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WD 2005/ 071735 PCT/ US2004/ 043107 SHALLOW TRENCH
| SOLATI ON PROCESS AND STRUCTURE FI ELD OF THE | NVENTI ON
WOrHEs/Briddent i nvention is related to integrat d€TEYT20U %3107
(10 deuireesvwaigeN @ NOIGEF6R PROTESRKND GG CTdRM Ces.
More particularly, the present invention relates to a
nmet hod of formng trench isolation structures on 5
substrates or |ay L nel udi { ned | ayers such as
strained silicon. %@&M§@§%| NVENTI ON
Integrated circuits (1Cs) include a nmultitude of
tTha prsiesttimiertioh reled! tointegrasdaricg i Hd detas arsliubporeateeo! making IC
devices. \'f%ﬂe %@cumﬁ} rt’&%?eséﬁtmxfe%dmr%s 1o Ao BB SIS @onliWMiioh Bructures on
Gener al | transistors are isolated from each
S“bwam&toﬁ]éfr‘emdvl‘idﬁﬁﬁtlr”éﬁe?i i‘{iém oFeas Praed Fi5%st ruct ures. 10 One
nmet hod of formng transistors on a silicon substrate
i nvol ves the well-known Local Oxidation of Silicon
(LOCOS) pr oces BACKGRIMNNhOF FHEIINVERU®DNNr ocess
typically includes the following sinplified steps.

Emagﬂma Bk (16§ %ﬁltuﬁbl z{xﬁdltﬂﬁi& bﬂya%stdmsro;nte@ BH@%&MCOQF]QWFSU@&M@
can supstrate onventi ona
Various W%&%SL@F%@H?WS Ye lﬁ%ﬁ*“ Iﬁé‘l* Jﬁ%m hEFHREL OFVEQ?O&H%Q‘% each

other by gishlpttngor indldtion ghectliayer to avoi d del ami nati on and ot her
processing problens. Next, using a |lithography and
(G hw@s@&@&me {ekiotBis b 4 Gl s@mate 90158 LIRCHIME Wa I[cfém%on of
ro uce a pattern where transistor source/drai
stcon (B0 s § Corier UL S PAF P PBS0 VBRI DN mE Aot i seps
First, a s§ioen digddngr 1 thamelsgrowreonfthealliconaMistiee. | nguibnveonvésionkiLQEos
pwcesseg Fe@}u)MeQ hiOﬁ qﬁam}/' t}Hél Inﬁg' UW ﬁan Iaﬁrlcﬁ 'IJyEr téjo@vollcﬂﬁéﬁﬁurﬁﬁdn alnd other

mai ns, fireldoxid grows on the silicon
pmcesm%@’e%t ge’i—f')?ﬁ%%lahoéﬁ?l?yﬁ@d ‘i“ﬁ'@l%?fﬂ F@@%?Wr i sqcYeR Ao ved to
produce 8 b@fprn wWhet @hdsigtor it @irainxbad ere g:ﬂ:ﬁ%hedl ftecirphiat te sdulve/drain areas,

a field ofi@ﬂ?#t@x‘wp gAsR)Qf’dg %9\9@1 i 11b11haewl{<]:#:etthe nﬂﬁd Igbépgnﬂ%fmt{s QLHCP[Y@? omde only

| zéd 'S0
grows O@k%’%as@iﬂa e@éﬂ?ﬂ% ng fhaﬁfélrce@@lnwrﬁ@rste@r B@@bfsafwmxlde gfowth is
completd, M MriaRink PStibra bf Hhitfild Ikt i @S0l teatied by M oBEkHIGRur@fiehin areas
on lheexgoseéghcoggl ans, is a shallow trench isolation (STI)
R ¢onventi onal ST process typically includes

the followng sinplified steps. First, a silicon

Ainethar gecqseiprierriing ipsletigairiclireg prsviafingrs seepORY fath remianp ispalsleatlow
trench is&htl ol €30M) {ﬁf@lﬂﬁ tA a(hﬁenuNﬁKS T pMSdsaﬂQ)Ically nthde gleapBying Bﬁilpﬁ‘ﬂieﬂ Rteps.
First, asi%con nqu% l%yer 18 thmala gg?pwnnor%it{posqed ov\ﬁoy hee s:hjc:?n ssu stragat Nexq L¥1nga

ern
hthograpémnd@@h enomssntha pilboes nigg rde laey ISB@ecrl@@amwcdm s @fwcqcymattm nhaty

tr anmstoxt Qaﬁ‘cé}cﬁldﬁ eedsdad iﬂ: }@Et@cﬁsﬁxftelt ﬂﬁ@erﬁﬁé@ﬁé Jo@%@dﬂaﬁ a@ﬁsc he glb%tet@etched
rmtre S are

o form B R Ol B e S 00 e ppe et e
trench. Fhe Epee hxideThigpibdlin énmabel dersi lghttyppem@teliya hokebldriaffiCh avid pypbient.

An msulemvgﬁat&glmgﬂ RALHESR di(ﬂld@i zfliE Q%ﬁk@l@ﬂo%teﬁ 'GQr)the%gzlﬁ% lmng B diner
nsul ative material such as silicon dioxid

2)
oxide W“lh? ”Eﬂ eile t I BBBEerE Y rdo fPAs 4 Rigar sfaqe- E’Hb““t‘ilfélay‘” 1
subsequehtlyremovedoilehes s dxitie Rirdchies tittlenwdirendtee | nsul ati ve
material is polished to create a planar surface. The

Qlllailg\i/ g&lclll RAGon tSEFI) s§1§1‘;9§e§ gﬂc’ gtl;ﬂzlaci)/ln Eti%ﬂi@&’ ﬁﬁco‘ﬁ ?SMS?M)?OCE&@(% SMOS

oxi de structures wthi he trenches.
processes greilippdite i erepsg ‘5"’1‘13“(“3‘5TM?S%5TP RREIPTIABS by F"é"eﬂ%“i‘a theLggyiey obility of

silicon, tigteb@icti@thg Sdskia:0 Mnd(pSMISIns Piptcem8 @breashbiyldbve @GR SBGEAc)aEPonse,

and operzﬁ:ﬁlé gpeezde g‘tr&n?ed sﬂl?()ﬁ?sq ?ca 1%%(1 ﬁ%QFME‘%/va?Q sﬂ?c%n E { mng—germamum

I'ncreasi n arr er no
substrate or Iaycr

-1-



10

15

20

25

3¢

silicon t hereby reduci ng resi stance and power
nsurrggl on and increasing drive current, frequenc
WOr’é’gi‘f and operating speed. Strained sil iPESHSRYH043187

H‘M@dﬂ&&l ke)/m?fnﬁlﬁﬂﬁﬁl:ebééocﬂalgda}%tﬁ@waﬂﬂztﬁl)/g%fmaﬁﬁmS&bkﬂa&@d’lgcﬁ)d’ﬂalig more
1. COon SLr e or er
widely sSHRG § 1SSt B ks s b e p g Pt $1 1 i Bieentase o

germaniynat Repagee thesdiowi laitiedlige whHh thibrgsy dilicowger rgeewmimwem tensile strain is

created 1§ aapﬁi;cro@ta o) @hegﬁ@ﬁra%lmls Yre ARERialY ﬁﬁéd)ﬁpénq%%qe hbas. a pure
licon lattice, vv|t spaci ng becom ng wider with a

5151?&65 bR FEGHL LR 6 ¢ b bt o S AP P The

applicatibradl tenGle stradn tt dn silidoe caibas &iunofits valene ddneédo inpredshid esdrgyi apdiwo of the
valence ﬂaﬁéﬁ@({decrzﬂgm%héré oey! a%ﬁﬁ’lp& qﬁgn&nﬁéﬁgpwe&lohsxrf&ubél}%@@@5Lwem

from one anot | axed or non-strai ned licon
less whep ppgsing teteyieh H@ﬂq“&?’eenﬁémﬂ% druscBnloRprReHi| bindée{{%}eswrsgﬁ@éo
electron AW A6 addHbE eleaﬁ)ﬁi & akithaess Obrati@asdnbgy Bdnt d mhcIb1@ of fesilicon atom,

which cauée£ 0[‘(1) scaﬁer a 1ale %H‘JrOP % II'(])B(ﬂxmes lssetpam 1@1%8:9%1 1&09 Apglrefﬁﬂ r1er

{6 gect ease
mobility @ﬁ@n@&callmm @Sqdersqua@ed@fhcmﬁpq}pﬁ Lgfe[laé@dtsgmone;pr@ec{llfmgnmcase in

moblllty Gf 8‘0%(1:& h‘M@E(y eiéﬁfoﬁsfhn@ﬂ)%@i nﬁf?d"i‘bi hdle8 S'Bhe WL ke RSBl has been found to
t he

persist fob gﬁla%i ? Ué)rto :l glgg&y ?ﬁ%ﬁt@ [}gese i‘a-%rtprgs bélxevefl }0 e\lll\f“bﬁel a dgv1ce%¥eed

increase oftdfetwiibent fugthe eidpadiisof ﬂe»eqe sing, ohe 7 8smsdugliop frapoiverserisumpiien grifhout a

reductiod ih BMot@cenucl eus of the silicon atom 10 which causes
themto scatter at a rate of 500 to 1000 t| mes | ess

S Ter Py SO P Rter o S PP S eeE oL Sl epppiagfover
and etchegldrforr edcticofor &b keducaird iTbomenches exvind ihmgghethe strpivydedise livar and at

least partfﬁﬁpin 0'tﬁe)§1li@$:1 S0 Rk YR & Lfoﬁ’\fent%nﬁ%tff lQ@zsoxﬁQ 0% lehzem?J Sowa
for_hol es TT’]GII’]CI‘ ease i n nobjl een

trench hr}sé r’ng? %ctnvggqna]a}“[[ Prézﬁ?mquel ELHE ca bltl]ll28 Vﬁf}/[ ]ggh tempelatmes audbﬁ](q ambient
environmeeg anoing $iseendss, petnerium dhwsingficmhars, @id cioelkgag vadinpot the
fmmath?m:ll Al cg@% 1t§tﬁm§t9ﬁlesq uctl!lrgkcfa%@éa%d 9(£ 1p§1§n@a\6\ﬁ @ap Qalﬁge cfe}ﬁ{ﬂunﬁr

reduct | on” of device size, or a Yo r eduction in govver

accumuleigh¥URTP of (Wi HBEROf §o Tinet, thegedy Eﬁuﬁlﬁﬁfeli‘aﬁ"'ﬁféfis‘f%lbﬁﬁ'ﬁ EL stryqfpre.
conventi onal SMOS processes, a strained silicon |ayer
Isopreaishd 806 y@resas, ﬁielsrrbmmetgre eaeba subjecd t@gii@on ovarhehget ibheige of

the STI sIr&tLﬁeOJeEQugertﬁeréﬁgﬁis%’?In%%mlnh%mﬁg—hmx%trgahﬁge%ﬁc% tha;[hl@ s&aﬁrﬁ@ Qﬂ%ﬁ‘ layer.

extend throu e strai'ned ['1con layer and
Further, thesgaipedsificen 1éFIel 5 messetsily pRasugied thagihe @@Pﬁ‘ﬁ%mﬁ’fﬁ“} 1@%?“““3&“‘“‘“011
liner and GiDiNY @Bk ah adIifibn, kénv@Kioak$des Prieesiss cusbeuitijdet t2 8T stdowall
..grow a trench liner. The conventional STI |iner oxide
process can utilize very high tenperatures and HCl
anbi ent 20 environnments. During this proces
Gep e itticediopasyy Hyetue "aithemoe aﬂmei@wt %ﬁg%ﬁ‘é‘f‘?d\f%ﬂf%‘ims
or layers.] YapB& ktill, here 1sfa%dﬂ&&rla@ﬁbc@ﬁ oft fhdningf Hi gh 1B 1ityQ:RidesGOMR lyadili ctrafpia@bility
that are n!')tcgu ﬁ}tfrhglg k)]upqog)?ems as%‘ cxagelﬁ wﬁg gram%éj thllleaﬂt S urﬁ\nrds lﬁml egg’a d af(o:rean
lmprovedo?MQSrfémm forgretiontprasese gt rt@@%q@q@ﬁép rﬂg@n P‘fetbyﬂg’r §-’§’Jel§1'@1f Bpre is a
need for 4 ﬁh@r @Hau&{ﬁ&@s& thafs 1er@use@nM@f@tgb&m&hm ML OGRES BSre istaheed for
ctu over

an STI pr{)ﬁa%s ‘%‘gj‘é £5%5 SCG}%“%@ tcg@f-ﬁaasé ?x}eﬁgft{ﬂngg %Iscelét?g%lmfxﬁtéon szgewaﬁ leakage,
and silicogjobdrimon - gernanlun1layer is nore readily etched than
the strained silicon layer. 25 Further, the strained
silicon layer is nore easily consuned than the
silicon-germanium | ayer during trench liner and
filling processes. In addition, conventional SMOJS, STI
trenches can be subject to STI sidewall | eakage.

leakag
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Thus there is a need for an STl structure mhich can
forned W t hout damagi ng strained material s
Wq %\V@PE””FUH her still, there is a need for a P&Té'é%@%”{’”lm
of form ng high qU@UhﬁﬂARXKHNﬁHEMNMENg@Nﬂ conpatibility
30 that are not susceptible to problens associ at ed

' Eurt her ther o
J% r?;glgr?énrllo%glmglﬂ Ie. atea 0 ? 01t manhfa urm ax{ mte%]rat%c? cir ((::Iélt %%vm trench

Isol-’mmt TRZIENS{ie sesfraty m%ﬂerma it bayero Tlepi rmeitherémciecisaearehetrvgly etyhing the first layer
to form fefehrb@ksocibbBkig: 1(50&10@3 of HR8Mnch @bladondabBE anfi R MRE bt@khed semiconductor

material &E?Vé ﬁ)gi shlhyex F”hlle {“ﬁ E?ds a]st%ﬁrgﬁxggstﬁ%&&g wtéug’ﬂlg?e %iﬁglaglﬁ npg-ﬁ}el tures to form
the trenghrispbgsedidnat i s | ess susceptible to at | east one of
strained silicon consummation, STl sidewall |eakage,

mm&j exél &%@&ﬁé}ﬂ Blates % a%th%@ggfélg%%wﬁ)ﬁﬁow trench isolation structures in

/ US2004/ 043107 ON_An
s comp L P ST e P PSS O Lo (R HERegpelste proviing b

mask laygpaiwfaid qsvmpmgd amicpmxagrlataerzkmvmgxha Hardhgawh Tagpr bil@aigins, and forming
trenches 1§ fﬁk @Jrﬁpglﬁld &Qéoﬂ&%m{ lgye? @HQ@%C%O%S "1@19 }'ny J)Jhgso ?nc{u'dgs%a;ppmg the

| ayer. I NC es sel ective et chi ng
hard maglj lpsep, qu‘ﬁ%i‘ strapnggl sPRyCPRORER A Eakye te gwp%ﬂdéamwnflww e, and
providink G0 RtidnGRErialfin héreenttec£9 CmiteGhalb Ohck RgioRSuands. f or m ng
strai ned sem conductor 5 naterial above the first

lS%M gﬁoﬂmﬂ%&lﬂf&%%%gdlﬂll ﬁ?eiit& ?(J a%%?%rateg % %R.gTﬂe%é%ﬂdi Mt includes a

tertal 1In ertures e trenc )
Compouvdssswﬁ?ﬁdaﬂﬁorﬂaé@ﬁ B laympeend fhe eRRPH arcoats GriRrABAtstained
senuconﬂt&;koata@éi, ahOisElatiiR trdnoidds. Of e fsuini@l ReghicoimbebQiyed is 85064 the compound
selmcon{iusc?o ﬁwr oﬁe%sto{ah]cbl lr%nc%g' are dlsgosecf ig%gﬁp%uusdesgn i %gucllflor ﬁal?{gr The isolation

bove

trenchesji d@@g}éauqungl, aﬂ@su&\ml@rqﬂ the jsplatien frenp axab@@eét patiially covered by the
strained E20RAOA: 8RR conductor | ayer, renoving the hard mask

| ayer at |ocations, and form ng 10 trenches in the

compound sem conductor | ayer under the |ocations. The

met hod al so inc sk | ayer,
forn1ng a stralﬁﬂgﬁéé%$%% E@?@?ﬁﬁa?g?&ﬂﬁgge t he
onmpound sem conductor |ayer, and ovi ding isolation

Eé%f@ilii* wfmofimerewil beare @gretl%‘y flfeﬂ@ﬁ%ﬂ%‘%ﬂslh%ﬁo Heiing deipedflescription,
taken in b@h@inétoh @Nh Git Bod@hpdh Q. draStingh, whatiotibattcence aphaadlyrefer to like parts, and
enbodinent relates to an integrated circuit. The
integrated circuit includes a conpound seni conduct or
| ayer, a box | ayer beneath the conmpound sem conduct or
|F ’ i iga gcpcp@iu?lgaes»imju%@}ﬁieévdﬁ A aeEEyOr p %@z}dugﬁxdon«msulator (SOI)
substratel iScdldal hO8kideNGRCHRS mal Ry lahdd f16Edres € My & AR dteclidlexdniyey
embodm{eﬁls ?ﬂﬁe}/ s%alfow%'enc? ngptyo?l(éSTIg?rocessesn ut%te% f‘Ie‘rYJE_ES 10 hg 15;

1on tren ed | e conp

sen1conductor | ayer. The |soLat|on_ trenches i nclude

FHERER i g eosratciymplafiowsd dhegpeeniBiisiaeddn FIGVRE; Lstipwing o ihographic
patterning k@fiches are at | east partially covered by the

strai ned seniconductor | ayer. BRI EF DESCRI PTI ON OF THE

Eﬁﬁ?ﬂé\ﬁ dé ?sss F’%go %rv\yof ?-hrrgorgonlnﬁus rﬁed m l(‘jlthUgl%%g ggwmg a selecuve

emm%ﬁ%%@%ﬁ@ﬁ@ﬁéﬁﬂlﬁﬁaken in conjunctlon MAth t he
acconmpanyi ng drawi ngs, wherein |like reference nunerals

FEFUNE 4i9a drbdsecahitview 0@ porvbianRirdkd i FIGURE 3 1shbSinga selective
Cl.0SS- sectional view of a portion of a

etcmngsgzgrfmt ”’88‘”%‘ OF- on- i nsul at or (SA)

FIGURE 5 is a cross-sectional view of the portion iflustrated in FIGURE 4, showing a selective

wherein:

etching step for a compound semiconductor layer associated with the SOI substrate;
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substrate including an oxide |ayer, a hard mask | ayer,

and a photoresist [ayer for use with exenplary 25
WOl M8nt s of the shallow trench isolation ESF(US2004/043107

FIGORS S B3 cﬁoks'—stsb%ﬁx[‘aﬁ‘helﬁﬁoﬂ i pﬂti};@kﬁﬁﬁ'a@@ illm Pll‘:ﬁsl , lstﬁlfvﬁygjﬁﬁmgvai step

ross-sectianal view of the portion illustrate
forthehla‘ﬁnﬁf%ﬁ? 1%63’?%%"\%? a |ithographic patterning step;
FIGURE 3 is a cross- secti onal view of the portion
iHIOURE ¥ st exdssiseetipilaBURBf2he pettiowillngratad b &IEHE &/ showing e hiiaiwed

semicondhc®P fok Ritiok H1§; hard mask layer; 30 FIGURE 4 is a
cross-sectional view of the portion illustrated in

ST By b itk o5 € haropr puSe L RO veBhe ey

step; portion illustrated in FIGURE 4, show ng a sel ective
etching step for a conpound sem conductor |ayer

3390 AL § droWsbdlo o BewtPihe H@@rt fitduSted mItOR20 %@Q?Q—gﬁﬁfmmaﬁon
PCT/ US2004/ 043107 FI GUR is a cross-sectional Vview

and siliciRtqusEP hor tion i | 1 ustr at ed in FIGURE 5, showing a
renmoval step for the hard nmask | ayer and the oxide
|FEYERE 107 ChoReEal Ploplstigrapr shegrsedelioorighchviorupngfoctsh ir the portion

ilusteardd Y FGORES Lbust rated in FIGURE 6, showi ng a strained
sem conductor formation step; 5 FI GQURE 8 is a

fectlonal view of the portion jllustrated
D03 DS PSh ALA R oo e o s
with exegipysmbaeitthingréthe shalkw tehchtifsalaipor $TIDpodeds|ilinstated SreftIGURE 15,

showmc':kl%ﬁhzrdm§§k%%o%s@psgat e formation and silicidation
step; FIGURE I's a general block diagram show ng a

owtrenchlsol tion proce or. the
TR Pt Lo R e et aorgeed y PRDRG 11 shoving o onch
step; Cross-sectional view of a portion of a
sem conduct or-on-i nsul ator substrate for use wth

SXER! A2 SILQLUIR M oPlhe bHBonIMAL QM Fﬂs%ﬁ%hz 'sﬁlﬁdﬁlg%*sﬁ&[&d
(STl) process illustrated in FIGQJURE 15, show ng oxi de

silicon fyRaoR 4P mask renoval steps; FIGURE 12 is a
cross-sectional view of the portion illustrated in
FLEUIRE 4%id cross-hrotuinaigiear of theprotionfillystrated B FIGURE 13, EhaBUiRE 248

formauoh%d@ﬂﬁrdgmsgg%i onal view of the portion illustrated
in FIGURE 12, showi ng a strained silicon formation

FILGURE 14 is cros ectl vi ew of the
A e T e RN AR R T
illustrated FISURES | -g aitdi Lb6144.St ep; and 20 FIGURE 15 is a gener al
bl ock di agram showi ng a shall ow trench isol ati on
process for the portion

DETAILED DESCRIPTION O REFERRED
EXEMPLARY EMBODIMENTS

BIGURES 1 through 15 iHlustrate methods of manufacturing an integrated circuit (IC) in accordance
with an exemplary embodiment. Advantageously, process 100 (FIGURE 10) and process 200 (FIGURE 15)
do not provide the strained silicon material until after the trenches are formed in an underlying layer. In this
way, problems associated with silicon overhang at the S$TI edge, strained silicon consumption for formation of
the STI structure, and STI structure sidewall leakage are reduced. The strained material can be provided

according to a variety of processes after trenches are formed in the underlying layer.

The embodiments of the method (process 100} illustrated in FIGURES 1 through 9 reduce
germanium outgassing and outdiffusion problems associated with silicon-germanium layers. Process 100

utilizes a strained silicon layer on sidewalls at the ST trench.
-4~
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illustrated in FIGQURES 1-5 and 11-14. DETAI LED
DESCRI PTI ON OF REFERRED EXEMPLARY EMBCODI MENTS FI GURES
WORZORPYdsh 15 il lustrate methods of manuf act uriGIgUEAN4/043107

l m@deﬁm 6hdOh &bt usfd lQA giaﬁbv?ee@aﬁdaaﬁ&mrﬁ@owsgda afbrocess
r nmen vanl a roce
s S B T BB 300 A DR PB) O g e

tempergon@y hdentedreusht ¥ lenmdie Biydr codn famatdet 4 @lativelytiow tempdraure trideret still
plovxdet rh%ﬂ ﬁlh&%% oﬁiﬁgwftkpéogaagmbﬂlbﬁ’i@ lAl’lg\ﬁ fe érghge br@%@srrefeljs Bd [hdc@ss

bl ems associ ated 'w t I con over hang a
Ptﬂformse’rfft a&a@@faw@ﬁ 1555 g argTorineiEhy 76%9&%% F EHOF B0 Por mat i on
of the STl structure, and STl structure sidewall
| Radeagao FIGERES dthedgh 10Th@0sS bdcainBofbwivhh Sriical12 68dR ilErated circuit
(IC)is i qugz\i/ttladﬁ %gmgr? gﬁ? srugject L{g ﬁoct%ﬁ. ﬁg&ﬁ#ﬁo%@ Ti ?I%%.%I%ﬁg\% 32; ! exsolatmn
(ST stpiyg d Perbant 18 H@ﬁldfts Iqleowbtlmrd?% @mxé@egg ai@@l)atel 15| Gepstradg @dlwlqdes a

compouﬁe!l @Hﬁgﬁu&oﬂlﬂr@?m&"ﬂ %liiﬁ%&%nmfﬁ)ﬁi SR M Dt PRI (OB Mer 14 and
assQocCl at e

fusio r ns
wvese 135 . Sy T b Loy gog s hu0sOn i ggiagns aver 16
strained silicon layer on sidewalls at the STI trench.
- Bpsafyep GOB$10P1Y 88 pRET IS0 47/00USITOH BOR lansekige e bO@mamest

layer. Faf0ayeAI PRILHSRU S bAd £81thS Hidle hAW il NG rdn BB al B la(ygrllﬁ) In one
ess ng trench isola

any {
entbod g 003 P 3 Bt DG ool e CRS s G P fer 1 o
been gr@»wtog acg)gsuﬁgasatsﬂtbnnghmdct leyep dragdr U6 8 growAdvipdisgagiebusshlly, abave layer 14,
Layer 1!3 Is rﬂ@tﬁxe@@%hrﬁ?dd epcglﬂe@ a@)@e fa% W%I@Inatgelg %L@Hrﬁi{y ?fl dén Lé)(%ﬁchased
tenperature and yet still “provid igh qualit

from 2 vafar $WPNEFt h good conpatibility. A | ow tenperat ure

process refers to a process 5 perforned at a

tRertjpe i 2dan beang fypt efsemitdnduricapyicat preitoe kyredHGC nae bgmade &bm any of
a vanet)pdf s&ﬁ&oqwc%pﬁgesseﬁﬁltﬁe{s c%l&‘&nt&t y%gﬁm’l fsénﬁ{og‘lﬂgnr &L@AOS”} plocess

cross-sectional view of ortlon an |nte r at
bipolar EpGeg 1 PO PISt P aEBb ot FORLS 17 i) et g may

include § GuIptu@CE sBctbOIO cdnipbishiforidl) to form a shal l ow trench
isolation (STl) structure. Portion 12 includes an

(L)&yéi’ € 1 %%Fabﬂy% sxﬁlEo%VgEﬂﬁ ur%zec{meﬁse Qzﬁiﬂ&&%ﬁawﬁﬁ 1nc§1‘d¥(ﬁ§{gérﬁ£x§um

I ncl npound_sem con C or |ayer

and can g? ‘l“’lpff’o"ﬁ"hd’é‘?’ H‘?éjﬁ]? aﬂﬁ,))r l\[B PBYIBEE- SoeF méf:a‘bw élataﬁﬁlllﬂét I{“B’@k? ona
semicont @@ br ak dhsaltive he ﬁcibaﬁ$a@er| 1a.yEIrthérﬁloreS@bxslt6ﬁﬂﬁﬁ’er5]5y 4 ®&mposition of

silicon aR& gefrrﬁsfnﬂlm (Xt; ?x, g}xcq‘gﬁ glﬂg&%r&agcﬂy b. %Z?nldl o gegé%)in the range of

trate ase | ayer
0.1-0 q)optl onal and portion 12 can be provi ded with BOX | ayer
14 as the bottom nost |ayer. Base |ayer 13 of
s t 4 At 8e gbwiC adpodded, bitermsabEiomatpRhhtah abfve Bastliafch €3. @nyer 14 is

preferab@%t%éé‘1121&3%'5)!}%5&:1%%%9% d 21090 Altincko ﬁgcm cﬁrgt?%zgtjel%ﬂg ern%)o%i?r%n Q%/g[r 14

_ em co or substr at
may havg g fickieas of beifiesn angixippiefyipa Pndizﬂﬂ%‘i@g ipaxshl4gp oIS layer, oxygen
implant-iepiesistief).as a silicon dioxide |layer. Layer 16 is
grown or deposited physically above | ayer 14. 15 Layer
%ﬁone%n{;'o% mcneﬁg 1rs Igrlo E) ove %ge 1{3@9 EQ)O élbenucgl v%gcﬁ dvépcg? (}{S&V]r)ﬁ
using digilangdfidts) and ppning KGeﬂ?ms tscrumq gfr:Qs ez g swzéfraéerfymmem@e @f650°C, a disilane

partial pt%%me Qpﬁqﬂfat £ a 9&%&5& Gartidd hreR2 e bt @t h@Fo%fdf sifdd- g%ﬁmgﬁ material
fromany of a variety of sem conductor

may be xﬁxlnﬁgdéglét% gwse ézlﬁxesh oraaétetgau&(aw]e é)izlrgﬂlpgfsyre ﬁb&{:gﬂmnm TRA be gradually
increased @pinniontnc i Dver(phduS)or PEOBSSB 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
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bi pol ar process, or other sem conductor process.
Portion 12 may be an entire IC or a portion of an IC
WOHESHEYP8 20 include a nultitude of el ectroni @CT/US2004/043107

16. Preféﬁﬂi@ ayents i vinl 3] @ﬁxtax)l—ta}( Sickkls df &ssﬂﬁaﬁfaﬁiﬁ@hkhcyeIﬁZ microns (and
r.. sem conductor nmateri al

or e
prefelab?y e {Weecﬂ aﬁ%(ml@?‘ i |lﬂ?ﬁ°“8 q’é& MEEN be doped with P-type
dopants or N-type dopants. Layer 16 can be an .
il exadeifidm of ige laygs il dizipupeidedgbova laye d i Teayerd§ éstopiiongr Layar 18 is
prefer ab'iﬁﬁér&h&f—l‘l@,' loM6@rn Ql@ﬁf‘er $eieh t]fi'e‘iuéssﬁif @(Etwéeﬂ -apﬂ: &kﬁ:ﬁd\#{ f@@ Eu@i, 30b BY Eyer 18

r ref on
serves s BB S el BTG btk SoraFRb SRR Bt b e
approximgelyroeeCyenengdeh-yoriamitzheosmge of 25 0. 1-0.3). Layer
14 can be grown, deposited, or formed by ion

ATB% %Pga{:%%rld skq %% 1a§§\§deh %?&mﬂ%%&yg&%yﬁefgéﬁé hisk 1ayeh22 1i;(s1hcon

pr oxi mat e
nitride (3 b[?r%"i“ﬁ@ attaéhigqnf% P@P&W%%W*h%}%&d 1q0%§@y a @LWOSIQ?&WVD or
thermal BRVE pRocdsh !Ciéﬁ@ﬁeSsu&f plgih YWHEHeRRHON ivipal cﬁb@éltl&@@’Eaﬂﬂ) process can

also be L%gzeg A(:o gmbna &%Iinalymi‘flde é)f:‘roc%sssusglé a d!\({gorosﬁx T‘F% ﬁbg mnnia (NH3) and

nitrogen| (%Ig) exfxt%atra blg@ fe@wiatabme 6YES er qbavé%n !zeusyy 'Eh@é?ﬁﬁ‘iila [process for
depositi¥eHROde W BRSE SR nlGIN,), Ui diGhofi B AREN 4 vt herRdtd

.ger. e ( Sour ce Wit h strat
sopro D SR P SBRO% My s SRR Gt S S B lme g oovoses
to a No/1Siy/ Sl aserdhicd wife comaergiop® (R ad srpriemeesssecap be GO toriRam mask layer 22.
G owth of silicon-germaniummaterial nmay be initiated
USpHB@reifl ?a?& 28 BtptRRiled @lz., &) sbﬁrcﬂzﬁhé)\é%vy maikh@erﬂa@r Pﬂeﬁfably,

photore G G S P VP8 SR O Mgt PRaE (g o M
SPR 955 (blinw) QY PiderghiLBNHT InGHGPYIS 14, pitorddist leyenit it selebtively gen®%ed via a

photoliti®biaprEQRock BUEKs a%@k f8Heped Ve dpg{hle!s @'anmoﬁﬁﬂcg RichM &dd 102
(FIGUI{ge mani um or ot her processes can be utilized to form

At process Iy 2005/ 071738 PCT/ US2004/ 043107 16,
Preferably, layer 16 is grown by epitaxy to a
HFICKRE S snaolf lajep 83is phr&erablap prdhsiratds yicid pih ¢ fiyrshifgiprebess so that

aperturepﬂ‘clqga@l[ &Q{BYaqugi %&1@&9@%55 Ha; l%h Xf p1§ce£§‘l§(§‘ gftﬁﬂ@nl@) he dry-
crons. Pad oxide filmor oxid rov

etching ;g%cgﬁy és SFI%?é(\f to i}éconl_%rwu& gespegt t?)ﬁ‘f‘}eéﬁ’ﬁfl 18 Eg’ﬁgﬁ cqughe; sglppedg\fter

layer 22 preefie@r ably thermally grown on |ayer 16 to a thickness
of between approxi nately 100 and 300 A. Layer 18 5
$EFORE Q‘Sthcaetclﬂ lﬂfotxgg 13 cl@a){t%ﬁ loqﬂ:q t[ﬁ@.@h Qﬁco‘h Bﬁh@&h&t&aﬂﬁ@ }M(Er I1 $his

a convent I onal per at ure process 9
etched S%LB?:; lawinﬁsa’iﬁé?agh lfbae 8((311 aﬁorgwc%\ﬁl}}vgs&aﬁ IeAO?ftpgiC??F ﬁ)& (¥ IGURE 0. Layer 18

can be ctalietfDepinen@ing Arbas. rilemadely btk whitghechibyes ca@ Be dtifized to remove
selected %%9(}{15 Sjﬁg'el.ol\ée f’ho?&ésg?la%?yﬁgm%&ﬁ I?Ea%fbg [eg'xmae)ﬁ befIld D fw%[;, la%ex 18

i'con provi at a thickne

is etchedoﬁasﬁre%%#soéebqudﬁﬁvéaygz 1356t 1000 A by a
deposition, CVD, or thernmal growth process. A |ow
M [ISSRE 6, the[lltc&@ﬂi&esﬁiﬁ hianee & «ehendvgithe vapotnddepasideiopMaterial of

layer 16, (IE) E&Wg) ano o aﬁx%? % mC a%gﬁx(;agcee\'alitﬁ g dlkg'eetc%lr Ewge?sdm EEAL agel tures 34 reach a top

vent roce
of layer ’d‘l Sntryreddt 42 h%a“(i Siidipasitadle, forawﬁwtaw{ NIHaye crprflimant. neesgesp4 are
preferablf BEd el bppkdtm@iteRt ISGmJT' hi@hod L0pRE dbbbl‘fdﬁzg @ﬁ)ﬂ@@chnoﬁ)@ﬁ} Qa@d’r 16 is etched

through aﬁ)er?uresédr tog%r Qregﬁll!li: T sha-(ll-lg}v %%QS/QF(: op 8%110?1116(3 W)(:cm wn IT‘F'%) 1%4 of
process JONFRRYURE 10 ”éhept@wévs p@ﬁerdbbimre:@mldthgmmmnmt@mﬂ@@maﬁ@ trenches
preferabl@ 20 X\@épﬁﬁ)f 8w %roxﬁ'fhte@m ﬁd%Ode@[)emﬁﬁé AMGexbeb (')'de%) and

asmp, as opposed
width of 150 30811111 "I%e trenches can havegerapezmdaI cross-sectional shape with the narrower portion

-6-
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to a N2/ NH3/ Si Cl 2H2 associ ated with conventional CVD
rowth process, can be used to form nmask |ayer 22.

0
WQL%PO%\O"BW oresist layer 24 is provided (e.g., PE/US2004/043107
being atstﬁy Badn? Q&d dﬂgrltat@p&yb%diggﬁ chllu@ey @éncl?eg havP I gfrr%[:qu:'ta){ ular cross-sectional
photoresrst layer 24 is any commercial ly avail able
shape. i _|jne or deep UV photoresist such as (Shipley Corp.
Nﬁ) SPR 955 (i-line) W5 (deep W). In FI GURES 1-2,
phititehesdcsited hetying et@dd ins dgelcbiog pru@bsyths @amhechn Y¢ Qungd in any
process Qh%{l(? %0{” %Q\gcﬂﬁﬁgh&es ng%glel%s Illl'{}ﬁé o%zugﬁsthe ﬁ%gl tu;e? }-OII' ﬁlle ﬁ‘en%ﬁes are

eav ur es I N aCcCoraance
provideqt ff tg Ry itgpyes 4 phlistaiysly tigdotiopof|te trﬁrmmﬁesatedrrﬁ@requ%%% may

not reac® Bydr $4, Qe Rh@iARbythamibiaed oMagkKigand is etched via a
dry etching process so that apertures 34 reach oxi de

%%HF‘Q%%]. Bym safFC OJ aapecl gm V\}fﬁecf](g ﬁ gsn;ptipg a erls gg asng If")% rgt}r?\%d using
any conwrfqnelcmocmﬂ TniFH &R ’t rrrame%&p@@pndtl%or@meaé 3p Wér'ld@@bwe dyerlo in
accordarf wRR R stBL108 b fritps dOOﬁf’f(ﬁlRE 1b)a)l,@§e1 %piéf&at@}t l@@@ﬂmkﬂeﬂ‘ of between 100

| GURE 4, the etch pr rou
and 200 3 43 g1 o IR G oar o Gerdis” Bt gy v
using sitprigadisiaper toplerssi@ug af Eetanﬁwaltuavé poOL ® ﬁSWCacmn@amré)ew ftphaxy
(MBE).Step 104 of process 100 (FI GURE 10). Layer 18 can be

etched in a dry et chi ng process Alternatlvely ot her

tchin ues.c l.ized to r

b SRR 8 b e S SO e S pErired v
layer 36¢ Afvabiezeowipited 3hah preearqernghite ﬂrfﬁgxprd@sobraty@mth]i& STl gench process

because @tc@JE§QOm1%fﬁﬁ{c?§eJm%gndG@d? Ia?érsi@ )Qr?er@@ TRVE gep@&tte@ﬁy d NG of]1'§oc'es§,es
he etch process is changed t

including EX apd B g PHE> S MBENRE LEIIBbnduct or mat eri al of
30 layer 16. Layer 1.6 can be renoved in accordance
Wiirtets (ot ehoyra)eticbei forgpedin 0 @sishes @ssodivadd vat epartureed a8 layerdid s

provrdedsl P}é%?abl)pfhe lu?c‘zlsea!re olrﬂie (c@p Sl L ESe cgéilrgoﬂr&lo?ﬁe)%nmﬁfcgﬂlgh inalow
sui table fo structures. In one enb

temperalys SFCRF- e@ 0%‘3&?“&?‘8“‘% HaTer st “i?e‘b"’é’t”iﬂé'é‘ﬁ‘e'é op F‘U)?P?r% héﬂk;‘i“d are
providedldb@riim twncn 3@Qidewalvwide tdependi ng upon technol ogy. Layer
16 is etched through apertures 34 to formtrenches

fh@e[no&%rlb&iﬂn&ﬁ QR Gierd é%(ﬁ%ﬂnﬁ&‘m% Ea%‘;ﬁ& éﬁﬁﬁ.%cd' 18 @&995 dahes vapor
step of ~process 100

deposrtrtﬂr%%%‘f@@%r%Prér%rsirrvftwﬁa%a %zﬂ% daROﬁm@b(ﬁP&rﬁreﬁ%ﬁ.%mt%me CvD
process digessédnbes. Bhéicralliahd depricivesocdbespio @biaridds INF, hateal wilidepdline at a
of approxi mately 500 and 300A (dependi ng on
tmmxm%ﬁfggﬁzggeof | ayer 16) and w dth of 150-300nm The
trenches can have a trapezoi dal cross-sectional shape
W FIRURR S gfaxer @\}\}@Fla‘ﬁ’ﬁ paterah 42 is plagke) doppgided gyer watgrial 36 and within the
trenches RYSJcidiiI200 4pdd:31 D(7in ado@ilang valth atslag 103K prodess lAﬂl laduta@ven@teriviel? is

pleferablg '!RQoql' d%%ﬁg ad ns.q &Jgg%\fb ?o@%F eﬁeiﬁ‘:ﬁhf/ qulﬂiv 1a'i 920 %@éﬂgslr{lacﬂgl a

-sect| SCr | ern
tratoylopbariigaT? (TERSTGEet éi‘iﬁffr?@"eﬁw S hopkes dlicendne@PearprEs cin be
utilized. TQOBBE nhaferi@RY is pRABDHBDStwEdA apRENiRatd1PF00P B0 N@ick.

apertures in layer 16. In one enbodi nent, the
?lgtgv? . %%nal %ﬁ is trel%leoveted;bﬁg ne% ancrlle or, e}%’c n% g%/tlil gﬁgg Lﬁ% %e 0& Q&eﬁf&%ﬁ is
reached. tTrhe rrm@é@ O%rssslbereama@dalxﬂn’i tehveam@rarlm agjerBlwithipythe trrmhe%%wed with

apertures Y 8fulditbe mEGRE @ﬂda?_ ge IHIB@JBd ﬁé}"haiuhbér%kﬁ&%ﬁlg of ctdnAy BlocedBs. | N
S are r

prtorslgy e s o 35 THGHER S EHS0BR usi ng
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any conventional process. In FIGURE 7, strained
sem conductor material 36 is provided above | ayer 16
WQ 0S8 dance with a step 106 of process 10@CTHRISEIREI3107

2@ inskiddi@ nadBal PI I@Bx@ﬁ@e@'m}’th@@ﬁct@s dskicaiem &EESap@[ftulégeﬂ wgaa structure
48 can bT 13%4138 (g%gls&uctlg%fg cgﬁlgebalec%vasx}%ag %C{;%Eﬁt artea Stln Lgle ssulch as 4 rgtal over

oxide gaid eipo®ictor prysBWD ovaskidrpagistahes, di sil ane or
di chl orosilane at a tenperature of 500 to 650C or by

ﬁ'ﬁilsl@eﬁ&hll fé‘ﬁtﬂQ@tﬁmfo?rR Elhc,qa%){ayel@ Wﬁ)locadoﬁs SRR QL RfBT dr@8lof the transistor
he trenches associ

assocmteg ﬁ‘}’é]tl gfﬂ?sérgcl.l.gﬁ'%a lLéyctség éqnéaaf <Edﬁay a chvcg}fm germano- s1 101gat10n p1ohcess
using nicRdvant ageousl y, |ayer 36 can prevent germani um
di ffusion associated with the STI trench process 15

%{ﬁ%f.‘&&cé br 3 ﬁgm%n&oc%%%@@ @%&tt&)@o&m@ phBess 200

Layer can eposi ted a numpber o rogaiagﬁES]S I

follows st @lmewsaﬁacwé@“s HIBC%&PO Asg&ea™iricers ! .
process 20 rﬁﬁdﬁ&hﬂl&yei b4 ig %tﬁrnc(drhﬁdive stropmyd serainerdetdr Giyare 6l atiantep 202 and the

tren | ape er 36
compound seﬂugorngvloals’étgp?% ﬁ %\%]t nwﬁﬁhaﬁ 4 in%pﬁ%? g%é’ealrﬂte}bgl;:i(sl 1deY( 9.,

S|I|con oxi de or S|I|con di oxide) material formed in a

Meleiverpe iU pretes $34 i Ry heca e hrempler pprgpgres 4
discusse@¥igh r@[@ﬁem HFIGUEIESD@ readfehiyly, afdriadd 32 G0 béwben iagpkoxaimgklyal5@ and

300nm wu% aP([ l-ﬁ:we gt snmlat Xelp{ill 10 tlﬂe n‘gt%taE ??gl]tu%&qti amc(éi?s\é\@%oé"e %fmatslglgyer 118 (e.g., an

er e I ners can
oxide orfn@rdpm@sk.Iwerau@laa@#desgmqéwe@asneﬁw Ipreesd 8 andg2 dpreed aove) s
provided\b@R Wyer 1S PRMatK 198r (1B RADickpssOGQaSSsubkantilg BinGl@meSi diined material

e deposition (HDP) process simlar to the
136 (FIG?TLI}%SIEIHLP%%@g pﬁ’l‘”‘gc lf%bseqé‘mﬂgove) ICF)>r eferably, the
dep03| tion processes do not utilize NH3, instead
dt Blioivz inFBCERY Enia agtep 207 of Ripqses 280 thedronsbssiocaaicyith prrtptgs 134 are
filled with kifhiREe Biatedul | QY BEuISe inﬁ&iél ﬂﬁllc&/{ﬁ)e @iﬂfﬁl@ﬂb abuldiZe in8erla] @nikcedssed

o SRS s U L Sy R S LGOS
processed, @Bluding e pomsss dbQObed hirpsuit ﬂeﬂst@nqmt diinethe wppchpsgssociated Wlth
apenureﬁttef[‘@erlﬁsmablve%a Fidd Qﬂs tgé @xbide aﬂ%&%&rﬁa@%t'nﬁskﬂa@d@S pA&S@ﬁ»@ to an

ef er abl sul a
exemplay b ey 1 PO T s TR pittos SRt piek e
polished ar dyhedraciyh ds phiateaf sirdkilayeri 1§l ass (BPSG) process can be
utilized. Insulative material 42 is preferably between

%QQJDQH in@é@ﬂ{mﬁg%a@m 0819@&39&0@ e Ghask 13Rr | BSUbAIvEV/Ad a strained

terial 42 is renoved C
et it O GG Y GERTGT AR JB e U BRa g 1S ane
136 are sulenmicdy sioflar] thesivdultiieviaterietl ¢ ¢xaghds4@an wppar egfabars the siteingdmaterial
136. UnHRttt&“e ln@&d;ﬁ%ni ﬁ'pfbcés!‘ﬁohfs&]@s%&‘ Gh ARRAG AR § R0, material 136 is not

apertures . ‘I'nsulative material 42 can be renmpved by
providedzpn ﬁé%@%asﬁﬁla‘é‘i Vit W?@Chor et chi ng processes.

Preferably, insulative material 42 is renoved from

Shoveeremat © FIGIIREIB, dpptedurutiuet 481 mgyided Ind\WDCi2OBEL O/id i88ded at the
10cationsa%éiéf'%%%quiﬁc‘leqzd dlﬁ e t}agﬁétj(lr %S!)CYE@Bd%E’I%gtE Qiluctgig 48, SGate4

trenches associ at apertures :
Sffucmreég drrmedio p gl P erdpslipdn'are 4ok BW‘F“EféEIa St@ﬁ% structure 48
can be a conventional MOSFET gate structure such as a
nehaald be uRkErsto@Xha ehigaliealeailad Wt Ming e s@rifip edayplied, irdprrtionee palues

given pro )%f 9 gre%%gqe exgr}giagf %@%&mcxﬁo} th&}rg@& IIHQ?’ltiiO itl'g 1104 t.hezﬁu%oge%f ﬁi@srtigﬂion

ocat1ons o ie source and
only. The phapas a@fsnp&h@ trpnchen 8 g9t @isclosed in a limiting fashion. The method and apparatus of

the invention is not limited to the precise details and conditions disclosed. Various changes may be made 0

-8-



5 associated with gate structure 48. Layers 46 can be
formed by a conventional germano-silicidation process

WO IRBckel . Wth reference to FI GURES 1-5 Z6d/USR00#E43107

the detal§ QEBIR w2k | H@a@th kdn@dhe &cGpeBF BERRAichOPhictR AEEIDy a@%llowmg
foll ows essentially the sane steps associ ated Wi th

claims. 5 cess 100 described with reference to FI GURES 1-5.
In process 200, photoresist |layer 24 is patterned
above conpound sem conductor |ayer 16 at a step 202
and the 10 compound sem conductor |ayer is etched to
forma trench at a step 204 (see FIGURES 1-5). Wth
reference to FIGURE 11, apertures 134 in |layer 16 can
be slightly smaller than apertures 34 discussed with
reference to FIGQURES 2-9. Preferably, apertures 134
are between approxi mately 150 and 300nm wi de and have
a simlar depth to the depth of apertures 34 discussed
above. A mask layer 118 (e.g., an oxide or nitride
mask | ayer such as that described wth respect to
| ayers 18 and 22 descri bed above) is 15 provi ded over
| ayer 16. The mask layer 118 has a thickness that is
substantially simlar to a strained naterial 136
(FIGURE 13) that will be provided subsequently. As
shown in FIGQURE 12, in a step 207 of process 200, the
trenches associated with apertures 134 are filled
with insulative material 142. Insulative material 142
can be simlar to insulative material 42 discussed
with reference to FIGURE 8. The trenches associ at ed
with apertures 134 can be filled in a variety of 20
processes, including the processes described above
with reference to filling the trenches associated with
apertures 34. The insulative material fills the trench
to an upper surface of mask |ayer 118. According to an
exenpl ary enbodi nent, the insulative material is also
provi ded over the surface of mask |ayer 118 and
pol i shed or etched back to the surface of nmask |ayer
118. As shown in FIGURE 13, in a step 209 of process
200, the mask | ayer 118 is renoved and a strained 26
material 136 is grown by selective silicon epitaxy
above | ayer 16. Because the thickness of |ayers 118
and 136 are substantially simlar, the insulative
mat eri al 142 extends to an upper surface of the
strained material 136. Unlike the enbodi nent of
process 100 di scussed wth reference to FI GURES 1- 10,
material 136 is not provided on sidewalls associated
with the trench. Wth reference to FIGURE 14, a gate
structure 48 is provided and silicide layer 46 is
provided at the 30 |ocations associated with the
source and drain of the transistor associated with
gate structure 48. Gate structure 48 is fornmed in a
step 212 and a silicide layer 46 is forned in a step
213. It should be understood that while the detail ed
drawi ngs, specific exanples, and particul ar val ues
given provide a preferred exenplary enbodi mrent of the
present invention, it is for the purpose of
illustration only. The shapes and sizes of trenches
are not disclosed in alimting fashion. The nethod
and apparatus of 35 the inventionis not limted to
the precise details and conditions disclosed. Various
changes may be nmade to -8
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WD 2005/ 071738 PCT/ US2004/ 043107 the details

di scl osed without departing fromthe scope of the

i nvention, which is defined by the followi ng clains.
-9 CLAIMS: 1. A nethod of nmanufacturing an integrated
circuit having trench isolation regions in a
substrate (15) including a first layer (16), the

nmet hod conprising: 5 selectively etching the first
Iaﬁer 216) to formapertures (34) associated with

I s of the trench isolation regions; formng
strai ned sem conductor material (36) above the first
layer (16) after selectively etching the first |ayer
(116) t & msthedapf magufeeruing pn integrafedr ¢riculy havingl terich eisolation

et bittrat 01D AARRL Wy ¥10, Bl sl Sl
f | r st kedgoervelyla&)uﬁgothé dirsnldyler (16) en €dmi spettares (83) associated with
fﬁ& & hod of claim1, wherein the
d’ HOREY eERPEr i al (36) is formed on
s: deVVaf'drﬁu fsdahﬁd?ﬁﬁfcbtﬂdlﬁ&w G:guﬂenai [£7)) 330\;5[1!33 l‘iﬁt{l@@r @il6) after
C n_the strain senrcon uctor materi al
§%7°“r"él’ egth'rséh%ﬁdhlry%n{étﬁ)ftv Fosm apesjres (345 pnd g
I
S' ' Coﬁhﬁﬁl{g"iﬁﬁﬂm aterid! ?4155‘15 ecfrtu&'(s 3)151 Jﬁeﬁggi?ﬁﬁ%ghmned

the first [Nayer 1s above

nétmigendyetor sraterial (35 abowtht: rﬁé‘ﬁdhyqr qd8)atoi form sher trertchrisadation
|peg§?ngonpound sem conductor |ayer (16) above a buried
oxi-de (BOX) |ayer (14), the nmethod conprising:

providing a hard nmask Iayer (22) above the conpound

duct 16 . renopvjng .th hard ngsk
Byer IBopepd oh SR Jn SR e DL HOHERpoioh o) i
Cﬁimedmdmd@l?alﬁ@ﬁdﬂ:%aﬂuréﬂy (16) under the
| ocations; stripping the hard mask |ayer (22); 30
form ng a strai ned sem conductor |ayer (36) above the
CRNMPOUTKE m&hB 6P BikA trotvhberﬁ%e GtbiihePdehibonkii@oSh&Rrdl (36) is

form ng trenches 234) ;
silicon and the first layer (16) is s:hcon—gennamum

4. The method of claim 1, wherein the first layer is above a BOX layer (14).

5. A method of forming shallow trench isolation structures in a compound
semiconductor Jayer (16) above a buried oxide (BOX) layer (14), the method
comprising:

providing a hard mask layer (22) above the compound semiconductor layer
(16);

removing the hard mask layer (22) at locations;

forming trenches (34) in the compound semiconductor layer (16) under the
locations;

stripping the hard mask layer (22);

forming a strained semiconductor layer (36) above the compound
semiconductor layer (16) after the step of forming trenches (34); and
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10 providing isolation material (42) in the trenches
(34) after formng the strained sem conductor |ayer
(36) to formthe shallow trench isolation structures.
6. The method of claimb5, further conprising providing
a silicide layer (46) 5 above the strained

sem conductor |ayer (36). 7. The nethod of claimb5,
further conprising providing a liner in the trenches

(34) at 1o ature w 750C, ~after formng
strai neﬂmg‘g Bt“b”t‘e"tag& ) iny thesirenchesy(38) afien forming the strained

| Nis@fieaidatloLlayér{36) to EMNR SHalldhv uﬁz&qwﬁm%m IS o

sem conductor | ayer (16); a buried oxide
(14) beneath the conmpound sem conduct or Iayer (16); a

t d
St el et g kAL S5 S AHEYAR R B oo
( 3ahovditheptreined semitdnduaaripyeni@b)seni conduct or | ayer

(16), wherein the isolation trenches (34) include
insul ative material (42) and sidewalls, the sidewalls

of 7t he Ti&qhﬁ:w mt" tleg@n §hﬁﬁﬂlér3&))n;ﬂigﬁg?$m\h|&§§ tgrlﬂ@f i &E'tﬁénches
co e S conquctor a
o U & o Yestpineih bl P aAPIC, Sher iR Brazed abRisnductor layer (36)

conprl sing a gate structure (48) Dbetween the
i solation trenches (34). 10. The integrated circuit of
cl &i m gAnigseratedrirchid comprisingsd semi conductor | ayer 25

(36) C%H,Pﬁ&'ﬁéhﬁ‘%"?@g’ﬁ&q% Qg?fconpound senm conduct or

| ayer conprises si um and the trenches
(34) et amigd foxiden(BOX) dayen (149 dbenmpath the mdmpbuoid semjceonduchi layer
at(m)a; top to the buried oxide layer (14) at a bottom
a strained semiconductor !éyer (36) above the compound semiconductor layer
(16); and
isolation trenches (34) disposed in the compound semiconductor layer (16),
wherein the isolation trenches (34) include insulative material (42) and sidewalls, the
sidewalls of the isolation trenches (34) arc at least partially covered by the strained
semiconductor layer (36).

9, The integrated circuit of claim 8, further comprising a gate structure (48)
between the isolation trenches (34).

10.  The integrated circuit of claim 8, wherein the strained semiconductor layer
(36) comprises silicon and the compound semiconductor layer comprises silicon-
germanium and the trenches (34) extend from the strained semiconductor layer (36) at
a top to the buried oxide layer (14) at a bottom.
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