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METHODS FOR FORM NG SELF- PLANARI ZERAMHW@%@ LAYER FOR giIAL'iE @E

| SOLATI ON . BACKGROUND OF THE | NVE ent inventi

the fabrication of integrated circuits. e particularly) the present

I nvention iswb sRiead toward a nmethod for providing 10 sel f pehrAafRdgsd
deposition of high quality dielectric |layers for shallow trench isol ation.
Sem conduct or devi ce geonetries continue to decrease in size) providing
nore devices per unit area on a fabricated wafer. These devices arc

typically initially isolated fromcCacti other as they are built into the
wafer) and they 15 are subsequently interconnected to create the specific

circuit confi ed with
e 4 TR G AL O IR GOL Chow 1 el

devi ces & (o] Wr.ned waf er may be
separ at ed by 0.18 um | eaving recesses or gaps of a conparable size. A
nonconductive | ayer of diel ' | i con 20 di oxi de
(Si2 ) is typically deposiﬁ‘g&kMﬁ 6?3&%@‘5{3@@“ t he af orementi oned
gaps and insul ate the Tipapreseas investionqelans té it fabricatién 6m@wgm:&géz?éuﬁ§1 circuit
I s adj acent |ayers or from adjacent features is the sane [layer. Dielectric

| ayers are uMOEF PatiGasly the &Wﬂtd&‘tqﬂﬂmlﬁ@m&“ﬁ‘gﬂé Ranathed fommadmsol ation
STn di I LD) 25
formed B0t weitiplafiicbd Bl ot Bigh R UictectiC aye e Haflogeeglf (0 2P

sone cases, isdlatioss used for |soI ating devices having feature dinensions as
smal | as under about nari zation of diel egri e | ayers has 6econp

i ncreasingly i rrportants”ggg‘fq%‘:‘ﬁﬁ&z"cﬁggﬂg’ﬁgef CRUIYE tg, }E%r devi ces

continue to grawidi E'Eofé'@d?ﬁ’ck &tmﬁﬂarbﬁéb'@ fabricdRacrafad TR @& axapl e of a
typical 30 process for form ng shal l ow trench isolation (commonly refend

as STl int eg'b'nt‘?ﬂ%)m%l)' isolated each ether jag they |age bujit inta thw; yafct.eapdahuyu l'i con

ayer 107 suth ‘el hfitob i oRaR e HEcl oPHE CodkbritR el ,

deposmﬁl ?yCh?mttyrﬁmurde\lnem¢wnmmﬁthmh IcmlulerllsxxﬁuFﬁi&rlfb}dl4 aﬁongsgr\[/)gsc as
au ctr' St op O, chem necnani ca S ~ a~I| 1

2002 W O 99/ ¥B- 1 gmx&sw (degﬁ ‘“Rﬁﬁgmdﬂﬁwfdmﬁ §¢ traqss o ahot t om
antl-rﬂlectwm%ﬁa@nﬁﬁw bysoflsrm%ﬁhgi‘&ak&eoﬁgip&'oﬂﬁ layer 114

for absorbing |1 ght reflected fromthhe substrate |10 durtng

phot ol i t hogr ¢QsegRrablg pize.q|A wmn@cgmawsqmdmwgma@gﬂ( S@h)as siliconBARC 116 i s

Pﬁgldﬁgl tn@gooljgg%k?gft ra\A ol?gp %@sﬁ@#’ ul'travi olgphw&mcﬁﬁ%nm >

phot or esi st g4p8 and issniateethefeatures haﬂﬂﬁ&fﬂﬁrnnﬂdmmgeﬁdwmgm mask (sot
shown) whi ch efl s t he | ocat.i on- t he enches. The exposed phot oresi st
BhRGERL Farored o M g8

is they stri féé’\?é“é‘b a‘&?"e F5dFe trenches, Typically) a
pl asma etch i s perfOanﬁld‘c&nﬁhydﬁs H&Q:s&pﬁﬂvaﬁoﬁﬂsmﬁmihchﬂmﬂhﬂld\de | 14)

pad oxi de 112) %aigolgtliolnl (%erf) &S;g egt}ur: ct»relsolllatmg c?evxces and interlayer dielectric (ILD)
25  formed between metal wiring layers or prior to a metallization process. In some
cases, STI is used for isolating devices having feature dimensions as small as under
about 0.5 pm. Planarization of dielectric layers has become increasingly important
as the packing densities of semiconductor devices continue to grow.
The planarization issue is described using an example of a typical
30 process for forming a shallow trench isolation (commonly referred as STI
integration) as illustrated in Figs. 1a-1g. In Fig. la, a silicon substrate 110 has
deposited thereon a pad oxide layer 112 and a nitride layer 114 such as silicon
nitride. The nitride layer 114 is typically deposited by low pressure chemical vapor
deposition (LPCVD), and serves as an etch stop for chemical mechanical polishing
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10 the trenches 120, as shown in Fig. ic. After the remai ning photoresist
118 and BARC 1 |6 are renpved, a thermal oxide 122 is typi calojz lgrown on
the nitridel pad oxi de and oa the surfaces of the trenches 12 ét

bottom 124 and trench wall 126) to repair the plasma danmage to the silicon
substrate 110WQ¥/62188strated in Fig; Id. IS A dielectric | ayRTIBIRBS t hen
deposited over the thermal OXI de 112 to fi2l the trenches 120 and cover the

nitride |ayer 1]1\(4{ El [ tric layer 128 often referred to as a

trench oxi de f§G Phg °§y’@ﬂ 8 é@lamtma@tﬂféﬁ%wogn@@kmm #rom OXI de
I h

The surf ace prigrnrd aboet s el 1acfot hErting g yonéilog et St g

general ly 20 rbedﬂrh@phdMntMmmyonylpimlly AR oegaait @ubm lassq(SOW), theBAREr f ace

profile is more uniformin, d n? gel ds with cl Ifg?space narrow trenches

than in open f1 Hdessedtypic dight-haying \kavelepgt 248pmp hei ght

130 is forred Iy | fyl d the
open fiel dgESZineg‘glg%u?gﬁo?Hv de‘&s(tpeltgj)ha!g&gfﬁfmlﬁgﬁgk{wg%? 4 gi“fq ﬁél 9t o]
apply CWP dir etstfb;maf oear lthABiCellécmdmpr@emmga Mth(amtshmn)sMuph defines
Pheopen 1 ol e J9foRof AECHTEDG | TP g molERiR & Py Sripped fewvedeen o
reverse mask Sﬁ@aﬁf&"foﬁﬁﬁ?%‘fr&ché‘s UBﬁﬁcalll? etpﬁ!amah&uqxbeﬁorﬂiéad@cfcﬁ éﬁéot aia a

mare planar surface profile as illustrated . in_ Fig. . This proce

typically i nvopﬂﬁ@saf?iﬁem&%@%ﬁ“fmdtlér pad %’Eldﬁjé%?osﬂm Sﬂﬁewmféatnﬂiﬂltmﬁqmicur e)
t ched h t

phot or eoi 20" AefenGERIAY, ox bofl REIRCK, | ARE GE TP pbBIBL 1 o | |

to globally pl BARG 1B6 hneremnvédmahmnai madé 122 esdypnﬂlytgravm ohlBe fitrideAsudn i n

Fi I Th k d t th

height ef f ect re‘é?a@? gﬁaiq afieescisfe ERREE T (5o Bt aﬁi&m%wfﬁmilet o the

added w0 99/ b n
2:8%2 13 s ||599100%@M Biticory Afhstrdt® 116) s Rllddiatal 3R Fi)!

procedure. 35 From the discussion above, it is
seen t hat rrul t |1§I e steps, including additional photolithography steps

(which re re expensive,e |=§E§ T ver It
is desirabl’e to reduce t- eﬂ!r:liu ep&%‘f lz’ggps ?‘&ﬁgm@gﬁ{ﬂgé@%ﬁﬂw
le_spﬁCI ally phofmhhe mmpﬂme%wcmﬂt nitride fhayee 414, rﬂxselmnﬁd Mgerl msgsd
i ght sour ces, to o | respyl ts.i.n or to provide a
more economi ¢ é%fﬁr {dﬁn&r}lﬁ'& lgﬁfce cakﬁ&‘&'ﬁ‘&ﬁﬂ"éﬁ“&rf%y to
obt av~ i npr ove&ohﬁs*iu& %:amxalsOsuai wsm@nadxaﬂhé oP$iREue gmd AHIWnOHFig Lk,

| ayer at a reduced cost. 1O A nunber of procedures are

trench oxide fillin
known for depoéhetﬁ“ﬁg‘:ﬂl’@f%ﬂﬂhéd%ﬁ%dﬁmﬁcé@q A28 isstepped %ﬂddz@F@ﬂrrl c 128

for the trgnch f
type of pr%{:lesgé}gﬁnlg thé%}iaﬁ?ggg:%gen%ﬂ%gwt Wé}ﬁom |ca e) for

depositing a dunifemimdeﬂse lﬁnidsumh dnsclylspaqcenaa'ogd mhesshmnnfc)plelrﬁehlspaﬁm t ed
are conmonly ref, to f|| e 5 have a
surface senmtﬂ(ﬁﬁé#ﬁ#ﬁ:hiﬁ sﬁ @ﬁ%@?ﬁ?‘%@“ﬁﬁ%ﬁ‘é&&%’& Due to
the surface Se?ﬁdﬁlb%tween t&taiedsaeﬁmuu andi&pmpeﬂ field 102! Bevwie es:ule

accordance with the_ praoperties Qf t he ma\yect[ . of the derl ?ayl ayer. It
is known to mi #FME&H isiof practicable 1 app Mﬁ

I nsensi tivgs ba 'itidnaéfegholﬁ}ﬂé:ﬁhzé &etdlﬂl,fkc@?dl zhlﬂﬂﬁ@@@é:%&@hmﬁﬂ

i nstance, one 2 known process 1 nvol ves asma- enhaacai ' FEOS %ETEOS)

deposi tion) foleffoet iéthJS'M@!FH%E’“l m% tCMﬁd”tmmaﬁshlh é
llayer. This progass ‘HE&F’H_“ | agmo(;ﬁ&qg not her
known net hod i g to |l ower thbve %m&:?ace15 gieg?gﬁc&% ecreasl pg 05604 TEGCS
rati o. However pldmmmrfatg profile ax liDRGEd mtFip. 1fe s pmmmwpmuy ;nvnhrsuthe in a
nor e por ous dlelect film , Thi.s is part rl3-~ |c when t he
dielectric fil fP8of ﬁﬁf WME&I’W B'H eg“’-d%"eh%‘g‘ﬁ%‘ & his
concern hagg beqghback, 2h8 ferhdi@l 6F RAAMIng! FhoRResit.U A2 CMP prbeed&reahm fpfid hut
rai sing t he “process tenperat ure i s often undesirable. p’;;reélnat i vel YLHP

Il

addi ti onal anndathestpicaye °§1F%8er f toglobally planarizs, the sutface of
Layer and sandwjg 2-"?"‘95 6F‘$FTEE %&ré@qﬁashem ek Aecbdititell by thé 88FD

oxi de fining Lay od however, suffers fromthe néed to
per form an ext rleight effect adds sigmﬂcant cost and complex ty (for example, due to the added

-(D




Instead of mnimzing the surface sensitivity, sonme have utilized the
deposition rate dependence of O ITECS filns to performgap fi Izafﬁgcamy
tfenched silicon substrate wherein the side walls of the trenchi "are covered
with thermal oxide 2 3 DEC 20~ wo 9srsttos pcrns~rooa~s 4 spacers. Using
an at nospheri ¥9P8%8 e oD (APCVD) O | TE? deposi tion and afC3AB}L083S

t

concentration of 5 9b) it was reported th faster filmgrowh on the

bottom sili con. ' cats prect uded void formation to
achi eve voi d-?‘P’i%?ﬁ’ggr}f°ﬁ’ﬁ@géﬁ)e®k8%ﬁ?ﬁ9§%H'Eja‘. 1% the feasibility of
forming a planarized i nFesmehediscussioreiivnt) it ds {deh/Bat Mnlfiplk sieps, dsoladihgoe of
the surface sensitivity of O-I TECS and,simlar materials such as

0, - oct anet hy| @gditionaliphatolithegeaphy slepryhichriequise expepsiverequipmently areneeded

diffcculties Qf conkr [ Is | bl Leve
planarity. Foﬁo ipﬁg‘{@%gﬁ,‘ glgbv?#% gégn{‘&g?g%é?ﬁgggé ﬁ‘g&%g}eﬁfﬁ#ge%‘gﬁﬁﬁfd t he
edges of _af unicquipnieat, @spdclatlg phowlithography éduipmink whichiequifes @xpénsive lémesys of

t he 031TECS on, IOTiNARCIaxe on to f the,alum num and the al um num
side wal | s. SQHS‘ 8quresie 16 ) AR Pé@@a‘ﬂ? i°C TERNIS. i @Rd6ET tackrovide @ mMeRei st act ory

pl aaari zat i on ggadthicSinfl REficER Aidhiifaltring frocks3Y Fot eREANAB, Seihy iy dbtai
I nterconnect built upon a phosphorus ass (PSG level using O-- C. In
| i ght of the dmprevedaesuitsin to provide aselfirplananized high igpalify teesiht oxide filingur f ace’
sensitive di ellect ritc 'g‘@%%? %ave not al ways been successful. In addition,
the inventors PAVE Gi"8VRFRY that these nethods may produce dielectric

layers thap do not have A hember<ifrpecteduted areyknoWhdor a?oﬁﬁﬁ@leme%&it Bpére
ef ficient and econom ¢ net hods for sel f@glggngri zed _deposition of a high

qual ity trencrsuelps thergapifilhdiclestyic 128 dor Xide:-filing Jayer énvthetexample

I ntegration. | : h \ WA position rare
dependence of ‘@P&ﬁ‘éﬁ?’r’ c moggﬁﬁ'gfgfé@g%ﬁp‘g#bf’é@n |?ﬁr¢tﬁagg al so desired.
SUMVARY OF THHtdttdethylortbbsitieate)i for depositingia dislactricofilm such as silieate giass.e Sucton
provi de nore efficjent, 25 nethods. fagr ovj di ow t i sol ation

i ntegration by&lfll?r‘h’ﬂﬁ“é@f ¢ ¥f§§‘6¥iﬁiédh d%@ﬁﬂb{“ﬁ enéﬁaﬁ IPTOCEIRES s
using surfigce Ko dukfdce SknSititity whith iRir@késsdsthe DYTBEOSVRLD iiffead@e SDES tPY

provi ding a nethod of depositing the dielectric materjial on a silicon
trench and t hethe§nufpeecpensitiviey, thg dielesteie depositing rate ¥adies ig pepqrdanse pithothe
oxi di zi ng anne : Bﬁ)&é ' f ; fill layer. In this way)
defects that 35 ?%‘E'?eéfrerrlg usﬁgpﬁwgﬁéﬁqggﬁods can be virtually

el i m nated. An optional Itisskmowndb minimize the syrfacesedsitivity by depositing @ surface
deposition to further .i nprqove the | it he.trepch £i U |layers and the
el ectri cal chaﬂ“ﬁ?ﬂsg’r"Féﬁ{‘%ﬂgft pHer @é@? ?ﬁ%&’f"&%‘@&?‘ﬁ% £=fS'f '"f"ﬁ%cei' Mention .
i's directed t okmowrehioesss imiolves arplaita-enBanded FEOS QPETROS)-d¢posifion, followed-00ass
5 a dielectric layer on a sil iaﬁ¢o] sub tratwgﬂgh i‘ngcludes a silicon trench
fornmed bet weenbYpSarfagsdreamaent Ccp PR SR Yerh Arogesd ugdesirably wau.

The SUDSLrat e jciyflbs BRI frofesd WP T ARGDRIA60R Thdtbalh A hfer (Rl NOC LS

a precursor whi eposition rate dependence of the dielectric
| ayer oa sensitivity by decreasing the O,/TEOS ratio. However; lowering the O,/TEOS ratio

tends to undesirably resul¢ in a more porous dielectric film. This is particularly
25  problematic when the diclectric film is used for isolation purposes. One way to
iddrcss this concern has been to raise the process temperature ta above about
500°C, but raising the process temperature is often undesirable. Alternatively, an
additional anneal process after the deposition of the trench oxide filling layer and
sandwiching PETEOS layers has been used to densify the trench oxide filling layer.
30  This method, however, suffers from the need to perform an extra step.
Instead of minimizing the surface sensitivity, some have utilized the
| deposition rate dependence of O,/TEOS films to perform gap fill for a trenched
silicon substrate wherein the side walls of the trench are covered with thermal oxide



5 differently constituted surfaces at different |evels on the substrate.
The differently constituted surfaces at different |evels incl gg éai@trench
bottom and a material on the upper portions. The nethod inclu D eps
of i ntroduci ngl thg Brecursor) preferably TEGCS, into the substrate

processi ng ch OB 11 owi ng ozone into, he substrate proc®&INBRYB83ISTDer
to react with the precursor to deposit a di electric layer 10 aver the

substrate. Ang; n ' e he .precuror is
S st ad 1o 1 AT URRE K ARRGsehé] BeNfle"CRD (IRVEPOTTRAN dapSefin fd

di L ferentl IyI canjs’zdnctnmgc_m;atibmoﬁmm v;.cvhs tebertdil ahewg'r Mey@mﬁdﬁvaé E&&m@
substantially angr. dielectric surface. |n accqrdance with another

enbodi ni eat , éﬁlg%&@ﬂ’e‘ﬁfﬁ%é@i spacers; peegluded,you iog te aghiewei void-fres i ni ng
a process cha : Mthé Feabi gt D . hamber
for hol di ng argg?ﬁlégﬁgﬁg{sa? ?té?vg%l ch"h% ?% lgg@"ssgfm yc%ﬁ%%@ﬁ?ﬁcgd

bet weenf upﬁpﬁr dm&ctr:'lmgMDhby tn&idgr?ymﬂgeeofﬁhb hnffemghﬁity (;if '5/FEDS\@ld . The
system further, ipcludes a S iver sfem for. i ntroduci ng process gases
into the pr océg’é‘p%%éﬁls _ aaM@&m&mﬁém&n esepseherso
delivery syst qije ApoREPENTIERHEIRLARoNIRE tﬂe&u&&e%{gpbﬁﬁo&%&b%@%g Cherei

conput err eadabi e nodi um havi ng a conput er -reada program enbodi
for directingpiasatieyt | Bor instancee significant dlevationshave beamabserved: atithl ledgasrofgr am

i ncl udes a se . | : LV to

i ntroduce a p%’%g@}gé&ﬁ#ce?%?s% b@?@%@&’ﬁé@‘*’%ﬁ‘@g&%‘r g{ %f m?‘be ess
chanber t10 f oTiNaAARC dayet toqi top lofiyieraldthingim and ehe albinérfuin Sidd Wallslit Somé la¢

preci usor provides deparsitioa rate dependence of the dielectric |ayer on

differently cdhfsesamng sesearchars have reporied maresatisfaciony) planagizgsiongesuiis fore t r ench
b d i ol o part asi L . and
ottomand a gag%ﬁgpfg Si00 14yRfs SPRPAufifuid ﬁ&&@hc&%xl@hﬁdngf@hogﬁgoﬁ% o

to adjust an recarsor rati o between the ozone ‘an
until the di el(B8GY level usingr OdOMTGps a substantially planar dielectric

scuface. 30 Anot her enbodi.nent. is directed nethod.far grocessing a
substrate including a t?’bhgﬁt ?faftﬁsﬂtﬁwﬁ’ ﬁe«g}%‘nt%s W’égg“?ﬂtaq’é( ‘%B?R!‘I‘P&i N

mat eri al o spGafaket sensicivd diefeagicIuyers haviemot slwdys besmesictedsfal, SHORIAIRRC the
processi ng chanber. The nethod | ncludes the steps of providing art oxygen

cont ai ni ng gadoyestors have disqovesed that shese methods may\prosinee dielegtris Imers thaodol 00835

processi ng ch v dbERk qigiifyhe subsuate to substantially simltaneously
densify the t?gggé]efatpgl matctiar and to forma thernal oxide at the trench

surface. According to aWhdtds needixbarerraore efficiantaad economiu metheds fog sdfsst em

conprises a haysin finin £QC . ubstrat e .hal der i.s

| ocated 5 wit rﬁlll %’dgmégg o?ﬂ%&ﬁﬁgfnhﬁﬁ §?‘R§%‘A‘i%&%¥‘i’fft8f éhaﬂﬂ%'ﬁffﬁ%g a

tT L ench hag@ng imlfjﬁoaﬁﬂteg&ubg.a?mpmvdd maﬁodmoheﬁ&ﬁbely&gﬁzihgkhdﬂmmhher ein.
e systeminc]udes a eljvery systemfor. introduci ng prQcess gases

into the pr océ&‘@ﬁﬁ%ﬂ‘g&ﬁel&“ﬁ&ﬂ‘é&%%éﬁbmogh@@@ﬁ%P’g‘é{iﬁi"%ﬂd a

controller for controlling the gas delivery systemand the heater. A nenory

is cougled to the controller conprising a conputer |Q readable nedium

havi ng a conput er-readabl e pro§%éﬁﬁ%@?é@ﬁ%m¢ﬂr di recting operation

O ine control ler. e, SHERHE EhbbfiRHaR oP uRTH AR RO Hioyiuc ibee Veicien

instructions to control e gas delivery systemto I n ce an
oxygen- co@f ai nnethodycfor praviding shatlowdarench ishlatiome integnationdbycformingliselfhe heater to

heat the subst 0 subst ant | Vo1 S§ an | f he dielectric
| ayer and for nﬁ‘g‘}‘ﬁﬁ@m@i‘ 8%%*’%4“51@?{‘%.?’ﬁ%@%&?&?@&dﬂ%‘%mn yet
anot her enbodi Tierinyvemion@okysh by providimg amethod of degositing Itisd dicloctsio vitatestal o1 a
substrate includes the step of applying a D.anti-reflective coating (CVD
ARC) on and ccht %%ﬁ’“ﬁﬁ@gw‘g’c"é’ P’Hfl%ﬁgfqegclfm!%mthe CVD
anti-reltecti Vgidisip iaRfkeal Aftéi0depbsitionPdf the GredtRCID[a9éd. SIn thisSways @efesd wis® 2

light 20 to define a |ocation where a trench is to the formed, ~ The
phot or esi 80 i sare Sprmednsing nraviopsymethods £an by virmally & hefa ppliqnakisenck he

step of etching,, g &l cdn¥eAide® Blior to deposition to further improve the quality of the
trench fill layers and the electrical characteristics of the device.
One embodiment of the invention is directed to a method fot forming

+



througb the CYD anti-reflective coating and through a depth of the sut~rate
to formthe trtnch at the location. For a further understandi n@ »DECHh80?

obj ects and advant ages of the 25 present invention) reference should be
made to the ensw n det ai |l ed description taken in conjunction with the
acconpanyi ng ¥CA6hW&. BRI EF DESCRI PTI ON THE DRAW NGS Fi gPCTBI0P83S x e
vertical cross-scctioaal views of a substrate) 30 denonstrating trench

eposi 11 on’ methBEets lgter % SHEVEHBERL Fh o oL ikoR urpth ot *''
enbodi nent s of pdreen 8 ;&@ﬁoﬂﬁnf Sidhavinga rERATIULM MADHSRAGRIN THe t he

present invention; 3 DEC 2002 wo ~rsitoa pcrns~roos3s 7 Figs. 3a and 3b
are vertical csubswatedrdisposed in/a substrate mqmmboa'hﬂmthodoﬁcsaatrenched

substrate, denpnsuatin tings

accor dance wi t FFEY °'pr'§‘§RE°V"fF§£§P?S@§B rﬁ{lgdcpéfﬁe éff%%\*” qg)fﬁ ff an
embodi ment 50f  gifferdnaigiconsingéd furfataa ﬁrfmmqh-felsob:ﬁm%rsusﬁﬁté rmbiﬁfeie'nhy' ayer
formed in accordance with the present jnvention; gs. 5a and Sb arc

vertical crossCofstituted syr 3%3eﬂﬁé‘ffﬁ'°°élli"é’rsr¥ﬁ‘il‘éd°e‘ﬁﬁ&EP%Pﬂt@ﬂbwdaa oatssiaken e wit h

a self planari

I nvention; Fi gaﬁgjpﬁ)&eg&p? ﬁ?éagg%do ‘an eﬁ%&glgr%\r%&%#&?ﬁ&réwggrbf 10
processi ng a t pefiriblg TEDS, Iuipahe fubstzate pratassing chamber st ﬂnmagmoneriuﬁrthé on;
Pig. 7 is a vertical cross-s ctlonﬁ)grwewo e substrate of  Fi Sa whi ch

has been pr oceZOSHAGHPPesINg eact &FRT%&?F posita dieleckic By ent

inventi oy Fher (Re sbsRat S An fohk/preufiee m@iecuetxmalme/bﬁﬂeqﬁd HeSpredin@fli ment
of a 13 chem cal vapor deposition ap paratus according to the present

i nventi on; Fi gi. adwsmﬂdﬂlmed&ﬂﬁl‘@aé@%éfr@ﬁé&‘m W@'\/@ & differentlyof t he
CVD chanb f t
moni tor - and OV EyEfed firfatdl ot e dielecle IsperuSHioR 4 s ARRARS. SY21 0T

nor e channbersdiel&ﬁuﬁsyrfadrz shovvs as illustrative btoclc diagramof the
hi erarchi cal control

In accordance with another embodiment, a substrate processing

15  system comprises a housing defining a process chamber. A substrate holder is
located within the process chamber for holding a silicon substrate which includes a
silicon treach formed between upper portions and having a trench bottom and a
trench wall. The system further includes a gas delivery system for introducing
process gases into the process chamber and a controller for controlling the gas

20  delivery system. A memory is coupled to the controller comprising a computer-
readable medium having 2 cdmputer-rcadable program embodied therein for
directing operation of the controlier. The computer-readable program includes a set
of instructions to control the gas delivery system to introduce a process gas
including ozone and a precursor into the process chamber to form a dielectric layer

25  on the silicon substrate. The precursor provides depasition rate dependence of the
dielectric layer on differently constituted surfaces at different levels comprising the
trench bottom and a material on the upper postions of the silicon substrate, and to
adjust an ozone/precursor ratio between the ozone and the precursor until the
dielectric layer develops a substantially planar dielectric sucface.

30 Another embodiment is directed to a method for processing a
substrate including a trench baving a trench surface and a trench fill material
disposed thereon. The substrate is disposed in a substrate processing chamber. The
method includes the steps of providing an oxygen-containing gas in the substrate

~



structure of the systemcontrol software, conputer pngram according to a
speci f'i ¢ enbodi nent; Figs. 13a and 13b are SEM (scarm ng el ectyon

m crograph) cross sectional views of a trench fill layer for 3@\5(}1%ri or
art deposition nethods; 25 Fgs. 14a and 14b are S1M cross-sectional views

of a trench fyblsgksygr fornmed after cleaning an etched trenchchayg
thermal oxide on the trench walls; Figs. lfpa and 15b are SF.RI Aildolibhas

cross-sectional views of a trench fill layer formed w thout thermal oxide

on the ]E rench psmuﬁﬁ;m?ehﬁmd akd gﬁﬁngamdm]gmsm Wm mm:g&&i H&iHY
views of a trenc i ayer . 30, f or ne ter cl.eaning a trenc avi ng no
thermal oxi de BHireneh }t"lll material and ?90{99‘ a "%E"@I BKide ahthe tgach surfacs

5

Pcr n~~~o00s3s s DETAI LED I ; F d a- aa
o o a et t o 1 (omiaing o gt erbeaiet hEeut HoCe il dpbam, .
present i nventdomprisesea housingt defining aiprioceys alambeRTIA subserare diblden ivlocaal exanpl e.
The benefi{s of, the various, enbodi S of the invention can be readily
seen by co}hpa_r‘Y‘QBﬁ“W P'Hcisﬁ@haﬁ?r%&9gﬁé]3%@%g§{at%’aﬁlﬂg'§§ 2 'Fqnﬁg_th?\_élﬂéé in Figs.
a1 h. Speci itk Kridind a0dich fvERHAITIsgaiQM el "PiCeRichd Gk, Shal | ow

trench isolation integration by providing self pianarized deposition of a
di el ectric tregasidelivary sysigre fomintraducingsproedss igases énto the procdss chamifer; obeater

dielectric laygr, 1t i er st f the.invention is
not necessari I{ér Eﬁg}ngetge %ug)s@}g, %%gg&e\{opg%f&g&mm Eﬁgﬁé‘ﬁ“{:%‘ M 2a and’
2b illustrate itk hedter. & infemtiory 4§ coupledp the édnrollér compising Sedigutat € Whi ch
Is typically made of silicon, Refecxing to Feg. 2a) the first step ZIOis

to apply 30 Cvypedeble medipmhaving a-¢omnutes-readoble pregram embedied thaseinifer si | i con
substrate. Not ij?@mgﬂe ' [ de. and
nitride | ayers y%%%gﬁelq?/%se or *mggﬁ'?\h%ﬁ‘ Enﬂiérgértaﬁgﬂ%%é an?‘? used
organi ¢ spi n of ifstRCtiolS\UD comTol the gas deliveryasystemtntintrodute hmakyﬁeﬁ%ﬂain[nig

i ncl udes) for exanpl 20 silicpn ni,trid ilicon. oxynitride, or siliwn
earbi de. The. o RAR? pioges supEet 49" it e heERE AT Bt bt ta,f |t ho
process gases gubstantfafflp sifltahBdusiyodensifipithiel dieleckicdfrARE fobih Gthérnfal ULiaS a

silicon, and nitrogen aadl or oxygen (also known as a dielectric ARC or
DARC) is dépostht &enelysurfae®-ocduci ng the fol | owi ng prooesa~ gases in

pl asma- enhanced CYD (PEQ@L@%@& afidifer el & Héfiod P&%ﬂﬁﬁg%ﬁr&éﬂ ane

or TECS)) ~ and a nit~togcn-c ning gas andl ot as oxygen-contai ni ng gas.
Ni t rous oxi de isdlaion structise onacutbstrate inaludes,the stepiof applying arGVD apgaeflectivd

ot her sources of .ox nitrogen can of urse,b sed. .,Ap inert gas
such as hel i urﬁ%?'n%rggﬁ ggfl.) 95|‘B‘g??’93‘ﬁ'§§&hﬁ%‘$&?&tﬁﬂi°hﬁ‘ﬁtﬁ%*j Otion
rtcte of the pheERHS agtidefiddfivé tdating.hiA PotE68 of e Phbwresit Blixpbseddl8 alifyfit
process. An exanple of a suitable CvD 30 apparatus_is described inU S

Pat ent No205, stoglefing atlggation @WM@QW‘W%&TWVQQO' et
al . ane 0as giedibRn THE nftioduftfler!ifcIBlts Thesidh bf SBIAH AN fobifdnl L1 Lhe
desired optical characteristics (refxactive index and absorptive 1ndex) of
t he deposited tbumghris CNDOui-pefiectivel coating andithroygh a dopth o thier sibstrate tonform ~ 3
OEC 2002 the trench at the location.
. For a further understanding of the objects and advantages of the
25  present invention, reference should be made to the ensuing detailed description

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1a-1h are vertical cross-sectional views of a substrate,
30  demonstrating trench formation and trench fill by a dielectric material employing
prior art deposition methods;
Figs. 2a and 2b are flow diagrams of alternate embodiments of the
method of forming a trench in accordance with the pmént invention;



WD 99/6Z108 . prrns~ioos~s 9 the conventional LPCVD silicon nitride |ayer
is thdt the filmconposition of the LPCVD silicon cannot be ngds bhrgdpn
because LPCVD is a thermal process rather than a plasma-enhanced process.

Some of the tAﬁéW{?ﬁiﬁes that can be used to deposit CVD ARC a‘;&ﬁﬂqwed in

U. S Patent on No. 081672,888 engitled 5 ~ "METHOD TUS
FOR DEPOCSI TI NG ANTI REFLECTI VE COATI NG " havi ng David Cheung, )oe Feng) Judy

H. Huang, and WMi-Fan Ypis 2% iddvsireivenickt QossEabifinhl (lews iofﬂft' No.
081 852, 787 entitled "NMET AND APPARATUS FOR DEPOSI TI NG A STOP

LAYER, " havi nembodiments ofiaztraprhedasubsteate, demonsteating tiehuseraf)C VD dntireflection Yang
as inventors; and "Novel cég AR& tim Zﬁ‘h‘k?‘gh t hodol ogy for KrF Exciner
La_ser_Lithogrﬁ%&Pg%lfnﬁ%W C _ &Pf .n “Qgawa) M tsunori Kinura,

Yoi chi_Tomo, and Toshi I pigl qugaifiow oiblaéfesh énibodltfesDBt Beassee! BSine
(OpticaULascr M crollthographﬁ&) ol une 1674, pages 362-375 (1992)." The
a

two appl i chti @rself-planarizes wensh yesfiormaed inaceqrtance withnthe presens invsstiomee of

the present invention. S : e .elncarporated by
reference. In one enbodﬂ%gh% E'gd( %%@ﬁg&gnc?gﬁo% %&%ﬂlgﬁgsegﬁﬁf at?o N=Ois

sel ected . foemdegiatnisiofa sbidit witha @ifcdhlinarived tenchmill ydr i a€cdridnc@duced to
further control the optical and chem cal properties of the DARC deposited.

The effects ofWit-the pEeseMrinygolioar ti cul arly dominant in process regi nes
where SiH and N O have e A erties)
FiP ¢s A 15 dﬁgﬁi’tg?ﬁﬁc Fgﬁ%oggﬁel\ﬂé lb§ b4 8P

e.g.) at low tenperature.” The additi i I n the~procas Further
changes t @ cpmeessing vtrendh filhdayer imaccotdanesi with the ipeestatdavemtioand fi ner t uni ng

’s conpatible vi th the 506 Tob dusralk flofkjefonel Vil of e itstrtp st Fie, o5 hon o°°
argon. Hel i umyHi&Phad! HeelPrdcedsed Withneskidizing anealomtacedrdaice ¥tk 16 pkAEKe | ayer

deposited. This helps prevent the filmfrombeconm ng too tensile, which can
cause it to fmyestemf the substrate after deposition. The CVD ARC has the

ability to absorb Light f (=TI ! . i 004

phot ol i t hography sim | afgé:'od ?%e@d&%%g&@@w\ﬁsga%ﬁ%mfﬂ@f&vD ARC
hay a refigct ichemizabyapor depdsition apparatss a¢cotding of the ptesént giventidiat 1 s out - of
phasa 30 fromlight refl ctsd framthe substrate so,that the {wo cancel
each other in what is rgi?@r é‘&dtlg aé%%?“ﬁﬁﬂ?@“ﬁ?ﬁq’? Vieds of pantg phothe C¥le oD

ARC al so has tdhgmggm%,q@ﬁmqq igional ability to serve as an etch stop for
ChtP, making it possible to eflimnate the LPCVYD nitride |ayer (Fig. 2 3

DEC 2002 WD 99/ 62108 PCFiig-Bddis@ximplified diaggam of systeah mositeipudfoVP systemt her
unli ke the LP i the Eibgﬂ%\/ AiRma i b’{n%}g.y on the
silicon subst%a{{aeﬁm%e paecrzl XI e%ayers?ﬁhgfﬁ @g;&l@qﬁg ongér needed to
cushion tR@ transition d&lig.sk2rskoweanlilustrative blonk diagramoed thahistarchical comtrobin
LPCVD nitride |ayer. erefore, the singl y n replace the 5
pad oxi de) LP(f\thX'Hfﬁ ?E@‘& Sysirfg "Bﬁ‘ﬁ@,”ﬁh&ﬂ%%}@@%’ﬁ%ﬁ'@' Beporing f?p‘?o ggecine
structure and éumbodimgentf fi ci ent met hod of preparing the substrate for STI.
The CVD ARC serves both photolit ra d CMP purposes) and also is a
good barrier to oxygen ‘$’FL}3?M?&éw&%%ﬁ#*iﬂgﬁpﬂb%%toresi st
i s formed oversetfighafViews Of a'ffencti fiﬁtlﬂﬁr?ér&ﬁd_'ﬁ?iﬂ phies &1t Q8position métngagsed to
e

define the trench | ocation where the wench is 10 be formed (step 2'14) and
t he expos@8 phot or esi st Figs. tIha And 144 freeYEM crosrecctional views of attreseh fitlayer 216)

according to héd C Em .r%rﬂ{edtrgﬂclf’ﬁ:ﬁ i ﬁp ; { dto
etch the CVvD A&% g‘?l%i&ésriﬁll cogddgu strate to @g??ngt e%%ﬁ%hhia% ﬁ'_reaﬁt&r ench
| ocation. At step 220) tFigs.15aandilStyanerSEM cross-sectional views wé d.treackk Glldayay 15
to "sonme specifjc enmbodi ts, . an.opti,onal cle S 222 can be perfoc~:ed
to clean the t*ﬂé'ﬂsﬂ%‘ﬁauﬁﬁ%’{%m&‘%?é'ﬂ%‘ %?"%E%s’ ean step 222 can enpl oy,
for exanple) Figs. 16a and 16b are SEM cross-sectional views of a trench fill layer

30  formed after cleaning a trench having no thermal oxide on the trench surfaces.




a conventional wet etching procedure using a m xture containing

hydr of'l uoric acid (HF). . The resultant structure is iIIustrigmzﬁlg.
3a) which shows the s;!icon substrate 224 with a CVD ARC 22b aeon

havi ng a thi ckness of about 20 1000-2000 A. The forned trench 228 has a
trench bdttonwd3%62u08 a trench wall 232. Conpared wi th the cearasmicsssl
approach illustrated iu. digs. la-1d, the &ethod of Fig. 2a can elimnate
the process of growing a thermal oxide over_the surfaces of the trench,
which is conventi OPE%LEB@WWNOF@%PMMWB@NEWS silicon
substrate duriyng trepnc 1t 0 h hat depositing
the surface sehsiti™ f B o ’ e ey gEeet |y over a
silicon trench siginfepragod!y i npnve~ the quality of the trench fill layer
to be formed over prior approaches and that the clean step 222 can further
inprove filth quality, a28cqficembediments ofthepresenhinventiondre lustratedinsinpany t he
I nventors hav Is a kb S C be used
't or for bt oRlAREBHE0F s i Bkamifl. " THE BeReH! S8 0B MIBHERSCH e, 1o
trench bott omiavetion eas be veadily asendiyscomparisbobwitivthe frive aEiethRSs, sach 43¢ used

oot o TR E S, SR, i By o
DO~ 15~ 0055 g asch a6 FRgriton sy BhoVibmghet-pldarsMReDREIGH of o 1 O

BARC ni tri del oxi de conbination Is used. Therefore, after the i on of
the trench, t tieleetrimtrenehcfill daysp witheytcsacrificing the quality of the dieldctaiadayes. It is

under st oogt 0 bl el Xi I nterface)
or oD ARC 5 ‘{“ﬁg{sﬁ%ﬂgﬁ‘gﬁ%&a@g gﬁ% |{r'regl§?£ ﬁ‘%ﬁ%ﬁ%‘@@%} ?"s#gﬁs 250- 260
are the sane dsategtatipn. 210- 220 of Fig. 2a and are carried out to etch the

trench using the photoresist. After the photoresist is renoved (step 260),
however, two additional process steps are perforned. In step 262, a thernal

oxide is grown on the tr%glﬁe;&@and trench wall simlar to that shown
in Fig. lId. The thermal 0xide~a 16 10 trench bottomis etched away) for
exanpl e, using a conventHignda apd 3b illustraterlitomateanetheds of tformifg 4)trendinen a
resul tant ;gtructure is.jl. A ' ' 3 ' ho ilico

ubst r at e 370" b hisn s WeidaBl b af iflon. RUSAREIS BT A% s Fr (a0

f ormed t her eonisaodpplyta EViDhantivéflevtivé coating GVD ARC) diredtlftorpthd sllicbi ench wal |
278. After renoyal of the thernal [ t the trench_bottom 27d, the
renai ni ng t her faftrates %&%Q?Fé’%ﬂg@&ﬁ%% ‘M%%Pﬂdﬂﬁﬂa nitride
Thereafter, a pi&s } uSéP for TR OURliRe 1R chrRiSRY used Bbafiic spi
conventi onal vve% e?}(':lﬁ%ﬂnw pr océss wth an HF m xture or h‘ga% P%gﬁltcgplrnermve

cont anunaat s. 9w BARG (GVRARE inen inorganicmaterial that typically iinclusdesy foul example,t hi s
cl ean stepa26d_.i. : ' h efyl | . t .l be
deposi ted&ozo ﬁi‘@ﬁ%@‘ 5@8‘\4}%@%‘&?‘?’%#@@%% er rfﬂﬁgéyiga%iig‘; Q,?poﬁ%er_ t he
tlrehctd1e_d substb;apmmjdiﬁg chmﬁ@u&nd:lﬁmwmmmppﬁ%mtmgaFw) |tt |290
pl aced in a process c el (S as e. er .15 o i, 9. in step :
Typical ly an i?f@ﬂp?ﬁafsalqb #ma? W@dﬁﬂﬁ@ﬁgﬁ’&?ﬁ:&%@é‘ﬁﬁ?@z&%

st ?bi Idi zedt hae agmw& aieieauichekhchamm kf@aiMWM@u@@ms%umgfhar et

i ntroduced. at) a precursor having ur sensjtivity and gro rate
dﬁpﬁgden?e on HEOPZ%MIW P@éﬂi‘l‘ﬂ%?@oégﬁ’r@’ggg@)is‘ flmqwaééuns gasfsychas
chanber p : %Tcdﬁwﬁ@ Eas%ﬁfdér ﬁ?ﬁ&?iﬁ ause
TECS is a i@lgi%ﬁproééﬁd?g?@aﬁgﬁ abl e appar at us iarig:x&ét e bu %ﬁahg of a
delivery gaa, NitcousaaxideqNsQ) mayrpe usadofon suppivingraittegenand axypen, dut oheerbl y ~r
i ntroduci ng a € : | i gan,: i QUL Soye

I njection syst g‘ﬁ]\}% #ggﬁﬁnﬂzﬂm% gﬁ@“?%r‘%‘%é%r g@e%?ﬁ%s“ﬁg% gfghufnne
desired flow rat sigonAntypicailyeusgd for controlliing dhe depositioneratdofthe pracessemdARS) t o
react with the pEeR ke SRE Rir s lindig'd Brockds il ehdghe bFY SiabiEvhl®

30  apparatus is described in U.S. Patent No. 5,558,717 entitled "CVD PROCESSING
CHAMBER," issued to Zhao et al. ' The gas ratio can be adjusted to obtain a film
composition with the desired optical characteristics (refractive index and absorprive

index) of the deposited CVD ARC. A CVD ARC silicon nitride layer differs from

1 oMl

3



2 3 DEC 2002 WD 99167108 . 12 PGI/|1B99100835 substrate. The deposition rate
of the' O-I TECS Layer is faster oa the |ower treach bottom {which is
silicon) thaw on the higher surfaces of the upper portions of thg$DESt2082 e
that include the etch stop |ayer (which is LPCVD nitride or CVD ARC). The
rel ati ve depd¥0®96X108 at es of the O-/ TECS Layer on the | ower BATTBIP/H053S
surfaces 5 are regulated in step 298 by adjustirng the O-ETECS ratio until

he O | TECS | devel i.al I i zed qi el [
Lot oot The. BEcoprsatpaAiPOuR oA R et B ot thE B o mReson o W6t o5 of
the 0, and/or | pEYD sifiesn Larmbebe Mbdified bEABICLPTYD s Q%&Eﬁ?%@%&s%ﬁ@ﬁ&?

selected and the relative flowrates are. adjusted to ach at ratio in
step 298. |t pplasmasmhanced geassss. 1 omeasfi the seshniquesabataode used w depositcel er at e

t he depositio he trench. i A O=l,' TECS rati os
of desirably E:\;ll%%@é ?Wa#sgf%gtlg%sgﬂté@dﬁf@?@% erg‘%"%i}'%g@o@f‘hﬁ: lto

20: 1, can e WMETHODEANBPPABPARATUSIFOR DEFGSITING ANTIREBRIECHVE! ake pl ace
at a relatively |ow tenperature of under about 500C_This advant ageously

avoi ds the unGEATNG.E hESiﬂaiQﬂ’{i%Q{ﬁ“FBu&eiEf@Ef HidyeH | Buangi prd WainFan dapras when
nebessary to Silelioft; (s Patel REHIRAMR 200K, P ied METHAD AN

Dl g i ey ao oLy Ermve Ch Al U o £ Lees Ls by et

par anet gr s su!‘i\"g& %Egghxré"'gﬁﬂ""ﬂ W’%P@r& %ﬁﬁb&vﬁfﬁ%f”g&“‘%‘; M?Hﬂ% t he
Zbout 200 o HH ChRmizon MRS ol WX Eibinieh Luds LApOAapR 4 00RY, 09 Lo

Z0: 1. Figs. S5&aetar] obhTohm Qgaws, Mitsneort Kimugg, Yeichi Towo; andEeshirp| Tsuming| ect ri ¢

Ef‘éi.r S3232_3“13%@“&?3{5’?’Q%@&%ﬂ?%ﬁ%ﬁ@vﬁéﬁ{%&?@éﬁ@@ﬁvﬁﬁﬁﬁ@279 X%
Sel 1 planar | 269 dgatey 1 on ol the §ench 1o Iayer s But ol 08 encure. { nat

these | ayers 2faterals.ingn thrassignee of the peesent dayen ‘%-hi-l,"sFéFfEWnFqsl are hesgby
Referri nghgo Eﬁ&r%ﬁate&tbgﬁéfﬂge.and 312 represent as oxidizing anaeal 30 ,
e

process that can used to grow a therntal oxide at tha trench surfaces
after the trenches havelbeenembodiment.a desined satincpfosilane(Sitly) do MHOfis Iseledtad er .

Wil e the pro heeabi i T] cation
descri bed her ﬁﬁaﬂg’aﬁggr%ﬂ:r ?ﬁ@ﬁg@f\/’ghﬁgﬁgy?%%ﬁ?@%é%@?@g%%%kﬁge t he
prior thernal thxopticahamtenical gropértidy ofide DARCiepiisite 0 Re effect& 6PN, i
Pcrnsnmoosas b elimnpated {o.ensure formation ﬁf iﬁﬁ;gg&%ty trench
Fi11 layer (oNH, ate gty [PoprogRS RS Vit Yod of Fig.
Za. This bs%ﬁﬁﬂ Ol 7l 1375 pegﬁk a Mﬁgﬁh[}gl i de to
grow at t g trenc soﬁ)r%oéugféeks:?&!)%? I-t %l?g%tant%% 'I'y%g?vnul taneou'sl¥ densifies

the trench fi laddition@f NHyand My inithg:process furthes changemibe compositinnefcthe S i s

advant ageous, RBLdCHbAS fuedbfl ach FRkPlinfiy o iPOHERIve Bex Ut the bt eal |
performed by su Je(,g[I ng e suagstra e an oxygen-containing gas I n step
310 (such as rindexcUFwrrthermyrge the processiis comglatibhe withahe nseaf helinth, whichds) ; and

.heating the substrate fo.a suitable erature (.. 0. . ahove about, 800C) in
step 312. As t‘ﬂ%"escﬂbté’tf?‘&{%‘ @ﬂww#ﬁﬁﬂ@é‘ﬁrﬁfé’?‘@ngsﬂtpﬁ%"egﬁaﬁszﬁmg"‘a neal ) a
thermal 1@50xitHe DHIC iifyed depisitsd. OTHis hélps prevém Unsfiled fromcbebdrhing o Bsikg

illustrated in Fig. 7. The oxi di zjng annealeﬁé-desuabl-y made after CMP to

i nprove the C\ehigh saveanse Bdp flakeolf the substrate. after 4eROsitioRe deposition is nore
porous on active areas (#E@(_ R)d_.‘?%@ ﬁ{sitﬂeaﬁﬁw:%bmmghmﬂm &B@ the enches
is diffe

(sidicon) as deposited) rence in“filmdensSity can be benefici al
for the CVP prabsieate dunmgphorelit@igrphy siguilar ko theBARC (Fig. 1b). In addition, the
CVD ARC bas a reflective property that allows it to reflect light that is out-of-phase
30  from light reflected from the substrate so that the two cancel each other in what is
- referred to as a phase shift cancellation.
The CVD ARC also has the important additional ability to serve as an

etch stop for CMP, making it possible to efiminate the LPCVD nitride layer (Fig.




15 hi gher over the active area than over the trenches. The final step 314

is to'selectively renove and planarizc the trench fill materi&lci gﬁp 1y
by CMP. This step renpves the trench fill material over the e D oﬁayer

which can !'x LPCYD nitride ar CVD ARC. Because the dielectric profile is
subst anti al | WQ?%6388 no reverse nmask and etch procedure is ?@B@?ﬂw and
ZO the CH P step can be congleted nore qu‘ockly than the case where the

di el [ file i t d, t,hat (n Fig,, 1 is furth
decr eases br ols® TRAROREAGOPYR., it piiG i FREVT Rifiadh e €YD ARG sy 1 o
25 One sui tabﬁ@gpﬁﬁ@d%ﬂ@@ﬁﬁbh‘%é @ﬁegﬂis’g&‘f# THS paioNide 1296 (FLSAEs Agvention

can be carried I's shown in . 8, ich are verticCal, Cross-sectional
vi ews of a CViongsrsheeded ®)cushion the tansitionohistresspy batween th silicomiuhstrats anhat

i ncl ud h || .i,Sa_and.ch | i. Iy~ 130, _Ch Il 15
ind chanber | SHEECYIT plte TP TRERERE nd s BOMIARG BB e REBet i 1°°
Figs. 9 amrd 39ad19xid9@@VBtﬂmd%Pan‘d)Bli\RiOJ?th@e!?&%stﬂﬁﬁg in dasa{n'ﬁm sffacthrleQnd 11

for dispecsiag process gases to a substrate (not .shown at rests on a
heat ed pedest almose effigiens meathos ofipreparing the sbstsate dorabe r TherliV DrdREsewves si ng,

b1 nBos-ooe b fubarREHRI NS purvesel (B o PR clesn (1 acc

12a of pedest @iffufdn. The pedestal can be noved control |l ably between a | ower

| oadi ag/ of f Loadi n osition (not shqQwn) and an YpRer processin osition
(shovvngi n Fig. 8), gv\,ﬁi cﬁe*"g‘ﬂﬂ(&a&q Sphg‘ﬂj é@&&ﬂ‘?f IrQW f‘ﬂ'ﬁﬁgﬂq the er boar d
(not showp | ARAIGESe9L20MRe pRGtoRtBY isdxpbied 16 BEMeTHE LeAuABedifdf vl 1 On Of

i
t he waf ers. Deposi d rver gases are introduced into c er 15

t hough per f or shectertiehtis tal Bé formied (st 14 fand theoenpesedipbatoresist ix ther strippedaat gas

low i nto ¢ he teerEanomkn ife 710 ErbEe s aspent ok 2 BER5E 3600 20
~in Fig. 8), 218i9pétorined Qo e2h\the CVDNARCoad siticoh aubstriatects fornp kire! teenél agnd

t hen through holes 13b is gas dl stribucioo, faceplate 13a. ~ .- Bef.ore
reachi ng 't he Mﬁ?@dmﬂoﬂ‘tw%@%ﬂam baresist g remaved-  AcEoriga s

sources 744 hr i ' iedak K wher e
thoy are EbnoihSmd HeciiidBnbodin it 4 dpfioly ofohn oo 228 il K PeHGRR Ll
lin~_ 15 for abctrepwhamdsemgues contarhinaints. [The cieaw step 223 sdncenyployufior etamplet ves
not shown) that can, be used .to autopaf | . . -of f_the flow
(()f proces s) gad c.‘ﬁ“ﬁ%“\“ﬁlewﬁthgm 9“’37{!5“% 1"’1&@ %@%M‘;@%‘f@c(ﬁ% 0 not
ShOWH)(]Ehat "Rm?l.r gﬁhammml Billhsttgteghntﬁiga humhicg shbwehhewnmm oxi)c )
gases or exanple) ozeone or t s) are used in.the process) the
several saf et ysubsirate 324 w\staw(é{}saﬁge?ﬁé?f?ﬁ"%ﬁ S?PW’%%W‘%?’S‘&?SPV line in
conventi 0pgl Cfb@bizﬁug%.i & forhie8 tRAAPIIE hAN PR BBRoA230 AidB drebéh MP System
| d can be either a thermal process or a plasna-enhanced process. In a

pl asma- enhanced2gcoccss, an RF power supply 44 applies electrical
power, bet ween the gas di ' | ig%gam %dgg .1§0 as to
excite the process gas tqw&&%q%?g@ﬁg wtﬁn 2 ﬁ?’?blliahdri cal
r e]gi on 3et vveﬁr]hé !mulimoﬂ?i;t 2a tBrelimidate the me@esoiamwéngmmmag?m anes 1he be
referred to herejn as "reacgti.on rcai Mti ) . ' asnma
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SUppl Y D e v a3 TLcb e (1 oquegcy (LLE ). of |13, 56
supply at typically supplies power a hi r 0 :
M and at a I&BOSGDRM *‘éﬁ%%‘?“(’ﬁﬂ'ﬁ?"‘:@fc %%E'*gyc}x ‘f’g&z’ﬁéé%gge‘f‘ﬁe&’“ a
deconposi tion ﬁﬁcdneé&ch\IngﬁnﬂﬁéQﬂdlmw oft the trBsChVAIL layen witRnfoiied 15.
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In a thermal process,. ower” supply 44 would not be utilized, and the

process gas m avenipeior lapproachiey and-thet the iclean Si6p 372 camfurthes impreye: flphanalifyn ¢ he
surface of the sen conduct ar Al HeloW PRPIIRDnOMe Mafrfhave Blscovered that

30  an oxidizing anneal process can be used after formation of the trench fill layer to
grow a thermal oxide at the trench bottom and trench wall as discussed below.
The CVD ARC may be used in specific embodiments of the
invention. According to some specific embodiments, subsequent process steps




2 3 DEC 20Q2 wo ~rszioa |5 prrnB~roosss which is resistively heated to
provi de thermal energy for the reaction. During a plasnmaenhanced deposition
process, the plasnma heats the entire process chanber 10, incl 2@ DBC t2002

wal I s of the chanber body 15a surroundi ng the exhaust passageway 23 and the
shut -of f val \god¢he2idI€N the plasma 5 is not turned on or durpdgpdesee Mal
deposition process) a hot liquid is circdlated through the walls 15a of the
process chanber to maintain the chanber at an el evated tenperature. Fluids
used to heat dé¢seribddhbdlaw mayl besustd avhethet d EVIDARG pr thel pridrui d types) i.e,,
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heat ng. bener PARGRJIRRGR CoRpInRonf Hide o EEHEn 4 B Fomatiiaditeani o
reactant 10 preouchi. AR "R 83??1”?%’"’3“ ﬂ%eﬁ%dt% 4l ¥ Shddritdda @r oduct s of

the process gases 'and ot her cont nants that m ght. contam nate the process
i f they were represnensBCYD sitrideviayer {wish apod loxida dntenfagehos EYES ARG ni grate

back into ghe processin hanber ur, rlod of,.n0. _ga . The

r emai nder 5E)f the gas m %6@ 4‘11‘5*?“ ¢ %ﬁglf&g'e%&"ﬁlg 5n7'b sﬁ‘ﬂ%/i‘?&&@lv§° "QFCI udi ng
reaction prodyghé hs btepsSYHC220 665Figf 20 Md d1e cariedioar tohitch the \tRefith/ (3ipg/tie ( not
shown). Specifically, the a@ es are exhausted throu%@ an annul ar,

sl ot - shaped orPh@tiOt}‘élSlGAﬁQf pheroRgsist preremoned (stsp 268 homeysrd tve, ﬂ@lféﬁﬂahn nul ar
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gap between tﬁt&tlss S-[gb? ﬂ?ﬂgw{ﬁﬁ“nge%s .nﬁﬁ’?g“é@ al e%\kgﬁ‘?& §%a (1 udi ng
t he upper di elboubmlandItnencmgallgummwt!mhmowalm)ﬁgnm t Tiee thetrhal roxide at e
circul ar auaber, |id 20. The 360 cul iformtty of the
slot ori f}(g H?“%fhb"'f% sp?t@?‘?grﬂ“fﬁ g’r" "‘Fﬂ@ 6 2 f%y’a‘@mﬂec%ﬁé% i f orm
flol ~t of progesederRYaEp 264). Tﬁuere\cﬂiaarsmmxs\f:\nameﬁntn@ 3b) iHidhshbivs M oN
the wafer. Fr t he exhaust (ﬁl enum 17, the gases _flow un derneath a | ateral

25 ext ension pm:hqomubsmsﬁ 27 Eltb)%ﬁ&(fbts'ﬁ(’ﬂl@f?[lafn iﬁVDpéBCQIM?@ngﬂé@rt (not

shown), throu

shut-of f val vggﬁ%}sg@%dgyeﬁs |mg?gt g ﬁﬁﬁn{# #al;re&ﬁa er.  wal |

| Sa), and i nt Aftdraemetal 0 theothernedl oRide atithe trenchnbattom 276, ttlmeromat:ﬂnmmlcrmnicuum
punp (not shown) through a foralin t _shown ~ waf e

suppor t pﬂ%tté’“@f %Hé%b@'b%g't f trgpC %(éﬂﬁLi‘&'ggIW"%‘Ur#ﬂ tﬂb;ﬁ\’ or a
combi nation thy g@ﬁ:ﬁkﬂ‘(ﬂ amaamdomwwe@mng 4f b HFe- | 00D
enbedded heater eI errent ured to make two full Turns in the form of

par al | el concamxmfe ot thediketo rmnmoeknnpwtsr ohs discussed bielow,dhe iaventerst r uns
adj acent 2. e b Neted BaCBls b e D6 TP VALY Gl o Rl El 1R N

support platter an rnner portron ru on t e path of a conc ric
circle havi ng thatswilisbe d=positedi us. The wiring to the heater el enent passes
t hrough tgg stem of the pedestal 12. Typically, any or all of the chanber
lining) g inlet manifold 5 facepl ate, and various other reactor hardware
arc nmade out of matwri algwmmmnodi zed aI um num or cer am c.

An exanpl e of such a CVD appar at "1s_de cr| b S, 558, 717
entitled "CVD Processi ndReféseng &9 ! 3 fis atRr dhg (Zi; 53398"'717

patent is asshgflbc;ﬂheg ﬁ?%hﬁga&@tﬁrﬁdﬁh&h lﬂﬂ?rocesstdhﬁmﬁéﬂs@élﬁ@ écﬁmﬁpresent

i nvention) an rporated by reference. 10 A lift mechanlstn
and tnotor " (aotS efiBignB) imastepe29hnTypicallyran inaregasds flowed inte theshamberdnistep | 2

ody of tAd crhue Siips f pfReal e cBlnbel hAGR Rl pikes gl v ©f 11

i asertionl r enointrlodagedniNut, aﬁpriemrsdrdmmua suffacersensitivityznd growthTate not or
s A OfSndcs on ditterditly S5hRER AeRES G ioBlech T the Phabibef ity
F 294). An example of a suitable precursor is TEOS. Because TEOS is a liquid
precursor, a suitable apparatus directs the bubbling of a delivery gas, such as

30  helium, through the TEOS in a bubbler assembly or introducing a carrier gas, such
as helium or nitrogen, to a liquid injection system to vaporize the TEOS and form a
process gas having the desired flow rates. An ozone gas is flowed into the chamber
(step 296) to react with the TEOS to deposit an O, TEOS trench fill layer over the




15 position. The notor) .valves or flow controllers connected to the supply
lines 8, gas delivery system throttle valve) RF power supply ~14) and
chanber and substrate heating systens ‘are all controlled by a 2\DEC2002
controller 34 (Fig. 8) over control lines 36, of which only sonme are shown.

Control |l er 34yhedkees On feedback fromoptical sensors to detg 'ﬁ}g,“apg:
position of novabl e mechani cal assenbliesi2such as 20 the throttle valve and

susceptor which are iatovod by appropriate nmotors under the control of
control | er 34substcate: fﬂlefdeposummmmﬁ dneﬂ,lTEOSelaggtsmémcrmumelldw ttench ude a

processor coroORneY s iieonf ten o Hebrr etaés tife Rodsr arcicw g the
| npudout put bageehd lﬂaf”irﬁ:‘lﬂd%(iﬁe ¢feh Q%f@%%ﬁmﬁ&@ﬂ?@ﬂ/w Smg%gg,

boards. Various parts of CVD system 10 conformto the
Eur opean ( VVEThestelative rddpaslmmmmf tlssOYTEOS)layearod thetpwer and! hiphensutfaods

di nensi ong and t a nes the.b cture as
havi ng a %6 b rgﬁﬁ%{% ﬁ%gg%ﬁ ﬁmﬂfngatgﬁﬁég%@mw %ﬁb’ﬁ‘%&gﬂ%& 34
controls all @édvefops adabstatitialip Sele: 1@&@:@‘&1&%@@&5&@6 The system control |l er
executes systemcontrol_software) which is _a conputer programstored in a

conput er - r eadabl e nedi ulicQYREDS ratiosambs adipsted bypadijpstingthe, flowrntes 9l B8 i s a
hard di sk drige, DI r Ih
conput er prog(réém&l)g% es g%rﬁgs@‘f gf@ﬁ@ @%@%’faﬁtd}’gfaé@ 9&5‘ 2002
WD 99! 67108 Pﬁilrélm&lﬂ&ﬂ&ﬁteiird td;usledrmrlghxcvn thatratio &t sep 298.) IciRzanber
pressure,, .chanper tenperature, | evel s usceptor position, and

ot her parlfnct ¥jvantag W%%%prp‘s@ﬁ@ "d"h%f‘e ¢ depasitiog feam thet or ed
on ot her ”E”Dﬁéhcﬂ%hﬁﬁﬁto'a@ﬁic@bﬁﬂh&orofmm&s%fﬁlﬁﬁ%y ilghef n Sl

anot her appropriate drive, nay al so be used to operate er 4. The
i nterface bet Wsénand moes desirably sheutold: kio 201, canheused.CRT noni t or 50a and

| i ght pen 50b, shown i am of

system Im)gl t;)‘r and cvon’j:;‘?;f&‘%&?.\qﬁﬁ%?ﬁg aéjépﬁ%%%%ggﬁﬁ@ ?/ﬁlgqﬁ;:‘?hl ch
may i ncl ude olweteﬁf rature déreabout radiventigedusly a hé Wtdes

nmoni t ors re d in the cJ]ean rgomwal | for thee

noun :
oper at or & and ?”n‘! Ay QgFus itien eccurpatdighs. The

m)g'ht O:)ZnSggb&h?dgr'\‘gEfe A I| ht sengor In Wp o#ngi?* ﬂ%t x%lg%%ggﬂe

detects |ight fdeWtMEQSMDSH%SMWIGMMmphde aluummmmzmb or

f t th t of . d
s, bes 1t he. 180 e dofber KRARRE Tnft SERRANA cElofl B8 aRmibe cioiie. 28pe’ °°" "
hi ghl i ght ed cpigoes,s mﬁmm@upmummnmd dan bk agjusted wgﬁm&h gxe
communi catj on between t he e dis cree er devi ces,
such as ?%eyﬂ@?’&%“r?ﬁ%&*% %Fﬁ'éa CS&%FH]H&" ‘8 ﬁFﬁ“&?ﬂ&)ﬁ"‘Bé@P@e may
be used insteogy &f 70U Tork @ﬁf&férme féusel \ﬁMOyPBO§thdscbfalble2d‘P user to

communi cate wth controller 34. The process for depositing the filmcan
be i npl enented using a ummdihwyamme@é&@hnmw@cbﬁammmy

L O e BRI e 0 A A
| anguage) G QP’MMI nsingthemtthmsmf 8and 8b) \Aspliscyssethis asbee | S

cai tor) s el elg. e et o By i Saleplhofured iponiim ol <!

nernary syst eeendh fild ¢ayessybut stso eﬂsiuddhﬁt thesedayets sredf highxqualiey.i s a hi gh I evel
| anguage, the code is conpiled) and the resultant conpller code is they
lirdCOd with as object code of preconpiled Wndows's library routines. To

execute the . |inked) Cﬂ%bgiﬂ !BQ{I@EDEFEEJ&'?G system user invokes thn
obj ect code) causing the conputer systemto |oad the code in nenory. The
CPU then reads and execReferinghte Figdé $teps340 rod 312 representian dxidizing agngal i n t he
program cal
cont rol gﬁt urpg&S i tpﬁf‘cag)ﬂgt{gﬁ gog)#t\éﬁ'o*jlhgﬁﬁ' &/ahrag) ?@8%%{:@&@:%%%
accordi ng to arenchts hat¥beedRRd with the deposited trench fill layer., While the process has
general applicability beyond the STI integration described herein, it bas particular
advantages in this example because the prior thermal oxide growth (Fig. 1d) has
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wo ~i sitos PcrnBn~~o0e3s 18 specific enbodinment. Using the |ight pen
interface, a user enters a process set nunber and process chang$ Enmi
into a process selector subroutine 73 in response to nenus or g S
di spl ayed on the CRT nonitor. The process sots are predeterm ned sets of
process par an¥P&V€pkcessary to carry outysspeci fied pr ocesseBETABPWIG e
identified by predefined set nunbers. The process sel ector subroutine 73

identifies (i Q‘ﬁnﬂﬁaﬁ%:{ . j red set of
process par anéicérs See eg' '%ﬁl%gg'rﬁg?tfgnt quglgg‘g%l lé%%kbﬁg‘ﬁfgﬂr(e fformng the
desired proce@yTEUS) and gludabplpmarizstidreinsthé method rof Blgrizag Fhis Bebiskedueit Pr ocess
relate to process,conditions such as, for exgg | e, process gas conposition

and flow rat e8¥idizing angpal ngt oRly capses adhgrmal o eWAithg wenshsuefacessbuer
power |evels : \V i e, and
chanber wal | ?grq}%gé%}g?!}?é{,ﬂ iﬁese géirc%:rlrg%retrﬁg&g@%lg o@%e‘gﬂlfcgqﬁqg&ﬁﬁgi n the
form ;)f ay eﬁ iqmiity.amflda;se layet &sradeantageobs, panigubtlp fon igdrlhtiqmpurﬁﬂd dEs.gambL or
interface. The signal s far ni tqring, the ocess ate provide y.the
anal og and 1 Sli%!ﬁ?'& Wi‘ﬁﬁ%’?ﬁfa#&ﬁh’@@%&@wﬂmﬁﬂg OXY8EBroPRRHUNG he

signal's for cominOldg SS‘ED {shiéh &Y REREAarCG S gen!tsRdin, afd hﬁ}epﬁ&%&gwﬁﬂggﬂeﬂi;t al

out put boards "of CVI stem 10. A process sequences subroutine 7S conprises
program code Aut heatingthe suhstrate to & suitable teMperatEe: (2:8.¢c RbOMeaboutrB00SC) insfep

process para rsJpom.t I r B.ne 7 and fo
coatrolliag g‘éiﬁ?ﬁ&?&‘f“?ﬁ‘&%ﬁf"@ S%r@gé@ée%gg%‘g @%PBEW users
can enter1(pr oogids 398tis frowncdiongrthe sprfaves of thelrentle22ayitesttateddin Figlger eau

enter multiple_process xt nunmbers. and praoces: hapber numbers, so the
sequeacer subrifOXidzing 1§ desirap @E‘ﬁ’eﬁmmﬁé" uppravs g GMBasesesss in t he

desi red Soquemmf?:@fsﬁf Sénsifiied ?ﬁﬁ?ﬂﬁ%oétﬁ?f&@%’hﬁ&i@a&&c{ﬂ’aﬁ)a

program code to performthe steps (1) nonitoring tha operation of ‘the
process 25 chaittide or CYDIARE) dbamen the trenches i(silidoa) as depositedi rThis difference in)

det er m ni ng t pracesses .are.hein Fed t.in th anbers. bei ng
used; and (i %e‘{%@i’ﬁt ?aﬂg)etlﬁ&ee%cééif?'gﬁg 3#’6% i’gcgg%a?é'g& ‘%ﬁekﬁgﬁ‘%m’lf PEy of a
process cianbesghen dvértRE adtive Rk@CRES oved thectréRhidsi €d out . Conventional methods
of nonitoring the process chanbers can bo used) such as _polling. Wen

schedul i ng whi ch pr ocesdhe §inalstepc3 14is & sedsstiyely semevieand plapacizathgtrepehe 75

t akes into consi | Q. r nt b bentth : ‘ bei ng
used in coma??is%g{e?muf%lﬂyggs@ga Tﬁry(;%?és coﬁﬁ?‘fit&oéﬁgpﬁg?ﬁ%&g{&m%
process, or t lechstapelayerf whick bapbe Panitridecor 3D &ARGCL Becauss the dielecaniy ot her

Cehedul i ng. pr ovite i oSEEA BAR Sl 5% il fil AL SRl by Bl (e

sequenccr 26 ubrtheiCMIP stép caiebecampleted wiore quickly daashetmeindereahe dpieaRss set

conmbi nation is ing to he executed next,._.the sequencer .subroutine 75
initiates exetﬂigﬁ?lﬁdgwmaes‘ﬁﬁc?é shiown i Fig. I Thys pAereases BROCEsS ocess
set paramet er Sih@ar fnORA%RS throBghipder subroutine 77a-c) which controls
multiple 5 processing tasks in a process chanber 15 according to the
process set determ ned by the sequcncer subroutine 75. For exanple) the
chanmber manag WAl ALiSses program code for controlling
Sputtering an ( ' ~ons in the process chanber 15. The
chanber nfiager subr out One swifabld €E¥Dcapparatisdn shichithe methofl of she present hanber

conponent subr.Qut i. (o} tehON . nber. ¢ nent s
ecessary o caroloR S B tarday ity L R pnithtfee Verded B
conponent subrviesws ofs CMDesystens 10,ciaging asvacuwm onprosessing whamieer 83, thptr ocess gas
control subroutine 83, ess cont rol s out ine , Qeater ¢ rol
subroutine 87a‘n§H‘g‘f“rﬂ "cﬂﬁli ﬁ?ﬂ %Mﬁ%%@“*ﬂgge %}’Wgwﬁ‘ﬂ#%ﬁ‘ﬁy
skill in the aghambed fid aRadbllyY15baeOgivwacn lekplbded] Perspeetivdiews &P Figs 09 and
subroudnes can be included dependi ng 15 on what processes are to be
per f or med 30n t Hb process chanber 15. In operation) the chanber nmanager
subroutine 77a ‘sel ecti velyp $ehah'1beantins 8 3hd Sistibict Mefifold §P

he

mocngﬁlm
subroutines in accordance with t particul ar process set being xescgt ed.
The chanber napmagess gasedrma substratt (ootshowm) by sesthen pheaseds pedessalplhemtered

subroutines nuch,like the s enc subr SISIVAS dul es is C rocess
chanber 15 and% 'E)Bmsscgf'qm éﬁ%&% %s@%ﬁ_&(ﬁﬁ&%ﬁxﬂdfwé
chanber manager subroutine 77a includes steps of nonitoring the various
chanber conponents, determ ning which conponents need to be operated based
on the process paraneters-for the process net to be executed) and causing
execution of a chanber conponent subroutine responsive to the nonitoring
and determ ning steps. 25 ~ Operation of partiw u chantxr coai poneat
subroutines wll nov~~ be




described with reference to Fig. 12. The substrate positioning subroutine
8Q conpri ses program code for controlling chanber conponents t?%t géemﬂsod
to |l oad the substrate onto pedestal 12 and) optionally, to |if %
substrata to_a g&e’?{ed hei ght in the chanmber 15 to control the /is/ﬁaci n
between the SYBV$MB and the gas 30 di SET{;{ buti on manifol d 1HCTARY
substrate is | oaded into the process chanber 15, pedestal 12 is |lowered to
receive the swhfeky Bipositionsll 6d& flae(dralightyeonvesanh& 17hof 159d the
desired hei ght | nyt t@ chanber, to( mai ﬁltlayiﬂln thg substr at eﬂp;?ésgdl??r' s?&

di stance or spedsstabcan beymeyed epatroliably between 8loweripadiaglotfdeading pasisios\D

process. In 671 A beration, the
substrate posf'f“u‘glr‘]% %‘g%ﬁo“@%‘ﬁgo%%;@gﬁtg %ﬁé%&gg@ﬁgﬁ’ ﬁ%@ﬁ E\IP“PQ in
response to padjaens toRianifsld A1ELA conterdbard(dot showhpinoMBE sehsdis Fét Protilidg ar e
transferred fromthe chanber nmanager subroutine 77a. The process gas

control sdbr oinfPrieativn ondhe pesidemel B8 Mafersr 5 control |ing process gas

conposition and flow ra " r ?HHUB r | trols
t he openl ci ose positi Onbgﬁos%t-}@geaggf e{y ?nagetgs%? va‘l?é\?‘e‘iﬁ‘méﬁ%;‘g‘f}g‘f&é‘ﬁ@ﬁ
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subroutine 77 a,“&‘éleaﬁ‘e- P%W&ﬁg&ﬂyc&ﬁ% P'&éﬁ% s %\!)mtar@ phambey o from
the chanber 1%@&&@%&%&&%&% (RIRARE DyREfow B0 A1 Pig! 8),ahRtlgh @ the desired
gas flow rates. Typicahy, the process gas control subroutine 83 operates by

openi ng t¥e gsenventipna) praforated derkew plater 2iand theq thraughiholpstidb imgeessary mass
fl ow controll ﬁ#ﬁ'&b‘{éﬁg?{%‘%ﬁﬂ@ﬂapg the readings to the desired flow rates

recei ved from manager subr out i ne 77a) and (iii) adjusting the
flow rates of the gas sBpforyréaching ttrsmddifold; ddeposition, andfedtrieh @assre irpae

process gas cqntrol snbroutinc 83 included steps for nonjtoring the gas

flow rates fo?‘%g?ﬁ@_“ﬁf?_ s‘h‘?ﬂagﬂa S‘%EBH*. ﬁ%?‘n@‘?&ﬁi %P&Wﬂﬁgﬂg val ves
when an unsaf qyHeedithe} iafdcdnbiflRf £id! tBéh sdnmosﬁaﬁfmqp.em&aufmb @@éﬁyﬁﬁé such
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t he process gas controlmrgubr Gﬁoﬁ?@{ﬁ%&r& at En%fgng ow %)q/&?'hﬁeg%fe l|Q\E/ery
gas, the pr.esshermal process dyatplassiayenhanted ipeociosso bloea plasorasenhanced proces3@nor der
to obtain theslg_esi redﬁ“ﬁwoc%s H%f %%i’?%’?ﬁ? ﬁe %ﬁg&s%q% atbov ihe
desired proce Bﬁg’e'f Y B e ﬂ %ﬁ ) p B‘éé"ngé??%trm
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ubbl er tenper Gred @ e cﬁmpﬁﬁ' aGodstients of telplasaaGeadt ity a
stored table conl;égi ni nght he necessary va ues)gtor a gives process gas flow
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bubbl er press b g, | , t he
necessary val tﬁ%‘gﬂﬁza%ﬁéﬁé%%ﬁ%ﬁn@ﬁ@d %gg ure cghﬁjo
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chanber 15 by ulatin e Sj f.th i f the rotile valve in
t he ex haugp syéfgfﬁqﬂ?“q R&&Mﬁkﬁ% %C@%ﬁ? 3%3&"8’5@% %‘%ﬁ"vf MR ot tl e
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relation to the total process gas flow, sig@gof ihe rocess charrbelé and

punpi ng set poi Wouldmet be pilized, ¢ PROcaTHas ¥ Teacts to,dspasihtie cont r ol

subroutine 85 Héiﬂe&“fﬂﬁ?% e \BrfAGSoH BE SerRitordREBE wfeP ElipOHELOR ge&km £,

received as a paraneter fromthe chanber manager subroutine 77a. The
pressure control subroutine 85 operates to nmeasure the pressure in the
chanber IS by readi ng one or nore conventi onal




15. pressure manoneters connected to the chanber) to conpare the measur e
val ues) to the target pressure, to obtain P1D (proportional, beagbghmm
differential) values froma stored pressure tabie correspondl ng t

target pressure) and to adjust the throttle valve according to the PID

val ues obt ai N 962198t he pressure table. Alternatively) the PCraBSoesIs
control subroutine 85 can be wrltten to o n or close the 20 throttle val ve

to a particula pettiag si.ze he ch r 1S to the desired
pressure. The“’h@gt ché‘é‘gflycﬂ“@%g‘? B’?‘a ERATRY ?%’ég e fRem code for
controlling the current hﬂn a?,pé féﬁh&ﬂ&b& dé &‘f‘;’hi”é& dtﬁeop pﬁ?%(h%gb e e

I NVO y

substrate 20.. x3e heater subr outi ne 8%
chanber nanagentlrslpwm chmbide.ZIchdmgrthmwaM thetchn;her body 184 t - poi nt )

tenperature pararret er. The heater cont e 87 ures the
tenperature b 9'5@'5‘9 1P8; the eXRAUSLRASS 8&‘?1%?98’?; ﬁfgxt}&b?ge the| plagma
podestai 1) m%mea ohhﬁ dUHAS U Utmal @pRsition pfoeessOa lhbteluiiﬁ& hoﬁtcﬁLated

t enperaaire, i ncr easi n% ar decrea3| ng current appHo eating

unit to obt ai ﬁhrpu&h thetwallsj 138 h@mﬂlﬁmbﬂsat@nt ai ned from
t he 30 | t
e e ke o OSBRSS B e

fourth-order faidtypes, ale,.whmbaad emykddglycbloumd Basets&ﬂnfuﬂ thagfer Aalest al 12)
t he heater co&é‘[ol ubroutln radu control s, a ranp upl down of

current appl i ddis Reatipg benstis aﬁmgﬂ ?so‘I’fa‘f tes condenspion of yndegicable reaqtant 22
rCrrns99r gps3 r&xutaw gﬂngntves &e%n%ﬁ%f@@ﬁnﬂ%x?&lﬁ% t’. <k tﬁg&angocess

safety corrpll nce, n shut down operationo t he
process chanb@thct%ontsmmmsphatpmzhtwosmm therpsogessiif tkeycwere o kcomiehsecort | ne 90

ovel s appl i oths B opof e fastta AndCmehil Rtk e propdbsig dhamber C01T1 g

the | ow frequgnﬁn pefiodsr oftiecgs lowipl oyed. Similar to the previously
descri bed chan‘per conponent sybroutines, the plaspa control subroutine 90

i s invoked by the chanbdhe FemaiRder §Eﬂ?r&?ét‘!“ﬁ@‘°ﬂibal isetdepesited inadlayes;

descripti | I
cqui priont FouchoaRdil Yeapftn biodi if bt Gult LERAEE pudier b aVablim Buip e )
i nducti on couphewn).t $pecifipallyiche gasps preaxhaustedhedugh enamnulm’ sloshapéde nay be

Vari o ons. i n SEEap Al eRERigh ik S KR A3 Pt T
| ocation of 1Zﬂxemahrﬂenwatdma§>mnﬂ mherdeﬁmdebypme% bé&tweEPtheadpop! €) the
wafer could be I S supported igg m‘éh’ nd heat 0 by quartz | anps. The

| ayer and net KBeichagber éﬂﬂq‘@’ 1pg, the ipperielectric lining 9 a5 not
limted L9 anyhe WA td&m@rte&a.gwme cﬁﬁlal‘@hﬁl\éﬂﬂgm fpp JYoR iR Ci tation

met hod. Experinen, , ~, Test exults 20 Th oW ng experi nent al
exanpl es are ysunetry dnd|unsformiticof the siet oeifies e andothe pleaumyr 1dsase dmpertaahta on i n

used for pr epdFiyiBekigtohoh HINESE drSfial ot G L FRR RS o G Y nfiehT, 5 ©

exanpl es were ﬁlﬂﬂmmem ng a CVD chamber) and in particul ar a DxZ or
a "Cx2" chanber (si zed 20 st e and havi n ZS.a me of
about 7 liters) fabrica EP’%\%I ’8’6\“&?&5‘%&%‘&% Gy 4p mqagxca nta C am
Californias Slém&ﬁﬁn%ﬁﬁnrﬂt@ﬁh etials pmuhDﬂ\(@asvd viewing pbhr(hsmewﬁh stop

| ayer and trenches with different widths up.to 25 pm wer e ustd

Deposi ti on was'-ht%lﬂh @WWW% PE?FB Yachumyshut-off yalve.24 pm:ess
par amet er s Of i G465 Gibirfed| WAASHE | ¥br REGARENR 120, b sl Uk G
ure o) out 00

I ncl ude a pres 30 700 Torc) a heater tenperature ot‘ about

300- 500C) an iouslet 25 ghat conaects to the extemal yacuumorumphizgt showeh thraughcoferelinan

(standard cubi rs per mnute), an ozone flow rate of about
4, 000- 8, 000 sc@'hs?q@%if | ow rate of about 200500 ngm (milligrans per

m nute) ) 3@nd an ozone cFheowaférsappornplatteradfahe pédestaiol2 fpref@abiyabumiamn, -~ 3
DEC 2002 wo ~~6atog 23 Pcr .aQQr SSS In the ex s shown is
Figs. |3a- 16b)°°t‘ﬂ§1%38ﬁé° @é‘é@tﬁ MW@“&E‘P% Fﬁ@éﬁe of .about
450 Torr) a hegh E-&cf?pl‘W ¢ Keafet cRBRBE copfl ed@ob@kewamnwaﬁme%zﬁbout

3000 scan, an oz ow rate of about 500 scan'}1
of paralle]l concentric circles. An outer portion of the heater element runs adjacent




5 TECS flow rate of about 3Z0 ngm and as ozone concentration of about 12.5
wt. ~. This provides an O-I TECS rati o of about 13:1. The observ%j:;
deposition rate is about 3000 Almin on silicon, about 1000 ~r/mhn (pchw{D
silicon nitride) and about 1050 t~Imn on thcrmal.oxide. The trench depth
is about 0.5%O¥¥R2H8d two trench widths ayc used: 0.2S ~m ( PPORIBIYGE3516a)
and 1 Wn (Figs. 13b-16b). 10 Figs. 13a a 13b show SEM cr oss-secti onal

[ f /T 350 t hed bstrate 352 with
UPovD o 1|+ contort FRReet Sl S iiteryRie S ifuef Rion aumson. B paootcal wei ng
a prior methoghpeémfit @ircRRchaRingEsmiaNer PadAC Tle Witthg!tb IR Heabplel t Bi¥led rench

wal |l s and then etching away the thernmal oxide fromthe trenc
Al t hough t he threughtthe istem ofathe pedmsial b2is a 15 surface profile that approaches

planarity, defects in the.f rmﬁg)g i l.ong the.trench rfaces,
particularly at theé tre Y:['HC%P 0‘2523%@1%&%‘8& 'Wﬁ%ﬁa‘f_ tdﬁﬂ‘ﬂ?y

undesi r ablse pgicepiatey afd arfls Sthee deacior hiiwafeeare indde! dut bﬁm{erﬁﬁ&cﬁg@f the
trench wall for the trench at tile open fteld (Fig. 13a). These defects are

bel i eved to baluripumcanedized pluminym,nfj ceramic.c An exapple efsich KV Dipparatus

dielectric fi} t j & | 20 1 fie . Rd_th

t her mal oxi delsarqe rﬁ;e%ppg’?fghb\%g q#'sﬁzlﬁé?ég?sbm%%%@%%eawﬁ
particul arly prZhdoceraali CTHeds,558,B1 Tpatent ipassigask o Applisd. Mdtédals, ke | 4ke show SEM
cross-sectional,vie of as B/ TECS | ayer BCLO Jorned er a trenched
substrate 372%@%@%’%&‘ fventionand is ey &d&‘f?&‘ﬂ?‘ﬁ%ﬁr@fe@m lar to that

shown in fg g. 2b, excepy @/%ie%ﬁmsw&ﬁ‘d%&bktmeh«tﬁﬁ)%&é ﬂ:g Jﬁ&teﬁetﬁ% Rlhtdg2y €'

374 is usod instead of a RC. According to I's met renches
are cl eaned aptdsstabasseinbly 1R2and itswafetlift pins 13hiag avafers aret transferred ditolaad t ons

ot i o pbr f ot e BORTRY e il 1. £ o b Bl iood BBl & " Saning
processes caninmtfion/temoea dpedifig 26 t\theisiderifgbe chafiben 10, AR mdtéY fised SRP St ep

quite 30 substantially i ni)roves the quality of the dielectric film 370,
whi ch has a sifAyersipedestal 2 Betsicen a pracessing position d4 and aclowers wafesrgadisg: ¢ r ench

surfaces gy e hegdah! THE MYt vA0Es éﬁjﬂiﬁ@@éﬁﬁﬂe%ﬂn&'ma%kg&&%ﬁp% fas©

Fi.gs. 13a and 136. ‘The poroSity adjacent the trench sur
si gni f t cant t y delixeny system,Chetle Majve, IRF pewercupply 44;-asl EmbeoaR! substede si t oa

~crrtB~rooe3~;24. prior to d 1 t . L he stress effects.
As seen from lhﬁagmgrﬁfg%vé%ﬁP?@#Hg&%QW&%W%Zﬁ@hH} Pyer cﬁﬁwr 3T0,
tEe cldgan_ stellvin&Gfs,cwarwhiéﬁ Clillghﬁmefgfe;sgghﬂf] cmﬂggﬁi:m felies wsqednécllzrfﬁ{ni or m ng
the additional step. Figs. a, an shqw cross-sectional views of an
OB1TECS 5 |ay@P“@§6¢$BPrFe&°Méh%PQ§H&? %%MWBWMM of
prepari ngzdremtgé‘%hvéin&hﬁbépiﬁr wiicl BRm&RaWy dpProptitke Jﬂ’cg%rsgﬁhﬁ H glhat an

LPCVD silicon nitride etch stop |layer 384 is uséd I nStea ARC.
Thi s nethod elcpntrolof controller3dov~ith of thermal oxide before the deposition

houever . the of ean ot ep oagrtertibinliclingth, &9 Sydens Gl hehull  BEATNC |
o e e o s o Pt
There is %o n&%ﬁwﬁﬁ%ﬁsﬁrﬁaﬁoﬁ *”Hé‘@?ﬁ'@ﬁvg@?‘fm&é%ﬂ fév~
E i e i it s Y e v P
| ayer 380. 15.‘°P§“Bég %&Fé%%@@ﬁ%&%?&*%ﬁ%immoses.
To grow a therqggd, agdicdfnedior WiifersioRN S0l §pésl AMRSVME sthridaid S0 S&ris thé dube

trench hl1l layer 380) the oxidizing anneal procedure described above in

connecti on wi tSHugtnresas imvingp 16-bi data buyanda 24bi addressbusnd 16b show SEM
cross-sectional views o SeeGiial ¢ 0 forned
over a trenched substra?gﬁgéggum ngbg%nﬂeﬁ{%ogpgﬁmgék%—ﬁ%adrﬂgtﬁnches t hat
i s simlaB0to michines HhvwrsystamFgogtrolka executes systech gonteel sofe@x®, whichdoa nitri de
etch stop layer. _394 is used instead o Ny di f.kers from
That used t o GORPHEE PRoatiin gt i iomBhish s adibip Besinb e 188 Wbndey 7 2 11

i ncludes the tprefecdbly,! mémoryt38His d dardudisiodrivep bulemermoty 33 may aisa be sthexanpl e)
the trenches are cleanod by a wet etch usi m xt ure contai ni ng about 196
HE for 25 aboufindscofdnemerys  The; EPULER RIOgRAM %Bﬁ%%()é%cp i n the
qualityr of the trench fill layer 390 over that of Figs. 15a and 15b,
specifically in ter~ma of less void formati on. Thus, the optional clean
step 222 can be used when additional inprovenent in filmaquality is
desired. An oxidizing anneal can al so be used to_grow a thernal oxide at
the trench surfacW The wench fill layer 390 of Fig. I6a 30 has superior

gl obal planarization with virtually no step height effect as conpared with

A NS o o M . A NN




2 3 DEC 2002 wo ~~6stoa PcrnB~roos~s 25 having a thernmal oxide grown on the
trench’wall and trench bottom and then etched fromthe trench %gt@@nﬁom
enbodi ments of the present invention reduce the formation of t s by

applying a tr clean step prior to deposition of the diel ric trench
QL1 materi al \5{3&9] 'bfeferred enbodi ment, {she conventi onal thg%’g’%“{?xi de

gromh is elimnated prior to deposition to substantially elimnate the

defects. |nstfadimmg! AEkIR ofRak&E chammbef gf@g@p’ I %aﬂme%f‘%ﬁﬁ 513 Bg‘lgers_ur faces

after deposition using an oxidizing anneal procedure dl'sotdensi fies
t he di el ectri tevelst sushepitod positiope and dther paramesers ofatpatitulaa prdeessiis@diet 0 i Nprove

t he gl obal plana,<ization IO w,thout sacrifi,ci.ng.the.quality of the

diel octric fi FOMEYIEF Prograia sored §u other Hiefory 8%@@%@%@&?&& amRe. i di xi ag
annul makes i floppipdisklof oftlr ﬁﬁ&ﬁ‘ér&pﬁh?ﬁﬁta'driﬁ)&i gy alko bbqsédrts%?&a&urfaces
after filling the trenches with a self planarizod) high quality trench .;

fill layerd Thentrallsrdf. CVD ARC for photolithography and CMP purposes to

form  trenches is nore tici I ' [ r s ctura.. In
addition) alternate 15 gﬁ%b‘ﬁ?ﬁﬁ?’%@%gg‘g& eéicééi&ﬂ@?%ﬁaé& PUYLr vi ng
tha 03I TECS r 804 and figktSsenr 50, Howal i dRig.pHI, aviidheis 2 sirplifildalifeir iof dgeposi ti on.
"fhe scope of the invention ghocsld herefore, be determned not with

reference to BYstemmRAnitoraad Gy} syste it} %, SYbstrate PROCAFSINB,TYStgmy avbishmay wi t h

reference to | Rifbés. 29 g phéfefted BRbédifnhd
equi val ent s. m%mgﬁgecﬂ%%m WO s99i 6si oﬂge 26 Prr nsmo&?ﬁ%a%ﬁ&aﬁ VED

1S: 1 1. W neusesd one mauated; in ghexcleancioom: walk for shecoperators aod thecathershebintitbe e 2

whi ch i ncl ude Ll con . Jar : | @n d having a
tr~~ach 3 bot Sv&ﬂ' @ﬁéﬂea‘%ﬁ'é%%ﬁ%%; r@%@%ﬁﬁi%ﬁf&#@%ﬂ@‘@ﬁfﬁmﬁ% rate
processi ng chidfefhatich, $8t oniyoné fightyen 150b & eabled) 20 lightzensor BY Qe ipest light
deposition rate dependence of sald %«P&l l ectric Layer on differently -
constituted s@eR30kdetgetsdight emitted by LRdj gw't h@ seleda patiularcscepan @r
differently c%&tﬁ' u : | Sd | rench
bottom 7 and a rrabé'r?lgl%pgg@%&%%ﬁﬁ%g%i O???g%g@fgﬁﬂgf%n?gﬂ rsi g%ftthe
steps of : 18 i iuttonlonitieypansab. pThectouched areacbanges iss highlighgdd ¢oldr os aindw

substrate 9 processing changher: .1 | ' i LUpst rat
processi ng Ché‘?ﬁ%‘y"‘}%&‘ﬂdﬁ&ﬁ‘ﬁﬁ" ?&J@mf %p%@g#yﬁgwgéplgg?@tape&i@ ectric
Layer over Zaimie Gisﬂay(r:sl&t&_i.dmﬂ(trl?, Hevie) umhiaaglaybmml Mﬁe.mmrpomg@r f
et ween said ozone and sai recursor t e e. depgsition rates o
sai d dielectr icewwnsh?lsﬂm %&Mﬂ@iwﬁa‘; e%ﬁe?iﬁmpéfﬁﬁwmgsee Qint i |

sai d dielectr iaﬂolvat}ié’h}s]é} ¥ tbpiRfunRa® WA coRtrbldrl 34, pl anar 15 dielectric

surface. 1 2. The nethod of claim1 further conprising) prior to said 2

introduci 2@, flowi ng, affespaoagsxfondepositipg the: film captheimplemented wsing asai d
trench. computer program product that is executed by controller 34. The computer program
code can be written in any conventional computer readable programming language:
for example, 68000 assembly language, C, C+ +, Pascal, Fortran or others.
Suitable program code is entered into a single file, or multiple files, using a
25  conventional text editor, and stored or embodied in a.computer usable medium,
such as a memory system of the computer. If the entered code text is in a high
level language, the code is compiled, and the resultant compiler code is th;n linked
with an object code of precompiled Windows™ library routines. To execute the
linked, compiled object code the system user invokes the object code, causing the
30  computer system to load the code in memory. The CPU then reads and executes
| the code to pcrfdrm the tasks identified in the program.
' Fig. 12 is an illustrative block diagram of the hierarchical control
structure of the system control software, computer program 70, according to a



1 3. The nmethod of claim2 wherein said cleaning step includes 2 exposing
said trench to a wet etchaat. 1 4. The method of claim1 wherejn ed 9002
material on said upper 2 portions includes a CYD anti-reflective coating on
said silicon substrate. 1 5. The nethod of claim 1l wherein said trench is

formed by 2 a@B'#)sﬂgaa CVvD anti-reflective coating on and corr}g?ﬁ%qﬂ@aggai d

silicon substraté; form ng a photoresi si on said CVD anti
coating; exposing a portion of 4 said pho %resist to alight to define a

| ocati on wher ' [ s ¢ ' i d photoresi st at
said | ocati on;§p e;tf]ﬁ %’E’%ﬁ?@g‘}‘ glg&is?%lﬁ:g lf@éﬁ%‘@ﬂ% ﬁ;?gggﬁﬁggégaﬁ B'%&??E)s“
anti-refl ect i wembemdridproeess chamien gambedinp # procesaielicton ebroadm 10inf ona sai d

7t h at id | ti ) 2 3 C. 2002 ~~0] t ~ B~ 1 6.
The. ot hod of TESPATE. (@ RTINS AE SCTESTH ATPLAYAS OB HEe GREomNors [bhipReress b are

thod of * ! . : g 3 .
oxygen- cont ai gtkaﬂcemneg%&@ of PrdteSURFIhALS nbé %%gggifp‘gd?ggxg@d;ﬁ.{gfggg I ng

said 3 substrate to substantially 'sinmultaneous tic
| ayer and %o faod areaidéntiffedrbyspredefindéd settnugnbers. t Thenpriocdss stlectomsubrdutiaa ¢ wal | .

1 7. The nethog cl.aim 1 wherein sai d adj ust, st.en incl udes 2

gener ati ng faé?cé‘ﬁ}"ﬁ%bggqct BCG BiOEDS Sﬁa”f‘d%ﬁxéi‘yiwﬁgééﬁf PEhOlRFOfiSfher
surfaces of s@afhmbtdrs B8édedt® opdrald. thel PRcE8 chafibedfof e%fdﬁnlné the (dé§iredCONMPr1 SI NG
the step of 2 generating a pressure of about 200.700 Torn and a tenperature

of about 300- powess. 3The\psess parasaters fer performingi apeeifia poesess relate @ proces$ie

met hod of cl ai . rel i | | ' adj usting said
ozonel precursgﬁﬁdrlé?%cg %b@gfwé'ﬁ%agéglﬁﬁh%rg@ﬁg@gI'\%*warﬂgg’t 13:91. I Id.
The met hotd of tehperansée, fpuessure; plasmap corlitiogs suoh a3t RIP powerllevels aridtheilow - a
pressure in sgid sub te proces ing chanber bjlsed on an1 3 0zone/ procursor
rati o sel ect e%""ﬂﬁ?qcﬁ g‘?‘ﬂ“&&}'u‘é"?ﬁ% 3 pepssurp, 28d chamber wall feEpeAlEG s si ng

System conpri Spyage {eRUiTE POV 10 thusér BY BE '?&gﬁe' .ate
hol der) | ocat ?&‘@% ?%im?l‘e.sai d I9r ocess_ chanber) fo?ﬁ%gflgi n éagdgﬁsﬁg%%i
subst rat a whi otilizisg|theilight peniCR T gwonitorcinterfasear ned bet ween upper portidns and

5 having a trench botto s i stem fqr

i ntroduci ng process gas?gg?&n%sgéfﬁggﬁ%@és c&l‘ogﬁgﬁgce&%vg@%ﬁ qgeqngf or

contr ?): i g Sdigit@@udbbtdﬁo%/tm)syﬂmélmiﬂtrdlfﬂ,anddth@ﬂﬁﬂalsh fotioh@elling thesai d

conaol I rr conprising a conputer-readahl e, 10 medi .um havi ng_ a

conput er - r ead PLSH M‘@Hﬁ%@&&@@ﬁ?‘b@“@mﬂfﬁ@? systefadOat i on of

said controller, said cqrg‘\&gs-swﬁ I rm‘m ' 12
sald g fite sfbeGidd n?@?ﬁg&% fg{ o]

icstructions to control sai as delivery systemto | cess gas
including 2 agcepriag 2ipnidentified-progess;clambar guk seb of proe@s paragetars fromotha

precursor int i e r . di i el r on said |4
silicon subst &éﬁ%ﬁg@#@&pﬁggﬁp@?ﬁ%\%{jﬁg °§€g§§%§ﬁ§‘ﬁ °f$°3&§8%’e§‘r8’éﬁ&e of
said 15 del eashambersayMultiple utefsfican entet process set dunibers andrfrocess claimbaét f f er ent
| evel s conprising said 16 trench botigm and a material on said, upper
portions of sdMSY ioEarl’s%‘ffé‘tqnéFf ,‘hﬂﬁﬁpf%“ff"aﬂ}"ﬁ%‘f’_ Qﬁ&f?’&ﬁ?\%l" fir sor
rati o between maities) 400K @gderedrl ShbRIUEES!TS Opertitds td schédule the selected processes

in the desired sequence. Preferably, the sequencer subroutine 75 includes a

program code to perform the steps of (i) monitoring the operation of the process

25  chambers to determine if the chambers are being used, (ii) determining what
processes are being carried out in the chambers being used, and (iii) executing the
desired process based on availability of a process chamber and type of process to be
carried out, Conventional methods of monitoring the process chambers can be
used, such as polling. When scheduling which process is to be executed, sequencer

30  subroutine 75 takes into consideration the present condition of the process chamber
being used in comparison with the desired process conditions for a selected process,
or the "age" of each particular user entered request, or any other relevant factor a
system programmer desires to inciude for determining scheduling priorities.



18 dielectric |layer devel ops a substantially planar dielectric surface. 1
12. A nethod for processing a substrate including a trench hav%gggé%gmz
trench surface and a trench fill material disposed thereon, sa ate
di sposed 3 in a substrate processing chanber, the nmethod conprising the
steps of : 4 pVOPEMAY an oxygen- cont ai ni ng; gas in said subs??ﬁ?’é“’ﬁ $ssing
5 chanber; and 6 heating said substrate t0 substantially sinultaneously
densify said 7 trench fj teh i f andith&s" ' i d
trench surface. 1 13. T ke.l!:em{:i;t%hsg cgéergpgﬁoﬁn@?%ﬁ etr ern s\giﬁlc:ih g%gsgrf%ﬁ%ai ni ng
gas is. 2 sel and prbcessaset tdmbinationgs going it be expcuted mokte thel sequenssOmbrautiae and
steam 1 14. -, The, net hod qf cé&iam i 2 WneEei n .saiﬂc]i hg_gtiglg step includes 2

i ncreasi ng a t/erplipies cxecution ofihg pLofsss oL PY Passing the papticulanprocessser' c. 1 ~ 1 5.

A substrate PRAGRRMWG ﬁgwmﬂr%hﬁﬁmiﬁ Pral0 WAicHcdifolshiiflpR Pr OCess

chanber; 3 a strate l'ocated within said process ¢ ry for
hol ding a $ spoedessingtasksciniadprocess chanher H5 laesording so theqprodess sat fdaterminadiby

trench ftll material 5 di,sposod,.t hereon: 6 s delivery system for
i ntroducing p ’e%’g“%%?'ﬁrgﬂqﬁ‘eg’gi g_e (sunels, '$° gﬁ _r“,‘a”égé_ Wé%&"é‘w“ 11"-8?
heating said %Hﬁhgéﬁﬁbg&xﬁcdﬂ@ o @ntr@lling Gputeifp AR IOVIY piotesd @RfatidRd inver Y
system and said heater; 10 and 11 a nenory coupled to said controller

conpri siutg a thopfeaesschamberalyl. cThochambes marages subrenting 7 alsercontralsabl e
nbodi . LD ' ' . ~~671.
e n6001 00-o5 SEeuhigish viio! ctlbédminent dubtondiies U eodtf opBGHOR ot hs )

program i d¢| ucthamber componéntd Aedessaty toodaiTyrisit the selected process stt.g Exardples ver y
systemto introduce an oxygen:-coataining 1 as.into said process ch, acnber
and to contr 0|¢?1§!gﬁﬂ‘_ W@?‘&ts@"ﬁg‘é’fwﬁq ﬁgétﬂ’g% 3?%%"%“@6"%853851%%& 189S

si mul taneous| ycogeassubv ufig 93A.dpﬁ&sﬁﬁt éd g?i gvaiuﬁaads.f E&{&%oﬁtﬂﬂrslﬂﬁ‘llou@ﬁ@ g at 17

0
said trench surface. 1 net hod f orming a trench isolation

structure on zand plasmatcoatrel subrautine 80,0 dhessrhiavingiondinanyzskill ianthe aft: witl apbl yi ng
o OV a1 Tl i) e GO R B BRSSP A s
depth of said Wh&ﬂtsﬁbxbw&rm&whu #iE thePansclldd procesd e Being eketutedNE

nmet hod of cl ai 6 wherein said CVD sari-reflective 2 coating I's applied
with a thi cknebhe drmbsymanagensubrosine {7a schednlesithe pReeHoPIIFONeNt subroutings

romovi ng a1 erBPAEse e Bt b Sudnc) ichflcs yion et Bl 15004\
sai d subst20at eprotesh set are enbérexecuted menteTypically, the chamber manager subroutine

77a includes steps of monitoring the various chamber components, determining

which components need to be operated based on the process parameters-for the

process set to be executed, and causing execution of a chamber component

subroutine responsive to the monitoring and determining steps.

25 ' Operation of particular chamber component subroutines will now be

* described with reference to Fig. 12. The substrate positioning subroutine 80.

comptises program code for controlling chamber componeins that are used to load
the substrate onto pedestal 12 and, optionally, to lift the substrate to a desired height
in the chamber 15 to control the spacing between the substrate and the gas

30 distribution manifold 11. When a substrate is loaded into the process chamber 15,
pedestal 12 is lowered to receive the substrate, and thereafter, the susceptor 12 is
raised to the desired height in the chamber, to maintain the substrate at a first
distance or spacing from the gas distribution manifold during the CVD process. In
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setpoint pressure for the exhaust system. en the pressure control subroutine 85

is invoked, the desired, or target, pressure level is received as a parameter from the
chamber manager subroutine 77a. The pressure control subroutine 85 operates to
measure the pressure in the chamber 15 by reading one or more conventional

15  pressure manometers connected to the chamber, to compare the measure value(s) to
the target p'ressure, to obtain PID (proportional, integral, and differential) values
from a stored pressurc table corresponding to the target pressure, and to adjust the
throttle valve according to the PID values obtained from the pressure table.
Alternatively, the pressure control subroutine 85 can be written to open or close the

20 throttle valve to a particular opening size to regﬁlate the chamber 15 to the desired
pressure. '

The heater control subroutine 87 comprises program code for
controlling the current to a heating unit that is used to heat the substrate 20.. The
heater control subroutine 87 is also.invoked by the chamber manager subroutine 77a

25  and receives a target, or set-point, temperature parameter. The heater control
subroutine 87 measures the temperature by measuring voltage output of a
thermocouple located in pedestal 12, comparing the measured temperature to the
set-point temperature, and increasing or decreasing current applied to the heating
unit to obtain the sct-point temperature. The temperature is obtained from the

30  measured voltage by looking up the corresponding temperature in a stored
conversion table, or by calculating the temperature using a fourth-order polynomial.
When an embedded loop is used to heat pedestal 12, the heater control subroutine
87 gradually controls a ramp up/down of current applied to the loop. Additionally,
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subroutme 90 is invoked by the chamber manager subroutine 77a.

The above reactor description is mainly for illustrative purposes, and

10  other plasma CVD equipment such as electron cyclotron resonance (ECR) plasma
CVD devices, induction coupled RF high density plasma CVD devices, or the like
may be employed. Additionally, variations of the above-described system, such as
variations in pedestal design, heater design, RF power frequencies, location of RF
power connections and others are possible. For example, the wafer could be

15  supported by a susceptor and heated by quartz lamps. The layer and method for
forming such a- layer of the present invention is not limited to any specific apparatus.
or to any specific plasma excitation method.

II.  Experiments and Test Results

20 The following experimental examples are used to illustrate the
advantages of the present invéntion in the dielectric film quality when the different
methods described above are used for preparing the trenches in the substrate prior
to deposition. The examples were undertaken using a CVD chamber, and in
particular, a "DxZ" or a "CxZ" chamber (sized for a 200-mm substrate and having

25  a volume of about 7 liters) fabricated and sold by Applied Materials, Inc., Santa
Clara, California. Silicon substrates having an LPCVD silicon nitride etch stop
layer and trenches with different widths up to 0.25 um were used. Deposition was
carried out by sub-atmospheric CVD (SACVD). Typical process parameters for the
dielectric deposition procedure outlined in Fig. 4 include a pressure of about 200-

30 700 Torr, a heater temperature of about 300-500°C, an inert gas (He or N,) flow

' rate of about 5,000-10,000 sccm (standard cubic centimeters per minute), an ozone

flow rate of about 4,000-8,000 sccm, a TEOS flow rate of about 200-500 mgm
(milligrams per minute), and an ozone concentration of about 12-20 wt. % (percent
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1 -1 10% () - a'lwout’L ?({b% .Qmm on thermal oxide. The trench depth is about 0.55 xm and two
trench widths are used: 0.25 um (Figs. 13a-16a) and | pm (Figs. 13b-16b).
10 Figs. 13a and 13b show SEM cross-sectional views of an O,/TEOS
layer 350 formed over a trenched substrate 352 with an LPCVD silicon nitride etch
stop layer 354, The trenches are prepared using a prior method of growing a
thermal oxide at the trench bottoms and trench walls and then etching away the
thermal oxide from the trench bottoms. Although the trench fill layer 350 has a
15  surface profile that approaches planarity, defects in the form of separations along
the trench surfaces, particularly at the trench walls, are observed. Voids indicating
undesirable porosity are observed in the trench fill layer 350 near the wrench wall
for the trench at the open field (Fig. 13a). These defects are believed to be the
result of intrinsic stress differences between dielectric film growth on the silicon at
20 the trench bottom and the thermal oxide at the trénch wall. The defects are
undesirable, and particularly problematic for isolation purposes.

Figs. 14a and 14b show SEM cross-sectional views of an O4/TEOS
layer 370 formed over a trenched substrate 372 using a method of preparing
trenches that is similar to that shown in Fig. 2b, except that an LPCVD silicon

25  nitride etch stop layer 374 is used instead of a CVD ARC. According to this
method, the trenches are cleaned after etching away the thermal oxide from the
trench bottoms (step 266). In this example, a wet etch using a mixture containing
about 1% HF is performed for about 10 seconds, although other similar cleaning
processes can also be used. As shown in Figs. 14a and 14b, thig clean step quite

30  substantially improves the quality of the dielectric film 370, which has a

" substantially planar surface. The separations along the trench surfaces are less
pronounced and widespread when compared with those of Figs. 13a and 13b, The
porosity adjacent the trench surfaces is significantly reduced. Cleaning the trenches
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3& 10% u- u&' ()the gfdl{tﬂnj@emal oxide before the deposition of the Oy/TEOS film, thereby
avoiding stress effects. In this example, however, the clean step 222 is not
10  performed. As shown in Figs. 15a and 15b, the quality of the substantially planar
trench fill layer 380 is remarkably better than those of the first two examples (Figs.
'132-15b). There is no noticeable separation along the trench surfaces and very few
voids are formed, most of which are near or above the LPCVD nitride iayer 384 -
and will subsequently be removed by CMP. The good quality trench fill layer 380
15.  is particularly advantageous for trench isolation purposes. To grow a thermal oxide
at the trench surfaces and further densify the trench fill layer 380, the oxidizing
anneal procedure described above in connection with Figs. 6 and 7 can be used.
Figs. 16a and 16b show SEM cross-sectional views of a substantially
planar O,/TEOS layer 390 formed over a trenched substrate 392 using a method of
20  preparing trenches that is similar to that shown in Fig. 2a, except that an LPCVD
silicon nitride etch stop layer 394 is used instead of a CVD ARC. This method
differs from that used to conduct the deposition shown in Figs. 15a and 15b in that
it includes the trench clean step 222 prior to deposition. In this example, the
trenches are cleaned by a wet etch using a mixture containing about 1% HF for
25  about 10 seconds. i’igs. 162 and 16b shows some improvement in the quality of the
trench fill Jayer 390 over that of Figs. 152 and 15b, specifically in terms of less
void formation. Thus, the optional clean step 222 can be used when additional
improvement in film quality is desired. An oxidizing anneal can also be used to
grow a thermal oxide at the trench surfaces. The trench fill layer 390 of Fig. 16a
30  has superior global leMtion with virtually no step height effect as compared
with the trench fill layer 128 shown in Fig. le, which has the step height 130.
As scen from the above discussion, defects are formed along and
adjacent to trench surfaces when the dielectric material is deposited over a trench
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using an oxidizing anneal procedure which also densifies the dielectric trench fill
layer.
The present method can be used to improve the global planarization
10  without sacrificing the quality of the dielectric film and to reduce cost and increase
throughput. The oxidizing anneal makes it possible to grow a thermal oxide at the
trench surfaces after filling the trenches with a self-planarized, high quatity trench ,
fill layer. The use of CVD ARC for photolithography and CMP purposes to form?
trenches is more efficient and results in 4 simpler structure. In addition, alternate
15 embodimgnts can be devised by, for example, varying the O,/TEOS ratio, pressure,
or other parameters for dielectric deposition. The scope of the invention should,
therefore, be determined not with reference to the above description, but instead
should be determined with reference to the appended claims along with their full
scope of equivalents. |
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% u& ()-# 50% Hf&le@m laﬂ% ojaoc?/ ﬁe&)ﬂy constituted surfaces at different levels on the substrate,
6  said differently constituted surfaces at different levels comprising said trench bottom
7  and a material on said upper portions, the method comprising the steps of:
8 introducing said precursor, preferably TEOS, into said substrate
9  processing chamber;
10 flowing ozone into said substrate processing chamber to react with
11 said precursor to deposit a dielectric layer over said substrate; and
12 adjusting an ozone/precursor ratio between said ozone and said
13 precursor to regulate deposition rates of said dielectric layer on said differently
14 constituted surfaces until said dielectric layer develops a substantially planar
15 dielectric surface.

1 2. The method of claim 1 further comprising, prior to said
2 introducing, flowing, and adjusting steps, the step of cleaning said trench.

1 3, The method of claim 2 wherein said cleaning step includes
2  exposing said trench to a wet etchant.

1 4. The method of claim 1 wherein said material on said upper
2 portions includes a CVD anti-reflective coating on said silicon substrate.

5. The method of claim 1 wherein said trench is formed by
applying a CVD anti-reflective coating on and contacting said silicon substrate;
forming a photoresist on said CVD anti-reflective coating; exposing a portion of
said photoresist to a light to define a location where said trench is to be formed;
removing said photoresist at said location; and etching, at said location, through
said CVD anti-reflective coating and through a depth of said substrate to form said
trench at said location.
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7. The method of claim 1 wherein said adjusting step includes
generating faster deposition rates on lower surfaces than on higher surfaces of said
3 substrate.

1 8.  The method of claim 1 further comprising the step of
2 generating a pressure of about 200-700 Torr and a temperature of about 300-500°C
3 in said substrate processing chamber,

9. . The method of claim 1 wherein said adjusting step includes
2 adjusting said ozone/precursor ratio to about 10:1 to 20:1, preferably about 13:1.

1 10.  The method of claim 9 further comprising the step of
controlling a pressure in said substrate processing chamber based on an
ozone/precursor ratio selected during said adjusting step.

1 11. A substrate processing system comprising:

2 a housing defining a process chamber;

3 a substrate holder, located within said process chamber, for holding a
4  silicon substrate which includes a silicon trench formed between upper portions and
5  having a trench bottom and a trench wall;

6 a gas delivery system for introducing process gases into said process
7  chamber;

8 a controller for controlling said gas delivery system; and

9 a memory coupled to said controller comprising a computer-readable
10  medium having a computer-readable program embodied therein for directing
11  operation of said controller, said computer-readable program including a set of

12 instructions to control said gas delivery system to introduce a process gas inciuding
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16  trench bottom and a material on said upper portions of said silicon substrate, and to

17 adjust an ozone/precursor ratio between said ozone and said precursor until said
18  dielectric layer develops a substantially planar dielectric surface.

12, A method for processing a substrate including a trench having
a trench surface and a trench fill material disposed thereon, said substrate disposed
in a substrate processing chamber, the method comprising the steps of:

providing an oxygen-containing gas in said substrate processing
chamber; and

heating said substrate to substantially simultaneously densify said
trench fill material and to form a thermal oxide at said trench surface.
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13, The method of claim 12 wherein said oxygen-containing gas is.
2 selected from the group consisting of molecular oxygen gas and steam.

1 14,  The method of claim 12 wherein said heating step includes
2  increasing a temperature of said substrate to at least about 800°C.,

1 15. A substrate processing system compfising:

2 a housing defining a process chamber;

3 a substrate holder, located within said process chamber, for bolding a

4  substrate including a trench having a trench surface and a trench fill material

5  disposed thereon;

6 a gas delivery system for introducing process gases into said process
7  chamber;

8 a heater for heating said substrate;

9 a controller for controlling said gas delivery system and said heater;
10 and |

11 a memory coupled to said controller comprising a computer-readable
12  medium having a computer—readablé program embo;licd therein for directing
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1 16. A method for forming a trench isolation structure on a

2 substrate, the method comprising the steps of;

3 applying a CVD anti-reflective coating on and contacting said

4  substrate;

5 forming a photoresist on said CVD anti-reflective coating;

6 exposing a portion of said photoresist to a light to define a location -

7  where a trench is to be formed;

8 removing said photoresist at said location; and

9 etching, at said location, through said CVD anti-reflective coating and
10  through a depth of said substrate to form said trench at said location.

1 17. The method of claim 16 wherein said CVD anti-reflective

coating is applied with a thickness of about 1000-2000 A.

1 18.  The method of claint 16 further comprising, following said

2 etching step, the steps of:

3 removing a remainder of said photoresist; and

4 filling said trench on said substrate with a trench fill material,

5

preferably an oxide.

b

19.  The method of claim 18 wherein said oxide comprises an
‘2 oxide film produced by rmting'a precursor, preferably TEOS, and ozone.

1 20. The method of claim 19 wherein said oxide film has a ratio of
2 said ozone to said precursor of about 10:1 to 20:1, preferably about 13:1,

1 21.  The method of claim 19 further comprising the steps of:
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subjecting said substrate to an oxygen-containing gas; and
heating said substrate to substantially simultaneously densify said
trench fill material and to form a thermal oxide at an interface between said trench
. filt material and a surface of said trench.
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23,  The method of claim 18 wherein said trench filling step
includes depositing a layer of said trench fill material in said trench and said CVD
anti-reflective coating; and selectively removing said trench fill material over said
CVD anti-reflective coating. ‘ '
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24.  The method of claim 23 wherein said selective removing step
is a chemical mechanical polishing step and wherein said CVD anti-reflective
3 coating acts as an etch stop for said chemical mechanical polishing step.

1 25. The method of claim 16 wherein said CVD anti-reflective

2  coating is formed by a plasma-enhanced chemical vapor deposition of a dielectric
3  material. '
1 26.  The method of claim 25 wherein said dielectric material is

2 selected from the group consisting of silicon nitride and silicon oxynitride.

1 27. The method of claim 16 wherein said CVD anti-reflective
2 coating comprises silicon carbide,



