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METHOD OF REDUCI NG STI DI VOT FORMATI ON DURI NG
SEM CONDUCTOR DEVI CE FABRI CATI ON FI ELD OF THE
WO DMERIISEIN The present invention relates to theCT/US2005/006177

fabrication of integrated cir LH/ ond ctor
devi ces. B% g@féﬁ@f Ny Eéig gﬁgﬁ;‘
applicable CIrCUIt

sem conduct or devi ces havi ng hi gh qual [ ty shal | ow

ion (STI) without or with substantially
LD D Ol O o BACKGROUND ART Ao

M sk i eibP 1t 18 kh@ TRALaBo0b 1ﬂt9gr!1t&i ﬁﬂﬁl@tsﬁﬂc&tlﬁcﬁ)\ﬂ Idkvices. The
sem conduct or _devi.ce drives the

present JpyanoR & PIFYSCHTG FERLFFOl P IRPBST R g gl e BiarTigp: dovee
having hiftequelby shadenéhrigplibre(STB eitofut dr witll substonialy rhdBESivok fpg@tlon

oxidation of silicon) isolation techniques
BACK@EE $AREi c. STl is considered a nore viable isolation

ni que than LOCOS because, by its nature, creates

h[% ﬁinﬁétuﬁfhﬁoxbd)freﬁzmgntbﬁak iftd3atedcitcait befdidogdubbr 4XcEGives the industry, the
width aefgtﬁ%%lﬁzg ga(ﬁ:lglf;tlev\é%ﬁ%%fl;e?:égcg)dia gnga %/retql%!eb?/r}en clarfnfr;g lr;e]eulgg (?f?tfadll;lglga] LOCOS
(local cfx@ialmnng salc@)adso@j@rd@ck@mugrpr@m@tpc S@,’Hfla@@nsgipreg a more viable isolation

techn1q§ee{ﬁhrp Qﬁéﬁﬁ:tb&rausg UtQSItsf Ao, cfeRESMhay Snybidalsi i@k cRar@teristic of LOCOS,
llicon nitrid fIlsh stop |ayer thereon, typically

therebyﬁ‘%ﬂﬁ"ﬁ“g’ regucteﬁfoekeﬁsé?sdl 5f"§feat er than 10004, fornming an
[01] Copyeetiving gSTINfatirieaioni tbahhidees pudhidg Horming e paly eide on an upper surface of a
semcoﬁfﬂ&t&r%ﬂgsggé Cf@rlnhxbé aerﬁtﬁﬁﬂ Bg., Likoh Qﬁr[ma %ofﬂh%l%ﬁ ha;’eﬁth&r@&l ty 1ca11y having a

sem conductor .substrate, formn her mal oxi.d iner
thicknefsypf gigier e HUORA IR R B RAPTE 1 “PFgm‘f‘i’Fé’O{‘%héWB feog pppotopically eting t
form a kré@¥Shl inathd Rf)icomi@bri salbsuats d@hing s teinlal ¢dde liootiinl ¢he tfearhrand themflling the

trench &Yheiqlglﬂflgfg 1Hate91ap chh gﬁqsnl c‘éﬂ 1))&,% fBQrLﬁgsalﬂ o§érﬂlpdeh QY Ble- mtnde polish stop layer.

ement ) conductin
Planaiggigisciafn FEATEEd o o Fqnétmurggch(éwwi) mecml‘iah gosting é&‘{g}@ht During
subseq&ﬁﬂﬁ&&&hﬁ] Ghe rith@ 18jef & kddl@vddayeg witlsthe gaoyiedfdlboaipywbriation of active
areas, %C% jﬁnctaglfy 1nvo§j\ielma8ﬂ1}%llop l?%ta!l {rﬁ %leé?urllﬁg{e sa%dn\{gs@ﬁ gg'ﬁnng Steps the

t1on
top cornsireesd i fig)d Stidesee lsmwaﬁg re@e@ﬁ leewlwmoﬁ@r éieV@b sin the pEdg @b
CP(')'rrb%'n%)leoﬁ c&rh’@ntl%ha@ SO @adcatn adckhidus @t 1[1625ﬂhtékﬂ il Higd e mav@d 4, wherein

simia SRS i o0 B B Sieen 1 RS R T il 1 ormed
over an hfpersstufat eda seppidepdystor shbstrhte é@glhd 4 siliggn @rt@enpoélph'ﬁtQpallayer 12 is formed

thereon Iclﬂ{yea% a%la(ngs@ nrp&}@g:s BY 1®b A |Aa§hofoﬁlﬁs@r(ﬁiﬁ Qﬁm@rbad' el 64ed to form an
Advertin

e bR Bt LT n

substragilDi con nitride polish stop layer 12 is forned

t g%%f iy, taytHérﬁgl (J)dﬁe Rher Rndk EHOG/H)“@ %&m&cﬂn %Cﬁél%h Qfl nllsm material is

omask (not shown) is then
deposiBAPHEEPC LTI 1 <P e U B B APl Mg in Fis
2, the @%ted® cldkactedPildeRoting @rRidd All.i Subbagnemty] therittifiepolish stop layer 12 and pad

oxide l%y%r dlca%inr%}ﬂgxteg b ndscliléarcl' hg %@ al:% ger oﬁhganéyg&l'{@ ﬁ)trr a@avt-: %foﬂ@' Such cleaning

the t rench, an
steps rgsyiipy rhafqrmjlonﬁ%‘fOFSép 2 lgusaﬁiﬂd%l’lg @d and pl anari zation

| MR emenbieste p@sledytic @MRrious ﬁespél:tﬁ | Fog edafiple, ST T idivbie eieedpatible for high
field ec}s‘gﬁi‘%l%tg%'l :‘g?rtlé%arl& w1t¥1 ahaﬁow ts urce/dxgm nl:t];on?h Cad g)\%ﬁ %gn Flhmde regions 41

Snoti ng e oxi de |
formedtonehatipw pqughe/drao| regidns é@ Bpw Isfagpé/rdomwaafhdas p‘&@tfated y fefefence character 42,

below the junction depth formed at a latter stage resulting in high leakage and shorting. Segregation of

)_

dopants, notably boron, at STI field edges reduces the junction depth. Accordingly, after the junctions are
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oxi de layer 11 are renoved and cl eaning steps are
performed prior to formng active regions. Such
web@andisgs steps result in the formation of di vBCHUSDING06177

illustrated in Fig. 3. The STl .divots are problematic
silicided.th sifigidsd? pesirties 40 MROMOERAITRISE, Shaine douirstgd. dicaee, large leakage
occurreﬁ&%@fhml&ls@]r@/dfaﬁlf juketien 4 v@ll@r adgete] eakage, part I pul arly

V\&n additio he I3 egurb%ceo/ grea)‘(l (pse un(r:ésulp ity orma on ara i J:ra%Slstor with

‘b@i AP O on shal | oW Sou %fd

a low theagm@n@lt@ igy fcxmwds@\eeﬁllewed ovmvla\w dgpurifyscon¢entgatipn aqusite b)kmk in the
charact%r%tlc% &WC& a%ﬁ"sﬁsﬁ)@t e felencO&! aQMitrEB1 ik Ql@&ﬁc@l%hﬁ@o@atnléhcs d1fferent from

d at a latter stage resultin n hi | eakage
the degigp, r"'{“?tﬂcgﬂ C@éﬁfeéﬁ’éi [ E‘i?f%g f PAGH4T g}eg B‘l‘cétbqng"fbgfuﬁﬁto’% f"ah uniform

charact&ikticsf | el d edges reduces the junction depth

Aggc%{dgl 519 g %Xre e?lfstg &r ne[ach or ] n%ﬁl% 31&9 Senzﬁﬁﬁgc-‘ Hlle Cf!itg@ﬁon toh i ghly integrated

sul Cl enetratin e Substrate causes
semicordyefprdeYigss W@U‘?@%ﬁ’ rghpgle S&érﬁ@%ns withpuger Wi srbsiguialbedirsddhes:

fromthe source/drain junctions to a well or
DISCLOBURE ORTEE INVENGUONt i on, if the STl edge becones

exposed as a result of divot formation, a parasitic

t Aaridvagtagsr ofwihe resent owentipy s olethods of nrargéactugna‘ & rspraigpndcdgr device

comprlgﬂfﬁuﬁl[yqalal% sh r!zg%’x‘(s \Nmpw dr E%st&ﬁ@l@@éﬁuﬁéﬂtdlv@@ causing a
I St |(§S curve, of

ch te The
pﬁé‘&‘é"ﬁ%‘ éldv(ﬂata;ﬁs &l}dl’ﬂglef’ %gtbrFﬁ: tl}erPreéTnéw?n]u% 1{1 %e set ?ortg in the descrlptlon
which foewsand @rpas tviltls appdrdng rogidse hiavimgotdiverychkiliiy the edt e rekagraation of the
followﬂ:fé1 A A & feactﬁédcfﬁym B %Ea@@é o rtlﬁvﬁcﬁgﬂt Rfeddd® fRDLIVGRY éle@&" 8§ present

tfansi'stors with uniformcharacteristics. Accordingly,
inventipryagyde sglized ad gbipiardds PiCUlARStIRBRS OB PR AR 4T P e
f abiotdngtio @a pekenhingdukiyn, itetfegtonizedd seen Mdondgs taoracilewd gepat by a

metho&%f%'!;nu@cgmﬁyal sgrgllcé) gp(!tog g&ye tﬁeergétl%ﬁ%m%r d%%ui{)rrrgr g a%&nlﬂa polish stop layer,

st ant ng‘a uce I vot
at a thighquERTETEReT A0 dePapieaymipnduper hssdedeming e ﬂRerﬂaﬁ injtge rfride polish
stop layte bdaadrenth 1ﬂm9$ﬁﬁﬂlﬁfeuﬁlilrfgghea)p&ﬁﬂﬁ \ﬁthﬁﬂ;ljlﬁﬁir@rmadaﬁbdifﬂﬁmg an overburden on

the mtrld% %Pl{sfl sti)pnlg)[ef algc!1 peo\{ r %lcticl) I VO lgsn-lp;elzr :R Cii i% she %%pg@% BPnOtitride polish stop

t1on ant ages
layer, tbﬁq@ymmza@émree@lwfaﬂ?wwm esent invention will be

Sgnb«fdﬁﬁe‘h‘@ oF Fhe tpRGend ﬁﬁ&ﬁb@&dn@)ﬁsew&nﬁﬁg § odd s oand ub]ﬁr Elﬁlfa&e of the

semlcoV\% tordggﬁe ar e ¢ {n%ng ﬁl}e Sftmf I'le %Il 8?1? {//)arr % &n a 51¥con n1trbc{e pohsh stopelayer, at
a thickheoaefred tf 15@&4 etmelopﬁs aotlieped ofidetliver, fHios @nppqnm/ @ik figlgetric insulating

materxaT%cﬁgvﬁﬁ&@QQ& &Bosﬁ@lebyp[h@[ﬁl@;ﬁtvaﬁo@‘d@ﬂ%&h&xn aﬁaﬁienbﬁlplememng chemical
I .zed obt ai ned asgfartj cul

mechaﬁlwﬁpoéeﬂw@@%a) ereliR gt e b Ot ﬁ%ﬂ% PeBL e 5% vy Romoving o
more than\2@Atof b pppeherfios & gio hitifle @Pigkh etof Merammm@g@f thegresent invention

further Mdg Yo 3lahtn1g %L&m&ythl@u%mﬁmgdgf)oh@g%g ﬁﬁ’} Wﬂoﬁgmﬁ)unty reglons in the

sem conduct or devi ce risi ntﬁ 8 a
semicopqueiof s afiagenishtphaflozy gnch Spladpny FAGSK HEN HOoRPBAVEP! Do upper
surfacel &mre_uMHAg LAl fﬂmgelm teadhdol taothe sppbsduriat ef thé meutdtingymaterial in the
trench g%%h@g u%gltalba? wm) Eh% lu?q%r Jﬁgllcle %Fthg' Eegrﬁ’cohcﬂﬁ{tgxr su@sﬁgte %n(ﬁ {hglmmovmg the

. . lg peni ng vvlthlnsulatln%
nitride pelisk#opahyer &w?ﬁieq\@ntam weorBgei ToHed Heherbsriteiand g@pip gppirode layer

is form&d m&ednpe)&fproymgmvda%daakuhm@eg o forman upper pI anar
S %.g!h? (Blel ? antg ergl ogheoprgﬁgqt@ %vte'utrf w1ﬂ %ﬁc%me I SJ) ]ty% ggnt téf:%gse skilled in the art

renc 1 SO
from t@rfhibmnﬁém@d éefscmphen, mh@@e nmqumpetﬁ of bn pre&svfplﬁvie@@n PT@ rdPFFJi*Rid simply

by waPoPRekuRoh g)? tHe be@ Mncd® Q&l’fem%kl{eﬁ 36 €a@find R 18 G0 RAEHEHO As will be
evi ce substra ’3 ni
reahzexi‘(lj élg;é)Fesemémﬁantlon 5 cgﬁ)a‘b{ egﬁheﬁ ?rtdrdll Fféenbeg}bogwergstaaéﬁsl sgveéa?é)etaﬂﬁ are capable
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a thickness of 50A to 159A, e.g., 100A, on the pad
oxide layer, filling the opening with dielectric
w0 p@alogdsehig material, such as silicon oxide depOBFUSEAS/006177
by chem cal vapor de osition, and then inplenmenting
of mod‘tfy ?ém%awmwe%waﬁwaipe%fl WOH@GQWFOP&@#?@@HHV%“OH Accordingly,
the drayih@nad deZaiplidaRress RRRiafled B Mluktvaih hanirg) endoot dssditrishep
| ayer by renoving no nore than 20A of the upper

BREW%#&%%&?Kﬁfo§¥§EBkﬁﬁﬁ&ﬁhFK”'Sh stop | ayer. Enbodi nents

resent rnvention further include ion planting

' ﬁ@é’”i 'tl1trdu§1$4 Ecm&ﬁ&hy fll'ﬂ@rat@ 'séqﬁéxﬂﬁ p%és'osbcoﬁ{'éﬂﬁoﬂaﬁﬂe@(fod £ forming STI
regi ons in the Senlcon UCtO substrate

forminpurity

regionsa fy Fé%feﬂ&%‘%‘i‘é‘ %ﬁ‘éﬁr feaiiret e dfanied ‘%"i“é‘ﬁ “"’Pcéé H'et chi ng

t Bigd. enbnoeghpiAr scheahtidaieilluppe rseq@intihlagheseo bf 4 Imethpd sudcadrdangg with an
embodlg%nrit%ﬁ hgkreleh 111\Jeﬂg>nt ﬂeﬁlésr nghslq sﬁﬁm fegtt}l%s éilpﬁe%()tec?wgrﬂiﬁ?reference

SR I ng naterl the trench is

charactgfgibst ant i al | y copl anar mnth the upper surface of the

sem conduct or substrate, and then renoving the nitride
DESCHIPHOSIOSIHINVENEION Subsequent |y, a gate oxide layer is

formed on the substrate and a gate el ectrode | ayer is

f Bherpagent neendoraddesyp aod fotngs probivmsrriiéndang hpop dphemegiigggonventional STI

methodp‘fgg‘ te‘snﬁﬁ%l in QﬁjeV %ﬂhaﬁgﬁ st ot Re thQ rc@ﬁ&@ bof b ‘ﬁ@f‘ Irdgﬁﬂ WubH conventional
becone readi l arent tao

methodp PR NP R BBrT 8t MBS B?If% P ey S s et
than 1086 0Slichre rick nodidetphiish poebemis tymaalinteinoved aneedgeicioldyén, the STI oxide
polish, %écq;ﬁla Yub%\iue\ﬁmefppfeqdu]e 1&%&151%&1@&) ertn tﬁerh%tl\b,em%'és, gm%ck nitride films block

cont or carryl ng out t he present i nventi on
such iopg Yo Mgty RE o8, IPHEB ARSI HOBr i oo (58 Bitse resion
resultin@fin 8¢ Rafatiang dibiofs hiehieine® rbibe s TTedios. Godeitibsal sy@yoeshad to this problem
seek todr%%%nze§he§er (?1}/(1%&28 a@{}&g&pl g Et!lrﬁi%ﬂé oxkd@ le?S[l cfg% aQ(pM{rlgy §u11 back

present
prior {9 SrT\I' @ﬂ«éq féln Hopgveippugh #grogehestiaee mar a&wu?f@lg reacﬁde dhesSTt it prgpiem-
a[lﬁact:&da*ﬁ& ¥ig 0B Qleﬁntaﬁvehﬂldn}.l&{ Ex@trhalkethinnitfiad plieh stenlyenodg., silicon

nitride, 1s fle%)gsslt% I Cttluve ss no reate QIE %bg usq\és QfTﬁlﬁk%ﬁW 0 Eb(ﬁ\s Suitable

rate sequentla phases
silicon OIffrlda P@Gh %térﬁtqp cb@den thl?i@PSF?@ dreﬁ@‘?* 1150 gl08%l 1 egi ons.

F%g\gantaéeoﬁsw e Gbn fitrias ipBlish @tf)p ia@@tﬂ-lﬁ(ﬂiﬁen@b@l 161&1@&1&39‘ abéf the STI oxide
rence cC r

poish. i e RS P A Pt - Sum it E ool BE e o st
ion implantiag ol cleenioe stepst th ferm @mmm pent Tof useh@f qoih@sremie etch stop layer is

sufficidnf) %e;ﬂ&té@ Bhe fl1dd Elargﬁ corRerd, ieRBY BredehtingSisdHobid ratticﬁ af tHe@xidaathe STI
denoted by siml ar reference(ﬁgar ac

comesgR g RO T GBI S AUEi "o Ml PBEC BL Mf Polsh o0
layer isstih \lﬁﬁmpraﬂklioe ivgotalideied d fonfact,Wipause of adlireniteid¢ patigh stop layer presents a more
conswt?ho QNrﬁa@é fo? ﬂ%l an§g$n, ‘3&5&19 QQéIQ;QJXIy oére ldih&dnrkgrfécg rd forms an inconsistent

rmati on di vot the corners of I
maive AR hsie dti BRAT e BB EEORyBIE SRS CBfpr? Stegratce with the
embodfn&ﬁtﬁbﬂtge preselidtitiog |ty rithdectolishi stop ilage ifuelainsdin placpup tayhe formation of
the gate (% t gebtggl elét:qn%%l}% atgc{vF gi}cg)gl allteg %{b;%?g 9 ﬁ.\(iil%lrrbg{:%ﬁmt Jﬂff&:g and preventing
mﬁdﬁﬁﬁw@ﬂﬁﬁw&%ﬂwﬂélIOMAng the STI oxide polish, because

S lAhﬁteQ)U @rﬂlcc&&aﬁ&swﬂheiﬁ ldinﬁcﬁllrhdﬂﬂof 1 tHEFpkeafﬁlt inp@tnﬁrﬂs fanematitdig illustrated in
eas

Figs. Salﬁ%qglég{ gf erg §1mwg(§ea ures arﬁ denoEed Ly 51rfn§ar {epgr':'ence cg act %leért?r@ to Fig. 5, a

an
pad oxgle. g 9t athiskngssed 504 tOf WP & meIS%,tw fpemed @g@r @ngPIce §Ufia‘te| Olfl gemlwnducm

substra%ehf@ fIQEcg%gdn%l&fen@bd{ﬁ&ﬁs (ﬁtthetﬂ?ﬁen@ ?W&tﬁf]rﬁ aQéry i@ siRbh nitride etch stop
nventl on hes 0 | S
v ¢ GPRY P2k B0 B et ~upeCanp et Bymel o & Bnes ofs04

optim zi ng post oxide polish cleans and nitride
pul | - back 3
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prior to STI oxide fill. However, such approaches have
not adequately resolved the STI divot problem 1In
waecwsiosate wWith the present invention, an extPEnBE3005/006177
hin nitride polish stog)gga yer .g., silicon nitride,
to 150pg ege 6% t édtrealfh a3 tish herk ferae! lﬁdf‘eg?“@g?@rmt RaRY £400RYing ERopjentional
photoli@gr@fhicand ddhii RRBSqued. 10A t o 400A. Suitable silicon
b i Bl Dot Ty SERR. ) BUCEL BHACRRCRe Rfie b B wench
Subseqpeitly, 9hshstwop Fr@sr @n ms@atln@mat@r@h%%leh 4s e oaide Ila,demsttférto filhige trench
and fo§1T lan g?‘éﬂgﬁdeﬁ)?h 'tl%hsﬂlcjg@tnﬁ% pol‘-lsll;ﬁ)estob hh}@i B3,k |b§QS\ﬁ§ CP1a84:@Rion is then
l ayer i s retained urln sequen roc
implemife 5 47 Y Tra Mg ™ PR RB IR TH° ARG dRr g Lpegiy eference
characte070f dafidias ttireS Th okides&ll. aCMR &. typldakly eosdicied swh thai whenistoppimieon the silicon
nitride ?Bﬁ%ﬂ st?# lg}gr IS?X(? ﬁmlje §ha§ EtL 15 Fehxg%h ﬁ%ﬂ 11" Bﬁe? Qlfrfaéerb@ s1f1éoln lnﬁ[‘ij(ie pohsh stop
rench cornérs, thereby preventing isotropic attack
layer S2he oxi de at t he STI corners, which woul d ot herwi se
I @8 tdnbentidhal ﬂ}ﬁmée@rtﬂahh@ﬂ nlhﬁded)bhlsﬁts&p ldyer iaakahiolvedoatter SMROellowed by
Conventtlonaf masiugl ?021 r%910121nt1n €nsdt Fgmr% ANS! Ps t? lfo§r];1 'ﬂg ac[,hv? F]egfgns resul‘r%ng in the formation
of dwctthu Howsvery md@cqy@h@swthsqr@pdlm@wsecrf ﬂpfrlégselﬁtlgveﬁwﬁnth%rela“vely thin silicon
nitride %Qlﬁﬁ |tst§1§ ﬁiFﬁft 5% Eérrfatﬁ‘iﬁ&l cfuﬁﬁg du!;&'@ciu@rﬁ trrﬁik'n@nwn Bﬂﬂeﬁ\ﬁﬁgeana cleaning steps, which
| ative

e imp RSt AT DR e OF SRRt L L s S0, o shovn n
Fig. 8, suich age ultisuelyris ivskar fatsoyroaizgiie rogivestylf ecansBlorss | A sificon nitride polish stop

layer iﬁqggfag@ﬂpﬁmm@hgrg 1st\lﬁ@1a§’m@éj$lmg ot @€ ich@urRf @sthtation. In addlthIl the
i nvention, the nitri ayer. 1s.re

olish s I
sconfS AT IS W G RRE PRI ORI GUEQ BRITQE Be Moy regions.
t Isetsafoyntlps thd @t sudact aBtha 8Tl oxde §il [7D commevedas by proptéyifigriyydrofluoric
acid, s@c ngﬂgthh g?r Rll‘t?n@?{lAsiy Elrbgtgrﬁialgfng)plgﬂa?\(&tﬂtthenﬂ)pgr surface of semiconductor

Stant| cin divot's. nEt od i'n accordance
st Fh s GO FGTRETER SFHEROIEEEAL I G gt BT oG, e o iid
polish B &8t 52Cialrdnyoved, las1 8y erafl@thgi Hydibilgsic a8d,t4nd oheglad biide layer 51 is then

d
remové’g1 fesﬁtl I%Celthg ﬁgr&%ée gl?%rgtre A%Vﬁ% Q0. §&9&¥qﬁ% g%céélr@ 1L E'E"nrlplemented to form a
Q\ovcéy@g semicsneﬂé{ctor substrate

transw@x preyesuce assillagiratgd inHiig khegmprishg 5@&1%080%

50 with $atf etide@1 @Hé@bet@&n Udap ﬂfele&hld' Jic&G/al @Jﬁces e mabauah Bi‘g 11 reference 103
ccor

repres%#gg ténrﬁet?lgyfer drlleole trlc ang elemengj re}erﬁsents an egpg gonggﬁkr% the cheﬁectnc layer to

‘ _ hVERtT on, con nitri
an actigq region &Qype subGLc 58. for rred on pad OXI de 51. Sili con

n i'Ithé Igs%nten‘ivGﬂloﬁ &ﬁd&s@ﬂe@fodo’iggy bl&bﬁrﬁéﬂlhecﬁlricéhoﬂ of fBdomifuctér devices with

hlghlylreﬂl l}c\ ?ﬁ?&%ﬁ)ﬁg ‘fV otltl,?é wé'lhsggsttatngatllg rengeg gg‘ot lgormatlon nlgrgboglénents of the present
invention conerisei soaieziicalishreduoing thi thipkczepstiif & sibge] m@tde hPlﬁ@ stpreleyeniodpele 400A and
retamut%1 thb mhgonpﬂl!rl@é pol@ﬂl tstlap Lﬂ?ﬁ 19191ted1étcl>lir Wd: r(@lﬂe@o p@te&t Rhdtrench corners from

ermal oxid |n|n %tre
isotropis FEMELLHPS 9°nvsf§wgeﬁ e goolegne o P, P rigiive regions and by
retainiiigpthe thinadilicaOnitrdel pdlismsoslayer dwing dxiideantition, depds hthieding bighly uniform
1mplanfte|d njigmgbe trench and form an over burden on the silicon
e polish stop |ayer 52, by CVD. Pl anarization
[ e prsteny RS pEGindugEal tﬁypheﬁbri“y indalyirqting fishiy ipgggated semiconductor
deviceb %ﬁfnl’ﬁ@ dTEE QoS With 66 otsestatalisieduaddeithot farnkatich. The pmilaﬁrheflermon enjoys
.char crer I d

partlcutiar a}%p{lcagll" gll mancl:l oa[(_:] arlr‘l_‘gtse COSHSLE:QE)}: ? %IC%Shﬁgl%Jg m%?égglﬁiﬁ%glJnL

S|111 |tf@omeq<ﬁht1& deperintion. | 5 Pistepipinyeaijey is5scrifgl h‘tSl? TFPSH t%@szmﬁca“y
exempla%/ J@H&M@Qs tfle,rrébm i gL, BhRRed:, 1 WlificAC@at Qfiricsh lnbdiﬂcf:ltlcfhls tukd dﬂﬁlges may be
mate B9 S0 B, ¥ GO P BEESPp Wg o
claimsf @hd spwddatloy agigiaréres prorradordinglyktb haregardsd ad ifysirative Pngohfﬁ gpstrictive. It

cl eaning steps to formthe gctlve regi ons, resulting
in the formation



of divots. However, in accordance w th enbodi nents of
the present invention, the relatively thin silicon
wordosiogs2pol i sh stop layer 52 is retained duriPgr/us2005/006177
subsequent maski ng, ion inplanting and cl eani ng steps,
is undeygfpiog falfheppsh AR BIHe & EERVEIRYS GiEFompHAFRSF and embodiments and
is capab1€6flth§ ¢Hagke & nlob@icdHoisWathin @i s@pe bMPUiivieditive E(Qngép()ﬂﬁx;&@sed 8&ein.
shown in Fig. 8, which nmay ultimately be used for
source/drain regions of transistors. As silicon
nitride polish stop layer 52 is relatively thin, there
is virtually little blocking of the ions during
implantation. In addition, the silicon nitride |ayer
forms a stable surface enabling greater uniformty in
the formation of the inpurity regions. Subsequently,
t he upper surface of the STI oxide fill 70 is renoved,
as by enpl oyi ng hydrofluoric acid, such that the upper
surface 70A is substantially coplanar with the upper
surface of sem conductor substrate 50, resulting in
the internediate structure illustrated in Fig. 9.
Subsequently, the silicon nitride polish stop |ayer 52
is renoved, as by enploying hydrofluoric acid, and the
pad oxide layer 5 1 is then renoved, resulting in the

structure illustrated in Fig. 10. Subsequent
processing is inplemented to forma transi stor
structure as illustrated in Fig. 11, conprising gate

el ectrode 100 overlying sem conductor substrate 50

Wi th gate oxide 101 therebetween, and dielectric
sidewal | spaces 102 thereon. In Fig. 1 1 reference 103
represents an interlayer dielectric and el ement 50
represents an electric contact through the dielectric
| ayer to an active region 80 on substrate 50. The
present invention provides nethodol ogy enabling the
fabrication of sem conductor devices wth highly
reliable STI regions without or with substantially
reduced divot formation. Enbodi nents of the present

i nvention conprise strategically reducing the
thickness of a silicon nitride polish stop |ayer to
bel ow 400A and retaining the silicon nitride polish
stop layer immediately after CMP to protect the trench
corners fromisotropic etching during conventiona

cl eaning steps inplenented when form ng active regi ons
and by retaining the thin silicon nitride polish stop
| ayer during ion inplantation, thereby achieving

hi ghly uniforminplanted regi ons. The present

i nvention enjoys industrial applicability in
fabricating highly integrated sem conductor devices
containing STI regions with no or substantially
reduced divot formation. The present invention enjoys
particul ar applicability in manufacturing

sem conduct or devices with sub-m cron dinensions. In
the precedi ng description, the present invention is
described with reference to specifically exenplary
enbodi nents thereof. It wll, however, be evident that
various nodifications and changes nmay be nmade thereto
W t hout departing fromthe broader spirit and scope of
the present invention, as set forth in the clains. The
speci fication and drawi ngs are, accordingly, to be
regarded as illustrative and not as restrictive. Itis
understood that the present invention is capabl e of
usi ng various other conbinations and enbodi ments and
is capabl e of any changes of nodifications within the
scope of the inventive concept as expressed
herei n. WHATI S CLAIMED | S:
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1. A nethod of fabricating a sem conductor device, the
nmet hod conprising: formng a nitride polish stop |ayer
W@ 35/ 0935 a t hi ckness no greater than 400A, oOVRCT/ES2005/006177
sem conductor substrate (50); formng an opening in
t he nltrlde polish stop layer and a trench in the
WHATSHSSAMERIS:fj | | ing the trench with insulating materi al

| dyer T G oG G R el ace

stf@pplg rpgitade foligh sriptlayerle2)pslaitotkness op gleagrahap 4007e ordpy semiconductor

mmmgé@@1ng a shallow trench isolation region (70). 2. The
hod according to claim 1, conprising formng the
n |f?rfn}“§ &" PRSPPI the,etnesrpdewa% PO} 18’2’} angia trgnch i} tEW‘lE“g%te’of 5ql
t @illihp BAtrerdh wikh ﬁsﬂlﬁihilﬂﬁier&tfbﬁﬂﬂﬁb aa@vdrurdeh an e diride polish stop layer; and
o It h I .

WA 18Rl W R 15 SRR, R FABR SRR torming o
SWMO%F%BhF@V@PKGSQYKD4 The nethod according to claim1,

c an ri S8 gheth6d FbdA@ngro PRLh Q¥oriiRisih@Fohing d )itrlAO palish HFHIer (52) at a
thicknS Ul d a&e %h the sem conductor substrate (50), and

e ?%?Ql PH& nitride polish stop layer (52) on the pad
oxi de ITzhy arethfd dopordif toTdkem ke tdrodsior pdistiiiaig farg thd wipen planar surface

while b6 JilSHo nfoRSTRAnI 28R Bthd Bk dd ﬁrsn&has% iye (sypuri ties through

the nitride ggllsh St é? er to Qorn1|gpg &¥- %1

(80) i it AETREHFEERRIG ’scﬁﬁ‘gft‘su‘“ét Erdgj ddeh Poian upper
surfacesdfahd semicondesiatsubsgat €50), eml formgegothe (it} polish stdhieyaméiZhordthe pad oxide
layer (4§COrding to claims5s, further conprising: renoving the

nitride polish stop |ayer form ng a gate. oxide

52);
| éyer (Tj:l@ Ilfth%act:qxi@ngst@ a@bhg @Fr(ﬁomg%thndpglalg]flg ippurities through the
nitride [p@Th\stop aybite forint iipaiety pEglohs(80)sih Gl se@ig@idict@nebskas ajaagnt de shallow

tyfpde (100) on the gate oxide layer (101). 7.
trenCh%ﬁltdt?on%gﬁ&é%gccor ding to claim®6, further conprising

etchi ng'he @eﬁl%i?ﬁ?ﬁ@h‘i!ﬂé? ¢laigd, fﬂﬁheﬂﬁfﬁ‘é’ﬂﬁ%rface (70A) of
tIﬂ@ndvmguieatuhdagolﬁahe;rhﬁk@) Iling the trench so that the

%%frngﬁl%gte ?}ﬁge 1%y (fl&ﬁ on ﬁ]lg é’«le%n%%%cﬁgtor subs?rate er rfn‘%ovmg l?e mtﬁde polish stop

ar upper - surface o
layer; =:Tpém conduct or subst rate before renoving the nitride

P @brinid 2 $htOBledtd¥RN 00§ SPthe gate oxide layer (101).
7. The method according to claim 6, further comprising etching to remove part of an upper
surface (70A) of the insulating material filling the trench so that the upper surface of the insulating material is
substantially coplanar with the upper surface of the semiconductor substrate before removing the nitride polish

stop layer (52).



