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WD 2005/ 093825 PCT/ US2005/ 006177 METHOD OF REDUCI NG
STI DI VOI FORMATI ON DURI NG SEM CONDUCTOR DEVI CE
FABRI CATI ON FI ELD OF THE | NVENTI ON The present

WwoveRhars relates to the fabrication of I Nt egrat86hs06177
circuit sem conductor devices. The pr esent

M VA BOBMAGIGN) b
W oEny Dot L@V%%@&quoam@%gﬁqﬁ‘@sﬁaﬁ%w 0] coa M

havi ng high quality shallow trench isolation (STI)

FEL%;:Q%}N\%JTWBF h substantially reduced divot formation.
CKGROUND ART As miniaturization of elenents of an

[ nl*tﬁ@[@&hiﬁﬂmﬁtioh@élit&s 16 QI fHAdREINGE @Eegtdl@d/bxﬁzﬁit GnlideRBictbN®@vices. The

pr eseri1 I?&w&%t{ ¥ 6)3&1&%%\%3&4&0 E}E Q'ibltll‘%i?n“ lg hnt{%fateﬁl r]zﬁgu(i:tt gen%%onfh?cg)l | Aices
having 'l“étﬂ”%hitydﬁaéllo“’ E@E,‘EB)MTO(SW 8’6"81“ Ob%?hd‘ﬁ’ftf‘“t'_’} ly gpdueert Id’i"'?,‘é‘?ﬁ‘)“am“

i sol ation techniques problematic. STl is considered a
BACKHI@NH AWl e i sol ati on techni que than LOC(B because, by
its nature, creates hardly any bird's

bea
C A iRt Rtiop P%cleﬁpmf;mwgmT%F%Bi}l“%?&q’\‘f’t@\ﬁeﬁl@e qrigeh fhediftustry, the
widthemharitgi g an diifefredimnoe $¢Corb@h]alieﬁjgnm?&ntnd@m 8 lthe 85 lof traditional LOCOS

aocazf@kasdor; at maamt iSsdRBd g&f?xﬁué& Dichikiaee f @T{”?s @&s@eraﬁg n‘Q?%' H81:08bation

tBChmf[lbe t “qgjrcé)%qiefa}’ﬁetj]éy 1tsenaan‘e grglﬁcs: %%%ﬁ axm !fnigil gagsl\ gxaxia?t%xﬁtz ?f IDOCOS
theretly gepeering iydupad gpnvertigniiféezehdey having a 15 t hi ckness of
[01]CghveRbRl Sﬁ‘hﬁlﬁﬂd&t@ﬁot@shmﬁtﬁé&' WG ﬁﬁnx@pﬁmdn@udenori BE uped Eirfl® of a

senuch%Lc!to‘? hubsctgqg tﬁn a ﬂitm&m g oﬁhconpmtﬁ 1% 1sh%tog EPIE}QheEegn ft)g)qc%y‘%awan a

Sem cohdtict or su %1
*mckneﬂﬁ é% %ﬁﬁ!ﬂf ta% 18R0A} formine ap ppepipgin thp @H’éwoéﬁﬁ‘d“ff Res apsqUopiragy eiefine to
form 4 waaetCih thwkdnicohdusiol safsiratg) forBifger thewhal o:8d¢diRer &Sths irdnklCON then filling the

trench%ih‘;rgﬂiatfng [nmaﬁ}lg sifeh as%\’l@&pdﬂdg %mg nantobgbu[Heit 5& ﬂ@ inng b(;f[tl’l stop layer.
| apari zati on

Pla“aré%thog utt ﬁdm’éﬂ‘é‘iﬁﬁe‘({: al Wecé’ﬁdﬁﬁ’in% éﬁwm]%i ’i“‘?[ﬁrﬁplﬁﬁl }(O&f\)ﬁ)g (C&% d“mg
subsedgirty sepepiat thepnitoded msi ingmotethdongivith fhel pad [oggeglioligued bxehwe@ of active
areas, 3RO GpivdILY Rv&lﬁ&nam 1@3(1|rr@§ntffu@[lx 'arﬁ\ﬁﬁﬂur@){teﬁ‘somtghﬂﬂﬂ c@imng steps, the

top corn%rs oytPe fl%{a ogdeea%esléo dopxcla& remé('pcf lga%lngpy vmd%uv !v})/te mr[%s kl nﬁle aln IOE

St b%xamfl‘hé CO‘f"@‘ﬁ‘m@b ?rﬂéf‘hg‘c“ﬁ?n feeidue |*Se1l“amt5‘f>@| @ 1gér1ethxough & wPerein
similai- S@tutORd @adiddyby si@fmaiefetedoe aiiadigs. V@i tOFig" Mia wot Sxide N1 isif@rmed

over a(ﬂ)fl [g:?suffhclc of a E %cm?d’ﬁél&ﬂhtﬁmm%%w %HJO!I MQL pgl;h stop 1ayer 12 is formed
rication techn

fa
ercp RS 4 OGS & 7 Gl 4 @‘5{01&?3&“05%*’@“’&%%Ste%asefbyo form an
openiigjtpigmihe nieflepoiiricep bhalaeerid L1 Adderdéhng it fornRd g the femigpnductor
Subsuaagy oxide I | is forned over an upper surf ace of a

peﬁm) s%q?':gl ?Cttgﬁrlga? ga;%ﬁﬁéael §10t gdwr[}g 1ged 111' tehP érgrhch, a{n 1rbsuigtmlg n;/aterial is
depositpd angl plapgrigkinkignplempnicdyes B SMB resdGg be *ﬂefE%%tbﬁﬂ%W {ipyeted in Fig.
2, the SARDMEL) chirork MBARNAGSL Ghe bACF AN SuBGuenOP R bitGle HIlsD sighafeR @2 and pad

oxide ﬂkrulx ! %gxeplg\lfek 7 cﬁagn(i) slegyaﬁar ax}cgmed%ﬂg' tcp%hrgr?g al:tlve 1%{}} S, aSuch cleaning

I's torned I h the sem conduct or rate
steps lTis(‘jlt mgﬁlﬁg@ﬁ‘ﬂ'éﬁftdl“’?w 3%asf1}‘|‘§'iaﬁ‘é‘|" Fg& de iner (not shown) is
f Oiher®T divors frhpotilen@nicin varam résprstsl| Bt ¢xagplarBTlelivoglaeirgponsible for high

field edge leakage, particularly with shallow source/drain junctions. As shown in Fig. 4, silicide regions 41
formed on shallow source/drain regions 40 grow steeply downwards, as illustrated by reference character 42,
below the junction depth formed at a latter stage resu]ting' 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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deposited and pl anari zation inplenmented, as by CWP,
resulting in the internediate structure illustrated in
Fig. 30 2, the reference character 20 denoting the
W iel@diskd . Subsequently, the nitride polishe@@Reosnos177
| ayer 12 and pad oxide |ayer 1l are renoved and
silicidsil.ethn sihdde s eqsreteating i dhef solpsinse caseh ghorting réutss midh dieme tlirgee leakage
oocu&e@gdf@maw soSM@ﬁaxﬁJuﬁiﬁﬂisEbgi wesb@piﬁaa&eesul t in the f or nrat ion
ots ust r at

In adc}l o, i t?ﬁ%’l‘?ﬂsﬂve becomes ex] oseed as Ell resul: ivo f&rmap ion, a4 am mc I;r lff;%l with

obl'e i"BUS T espects. a{’
a IO\ﬂ i*vdtogl »aw@e iﬁefgrp@h S‘leb lhé afey rW“h ﬂegrhlmwr{tbemﬁcee@g@ wawa@glenk in the
charaf@fstids Gtbeat & YanWdideN TR RdsdnENd § QK Gl il aled’ﬂridalLbﬁﬁicteﬂeﬁlSs diffent from

the d?éﬂarimgleét&alﬂlgract#fs 1c§| !h(lzrc% d e\feﬁgg%bs fa%&cmo% F{}&EQS Q!ch uniform

I'ow source/drainr g ons Fow St ee
charagfefiffiiiar ds, as illustrated by reference char acter 42,
bekhowdhfie tﬂustbn@tsis Gnneete it methaprgpdenaliling te ghtkierios bfagedly integrated
se:mcfoﬁ‘d%w)xtdévrl:gs V\Im'H lﬁi&lﬁﬂhébf&@‘fﬂ%n@@%a&*&%ﬁh‘sEthanté%HEd@&@&b&ﬁ of

dopant s, notab bor on, | d edges reduces the
cordlngly after the junctions are

DISCJEBS@%‘S‘J%&%%&%CT/ US2005/ 006177 silicided, the

si ki Q&\gtﬁag@'%f Be @?egern@tnbéﬁgont 9 al Ih§h0§ %@%ﬁﬁféc@rtwwonducmr device

henc eakage occurrence

°°mp’f1?“&’rﬂ‘gh ‘Hg'ﬂl%’g%&gf&d“’d‘ﬁ it °Di’1‘§s?af“8ﬂ¥§%?e“ FIARETT or

subdditioppl advanjages amfchithes fezrquxespf the ﬁescxgmvex@@{g@il petcoimtisio the description
whiclel S Qeh i PartAvill &Sd{bbatrenolf) tdbevating @AMt i Mo thaalp@bla&hxtuinﬁmn of the

foIonL \ﬁaglrstlmﬁt ereaé%dt thom ﬁe pl%gylc& hlr r%és Frgs!elq 1nvgnt1o9g %hel ananQl% [;f%{d 1he resent

concentration
inventonapa, Re ‘Ff’r‘fzefi Hé‘ 0‘“5““6‘ H%Qa%i‘é‘tlfélﬂ P@'ﬁt? tig tip paengyd clgims.
t r ansiisg @ribe pihat presente fafoisy dob pler Bswibies ak Achieved in part by a

methdd o@&EnHa&ﬁing &J&ﬁ(a«%&c‘t‘o{ h3kd, §9 nQMdfc%%ﬂi‘hg f 6 b R@idt Gl tayer,

ata t[?ug\gc?s% %&?@gtgrﬁhaag&}%? F&vﬁ{,ﬁl sg%a%rlgl ucV\)Ar f”ﬁStIﬁLﬁ| f?r i[:ng,]\a/ne therlmpg n tlg] n61tr1dc polish
stop lesenad e triaeh is the gdstraddidloe die ngphipg withesulating xiagtia fogmi e @ vefitrden on
the niffRE Rexglatop glyer %ﬁ(ﬁ{mwhﬂ@ to @ oh AR ﬂ@ﬁrlsﬁlfhc&ﬁophh@'ﬂtﬁé nitride polish stop

at ed nduct or. devices with highl reliable
1 LI elalale] ghly
ayelél{% © )rgilz)rmu%asm QW enc lso atlon reoioi}] subst anti al | yor educed

di %ltoérmev@f meseﬁe@sm@@pwmee foRRTEENAT PRON i O g R AgEocott the
scm[cbirtﬂctcp ﬁ&&entbstrhta\fc&mﬁ)g OB niirige [a)hmetob] agkr,@fg., o Aeitldiolisd Goplayer, at
a thicBRHY of SIAAH¢40R . éj QYAC Bu € ?J[T%hesﬂ ,{&9 il Q hl Xpe&? »um Rt insulating

ns wWith no or subs reduced

mamﬂﬁgw b4 8’8‘11?a4’??°é‘58 &y shearicah Ry de(?%{i“if}r wg tsp ”’c"ﬁﬁe@c‘m“g chemical
mechycalgelshing @Y Ehtictit plankfizatpe stgpping oot hitidn pdibiestadayerbiy pruiogrg no

more V\ffﬂh m §rele gﬂi@ﬁsu%g oﬂ Lﬂe @A po‘ﬂéhl op lﬂ@m ARRBIuBRhts BIQhJ ﬂ'ﬂ&&@ invention
or

{urthetr hncfu&qu ulg 1m uu? ies lhroul%llégae 618%F gohlgh é{(gpq?yflo?ri] % I mubuulg r%gilons in the
semicquuqtqqéubﬁtragsa@ﬁqcnq twﬁlopvdqqnchﬁq@u%dg@(m %ﬁ‘é’g iy fempyggpart of the upper

surfadd o G€itdulatidgMa@nAl ifi0RNg M Yenbiesortalnt ggel saide Ghlieaisfblg aSterial in the
trencHA& EJbitagHzlll?EchMnap ghkp&l@%p& %rfa&erl)f h‘l@ ?m@o%l%&ﬂ %gnfs(?alteaénmﬁren removmg the

Accor I nvent1 on ore
o B r?P%f@"é%“ﬂé PES TN BB Req e Syl s e e

is formeinifearc truptayingcoaves®@nii congust or devi ce, the net hod

C ORRAiibr ddGncado@E e Bebsck ifVedifoh S8 bRt SLyitP iPRent BB skilled in the art
from the following detailed description, wherein embodiments of the present invention are described, simply
by way of illustration of the best mode contemplated for carrying out the present invention. As will be

realized, the present invention is capable of other and different embodiments and its several details are capabie
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at a thickness no greater than 400A, over a
sem conduct or substrate; form ng an opening in the
nitride polish 20 stop layer and a trench in the
veupetoass, filling the opening wth insul atip@us2esm06177
material form ng an overburden on the nitride polish
of mogliﬁgﬂgoqs gy‘@pous Q%’f@usﬁéip?@hqnﬁgth?% dep@iinhiian tl@mth lee&‘f‘P&r Accordingly,
the drSidfidh aQQesSlpORPENGbeQEalibties Mudihdvel R npad, oSt @Rrcikayer ,
thereby formng a shallow trench isolation region.
prieERRQH PRat 51 ofir bRewRE®Sent invention conprise form ng
a pad oxi de on an upper surface of the sem conductor
deniscensuphs tdhaiagally MisrhOgqlehBl phistsiol d@neflohd MetBddaf forming STI

reglo:lz aﬁﬂ%[gs 1 garc%gh 4, Qnu%a' l’elatg Qﬂremcﬁoﬁeg %‘?su!ﬂfa r%f&@ncg‘ (t,hthctéréay er, at

on the pad
x’f ‘%‘e Ithéfv%*r ” %Cﬁ‘cln’lafi”f‘ﬂ@’ lyiaaty EF&WP‘ﬁbP[\?\ﬁC% #f adi“%‘f‘oéc‘f pegrdance with an
embodimgubialiei pregpniade@ion.aln Figs Uickowgls 115 sihilac baurearedienote ppgiae diference
charadd¥s, Chem cal vapor deposition, and then inplenmenting
chem cal mechani cal polishing (CW) to effect

Dﬁsq%m%y%m §Jr%p| ng on the nitride polish stop

renoving no nore than 20A of the upper
surik ﬁ@@nt@rfverﬁa&ﬁadﬂb&és |aﬁiﬁsolp@|pfo§1@m§att@@anl @Mﬁ;ﬁnplemgﬁdoﬁ%ﬂkﬁal STI

methogolo y res.fllpnes_rs lﬁet fo}'rrr;] Vg"r{] ?]{J cp vois, at l“t'hg corne1T otn éllg rcfjguin ERlch fonvengonai

enitr
methoﬁ@?@ht)ipmw r:i)r{ipyxsep é}@a‘rugg]gle}ahvetyﬁl@ckggudg gq)ﬁslt.ﬁq@d@r@t @ﬂat a thlckness greater
than 19QAS 1S ta @hic Gljae @Alsh §t$]ﬁay$rha{yblﬁh‘ﬂ& feheBC &t atoll®Mng the STI oxide

pohshr l%gAquQﬂbse%Ee%{yf P&eg e {og tlmg?t[[{) chte agtng ar‘éa{s paR(? {hﬁk §HidI ﬁgxt?biock

he 1 nsu r enc .
such ipr, gnpﬁbtbtgp e sk “%fmp{l"’r'f%”gl HE Eif‘aﬁlf‘g gﬁ’s AL tEsF ity form H’e ta‘ﬁ’ée regions
resultibg i@ the formgiosefldsttanttticabrheys of op SanaionwWidnkentidnal app@eles to this problem

seck tS MRt difoR&is Sf@:'@x%ﬂﬂ%&p@ﬂnm%é’&b&to&@é SolistAdMnstal@Reride pull-back

prior tg gﬁ%{ﬂde iglx I&lhwev rasyc‘éh‘,ap;?r%acl?e&{]%la)t zgﬁqu{) EH)( %E%d t{lessglj(? ngogﬁratﬂem
g aﬁl eccertiamest withdee iresyus inveritign, fup pitvereplt thie mitiesty polisirptemipien ., silicon
nitrideC BV@RHed @NRhickh@E BN kreHite an IDAARlEN & kiongibinad vatAag @sA0fsuitable

; t I ds ily apparent to

silicon rﬂﬁde@%lﬁﬁgﬁ Smh ﬂl}{e? Rw% h&gses §0f\l? &{TE% 1?@? | owi ng det ai | ed
dé:gl(‘ﬁn aF)"PFSHntha T Efnrolthistra 'afE it ¥ BRoth ém?ﬁd’é@é dfter the STI oxide

polishi Rwtemithcolin gifride A@SEP e ok retsihaddlipg sudjequayproodssing comprising masking,

ion 1n{plaht§—1|1§taﬁda<§léa91mg Qéps tt(hﬁ)rrp%tacm%@asc%é @s@p)l @-ttlﬁrd mtu@g etch stop layer is
sent inve

sufﬁcwné 8 ¥rcz>téc the l%‘lﬁ.,%dt fﬁ“P‘é@%’H‘FS t %eéaﬁtpfeaseﬁtmig ésog%%ca%tfwé o&;the oot?(lﬁl% pt the STI
cornerg rchicti bl ptbepvyiseerprio ff theefotestionnd divats I addétion | singretiaiifride polieh stop
layer iISBRARM Lﬁlplalgatlm 2@&&[&9 3828, RGI IS0 QR Q& fop 19Er presents a more
cons:sggdshrffgccc%} Ll?pptgtalioﬁ hl}eég’iqls:'eoau Slat{v Vlr?%ry ‘sc‘i%:mrone ?] Ct ipldfyd lOLmsV\Anttragn%}stent
wtivo (RSl ko 8 T e R GAOA ST hise Fegr e vt te
embodithdnty 8t therésth@inbdntidhathelfigide wolich sREtayd s rdta&l i ptikd ypao thBRkdERon of

the gatmhf -EL g&e%g JE‘L@&W lé@ plF L[@ﬁg a nlluclli H&QHQJ& sﬁrface and preventing

emat | cal ustrate sequential phases of

o S”b%aﬁf’ﬁ]/léi’ﬁj‘fcﬁ’ﬁgfl"ysrret hod for formng STI 5 regi ons. In
FiAgsethod intaoiergh vl angimiridiaent ¢ g burewsnvartien o evetaschlhiflustiated in

Figs. SSihrBUgll @F whedir@ R RAf-AGHLRE 5y s1nﬁh[g§feren56 bbb G R dlebiing 1o Fi ig. 5,2
pad ox.icf:% as at a ti—uc %le éf l l U%C)Aat eﬂ%@g rﬁ]{:c? ov]gaxp atn%gpee? ?ugifgce ﬁ’ semtco:%gctor
Subsﬁaferﬂ?e rfalt 4<>mﬂﬂancr5 Wltirprg@s!m%ntt ey Upgpbentlifventiop. i very rﬂmf glicpypiide ighestop
layer S0 @F@haTbn Y SideF 1. ENicdn@fifle @K op layer 52 is typically formed at a thickness of 50A
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characters. DESCRI PTION OF THE | NVENTION to The
present invention addresses and sol ves probl ens
attendant upon i nplenenti ng conventional STI
webiedakagy resulting in the formation of diy@bgs,dk006177
the corners of an STl region. Such conventional

io 1598t heod&0dgyA taypsh Gali (eacnpd jis tis sfhorayi g aaby ehgtying ebryentional

photcthhlbgrkpmehrtdretcld@gt&@xhl &) stop layer, as at a thi ckness

gr %?Ehts %)mi yapnouor 110 ﬁluqtralef? h t%ntltnarn? {c]rdei[ ¥n!1y? g(i Fobwdﬁl ning ﬁlg trench

reisved
Subswnflb 9§ sevn Bt Pk mmﬂ@e%m%e@al% wéw@mn ogitle psiemékq@ﬂo rﬁ@ the trench
and foft ai BRIG@BIN AAGhd QLdo@RiMAE BRisiaaty M@r 32,68y Amd PilaKiion is then

unpié}lx{eBtEd gsebJ bIl/IpErcslB thChl tfltsiaé LA}%«P at(!, 81'11(:!:!11‘%[[1%1;1 gt 91& 7 av'v%e%m reference

eani
Chamf"éfr"r%df‘l’%s %i?: TI\Péld"r i Gffsis tpigally F‘tng‘ﬁ@d F‘ﬁh thhlewmwtmw phiepflicon
nitridel balisit Sopadyertsh@o @6k fas WAS rethdval (Shlthel P Biface Godicenititidepalish stop
layer@PProaches to this pr oblem seek to mnimze t hese

divots as, for exa timzing post oxi

poF’ﬁ cghvemo;éaéﬁrécnaeﬁ,dth n‘?lfcpx} H@dcb]mP 111 s@a&zwer 1b ]:eima}zedtage: §-MP followed by
convaprdigraliidg] ion iMplaeve ind clennb stappprieachesivhayiensiredulting in the formation
of diRRle %\ﬁet Yn 5c8R@hEHlm RS dREh:s CH 1H<9§res@:ft Q@Ex@i@ﬁ Ltlerl‘elatwelr thin silicon
n1tr1dF P](i)%ﬁh ﬁcipqz?ylm dS sprgtfulngsglhdmgn% g%selque ytlé'x}askmg Ian uﬂpgaint]l \ QN cleatzr@ s¥cps which
are tiplgngepigfpin aICS“VQFé‘B‘@BInG"E@ rpgultipg i e dmetios Oﬁ’@ngFtE%’er 80 pg phown in
Fig. 84@.'91&1 m@l.lﬁtl’ina&t‘y tRlused FrRbEKDQS Sephs dk%s{s@rs4(}@l§d1coﬁlﬂuﬁcﬁlbbl@h stop

layer é% AS 1&8&01@ B‘ /& hn,rg 13&%[&&% d Al%tb%% zntp Jge leog% <§1r éﬁ‘}pﬁlﬂg%ﬁsﬁ) dc?t[oﬁ the
sitioop i Hes” e SIS g e GET G Y B RS Gl oy esios.

af Sereqichly, 8T hppexsinttee ofpi@l STE bxide RATH @rrgmdviie as By emplayiiy liydtefluoric

acid, Gk tEhatS Fh@ Qpﬂelaéﬁﬁgc;a :721-'& nsetuﬁ’s'tapt%ﬁy g}ﬂfaﬁap ik %QSL?% %ulﬁFace of semiconductor

n 0]
S“bs‘é‘i“’ég’n“’sﬁg‘ %i“ ?)GWEFB“BT“ igf’r’m“f‘?f"e "Q%’ft‘r’f{/’é' ¥ éas S‘ﬁ‘i%“ s”ée gFO“ pitride
polisl kpmlaysi 63 isdancedde ks st @plobiagy bdroflwrio Beids gfid fhe ipmhexide dayer ST is then

remofRt Obs@lGhg AR sk &clukeeidustu&ea nehgoor @&@eauent 5}%{?'@@& iV ERAld BJorm a
caorner

transt W?S‘I SB llrl:?glpe ag |lHa tral‘tcﬁI Ilt Qoe 81(133)1(11:5;1%31 e electrode ??0 ovcﬁggfng semtcoFcﬁlbtor substrate
30 wigl gpstogide IOH *%&ﬁt‘f% ﬁ{’d ‘%ﬁleﬁi‘:‘% Sl@eweﬂ WF‘F% W@eéhepror-| Wifiss L bysference 103
reprededly @1 intbriyet Miblesicla@deldnigalsa l‘bbiastelium ele@rin@iitadd kiodkiede didlddtric layer to

anacév@%tgm&db%sdﬁaﬁte% a thin nitride poli sh stop | ayer
sents a nore consjstent surface %anta

D TR S PR b E b B e O Rl DT s it
highlyf rgliahig SBnegioncaeit st e tsubstmsitlly veducokdi deformgtiar Eabodingehte of the present

mvenﬂdntcl’nhﬂﬁa sﬁwgicacyeedhangq&nfsdkﬁt@dr@bhr&eomnlee @t@.ta{os layeﬂfblbﬁiow 00A and
retaimna Qhe s% xcon mtri\i{\é‘h%c)h {E?_p 1a dygl 1:1u1]e§)1:9?1y affer %Iv{%ato “’%ﬁcg {he ?r%nch congrs from

lSOtl‘()Plﬁ eﬁpsgc @m% cqn@enttq-pél qgmpmftqp@) mWnent@% gheg dp@u@xqc@@ regions and by

retainin €4 @ldysilR6OLEEL polh stoh @y@Qliriny Bn Shylldn@Odh, BEred,acHMvY bighlNghiform
1mp1af?teJTEUgt9 .nhore planar surface and preventing or

antially reduci ng divots. A nmethod in accordance

wi T PR EREHAR FitE ngrsTplapliciliydp fabyigiias ghly fntpagated semiconductor

devicss céneimaiziSElatdiops with ng ot suigtas @l rerduceFdige forbatiolyr T glasediIgvention enjoys

particly) ﬁg.ﬁbqﬂm@llmJnaﬁajrﬁggemc%ﬁuc%[ &viHle nmﬁ ﬁlg n*ﬂ:\‘on%luﬁgnii@ig
er dve

)e(lln dé Prgg gdmc c?egcnf)thontkﬁ gg,gen ?vegt@%‘ if glesgd%%\ w1tg gerenci ggﬁeclﬁcaliy
exemjlagy frepodimentsoheesee. dnvilhhpeaverdig e fidegighap farigus miodidpptieng tglrchanges may be
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| ayer 52 is formed on pad oxide 51. Silicon nitride
etch stop layer 52 is typically fornmed at a thickness
of 50A 3 WD 2005/093825 PCT/ US2005/ 006177 to 150A,
veD thos/09B88A. A trench 53 is then formed in therwusioosnosi7r
substrate 50, as by enpl oying conventiona

is undstigpdihat the ogreaip e dtion i depeilcHivitg: vErdshaiicgesembinatiaps andnbodiments and

is capfid dThny cBnkdd OUEHAIBMAbnsiwlithid 816 Ecafe@fthe ivehtltt BhndePQE HXBlessabER
may be fornmed lining the trench. Subsequently, as
shown in Fig. 6, an insulating material 60, such as
silicon oxide, is deposited to fill the trench 5 and
form an overburden on the silicon nitride polish stop
| ayer 52, as by CVD. Planarization is then
i mpl emented, as by CMP, resulting in the internedi ate
structure illustrated in Fig. 7, wherein reference
character 70 denotes the STI oxide fill. CWP is
typically conducted such that when stopping on the
silicon nitride polish stop |layer 52, no nore than
20A is renoved fromthe upper surface of silicon
nitride polish stop layer 52. 10 In conventiona
practices, the silicon nitride polish stop |ayer is
renoved after CWP followed by conventional masking,
ion inplanting and cleaning steps to formthe active
regions, resulting in the formation of divots.
However, in accordance with enbodi nents of the present
invention, the relatively thin silicon nitride polish
stop layer 52 is retained during subsequent nasking,
ion inplanting and cl eaning steps, which are
i mpl emented in a conventional manner, resulting in the
formation of inpurity regions 80, as shown in 15 Fig.
8, which may ultimtely be used for source/drain
regions of transistors. As silicon nitride polish stop
| ayer 52 is relatively thin, there is virtually little
bl ocking of the ions during inplantation. In addition,
the silicon nitride layer forns a stable surface
enabling greater uniformty in the formation of the
impurity regions. Subsequently, the upper surface of
the STI oxide fill 70 is renoved, as by enpl oying
hydrofluoric acid, such that the upper surface 70A is
substantially coplanar with the upper surface of
sem conductor 20 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 51 is then renoved, resulting in the

structure illustrated in Fig. 10. Subsequent
processing is inplenented to forma transistor
structure as illustrated in Fig. 11, conprising gate

el ectrode 100 overlying sem conductor substrate 50
with gate oxide 101 therebetween, and dielectric
sidewal | spaces 102 thereon. In Fig. 11 reference 103
25 represents an interlayer dielectric and el ement 50
represents an electric contact through the dielectric
| ayer to an active region 80 on substrate 50.
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The present invention provides nethodol ogy enabling

the fabrication of sem conductor devices with highly
reliable STI regions without or with substantially
reduced divot formation. Enbodi ments of the present

i nvention conprise strategically reducing the

thickness of a silicon nitride polish stop |layer to
bel ow 400A and 30 retaining the silicon nitride polish
stop layer inmmediately after CVMP to protect the trench
corners from isotropic etching during conventiona
CLadivisng steps i npl enented when form ng active regions
and by retaining the thin silicon nitride polish stop

| ayer during ion inplantation, thereby achieving

hi ghl & nietioti F Bbric iMoant Rt h 8 ANMRvic Be B82S %mprising:
invention enjoys industrial applicability i'n

f abr i P&RRE THIER P egleserdd 2 s et dbinkumss oo gredfr than 4004,
(ﬁ@yagﬁﬁmﬁgg&gfﬁmggm§§byreg|ons with no or

substantially reduced divot formation. The present

i nverRIHAg @nj enesingpiar thecnitride p@lpphi stai lhyek Yanina trench in the
sipaufsact uring sem conduct or devices with sub-nicron

di mensi ons.- I n the precedi ng description, the present

i nvefitlingrth¢ sergbogth ibsdativgtrhatered dorariee as Oves A dnGd hi¥ride
pgﬁﬁgﬁl %¥fenbodinents thereof. It will, however, be

evi dent at various nodifications and changes nmay be

madepelisbingtto fvnt Ao uppa @pani urthcé sRFHiEOLO 3G ﬁ(ﬂfsﬁis&)p
I N

_ of. th resent, i nvention, as set forth
la?’ Elg ﬂ%ge%%lef%rimn%g 2 %ngoglptéei?f}f isgl\éf“?‘b‘%?g%m)ﬁ ad ngs are,
accowdi mglyntingoirheritiegandegh ake iditidst ki V.
o i y oocilogsszs P@#%%%O%%ﬂ%@g% Bem

. rictive t. 4 W2

“%’?‘ﬁ% 5%‘%’%30%885 {h48° SHRICHHBCIR Supsiptn pdiasent shec slpilbw etrafch

isolgiiomgregni(®)s ot her conbi nati ons and enbodi nents and
i s capabl e of any changes or nodifications within the
scope of the inventive concept as expressed herein. 5

2.CLAI'MS: mothod AcORIROE Ginf BohGALIEGASE ‘Eﬂccrﬁ%g FbHh stop
laQ$%#§et %h net 88 (of0) (ﬂgSlng: formng a nitri
%5I' i §k8§mF @5?3? t a thickness no greater than
400A, 5.over a sem conductor substrate (50); form ng

an ening (n the nitride polish stop layer and a
3tre ‘Fi’fg‘f‘{wécc% P& {1 §1281 ¥ icPmipRiging Mwlishing ¢h fovit the upper

pldnas st RYIERhRIViR nd QEEH0G 28R GRS RKE an.the
nitride polish g?gb layer; 10 pol%é#ﬁ%§£?§p$%$%¥gﬁyn‘
upper planar surface stopping on the nitride polish

4. St OfThe nayi@t, acth@@RY {95 rﬂa @&n&iﬁ@%&r&%gte{ Sa%cor;cide layer (51)

i sol ation region (70); an
on an upper surface of the semiconductor substrate (50), and forming the nitride

polish stop layer (52) on the pad oxide layer (51).

5. The method according to claim 1, further comprising:

removing the nitride polish stop layer (52);

forming a gate oxide layer (101) on the semiconductor substrate after
removing the nitride polish stop layer; and

forming a gate electrode (100) on the gate oxide layer (101).

6
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ion inplanting inpurities through the nitride polish
stop layer to form inpurity regions (80) in the

sem conduct or substrate adjacent the shallow trench
isolation region (70). 15 2., The nmethod according to
claim1l1, conprising formng the nitride polish stop

| ayer (52) at a thickness of 50A to 150A. 3. The

nmet hod according to claim 1, conprising polishing to
formthe upper 20 planar surface while renoving no

nore than 20A of the nitride polish stop |ayer (52).

4. Théhamethedtizaedordd niho, aldknohprBMEBtisig £o60 P of

QX er- {51 gn an upper. surface of the
2 Btk QS GRS e i Fateg R ig8 i oRdhesortiaet ideipper
pofics f gtedpsulaiye mad) iubkagiARboplhAeWBYE! uf Rl of

.. .The t hod . according to claim1, further
%8 ﬁ%?ﬁ“%ﬁﬁzﬁlﬁ“:"f SLP&%%F%{'&H&@DW@ ihegiitride PPLsh steroleyér§ar
(52); formng a gate oxide |ayer (101) on the
sem conductor substrate after renoving the nitride
polish stop layer; and 30 form ng agate el ectrode
(100) on the gate oxide layer (101). 6 ANMENDED SHEET
6. The method according to claim5, further conprising
etching to renove part of an upper surface (70A) of
the insulating material filling the trench so that the
upper surface of the insulating naterial is
substantially coplanar with the upper surface of the
sem conduct or substrate before renoving the nitride
polish stop layer (52). 5 6a. AMENDED SHEET

ba.
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