’%‘tc’éﬂﬁi‘f&’r‘?" Ft8fh‘ pro
bipolSi fréceHbr R MhBBBIndERdSdid ptoeas. ePoitibn IEasaythe emengred@nr a (RGion of an IC, and

e anxlp(%r}glpﬁorggnssem conduct or device, or

maymoluéeamungt é)’rogecl) ad any of the various

sem conduct or processes, such as a conpl enenta ry nme 1a

oxi de s&mbsEn &Elé pr@fera?]q:ﬁw gﬁfr}é@@g & angfher Eﬁnb%)fl%to material including
gernﬁﬁl@(ﬁ @8Bcan 8¢ do@aﬂhfh@ttyﬁeﬁlﬂ'peﬁ@ BdM—Qﬁ)éDdOphlﬁ@ Selssgate Porat beoan eflif2xial layer
provga %crnljl & rm%onguc#otr or an ansulat]L_ve e?s s%c h as {leS?rEte ) F!ug’merlﬂ(gg subSEYe 14 is

onent portions.
pref@bb@tcplamcemqmof|Sl§cq9rgel1h@malb KSj- ik Mé%ﬁkgsapwaﬁm%}ﬂif B¢ and is more generally

in th@ﬂ%%@(‘j 1-82MseRBsted QR bdBERT dradpodide! udi ng 25
germani um and can be doped with P-type dopants or

Nt ype gn ant %%désup ra‘ieel414 r(g:w%r?abobvg su%q a?ethbZél‘Lﬁlcallv@l}{)?ﬁeposmon

provi de dUct or° Br an [at v
(CVBUshg disilagaBats amdgemene (gD hseqowrmeses %‘béftubﬁllﬁ‘e temperpiyre of

appr %rﬁi&ﬁﬁ; b a §151fa9m9c§11 ﬂrés@lﬂe &h p?d)xluhmogﬁfam gél‘ﬁlaﬁn@alual pressure of

appr 1 erPea t] %fpﬁlr o rmatlg te a% yg nifiat du thes ratlos or

PP gferﬁaé?mw St SRGEBRIU Mol Ay DdpiBdtt e 55

alterhﬁvegy’ @aparadl paepe st geethniulnmay he gradvbityd narespd beggnnbrg from @Wﬂpressure
OT ZEI e%%sur\’\{no foantr’l%\/%d% §r§nﬂ’o§ﬁ1&1 :!%?’t ¥1v8§]%%19<ﬂxlla£¥13091956 dé)ped by ion

usi n [ ane
1mplgxéq:tmwyéh %e@qu)n of §the HrpcEsees fﬁﬁé’@ gtllw:dt th fogn gﬂ?ﬁ 1§t léreferably substrate 14
t enper ature of
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approxi mately 650C, a disilane partial pressure of
approxi mately 30 nPa and a germane partial pressure of
wapproxissat el y 60 nPa. Growth of silicon ger maPCTIE2004/000982

s s PRy VR RBS U T BB CGs BF Beraan gty
1500 ln@i-refteaxtieladd 4900 Acr eased begi nning froma | ower pressure
or zero pressure to forma gradi ent conposition.
AI ter naklsﬁla%le)( 5ili®n §aly<]:r|1@ Q%&@Vﬁﬁve@%@&ﬁ@lﬂ@@ﬁ%n@ﬁd lptbﬁbssg Preferably,
i npl antation with gernmani um or ot her gr ocelsse rghavea
layer Ift if proy by €YD pigrismpeanstor S0 T4yer b g dp BIYSUBEY
thicknbé of BetWioh ZRRAMABEI68.dAETAUS2004/ 000982 is grown by
epitaxy to a thickness of |ess than approxi mately 5000

A (and Pr deofX [ ?lbl X 0)8(% AV\% en A{"ﬁg\’[&&é LR e@lla La}e';’ 99;s 0pt10na1 Layer 18 is

anti - r ef 1°%€CYT Ve an [icon ayer
preferdBy irgrity sToeh UGG S AL yf @Wﬁ@pﬁ%i@@é‘?ly 18Rk 3004
Layerplr8 QGER s a ﬂ?lﬁgrfl%ﬁi@lgatg% bc'r?n beL {haeily g?s&vd iBa gd'nOMdﬁorbMu@V&q;afatu& process by
heatxqgé?@%rrogl%g{e&&g@ Cam gn ?Wgegwﬁgg er8.f 8%%1?%16% IQ}LR% {fus%og )c()r or}rllgtggg éare not a
probl&R ataidpoddd Bueho thPprebex blleyef id m or oxi de | ayer 18 is

provided on |layer 16. Layer 18 is optional. Layer 18

is pr e 1%@11 of hz&?I SE y!aﬁﬁZ erpMe(P&/e; RER @afyerslgl bﬁEfEI@El? nﬂaﬁ( layer 22
toath | C ness O et

o : ween pr oxi mat el g ‘3‘? %ﬁ % sition or
is silipoayisvide ($i:Npbprodded gt thicksess e we%rgﬁ@?mﬁwa‘d 3 B her ﬁﬁf‘??"
themgf QWD pridcess. PEIRYBIY inBR alyer h? ghprdvidapie n EVDIoe PV OBESS. bﬁylow pressure,
plasng er?hance% chelmcalgllgog) ée]])gs?t}o% (S &)3)9 ?}fogesé Jn AL RXNGEELN A conventional thermal

usi on or outgassi ng are
nitridg poceas us@@a@ml@@p@meﬁﬂzqh) SmFERiA NI I piropg AN PEEETRE 8 Migh

tempjzr%(@ Ce. g]-%OO AoPRbVe) &h bOdised %QPEI&\&Kpﬂoﬁyﬁbr Rpbsilisg rﬁtﬁdb/tlsekedane (SiHy),
over oxide layer 18. Preferabl

st (10 0H AP A SR B AP e RS0 v o 500°C. An
anmb:ﬁ’at EBRilaP mmmzprmxeireypla'sfaa a80pgost OO0 NNBy/ SELHeposiateil vith
conventlona 8% are%:rjo pro e&/%r 9& l?sg'dstb f(P ﬁ%%rg{)lg}egg %’2 g\alstl:()wl ayer 22
pr essure pl asma enhanced chem cal vapor d@g Et 1 ot is
( PECVD) Aprhoiersis layeR? isise op top of mpsk Jaug 22 APfEfSIﬁ R ‘f?f?fé? ayer
any doR@ERBIy avliRbIBi-fifiel ofl @eeP UV GRA G esisBiutigasaStdileyItloqr, d&4)ISER €55 (i-line) UV3

(deep( %I_Q%I@REGI‘ a Q 6}10% Hﬁ)layagg 6&%&&9{9? m()%alaa %&dlﬂfograﬁﬁc process to

or a OVG can be use

PG UREED afﬂf’@@tes i e dBhETIREY SR a8 T A RAE 28 T
FIGU?@ EH{’rDask layei 221 QGBE dNLry-etcich padm KU tBat aPekiG)s Miréabh @ido a8 in

acco,gm‘fﬁ %ttl\gae%%ﬁgg g §fﬂ°%§ggéoiéﬁﬁgg%& aﬂle dr)zlse%hl\l\gé %)(?'ae%sﬁgaseégglgto sﬁi@on nitride

with oo eckidedayer NZLW4SﬁTGCZF@P5é§§Q§ Evera é eiehdh
conventional CVD or growth process, can be used to
f or m maskricaner, tggetcl%@ocess pheiedes Et&i’ thﬂo@gh@ihccﬁllhdxﬂe sipterinl and layer

18 1Sfa:hngo thg{wg@%%ﬁe%cg gaprerj(ﬁ gl\?rgceoF I‘ ate)l l?{ St lf 12)2 %)rrocgs! §6O (LE@(H{E N.

Layep R0da0 begihed in8 dghvichisg fr8ivisp p&gmOorlp othell\mjlmsraﬂmgls@ can be utilized to
remo(v%]se ecth?QortH\{é f 1a(ygrquPMcslbtll£lreﬁ4(a?iE@§ £l ) @R¥e @moved before or after oxide
ot or esi st ?ayer is selectively renoved via
layefplﬁéﬁte&h?dt hogr aphi c pr ocess to |eave apertures 34 in
accordance with a step 102 (FI GURE 9) of process 100
usi ng a INEEKIRErS, thetiiicirese® . chinged tF-b@GURBUS, silingshatdrigly Sirained silicon
layerzl% ca erérr(l:or\]/%p n Xdcad céj\;/Ml a%;‘f&&tﬁl& p[‘Uc&g §otRat %rtﬁlgka}h reach substrate 14.
aperr{ Ures 34 reac oxi de 1Tayer 18 in 25 accordance
with a step 104 of process 100 (Fl GURE %) hall
dry- et cHPﬁ%%%@@%faie§4 S&fcldhronsh pRsTUFT é‘bﬁ‘f”‘h f?‘?*tei‘ifé’” atow
rendidoRtiSBERAGEs it RcOXdnctevithayep 1B4f prhayselio0 FAGERINI)b&he trenches preferably
stripped after layer 22 is etched. In FIGURE 4, the
etch process is changed to etsch through silicon
di oxi de material and | ayer
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18 is etched so that apertures 34 reach layer 16 in
accordance with step 104 of process 100 (FlI GURE 9).

WO 20081066888 can be etched in a dry et chi ng pr OCGBGT/USZOO4/000982
Alternativ er_etch

have Ert”’rdflt CORLEFPYN, 11%8 tl %eéturg% Ches rfe grﬁtéy & ve 9 %th of Ee ween
approRioiter S8l st 4(Doayseamd 2uid(hif @URESOlr)m D e Bl sy &b b g oidal
CI‘OSS%ECtlﬁJ&i 5%5 e%tlh gn% narlo@r)éled’ortl%§béu% a@l‘hg&ﬁtgm ’I[‘l'ﬂa e[r:ﬂb@yt%t 5scu§saﬁmth

rocess | s changed to etch throu silic . e 141
referqpgg t FIGHRES 302 hihqugirassies agie aF%?V@rdal g%ﬁ“"ﬂ% SRRy Rs 4
prefefi61§ @icbd RCAdryvettHinggpradésy todfbrahhe1gnghe0 Selsgats b4 dal by etched in the same step as
laeqgertures 34 reach substrate 14. In Fl GURE 6,

YIslibstrate 14 is etched through apertures 34 to form
trenches for shallow 35 trench isol ation structur es fn
accor dardtbough gascrifedss apingitBeddr 2 By SCRIaEPrast: rfagieEeap e formed in

any pFddEss biEHE RESoRUiRS BEaRk Yh sul@trméﬁ@ﬂéfe@ﬁﬁéﬁﬁ&nt the apertures for the trenches

PCT/ US2004/ 00982 ha t [
o AR P Fu S PSSR 0
assoaidted tyeth wepeinres Hpypy oxtirerelt @bsyratg_ Q;Q)eramg&g@g exthiglengss gt Ws&gtﬁ 14. Inan
emb@mele it Fhith st O nBt%?o%rdedTElf%st;afeQ@ &8GR tlRaMRh& associated with
trapezoi dal cross-sectional shape with the narrower
ape“ﬁrésr %on being at the bottom The embodi ment di scussed
with reference to FI GURES 10-21 shows trenches havin
atr apezImmeREdrloes 38 ee torowan the iaples asSglsiet ifh eperpyes34. Breferably,

linerpf;fieafr e({%( %ﬁl&‘dﬁ%%dé 0 sicShld¥oxRb)Ghkeral f&fn@@ﬁ%%\ﬁ ©mpettuid frétRss. In one

ubstrate 14 can e the s.
emb%@enent 8%&3811@'3“}5(#{“&%@%‘“"6%%%05 %5‘88 gs‘mb‘iat“ﬁ e BUh d’f?ftﬁh"'g‘f“om and
side dﬁlyé obthetiintly IpsReasalimdnh Rydry Brohedsarcanppiyebefogr theefdrmiation of liners 38.
lQ6& di D91 ARERL Hh&Ss drdfilled.
Ina g ?%regg%&@%?%éﬁégnagdien%e fi ér?rééﬂﬁt the apertures for the

trenches are provided all the wa rough substr at
14 to sdb%efsﬁétc@ bi@rm%a O(né‘i'nyéH \}%F‘VP/ 22t iﬂt@o% f %zﬁ,? ]PW]%]H%IGURES&S

being foRfalE Subdtbitcas SA¢.i Bie esbatinicht dyo@ssdduwith sef@ehcara FIHRESI18AE hows
A DR 14,0 gk ness of
tinerg E%%?rme{ e liy%s 1?§9§ngdq%b%g?%ent | %y whi ch subst r at e 13
is not provided, substrate 14 is deeper than t tiraviolet light
t r enchesA@diBg oareabafipent lagei% a lggned s an Iailr"a‘l‘i‘i‘g@)ﬁﬁ trgviolet ligh
ozore |(tmﬁ®)5pr&85s Ame&nd @ibo@fledt,pottiel 2 ifiddol s tas-boeisatied wilhiapertures 34 are
prov%B(F in an oxe Sen.:):’iét1r F?l%r%far?c{ s%g)!ac)(e'd tllt!re{xllgi‘e?hg%g If’il[)r% e%(l)cﬁifﬁen(, e genches upon

1 con |0X| mat eri al forned
bein; emo&eémiér b e 0 ﬁ%@@é@e Qshpng ﬁtemlc P/ BY Hhesibine Y'Y bely Boving a
waveléhgloBapRkMRR 1@@1@5 Q¥ RERddYthe2dOneaichund@ 6o fMrtichdccémmsigon to form

rovi ded, over t he
B R Y
strlpped before the formation of liners 38. 1In a
pr ef er r ekhealeiisdiyeehicts 2 aspopsoxidgingqepn B oy agpnpigpgxygen and ozone may

reac%télm tﬁb@ﬁ%o%@%ﬁ&e@@ﬁ%bsﬁrﬁ@ 14 Jn@/ﬂlcll?ﬂ}@ﬁ 1686 &rih b bx@dd laybrl A@Kd®gh liners 38
can %

are slhﬁ\féryongrrvgt ghtgv\%e 4 hrﬁ”s &éﬁr % g‘e Sgrovbn dn sr%g ?val?s aésamzlted%t't‘i gager 16.
Exesplios UV&X peocdsdes @mldyscuﬁﬁh o laitirbdateyeatent @ios@@g@dswdttﬁ\faccau on January
2, 2(5‘0?f ﬁﬁﬁ%ﬁtqrﬁe%tlﬂl%&ﬁﬁ&é Qeclin%(g@ BAWS uidRed dcO8diS: 1d B8 hmOsdM@At including

ayers , , and al so above | ayer 122.
adluﬁ@éftﬁsr‘dw& Pgeisyed BHBTFPHERT"S | ners 38 are formed in
an advantageous ultraviolet |light ozone (WO
pr ocess. Advantaaeusigixody Qremtess ipolotvitarperh@re praséss dhiersly tefsing

gemtlarngrrllq%nt%%ug§ %éfe@%:tl)%ﬂ thg\’U{/B pﬁ)@&E & Hé'rﬁ)%ne%‘lit @t@ﬁpere@rfr@&f'léjﬁqm n
an nanDSp eére and SUJeCte to ultravio

appﬂorlglhtt:ly 6®Q%Coh@oeghtﬁdw frmpRracure i gtilized figh aeliy ﬁ'&?rrgoo‘b‘ét‘ﬁﬁ‘bﬂ“y liners 38
exposed to W light react to formozone (03) and
atom ¢ oxygen (0) by absorbing UV |ight having a
7
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25 wavel ength of approximately 185 nm Once forned,

the ozone can undergo further deconposition to form
w@daisveseml at om ¢ oxygen by absorbing UV | i gheCTias10n4000982
e oGt BH B R S e B BB S oo SR o
temp@Z @ @elhtmlow G0REE.g. Whetdy SE0FE€).si | | con associ ated with

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

A! t houg ggio %rt&‘ ?n:c)iéer eﬁ[)(%m%ﬂp W@uapfﬂéqﬁenw ﬁlh;i)o%dépﬁﬂd@ &oc@é is utilized to

l'iners grown on sid S associ z‘%te.d
form Yijers$8ata teppetagire g@et% ﬁmrwrg,ateuv@o 51?d05é%§3 Srefergbly, the ¢ emical vapor

depogﬁoﬁ %H)%c%?g pérf&rrh&l'at 6w @E@&rﬁﬁre @ﬁé €43t thiM0o700C) A& 1R SiHSEU O gases.
accarl

Aterge foaton gt By - DR e fafd@ef& e Bk g gl R gne an N
ambiér®is phtcsmedND@EIpdTaRiRE betwred apgiokigateR APUST MG (e qf, 9TV for
appr ene r g, 3§ 8%(%29 Rp% gg}npbeﬁg/\ésl tBaQ {Lg?egaﬁ:lzél)béﬁgr\é ggé a9¢ Q/Hﬁlo%caus% |é‘lgmﬁcant
germpréwhugitdifusiog er qvipaisugn out d| ffusion. Prefer abl y, t he UvO
process is perfornmed at a tenperature of |less than 35
appr oxi W}e@érﬁéth@@glg@dnﬂént hﬁ&)@ﬁ cén BeQWmbEHRE hdinltNFer <Bpos1t10n (ALD)

techn%tglle | Il?fg %%) ?%%L@gg%%lguelg oo%}\%%%gl%%cl)xpmateﬁy ’ﬁOOJ’d a sﬂane and
oxygP DEIEIREL. Abdfbrﬁngrmstexm;ﬂafrﬁasmtedhnemtmmsmle protdseis Wil@ed for the ALD

echnique M 4 owWs dre a afil offl Sltdivwgen
R R B S R R

appregifestchet0 aéﬁ‘r%ﬁ‘?"ﬁ%snt a dual frequency RF power PECVD
process is utili zed to formliners 38 at a
te rrpe r atru g aacftheb ahwe@RntApps 0K tanht BEmed 500highiidnsEHp@Gma oxide
depos1[1onf(ﬁf)g)epé¥cbis rctgfﬁgbGB gro\ée%p(ﬁgcus?edda%wgs Prtefef%ﬂ%/ Rﬁ@ﬁg&ﬁoﬂ processes

flow t enperature g7 ess e)
do martmlhza NHp, jigsiead lSlhmg ipng apterppesese belopg PQF P ToprpRgEsi e rably tilizes

Slm%d @ Oggggarﬁq(?enﬁexta!ﬂfe%kbétv@éél@gppfo%'inalelyrﬂie(ﬁ £d 38h°CATIPHDIPkprocess utilizes
t hermal annea using an N2 anbient is

hlgh&@rpf"ﬁﬁfﬁﬁeﬁ’dbétt”eeé‘at’lg%‘@?é?f@roéarﬁép ¥ appr oxi mat el y 900
and 1000C (e.g., 950C) for approximtely 30 seconds.
Appl i canh FiosIREeSy elyd bizpsulaiie nragtiat sdlayketdrppsttedRTHA lgyemks and within

the tyéﬂnJth ags(a&atg@\;v'iﬁieapé‘{ugag Bf irf@ntive ﬁ%flﬂﬁ@ is%@f&éﬁty@ih@cﬂiﬁdxﬂi@ dQJE)Slted ina
t gassi ng. In yet anot her

DKy 3 0PGRS B 5 T ) A6 DtSVTE LFOR PR By el  boron
phosbi@€lNiceiliass BPeGRyrakds Yan be heliz4l Dhstileita matqu@ 4Qiis ipteferably bgtween
apprg)grgﬁg%%opgr%ggﬁ o ARRLOxi mately 700C with a silane and

oxygen  at nosphere. ‘Accor di ng to an exenpl ary

enbodi nent, a pulse cycle process is utiljzed for gl € 16

ALD t edhwiagtrendisaiahRiisermaspd by naHiing/sichjagsngih fosugpog of layer 16 1s
reackd! Betethhior Inﬁﬂﬁ@dmﬂﬁm&ﬂ)dea@ésfom@cpmllt&&d‘)/ltlﬁlﬂlhe txethaeespciated with

aper%xﬁgg %ZP )insn'la&lve n%itemq 48 é)g’ Qem%seggpgilmb%rsof Ltﬂpﬁ&%}olr letcl@%%&@srses

can In a

Prefgrhidys frauleie meterwd@b@@pweé Ao Py lape Sesdergpah eSS (CMP)
CVD process discussed above. Preferably, the
de pos it @Bn@fn@@&ﬁ&ﬁ SnsulekOre RAteridl 40 I idg@sitiHS er thsdnelaelare formed and

befoberlggre?éés %rllpg? a[§%1nsutl ative Tzﬁé'rrp Flg f')"oté}‘i]ﬁ or e?cl(l]gdvﬁéxg Qeg'gr ZZTJQﬁhQPLayers 22

I'zes gases an
andnmwmlmﬁcbn@ﬁubbﬁeumwesappr oxi mately 600 and 650C. The
HDP process utilizes high RF power (e.g., between

appr oXi rmﬁl%l@ﬁ rﬁ]a%Ql 1@3%&9@&30@21&3 ))Gmg%&ln&]@ strdc@BkdREnBd whhin the
| ayer of insul atl

tren%%(labqv%lgl;% fop itgfa% sl,xﬁ es o? Lrgrs%IS tﬂ & Eog gurégesoéf & ?ga}?g drﬁsﬁ]gtlve material

40 nap @b ath &P sddace dffisers 28 i ve material 40 is preferably
silicon dioxide deposited in a

8
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HDP process. Preferably, insulative material 40 is
deposited iu a silane (SiH4) process. Alternatively, a
whorahsssphosphat e silicon glass (BPSG processPCHIS1964/000982

utilized, lnsulative materi 4 [ ELMRER 4 gat
appr oxi ?&S‘éa“%fﬁ‘bteré\ahgﬂa%ﬁrﬁﬁg,&l 1 tﬁi?dB %g(]i%%%gb’gh %ve G e
structirB t4e¢ah &d préd@dell SGareswostad 4hgen pod ‘POSYWWQﬂGMQﬁﬁEﬁgatEI ftuptpregguch as, a

metalto%? )?éljer gaégt?ucglfe & ﬁMﬁﬁch{ﬁovlﬂ%mdg Mure Thend: eﬁﬁaﬂlﬂént @ﬁte structure 44

I nsulative materi a | eaves oxi de matdeb3, Or%e osmon
is conprpiged of wiARH R niide g EMifHis He cRBTYT free’ Y4 P P
sputteBiHﬁ ﬁ(ﬂ'inﬂhe mnﬁig%ﬁutﬁﬁng‘ ﬁtn‘ﬁgbe N2pgas eanthelploaded of mestify i lmengané p1tr0gen
compos1t1orn 8p lg % d%aor ThlS Lﬁficecl[lé%qlay be ulsJ(ﬁﬁédﬁusﬂ avvﬁ)rﬁrﬁﬁc%f)ﬁ @Loclﬁ@d with

rom above | ayer em cal - mnechanj cal
the gateodtrneting {«hﬁg F()@vp)yple p AOQpibivel b ﬁaéqs,lfold YoHaEg F%tbF e(éueved by adjustlng the
flow &ﬁﬁn%gén s ALcihiSd ﬁﬁ%&'sl&tﬁ:&reﬁfﬂ er the trenches are forned

and be ore layer 22 is stripped. The insulative

mat er i aL~ i@@?é{@ggﬁﬂ sy chedhd W &Lnu%a%%g af g’lteglscited circuit (IC) in

reached: can be Stri
accoranbseitjuasther preopley smbofihdnb ljl"@p] mpthgddfysiated; 1§FI§H8%§ 1@ fprough 21 reduces
germgnlng-%@r:gaﬁm %ndbﬁldﬁﬁs@n ﬁbﬁ@ﬁs%ssﬁ&efté&lﬁiulﬂrsﬁccfn%ﬁﬂifﬁdurﬂ/lstt&luﬂs t The process
trenches (above. the tﬁ)ﬁ)fsur ace and Su{ln g

can bp psg@hnca shedlyw FB“CEIS?I%’“ PAYEESS 827 BYEF® riaé"rm nsu a{f& o witizing
germifRin@driofbler sukkGnd¥ryons toeptgatingat high teglgqr;ﬁtag eA@fintqtg]ewélyg lgg oxige layer
can bmn%g) ggﬁ 0 %\yg %%g@'% %@4&%&8&2&nd M Et%ﬁdds A%ish glaliy®xide with good

provided in the trenches ass%ébﬁﬁ??o Jlisa
comwttﬂﬁy alpféwtﬁrane@glf%far "—h%effgj’a@@el% fEgEerEh &fe&°§ i

tempEHh @M ibEl 6l app@aﬁrﬁte@tmm Singladbdud@ss nbEIGaIRES i3 émteisiorilal reference numerals
(dlffeéla%gy ]é)pﬂghl? E};?utétru%% 1ust at’ed mlf?ﬁ:(sh metal over oxide

S|I|con over oxi de gate
structure. In one enbodl ment, gate structure 44 | d
conpr i s&dfeging o HAVRES 10modh? p pres-sesFone] et @ ROt 1P afean integrate

circull ‘?It%s Qﬁl&gﬁé@t P)Jrn(fnqliﬂ@iblmﬁ ﬁ)) Rls@sgoamd W6 PROEss BEESIURE G tdhform a

utter . aine
shall@%gene]éﬁolﬁg iﬁﬁ'&ﬂrl&é G- tP8rtlﬁ‘D e anﬁ{aﬁ, an ox1iler1%/e gﬁ){(])??%lgbvée %I%i)r d
Slicco0aypOISbL Lo 108 is beidgice ACOHEIBECISF SubTHIES LB dERTPeHeT ¥ etaining layer

or sub@re PSSR 14 &n@gbﬁﬁged@bd@gﬁ Kib§tMRGhdh @fsuBHS© C3 @ @IRBM)L h
the gate structure 44. For exanple a 200 mllivolt

shift in threshold voltage can f £

adj ust i r})@r”{oﬁ 2 1} AP PH] i e%cog%ucma%w%% gr %ﬂlaerdr o maﬁie rom any
the vgmuesaaﬁqommttwmocdsaes s@h@URE@plt@ertwm m}g} ﬁmgqsemcmﬂg%t?ré?%MQ process,
blpo%glgra:%g cQ th%ah‘if:(ﬁﬁlﬂc% brldgks Doftib eidhal 85anGhtir€1d dr a pdrfidn df n IC

accordance Wi th anot her exenpl ary enbodi nent. The

includipg B BY1FRE ofsleptonis QORI RUKES 10 t hr ough 21 reduces

ger mani um out gassi ng and outdi ffusion probl ens

associ atStlstaictl v is prefecoin sitien gaminium ertapalieer spmicgndugtprgmaterial including
gerrﬂ%@%ea‘%§ cand@fbo (?Wlltjrﬁﬁgpé d&pﬁats%hﬁltJIpQ \%Jﬁﬁt? ubsirhi® @14&%1|1 BYhn epitaxial layer

roces or any. process requl Eg E %X Qellélls
provah@orm aewc@qdwéor Og@rl??ﬁlﬂ‘i“ﬁ RESErSUGeh %ﬁbstfé}iﬁ‘ tah eé“‘ff% Sheto
pref@&lﬂ}g&%&b@&oﬁbf shicgphgetr@npanSit LGee . whid Wandpageioaisly .2 apd is more gener, ally
in thfa rarnﬁeoéB)f 'oqx‘l? 8 r%t% 1 14&%9 bPrt | oPJ IR {4 QM ARALNS %ubLt@aYeeM (FIGURE 1),

nperature and yet provides a high

qual ity OXIde vvlth good 15 COfTPathI|It Preferabl

t enper at & pteinediliconya Ao orRid P Lrud %a{}\ﬂ’t‘tﬁ’“al process. Frelerably,
layef e &f By lc DRk §3REDa1dr0 0idb0ICS Layer 118 P apurt ailidoe lapayand have a

approxi mately 700C.__ Si r{%J r structures in FIGURES 1-8
thwlfi‘ﬁ%?@“?f“‘??‘?%??%‘@‘f“@l"é%@ Rufterals (differing by 100) to

the structures illustrated in FI GURES 10-20. Referrin

t 0 Fl GURES o0 @imcbr 9xide layeth® sroyidet dndaval 110 leAxprdf 8 ig optional. Layer

oh b 8BIERE B to £hicidislof 4pbOXimbly 100-300 A. Layer 118

118?5%? eg%?yat a119 oo?)tal on%llzﬁ( FI GURE 10) |spbsubj ec}:,t ed to

process 200 (FIGURE 21) to farma
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20 shallow trench isolation (STlI) structure. Portion
112 includes an oxide |layer 118 provided over a
w@reoaleses silicon [ayer 116. Layer 116 I S pr oRCTER2004/000982
over a sem conductor substrate er nani .
srve ol G Fagi: Sgp dat ot e eelipd bl P by eains
100070 i0 Wi ck@gkn aloshera Gurbsfuradugliffision ardsputsubsa greyopa rgblem at this point due
¢ m(r%mmeg' 2 50rt|on 112 can be any type of
0 the PSFICHRAUEt 'SP device, or portion thereof, made from
any of the various sem conductor processes sych as a
conpl emArberienor kgt apsk fixerde? & BIVE T OrET aﬁ(efﬁ% ffe erably, mask layet
122 iPEIRGLSBide (SAN,) BiRRERH 2 BIcRESSS ber@den GiphRImaBHIEOC atdd 0etoby a
depogtlronght%?r@alzgogxitwimﬁss gregp ?ﬁly,i ntlaslgfglye??i I i{ eoJugd Ha &PQ, waﬁpprocess and

Betronic conponent
canbpanﬂlarocrﬂsyer&(ﬁglmlé 114 is preferably silicon

ger mani um or anot her seni conductor material including

g e I‘ manl é&@ho@@gst &94 106 dap Srdtofd\bftnﬁhslaa)teypﬁ thepablyphotresist layer 124
pe. dopa

is any W@}erma&f V. ?%Ed-hxbehor eeg@#lpg%tﬂra% uch asgShlpaﬁ/ V) npsf}ff )agPR 955 (i-line)
UVshasiey Vs WCHGHBES UlpBdtorestselayed 124Fimelerrep1mr@ved§@@§b¢t<dtt@gt:ﬁlifuc process
to 134( %ap%gur&égfl ﬁlra@ckald)(nc@wﬁlpz{%%bi {F@GUI@:E 215 bi ﬁr&:@s@ Z(Qﬁfélﬂgfﬁhsﬂim reticle 128.

wher e 'S approxrnately 0.2 and |s nDre
generally in the ran e qQf.

e par t IRCKNGPar g b BLCTH TaroTD eishe o o e 10
reac dxldSARE 118 in acchrdsice withreestbp $04 of oovess 200 SFIGURB 21)8 Th@kﬁﬁé@hmg process is
selec?peC{o gllulf?éﬁ{de &&ére%ct%xﬁg Ilatyépi b@l La?Jr P8P be stpﬁécd%ft@bzlyyn 122 is etched.

a tenperature of
Layer 118 can be aéﬁyre S|I|con

| a
t hi ckned® F163|U Rgét%m h aﬁﬁqsw Flﬁﬁ%eg f%}%/cg &%ﬁgs@cgbaﬂrldes;gatenal and
layerPaslis@hed 8o iﬂmﬂapﬁrtﬁlks Ok irecleh 1hyay BI6 irlldb&rdageepyith wieriy obprodessyz8¢ (FIGURE
21). 1)§3r 1 1|8a¥nebre egéﬂ‘e% 11{ ?dr? thﬂlr&g)?(kfss L&Ye%[atlveﬂy]-&hér &cl@ﬁgqgcﬁﬁ@@g dan be utilized

to_a thickness E i
to reaapmsésatqdm@r@wy ohlgrys 560 Fiore T 124 ied 4 OHRog s OB E o o e
oxidPlayldr US2004£400982 serves as a buffer layer and can be
thermally grown in a conventional high tenperature

process b¥I t14 N attc?l ﬁ)ro‘(l,cggg glalngad Wi 8fh m%ﬁﬁﬁ@m I' §rained silicon

GErnanlunrout i ffusio gassing are not 114,
layenk16 pangrreanoved il 2soqsdsngst il g dry- ercams QST S8 é*@r?@%“"bﬁs 11‘4&9‘”’5? substrate

118. A barrier or hard mask | ayer 122 is provided over

oxi de | ayerGURESLS, sissehteriahd gchedmi®kehl spyreres 18 td Rfn irgiches for a shallow

tren % 1s(oiagoonnstrlr110turelz‘ in %ceco ?10? M%ao%erp(agé &%g)cég 20 (FI@UﬁE Q?)S g heott‘enches preferably

roxi ma e ositi
havegrwitith mmon@rgcmmrumsd% skhe rpickes érefgiaPly haVﬁﬁérzPﬂr f&ﬁ?ré}”eei pproximatcly
1500 and Q@(@\ﬂ ffl@ glwldfh oR0. %{DS(DI[HI @’fb@M&/thlthﬁﬁ‘diSsﬁ‘calaﬁhde a tea@evoldd cross-sectional
Al atrower pattion c ectional shape
shapi ?/gal hg naglis)m:]r PgHioR beﬁlg aétlm:e bGH ”E'k}e trenckgfgn agJ ?\Je%thng ¥€Lectional st pes.

era
Subghiotl o iepEstbl etytd ink2idy- etcrhglgawy%%:@rﬁ?f@r{@r aibgs. AWATA e be tched

1n&kxhk@§ Qr.deap. UV photoresi st such as (Shipley Corp.
SPR 955 (i-1ine) 10 uvs (deep uv) In FI GURE 11,
photoresrst ay

ect
ph ot ol i tﬁlg‘@}lc&rﬁlﬁs‘c%beé Fs4bé;1érs gtchefl b c{ eyaegceh}/nﬁ Igroc Sil rﬁ% érenfg j%an be formed in
any &@@@rsdmteeor\mdvidma arspenpure2iQ ubtFaleQUIREIN 219 ehpdigeng ¢l gertpryplor the
tren%gézzﬂ&% AR ﬁﬁ){? e Ll hubhe® sdRBte 11k HibikdRBstte, (c. BBSHstrhidYBih FIGURE 1).

vila a dry-etching process so that

apertures 134 reach e Ia er 11 ord
a step 104 I(EHREpWo%‘é@fg ‘?g egi') e g esolar e 'Iﬁ'er 2. mone
emHRiRER ISl 196 isaetngahiuncer rmwﬂ laycﬁ‘. ot can terfprehed waﬂcrw 215 ozl (e g., below

6OOIC§ Baryerdlgé 1S, X:?eratb% aerltﬁggagl %1%& Efpr%Saﬁtir[siﬂQcR/@ tha@fidi §ch as an oxide

the etch
process is changed to etch through silicon dioxide
materi al and 10
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| ayer 118 is etched so that apertures 134 reach | ayer
116 in accordance with step 204 of process 200 (Fl GURE

wWQ12Jo4/06s39®r 118 can be etched in a dry et chi ngPET/USW8£000982
es can be

hnef/_\I I\Ilci%{ prcg%'ab\{}i ayér 1?% he IiOO éttkg%( a%lglt% (?uB 008 11ay«f,r gf/@?ite’i 5)_38(_3VD ata
temﬁh@trmfé@,(? &10°G. dyimr 12_6214de@§q1t@jﬁegccq@gnc@m skre 20%0tproeds 200 (FIGURE 21).
before or after oxide layer 118 is etched. 20 In

Fl GURE 1ﬁay61115@15 ?;eféﬁxbf}'i)fbgﬁ%n §1§ev8h@d?g1§%ex¥c8es%fg@ated 1t§lﬂlgehures 134

% I con materi a tral ned 1 con

of sybSHAR A G 2199t BreEnl B At @dwrE eyt ioys %%O@FﬂVHgd Pradercsydacg f layer 122. In
FIGURR(7, 2a9er1Reis esivéBd torag e llativ et alueh ok hiner okifle HrtéddRES 136 ferably,
layelS %%’I&%ﬁﬁ flé))lfs forlm%% %H:hngr 0x1dQ {‘ng ulga? 12% %nto(l%{%laetif)tm %%getshl%yetge[rrrﬂmy soaking

trenches oW french i sol'a
0, aa@: coperiiee boliveds appretieiel 6 and 7081 PerdabBO0e (ida@REocRd Fan occur at a

hight el @RE e oo oG AL is RAUE dho W Ml R OLLEROPOA il 12
Pref%rglfefrtures 134, The trenches preferab % ave a 0

(S A BYeD KA CsroRYered inig 1“1%8’9“&??&?“&@ ® A and a wi dt h
of 0.18-1.50 nmor below The trenches can have a
t r apezoi WHFHGIHDOSslage Riionabrizshapehaiitd lRmbeeindrakidOmeerial 128 from
the tQPfutffth Br 19}%% g, %terﬁa'ﬁ@el)b 'fgyérqgé Igegrexrng\%%ﬁgiﬁ §0IP g\ﬁﬂceao{ 339& 122 before

have ot her cross-sectional shapes
liner pxidp Rty {28dtfemnset Giper a’(‘%“-‘rf?a“‘é‘@]clﬁig Frgaipt diag 438 witfrghyranghes
assotipteheilhegertuBubBst rat e 114 can be etched in the sane
step as |ayer 116. Although descri bed as being etched
' n a dr yIn@f(ﬁhiEnlg 1RESR Gf%a‘?%foﬂrﬁ? in tﬁe%&%gs Ciissoé‘lgte(p with agerpl?eg 134,

g rOCGSS sulta provi
Pfef?f?Pl% Hffé% 138 1 oxideqe-2.| sificghexids Wm@mﬂe) mw@laa{@emd @w exidifipga
semit-dr@uctdr bemad) @eralnnPpérbotiged, 1mbh 1388 WRYxifEIQBES00 A thick. In one

coo g 0 RIS o
layess 6?%@@%%@@%@@%%@%@?@6%% fllser 122. In one
enbodi nent, |ayer 126 is a sem conductor or mnetal

| ayer t haFicuRE 1b&1£yaf e df iadulabvel rﬁhwnﬁlaﬂ@ﬁ %ﬁh&é{ &p&sﬁ‘ed%wr layer 116

and %%xpt\{gmangso ag d)lltateé' %X él%eG]i 3';1]21& uli %Iwi/ rgatchr,ﬁ%/ms llS é)re¥e§sﬁ)brﬁ lean cgcﬁude
depogisefl éean HDOF pyacesp 049 D6BSQ SR AUS2OURE §0 088 Rbly| ingylative material 140 is
depoMRs tin aQ;[lﬁlE @1@5’ bﬁéeessl a%@ﬂhatﬂv?@ al bﬁroﬁlpﬂe%atg ggcoﬁ‘gfa@(ﬁlksG) process can be

R e S A

accor dance with step 208 of process 200 (FI GURE 21).

Layer 12euiadvemratsfia 4 yemoved by pedighing/etcbing enté b op swfacd digayer 122 is
reacHeH eﬂﬁ%&vﬂ%ﬁ@ﬁla@&e@%eﬁ%ﬁv@s AR Ik $40L3dhin tl%ftwﬁclﬂgsaggoa&tgd with

t Vag‘? Ia;/ @ 118 and 122. La 126 i s also
Aperte U S BN g t?ftﬁ‘f;” ﬁ?“fbéé o Waywbei%“é “Pli"ﬁg or sfchipggupgesses.
Prefefaply, inanedve ridiial 190 somwecd feth dbovedayer 113 bif @f-ttviengrat er i al

such as a liner oxide material 128. Preferably, |ayer

126 ( FI %eé@dmﬁeﬁt fngﬁdmglaﬂfeméﬁ astHﬁgd vgmllxgﬁat%tm%{ehﬁéﬁm is deposited

. i n_an oxi dati on ocess thermal Iy soaki ng

after itg trgnc[:1 E,é

BAGSFRELAE ¥ réelkEn ara b‘ﬁ%% Tnalaii sl 2 dyglished or etched
until BQY T22 Preadhet. abl y, t he oxi dati on process can occur at a
hi gher tenperature. Germani um outdi ffusion is reduced

due to tAhﬁoubl‘rfu-nﬁtérﬁJ is %%/Q‘H lﬁéﬁgE gé Js Igmhgazy &, le]sg?cgne fO{med within the

Preferably, the entire |ayer i'S ton
e (eie i i aiods uLs: Oiges (FOFp @IREUTge of laygzell 6, jpglative
matetif 143l magatop Zadopalrfet aitiges 133. r enove | i ner oxide materi al
128 from the top surface of layer 122. Alternatively,
| ayer 1%‘& 168RE 9@ afide E@Mgge mat?rﬂ% Qs psfé'l\/][lc{eﬁlm%taa(%retchgsyassomatedz with

bef or e ner oXi de mater
apertigss Ide ampie grrwle 11080 poripiided. Gate Jtiugtere 156380 heiatchivantiohed MOSFET gate

trenches associated with apérture 134.
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In FIGURE 18, liners 138 are fornmed in the trenches
associated with apertures 134. 15 Preferably, liners
W(13(8)4/a6&568)xi de (e.g., si I i con oxi de or sili conpdi/ugiod€)00982
mat eri al nmed b oxi d senm conduct or I
SITUCtrg,SRGh a5, |aﬁ1f=8 OB B g Pihg sy st %"r“% Sap Eff“é%enaﬂtp{f’?
embo2iBOnt SO siuctukd 16K is chvered mah arecrmie (Higveiticon dloayle}azer 1% alalri'dﬂlcon carbide
& ﬁg } L PReduRalal & dhgr £ iR 1 M bn@f 48 drd 186 8ded Shyer 148 can
GKD£% grrgﬁ ngodlnent ayg?s 128 and 122 are not
Pfevegft&eﬁﬂr?b‘é‘ﬁ opEsHIE af ter the tr enches are filled. In
FIGURE 19, a layer 142 of insulative material 140 is ‘
bl anket Tokep®siyieedusngedyers ad,Bemd 15t Gan B2 Qarsieuthripidviitageous if layer 118 is
not utthfGC{" Wi. %%ru:afig&calnc? a%%}r%u&% iﬁ%c?dnjeg’cﬂl ovérla%&ln@ﬁlﬁrﬂ @ontammg

era I con diroxid dep 03|} ﬁ%
substaf. Erpnpipphadizesslag ean '{qamnraaﬁm ROTRARD) fiagiimypnde (T30, wngston
n1tr1d(> FW@JE{Em&}I/UtaE {llﬁﬁlﬁ{(ﬁ lotistiNi14yeif &fptoxnattBt160 Aatlickbddiayes 154 can be a

ited in [ OoC :
sﬂmoB 81%61 bgpﬁﬁ’é teigl 1?&% (t)h&c‘l?g Fg% gzpc«zré %}éfated r%&é agé;s%g%% Ee 3 carfbe silicon
nitrideit Adcbiied fo ahothan braodimsnterbesssi28 can iholudes sigp & rag-glean P surface of layer

118 a@t@xtéﬁé SithcRRALO% lfd?ﬁ&ﬁn&’ be%&@gye@snl@4 &QQ@S fe Hdﬁbsﬁ:tkd In such an embodiment, a
Insul ative material 140

hydr%q ﬁ}%}ﬂa]ﬁ‘g‘f @{hé?ﬁﬁ t‘h)@dlﬁﬁ Pa‘tlrle O‘oi“df gg_lngfﬁi_'pg&%lt o} 1c1<iiaé10nerre:ac&%11ﬁ The hydrogen
bake 2aﬁlselfs @acdasage iihh ergbrespueeihg 0d-cléan sepsagspaaed| vat)hepnvbrélawéslocesses
{ L hend - SPEPR3inAsS 860-alkesboMd, tdhventional

Followmér ann agﬁtéghydfog a{l}il'g\t/ a néaat e Isa ﬁ)? caﬁ ot em)ved ventiona
sﬂmﬂp}aoxaprmgwgﬁaan lesfutibized. @]ﬁﬁqugveéyr a l@ﬁ@mlﬁﬁ aﬁg gid s@uigonment and low
tempE L6l ahRRlay700dd @M bALiliXR td Bhin@hie @érmdidién it $he @b/ thefsémitanductor wafer.

above | ayer 122 by dry etching. In one enbodi nent,

In,gf glr Ia;: tvlggﬂgergtgodd gt? léedietal?efi?iga}vm(g% epe%lf cZ ér'):(g lés gld gartlcular values
givelf povidea padficied axp@plary BRR darvdt of he praseet imvertiopyiidigifor 1hﬁ stwpoaf phylnstration
onlyI 'ﬂ%%ﬁag%dégd élés pRlchsbed Rf dlﬁfogeh%ja lmagnglfﬂt'u'oll Tk@y&fhocﬂ-&a apparatus of

hough nat eri al
e iy 2O ITHER © LEPIER G FREATRABHTR® (Yo P B g mede
the détaiBQNsElode b @itlionpdepantiifz Ao tirspirisdf the inventibacbish idefined ey the following
Clalms38) to a top surface of layer 116, insulative
naterial 140 nmay stop at a top surface of |iners 138.
In FIGURE 20, after insulative material 140 is
provided in the trenches associated with 35 apertures
134, a gate structure 156 can be provided. Gate
structure 156 can be a conventional MOSFET gate 11 WD
2004/ 066368 PCT/ US2004/ 000982 structure, such as, a
nmetal over oxide gate structure or polysilicon over
oxi de gate structure. In one enbodinent, gate
structure 156 is covered with an oxide (e.g., silicon
di oxi de layer 154)' and a silicon carbide (SiC) |ayer
148. Portion 112 is subjected to an anneal after
| ayers 154 and 148 are provi ded. Layer 148 can
prevent germani um out gassing. 5 The techni que of using
| ayers 148 and 154 can be particularly advantageous if
layer 118 is not utilized with portion 112 and gate
structure 156 is provided directly over a gernani um
containing substrate. In another enbodi ment, |ayer
148 can be a tantalumnitride (TaN), titaniumnitride
(TiN), tungsten nitride (W), titaniumtitanium
nitride (Ti/TiN) |ayer of approxinmately 100 A thick
and | ayer 154 can be a silicon dioxide |ayer
approxi mately 100 A thick. The spacers associated wth
gate structure 156 can be silicon 10 nitride.
Accordi ng to anot her enbodi ment, process 200 can
include a step to pre-clean tidp surface of |ayer
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118 after gate structure 156 is forned and before
| ayers 154 and 148 are deposited. In such an
wepdvemeasesit, a hydrogen (H2) bake is utilizedP@DUS2004/000982

reduce native oxide which can prevent solicidation

reacti ons. The hydrogen taqM%auses | ess danage than

argon sputtering pre-clean"steps associated with

conventional processes. Follow ng cleaning and the
WHAD T JgdMBIBR: ng step at gas flows of approxi mately

800C to 900C, conventional 15 silicidation processes

can be utihdilod 8ffornfhd AMmbak b ¥&EYin a BerMYGiOedAtaBinig Gay@Cthdimethod

(HCl) environnment and | ow tenperature anneal at 700C
COmpEAASbe utilized to elininate germaniumat the surface

of the séiichnadhintde gwvafeum containing layerdefost hotenthat

whi l e t Bﬁ)vﬂﬁg?iagggf AL AWM N IReria S PBE L e Cin@AANBhSSaturéftbless; and

particulFar values given provide a preferred exenplary

enbodi mepiealys g th l@eent i nvention, it is for the

purpose of illustration only. The shapes and sizes of

meehod aHiFRYSEPUr HEHR o0 st ARy B el AR reathfn s
substrdtenindleithg teermphien, preewihod caetisind: s and condi ti ons

di scl osggminYakiiQSiGRanseso ey sifudde to the details

di scl osed without departing fromthe spirit of h.g . fth

i nvent i GFECHY %‘f’l“lrig?ed‘é‘f‘?“r?étgdeﬂvelitﬁ O 8‘?‘:’3‘6” arsisémat(e:cf iygeations of the
trench Z0M#dn264044,066368 PCT/ US2004/ 000982 CLAIMS WHAT IS

CLAI NED f&rﬁing%‘eneﬁbs%ﬁlé‘]&gsng{e a{thrlgéaﬁ](gls;a l I ner I n a tr enCh
in a germanium contal ning |ayer, the nethod

. . . VAS i
conpr i sifprgngsn gudedpies i &eg‘e%t“‘é Hi g SReerguE RRATh AT
cont ai niaAgalingYeloxidOlafeayinht Renches etbdsubspatavi di ng a | ayer
of insulative material in the trench in a | ow
tenperature process; and annealing to formthe |iner.
2. 3A netTheebfd ofplniuf 2 étthericpreprising pravtdipg aatirsyative praigrigl in the trenches to
form 1BMlRG: idol80GHsid80l ation regions in a substrate
i ncludi ng germani um the nethod conprising: 10 form ng
a silicon nitride | ayer above the substrate;
sel4aect i Vitk yhethbddiiclaignstl g2, sihbreic tha lowi tempetheird rgeess istporfdrmednt 2
temp%ﬁﬁxfetolﬂ[egssthaﬂﬁ Q&Arﬁatte%dm\yct h l Ocati ons Of the tr enCh
I'solation redgions; Tormng trenches in the substrate
at the |ocations; formng an oxide |layer in the
t r e51ChesThke he@od PVlain@NPREL, Atheikid thp Idaaseiat@dwocess Dses an oxygen
aﬂ{%eal(jnsg thte o>f1i %Ie | ayers in the trenches of the
A RSP At € 3P hE et hod of claim 2, further
conprising providing an insulative material in the
trepchesy tQod # ?d?’xlning ShalidveRabh itokabRk iR i £GhRARuctdt layddiBe method
method of clains 1 or 2, wherein the | ow tenperature
compysPgess is performed at a tenperature of |ess than
appr oxi nmabweding a1 Gask2@yebaboilhie: samicdnddiafaygl ai s 1 or 2,

wher ei n the | 0GRS LA, UsSe BE REERRAKHSES an oxygen

selectively removing portions of the photoresist layer at locations in a photo-lithographic
process;

removing the hard mask layer at the locations;

forming trenches in the hard mask layer under the locations; and

forming a liner in the trenches using a deposited oxide layer in the trenches and an anneal.

7. The method of claim 6, further comprising providing a pad oxide layer above a strained

silicon layer before the providing a hard mask layer step.

13



at nosphere and a sil ane atnosphere. 6. A nethod of
formng shallow trench isolation regions in a

W@ eosoeissict or | ayer, the nethod conprising: PCDUSZ0GP0982

a hard mask | ayer above the sem conductor |ayer; 25
provi ding a photoresist |ayer above the hard mask
| ager; smd rﬁ&ﬁdd‘éﬁdlalmﬂemvﬂ cogpraDE tdnowisg b padfegide layer at the locations

beforg g:s;tgpro%?or rer%l?es mtq&eh %Cat I 1%%? in a phOt o-lit hogr aph| C

and

sk layer at the
| ocati ons; forn1ng trenches in the hard mask |ayer
under t he, LagaktQRss, ﬁmr&qlpmdgn ng a liner in the

e Sy o B S et A R REAES gions
conprising providing a pad oxide |ayer above a

strained__si ing a hard
mask | a;‘}ee“%"“é‘% L RO bR Ry AL Pl el T O 082
8. The method of claim7 further conprising renoving
t hgopad 1QKihdod @M akhddieind Heal i eRgid tkafimed.he st ep
of formng trenches in the hard mask |ayer. 9. The
nmet hod of claim6, further conprising: providing an
insulative material in the trenches to formthe
shal  ow trench isolation regions; 5 and renoving the
hard mask | ayer in a wet bath conprising acid. 10. The
nmet hod of claim9, wherein the anneal is a rapid
thermal anneal. 14
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