; €3eBnBhhi Tj XDk n6@nirni i KNOVEL DEPGSI TI ON AND SPUTTER ETCH APPROACH TO
EXTEND THE GAP FI LL CAPABI LI TY OF HDP CVD PROCESS TO < 0.10 M CRONS FI ELD
OF THE | NVENTI ON The present invention relates to a method of fabricating
an integrated circuit device. Mire particularly) the present invention

rel ates y@vE NBEPeS FIONAKNDSP S FERRTEHRPPR T PHEUGHR' €S
hat a4 B B e ARG AT [Py
ntegrated circuits mmcroelectroni C deviCces are becom ng stal’l er in order
to provide higher performance for products requiring advanced technol ogy.

The integrated circuits are conprised of several |ayers which are
individually fornmed with a uﬁi%%frf'@rmva@élttern is transferred from
areticle or mask into a photoresist layer on a substrate during a

| i t hogr apiy presessisvernien Rigtesrta d methashot fielrisatérg ad intearated srpwdboeviesi st

| ayer into an underlying substrate usually by nmeans of an etching step.
After Moee padicatard, e presestiwedtion relateseiona mettada of farmtimg sbalbsw trenehand
consists of trenches, via holes, lines, or other features that form

pat hwaigsidtion (STécstructatesctbanec fremsf pinhbiecavaldluefeesen | ayers. General ly,
before a new | ayer can be forned above an existing one, the topography nust
be planarized to enable a uniform|ayer of photoresist to be coated on top

of it. This can occur by gaekidROaND &ETHE IR/EPRINC anti-reflective
d

| ayer before the photoresist filmis forned or by using a chem cal

mechani cal polish (CWP) to forma snooth surface on the substrate. In
certain | ayers hal |.ow trench isol.atjon (STl) structures are ngeded to
ceparate Hieaeteharevn DN RerEaudaeitel e helphite SraleprbetBE W pi cal 1y
involves formng a trench between areas where active devices wll be

| ocat e@rovige higher piesformanes forpraducigedeinisgtaavenasdde gm0 hEne THEORAPSr
deposition (CVD) process with a dielectric nmaterial and enploying CVWP to

snoot hcirbatsard eaaprifk@beséveral lageey which st didiaisiually farmeddvitx admiguesul at e
active devices fromone another and thereby prevent crosstal k between

Wi i ng paktbR! TREIHABAY R PasigbirbdRnth reiBadr easidieyd 8 HRedreslsiyee ohle ST1
structure has been used to fabricate state of the art devices wth m ni num
substrate during a lithography process. The pattern is then transferred from the
photoresist layer into an underlying substrate usually by means of an etching step.
After the photoresist is removed, e pattern remains in the substrate and consists of
trenches, via holes, lines, or other features that form pathways for electrical connections
within and between layers. Generally, before a new layer can be formed above an
existing one, the topography must be planarized to enable a uniform layer of photoresist
to be coated on top of it. This can occur by coating a planarizing organic anti-reflective
layer before the photoresist film is formed or by using a chemical mechanical polish
(CMP) to form a smooth surface on the substrate.

In certain layers, shallow trench isolation (STI) structures are needed to separate

areas where active devices are to be formed. The process typically involves forming a
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feature sizes in the range of 130 rimto 250 rim (0.13 to 0.25 mcrons). As
shown in FIG 1, a shallow trench 20 consists of an opening in an etch stop
| ayer such as silicon nitride |layer 12 and extends into an underlying
substrate 10. The di nensions of the trench 20 are a width x and a height y

43 1o el pEBEIPaRs ok dud vl iR i bl v dfiehea 3t pdiof
typically from about 1600 Angstroms to about 2000 Angstrons and the hei ght
of 't et BAPTRARDP A araicabyaRaIdeposiion (X PEGEES MBS FBIRSES about

6000 Angstrons. Optionally, there may be a silicon oxide |ayer between the
si | i comatérialiahel emglayirg EMIS ta smeothOineesurfaces Halkelenivic materdal2Guck afsi diliceh

with a dielectric material, it will be useful in isolating active areas
fr om oRxARDIREKte BBBREdBULEY &of 6as anbtHerkedf therasy d;bnévénb@r@@y@m bEtWaRESs S
steps. A gap fill process nornally involves a high density plasma (HDP)

chem C@‘hrlrlY:@%i’crﬂﬁBQl%' Hdvela deMerdthl @nﬁﬂ&'oﬁcdévuéé pai&mhadcesuch as silicon
di oxi de or exanple, silane (Si H4) and oxygen can be conbined in an HDP

CVD, P oSeHte 1 AU hpe Bhefi L&)@dd(g (aBRERBIHR Lk acdicds Sl hiAhihench

20 has been previous hin a silicon nitrid ayer

substr %aQtuE‘eOstEL% H?e @H&%S&frﬁoeﬁm% Fé’s'oorﬁmng Po Ct?%?mh?br}%‘ )\ 0 ét—{éﬁvr%s

m Xture Used SI tl on contai nﬁ d d e ar gon
nhancElGA 25he h%\f/i?&&@%%orbsa%sfia qHpris @Vﬁsﬁ HPPIAE sl fisen 1

t he dle|eCtI’IC|d 14. A keyhol e 16|sI| y to form near the bottom of
t he shaitrige ayes a@‘éexﬁeﬂdﬁd”t‘m&ﬂ HRgediNg tSHEStIE@;@h‘tﬂ e e ANeNsiPBHRf 9 n t he

STl structure and cause a | oss of performance in the resulting
m cr oeltesrtohd20 eredewidib. x Fhe edieight y thatidgfineasdaspetch oatia bfy/xavlickhss keyaityl e
formation in the bottomhalf of the STI structure and is able to easily

renmove jf Qs Paridy SEsbAN 4[ Heo ée&u@hf The thitkSe¥dbf the %‘ﬂﬁ:@ﬂ%tn@éﬂé%ﬁﬂ? CvD

processes can only conpletely fill trenches with x > 0.17 m crons and an

Sobec 84 Gt P, 1, A 50 o, b B R A
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Optionally, there may be a silicon oxide layer between the silicon nitride and the
substrate. Once the shallow trench 20 is filled with a dielectric material, it will be useful
in isolating active areas from one another. These active areas will be formed in
subsequent process steps.

A gap fill process normally involves a high density plasma (HDP) chemical vapor
deposition (CVD) of a dielectric material such as silicon dioxide. For example, silane
(SiH4) and okygen can be combined in an HDP CVD process to form silicon dioxide.
Referring to FIG. 2, a shallow trench 20 has been previously formed within a silicon
nitride layer 12 and a substrate 10. FIG. 2 illustrates a prior art process in which the

gas mixture used for the deposition contains argon. As a result of the argon flow, the



of STl features, as the width x of the trench becones < 0.13 mcron, the
aspect ratio may increase msone applications to > 4.3. This specification
will make the fabrication of STl structures especially difficult because of
a high probability of form ng voids or pinhole defects within the

diele | I Lt NS j ; j i cost of
manuf ;rrg%rﬁf %ﬁt%@slsﬁ%fb EHF%&; t oggé%ﬁt{cgfﬁwd c@ﬂ?gﬁ%%é’%gd pl asma
et ch chamber. it i.s.inperative that the, nunper, of ogessin e e
R T R R e R T AT BN et E e U
reduced cost per device and a mpre attractively priced product mthe

mar ket {91faE8.ngar the batterm ofdbe shpllewtttenstt &half correglednihekediala i Pyl

equi pnent to the manufacture of new generations of technol ogy. While HDP
CVD t oinzaihan ¢heh Edh stivoler® poad caush adlongwf gedpgnandmin tineyebaltiogpabl e of
generating STl structures with gap spaces of < 0.13 3 m cron w dth and
aspect micrbelectrbnie devige.i Thémafena, endmipheved methqat thdtavoiads Hayheledouindtibave a
significant inpact in driving up the cost of the product. Sonme of the STI

t r enchgstharsot@en salf of Bes Bed sihetee bha 1§ EE@BC@SMEWMQ% RO RSN the
approximately the same as the width of the trench itself Qher trenches are

essent {& hyf bpRheheH i@Rdehaye no adjacent trenches within about 1 micron.
When ded?se y packeg elmg ?S(é;ﬁ\!at ed trenches occur on the sane layer, it is

L1 enches areert PECYPRPEEN T B FortpRld fly Fhie §RREP0 Trmidtopr.™

ecul AT RO/ A 3 eSS ARG TRSSanP i Lol HE TR GEUES ol o

defects. Several nethods to overcone these problens exist in the prior art.
U S. Pairent teghpoegiemindesaufastsing, mewndryices thapwilt FRacki magdiachirtid iadghe
dielectric fill material which allows the deposition tenperature to be

r educegeanflttitengdyy trepbh QIEthstwigsSimdndidres 6t 0.40tmiceon blovmeler. Iithe daekhod
does not clamapplicability to features as small as 0.13 micron with high

aspect i r ; I ' e j A 1, -4t
fronoh ™ O1srenlfes BEASRIUEE, B B R pflng: & 4 PO FRLICHL 0¥ pbetrdfiood +o
hel p planarize the dielectri teri al, abpve the. trench i,ar.. t
or oceed LI ofEe o uapelete P fon 1B e sroR v G abii Gy
during deposition itself. U S Patent. 6,297, 128 describes a nethod to
o' evr ST ERERBs E3proiERk i Chec s or i P BaRT S e ok Ber st o
be deposited which woul d have a | arge inpact on

pinhole defects within the dielectric material as it i1s deposited.

Because of the increasing cost of manufacturing tools including those containing

HDP CVD chambers and plasma etch chambers, it is imperative that the number of

processing steps be minimized when fabricating a device. A simpler process translates

into reduced cost per device and a more attractively priced product in the marketplace.

It is also desirable to extend the lifetime of existing equipment to the manufacture of

new generations of technology. While HDP CVD tools have been developed with a new

design that may be capable of generating ST structures with gap spaces of <0.13



manuf acturing cost. U. S. Patent 5,182,221 describes an electron cyclotron
resonance (ECR) CVD process that deposits two types of dielectric material
in three steps. However, this 4 nmet hod does not nention aspect ratios
greater than 3. There is no evidence that it would function as an effective

gap fill process for shallow trenches small.er than 0.20 tg.0.25 mcroens.
Vor eoVBICTBRAERAT BEPear S Abe T Srimnieetse et iR ate i BRLEe of a
| ower throughput and hi gh cost of ownership. SUMVARY OF THE | NVENTI ON An
obj ect h@ve afsignkcantdvpaet Nmriving op the cest rtbgirdedeCtnet hod that is
especially useful for filling gaps in shallow trench isolation (STl)

st r uct ur éoraadf tie SAl irenek¢ s atabiérsdly pahieedwherartter distante etd@emtorahes
t echnol ogy nodes and bel ow. Preferably, the nmethod should be applicable to

filling approripenelyghersanieas thavividthafdhetreath itseaCehératrendches diegh density
pl asma (HDP) chem cal vapor deposition (CVD) tool. Another objective of the

pr esentssdmeiy iiffated 4 RARY hd dfadBRl BeAChOS Wk EASb@Y fiiGoh! \ehbA® Of
current tool s conprising HDP CVD chanbers in order to mnimze the cost of

pr Od“CE?ﬂg&i‘ﬁ%ﬁ%@%ﬁbqg&gﬁd [ftlerlfl#féshgécu(?gﬁ)ﬁﬁ%is\é%é)fa EP,‘?% i%r@{%?%blé VEOLLRN 1S

to prov or gap ng 1n structures tha e€s not produce

voi ds w thin i i rial.. i)l t | jve of the

or esent PRGN i AT B0 pBo it dleinastnBh el ST Heheibngheifed ¥ uct ur oc
wherein all processes can he perforned in one CVD chanber to optim ze
througﬁﬁﬁ?”%ﬁ%?%ﬁ%@%&?@”@ Y- I'n one enmbodi nent, the present invention is a
method for filling an opening or trench in a substrate that is used to

f abri cat eThedegesitied of the didestricmaterialdodilldae trenehioscpioat kigh temparatere an
openi ng such as a trench has been fornmed. The top | ayer of the substrate is

prefer @lmldymé.ﬂ reswhinsdtas sl vaisten tiselshruetire in additionitd theleoidé ofiphhesie defects.
material such as Si Q2 is deposited by a HDP CVD techni que whi ch does not

I ncl udes & IaSnEHEEs 36 WRrAIAE 3% problems exist in the prior art. U.S. Patent

6,306,722 describes a method to dope the silicon dioxide dielectric fill material which
allows the deposition temperature to be reduced and thereby relieve stress in the
structure. However, this method does not claim applicability to features as small as
0.13 micron with high aspect ratios or address the problem of pinhole formation within
the trench. U.S. Patent 6,261,957 mentions the use of a sputter etch methoa to help
planarize the dielectric material above the trench prior to the CMPP process but does not
address a solution to the void formation problem during the deposition itself. U.S.
Patent 6,297,128 describes a method to alleviate the stress in the dielectric film but
requires up to 25 layers to be deposited which would have a large impact on
manufacturing cost.

U.S. Patent 5,182,221 describes an electron cyclotron resonance (ECR) CVD

process that deposits two types of dielectric material in three steps. However, this



a high sputtering conponent. The process fornms a solid |ayer with no voids
in the bottomhalf of the trench. In the top half of the trench a smal
keyhole is formed. The layer of Si 2 extends above the keyhol e and over the
substrate A sputter etch is then perforned in the sane chanber as the
preV|ous sition to,.renove th ion,of_the dielectric,lay

Phat | CHEIEd Goss hl mRubEARPRe REghoF Bk AT Bedbhes SHSpURENES SHAET n°Che
top of the dielectric |ayer. A second Si Oz deposition simlar to the first

i s per WBHIGHWNEHOR Re asusfiectingraser filbpracess fay shalaydrendngs ceaiardhan(.2G 1q s

the trench with no voids and extends above the top of the substrate.
Fi nal | §.25amcnenst beresvars ECR 6D tanls ahend @gniveydy used irl mianufactenomd anar
with the etch stop layer on the substrate. This nethod can fill trenches of

varyi ngesaussof 2 wwdrehawghpl8 antddrigmsostofwidrship. over 0.25 microns in the
same HDP CVD tool. In another enbodi nent) the present invention is a nethod
of filling STI features during the fabrication of an integrated circuit in

a mcroel ectroni cs devi ce. STLb‘l@II\/?m{{@WﬁH@WbE!\ﬁW@W med in a stack

conprised of an etch stop layer such as silicon nitride on a thin pad oxide
l'layer which is on a silicon substrate. Athermal oxide is grown as a liner

28 S ce ”%fE hﬁ%ﬁ”ﬁ{?ﬁﬁ’% é%%gb*‘i@eﬁé?ﬂis?ﬁ% d%ﬁe&t;gé o5 s Rl bl ="
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hal f of the shallow trench a snmall keyhole is fornmed. The |ayer of Si Q2

ext end§- BBV DRy RINErem teVelogyheedanand Aelow. APEgigRany. tee arethedt hen

perfornmed in the sanme chanber as the previous deposition to renpove the top

por t i oshotild he agpkdatie to fillihgyaey cuenimgor trbacte with andieRdiic materiaihe aigighol e
whi ch becones a small trench in the top of the dielectric |layer. A second

5102 deRAgiy bhRki (DR chBd JabbPlehsiBgh (UTRdoén the, same chamber and

forns a | ayer that l's t ow'trench with no voids and
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trench wdths ranging from< 0.13 mcron to greater than 0.25 mcron in

si ze. NUPEUGIBE NGHEECHNEIORS- has t he

A further objective of the present invention is to provide a method for gap filling in
STl structures that does not produce voids within the dielectric material.

A still further objective of the present invention is to provide a method of gap filling
STI structures wherein all processes can be performed in one CVD chamber to optimize
throughput and minimize cost.

In one embodiment, the present invention is a method for filling an opening or trench
in a substrate that is used to fabricate integrated circuits. First, a substrate is provided
in which an opening such as a trench has been formed. The top layer of the substrate

is preferably an etch stop layer such as silicon nitride. A dielectric material such as SiO;



capability to fill dense and isol ated shall ow trenches simultaneously.
BRI EF DESCRI PTI ON OF THE DRAW NGS The draw ngs are intended to provide a
nore thorough understanding of the invention. The drawings illustrate
enbodi ments of the invention and toget her W th the descri ption serve to

expl ain pr|n0| he presen enti an. 1 a Cros

Sont LoAeRATIRATY SHEP Bvoh e Phiciaen ol heludtrdas km@oRdrghiay
that are used to caI culate an_aspect ratio. FIG 2 is cross sectional

dr awi ng Nigh GPEHeHIg GPTMPERRNY | The prasgssdotmae se¥ddayaryuih na veis igdBe m xt ure
during deposition of the dielectric material and forns a keyhol e near the
bot t onbottomHealf okthelrereihG, In3he 4o half of thasrencloa sinalikeyddle issfocmedafde wi t h
an enbodi ment of the present invention which shows a small keyhol e forned
near t rayer op SO0, extehescdbove tha kephblieadnd-HFer@v® ssibetpatehat sgoresr axeh is tedrude

argon in the gas m xture. FIG ~ is a cross sectional drawing af:er a
sput t ebeﬂ‘bﬁheﬁ¢rﬁiH@§aﬁ1€%ﬁaﬁhb‘é?%st$1e%rew@@s@e@b@Fﬁbh't@ réﬁ%@é tRE QW pBHiohGf 3
and renoves any nmaterial covering the keyhol e forned ur| ng the 1nitial

deposi ttl‘x Bie*&Re | r#e@soﬁhbﬁh%r&?Qﬁé S‘?@%B{/?rgl@le l@gf\Wle'Wh coﬁ'\esoeﬁ‘%ﬂﬂa HDP CVD

step Wlt out argon Is used to raise t the dielectric ayer shown

rn FIG, 4 ab e .trench wth rmn oi.d 6 is
" or os U CeBIR TR IB o el G SPebPR BPP‘PS'ﬁ% SHRH P e BiFTis
chem cal nechgnl cal polish Clvggnéor ocess, FIGS. 7 are cross sectional
views GETRMRELHBINS é?mﬁ' E feasA l@yea&%rcemiﬁet@!y HIstbedrRneEsldi ment
of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON The present
i nvent inonveids andsextends aketmtihedbpgdihe sLibstnateofenalhye GMP stepdhiesedte i ng
the fabrication of an integrated circuit in a mcroelectronic device. The

et hod loweeteSiGy layetisetf i isfoobldriar Withothehsith et lagecon tisobabsteate ( Ihi9
features but may apply to any process wherein a trench or opening is filled

with a rﬁéﬁloeféé em Ca@%ésaéf eﬁymgl ﬁzégpﬁo%m@% WEronEhR vIam i dlerRy 85 eSS

may i ncl ude mechan
microns in the same HDP CVD tool.

In another embodiment, the present invention is a method of filling ST features
during the fabrication of an integrated circuit in a microelectronics device. The shallow
trench is formed in a stack comprised of an etch stop layer such as silicon nitride on a
thin pad oxide layer which is on a silicon substrate. A thermal oxide is grown as a liner
in the trench prior to the initial deposition of a dielectric material such as SiO;. The HDP
CVD process is performed in the absence of a gas like argon which has a high
sputtering component. The process forms a solid layer with no voids in the bottom half
of the shallow trench. In the top half of the shallow trench a small keyhole is formed.
The layer of SiO; extends above the keyhole and over the substrate. A sputter etch is
then performed in the same chamber as the previous deposition to remove the top

portion of the dielectric layer so that there is no SiO; over the keyhole which becomes a



to planarize the dielectric material before the next device layer is
formed. In one enbodi nent of the present invention, a substrate 30 that is
typically silicon is provided upon which an etch stop |ayer 32 is deposited
as shown in FIG 3. Etch stop 32 can be an oxide, an oxynitnde or a nitride

2uch, Sl ks ooy b L0 Ry oA EBRS O LB i |

t hi ckness in e rang about

used a h ial, convent i L lithogra t echnique s
vl iy SRETEARL P s Srarer P RS Baven D PR ARBebT RN cr
transfe f the pattern throu itride 32 and in substrate_30 is used to
formt rsbﬁ@ w&@_ncﬁwh BfeP Sr@%gﬁ’gfaapé?i%é’f’eé'?‘f g}p ?h’g‘eeSt Ergf%cgg@lly,sa r enoved
by a strapping process. Substrate 30 is then placed in an HDP CVD chanber
and di &M@t&t% 15 usRY toalowes thire S¢a: tayer LAt sreaplareranth Bie efichrstere layer opor
exanple, dielectric layer 34 may be silicon dioxide resulting froma gas

m xt ur éhesnbairatengia prasentimyeolign enpamcularly arsefulin Hadst priosdesrechigie ar gon
or an inert carrier gas but the inventors have discovered that omtting

ar gon ahtoughpat, foweosonietiodd it ghepiitng San siwhetuednhaviag sterehandtHsoeagirgn of
a keyhole 38 or void can be adjusted. Large keyholes are normally forned in

the botfamd@hB mifcrér eNgRRSer thaR'0.25 niEionTRisiRdSMBRedlRR] Teqstot8sdhss hend
this leads to a |l engthy and costly process of renoving them before the gap

fill " - I j [ toth t
| nvent i hoont o fPERAGE S <Dlals®, AR hoR S RNAREIR 05" 0 <" oeat ed

in the top half of trench 40 where it is easier to renove than when forned
in a lower position. The absenge of argon causes_a | ower pressure in the

deposi ti on chanber whi chRRé&wn REt pTHEpQBN}/Wﬁnd al so reduces

redeposition on the sidewall of the trench. Faster bottom up deposition of
dielectric material 34 and | ess redeposition on sidewalls avoi ds keyhol es
near the Hdietdrawiigd dre intesmiekl téGorovide admpos tharongh sinpgerdstamding ottedn t hat a
smal | keyhole 38 is fornmed in dielectric material 34 at a distance of about

3000 Anggbhmdk ThRe PANINgaGNMstAIE Shitttmabhayvsr theenkaitiohnaref tdgeemngwifPthe
Dielectric material 34 i's also deposited on nitride layer 3Z2Z and this

uneven 4ayeiouBAtehud b 88ah BRIRncAfdy f6husaRoNGahigTCh 10, HOP OVD

conditions to ectric |ayer onprised of silicon

di oxi de S leh 1Si's|aac9'835|s &idih %raO\I/in%oofsécﬁ&éhoth%%ﬂlu%trates the width x and height

y that are used to calculate an aspect ratio.

FI1G. 2 is cross sectional drawing of a prior art gap fill process that uses argon in the
gas mixture during deposition of the dielectric material and forms a keyhole near the
bottom of the trench.

FiG. 3 is a cross section drawing in accordance with an embodiment of the present
invention which shows a small keyhole formed near the top of a trench in an initial HDP

CVD step that does not include argon in the gas mixture.



sccm an oxygen flow of 50 sccmto 220 sccm a tenperature of 550C to 650C,
a high frequency (HF) RF power of 1500 Wto 3500 W a |ow frequency (LF) RF
power of 1500 Wto 7000 Wand a pressure of < 3.0 mlorr. Next a sputter
etch is used to r enove the top portion of the dielectric |ayer 34 such
that the er;al above the keyhole 38 in FIG is renmoved to forma small
trench 44 PTG PRS2 BRopaREII Grovingiatior A soutsy eforyipduiepige MHokRs QNS or
etch is preferably perforned in the same chanber of the same CVD tool used
for thed@gsdds lay6hsBOWR I iriGr d@ndirgnivesialy Ratarighepvemndinghpnoe Bress | n
this step an argon or oxygen plasma or argon in conbination with oxygen is
enpl oyeduring ther igdial depasisdn stée HF RF power applied is from 1500 Wto 3500
W the LF RF power is from 1500 Wto 7000 W the pressure is from2 to 5
mrorr and Rie 548 gotrobs eectiaia drawingoaitef® second ldDPS0VECstapfvithaut pegomis of
15 to about 40 seconds. In the case of oxygen plasma, the HF RF power

appl i edyséed té m%ﬁ%)le%t 6f BaQileBttricN By SFsHEWR IVRIG. £ abbRNHORR) Wihe el W

the pressure is from2 to 5 niforr and the oxygen flowrate is from 70 sccm

to 250 sg i f 15 to about 50 seconds. When a conbi nati on of
oxygen gﬁ&%ﬁg{gwﬁqﬁg%ggf'the HF RF power is from 1500 Wto 3500 W the LR

RF power i IO, 00 Wt Q0 W _.th ressure is . fr mro rgon
Flow rate |10 BoRAGR Boeaa D otr Yy THEOERS LR bl Sll's S rldeg sligthent?
sccm and 220 sccm  The HDP CVD process described in the initial deposition
step i s MeRERMY @9{‘%?@Mpd@6%%¢$s-the dielectric material 34 such that it
fills in the t; ench 44 showmn in FIG 4 and forns a thickness d, fromthe
bott om of FI&EHch—4® are ¢ross iseatiesl vipvs of a@netbod don filing 604 features3aceesding
illustrated in FIG 5 Typically, a target thickness for dielectric |layer 34
of aboutto @¥oAdgshisediment catraupreb@Bbhvantishr ons i s needed for d~ to ensure
that 10 trench 40 is conpletely filled. The deposition is perforned at a
| ow pressure because of the absence of argon gas and this condition avoids

the formati on of a”nyEbffAtllf@lR &gbﬁ,pglgﬁﬁqﬂ@ ASVERTPHA! | ow trench 40. The

wi dt h between trenches 1s shown as d may vary from about 0.1 micron to
several mcrons. \Wen the distance d2 is approximately the sane as the

wi dt h of . . .
The present invention relates to a method of gap filling openings or trenches during

the fabrication of an integrated circuit in a microelectronic device. The method is
especially useful for filling shallow trench isolation (STI) features but may apply to any
process wherein a trench or opening is filled with a dielectric material using a HDP CVD
technique. The gap fill process may include a chemical mechanical polish (CMP) step
to planarize the dielectric material before the next device layer is formed.

In one embodiment of the present invention, a substrate 30 that is typically silicon is
provided upon which an etch stop layer 32 Is deposited as shown in FIG. 3. Etch stop
32 can be an oxide, an oxynitnde or a nitride such as silicon nitride. In this case, silicon
nitride layer 32 with a thickness in the range of about 1600 Angstroms to about 2000

Angstroms is used as the etch stop material. A conventional lithography technique



trench 40, the trenches 40 are said to forma dense array. If the distance
d2 is about 2X to 1 OX |larger than the wdth of trench 40, then the
trenches 40 are said to forma sem isolated or isolated array. |In nany
applications, dense and sem -isolated and isolated trenches are forned in

t he sane substrate |a nd nust be fi |rrul aneous| ielectric
Mt er énvoﬁwﬁgmtam'agé?af&m@re&r%é@%Shqwﬁga e bR fensra e T

met hod works equally well for dense and isolated trenches, Therefore, the
rate omaﬁtﬁémlgﬁowsh|mtrlﬁet?w?e@f¢41'n&@8ii§8trai6&9e'ﬁdéﬁ$@ toffodn diearbA®2ABYd t he sane
process can be applied to fill dense and isolated trenches at the sanme tine

wi t houtrefmaiming gphotdresist Afteethet éteh peocaas ISVEMGRpd diytd sinppincpiocensi onal CVP
step is used to lower the level of dielectric material 34. N tride~Eayer 32
functi ons Subsrate30hs shappkacddliagarHBR CEDlahserted and dieldctribkeyensd icopl anar
with the top of nitride |ayer 32 as shown in FIG 6. The trench fill

processdd dpﬁbsﬁétfmrh geachidotdncdonaitite 3PhaGitaxapiple edieldctisd regbed4imay-b&silkeohs
then ready for further processing to build the next layer in an iIntegrated

ci T cui o Rg Bt (A YU a9gabikile cf&ﬁé@lﬁsgp%.trétvgﬁwamw hBfior 4% nidRoGYD

tool usedto per m t he deposition an r etc n the first

nt cnbe used tos cessf ul trench i wi,dth,. from
el ow 093 TSR a3 an e il Grshut ing PGS RanE AiRbongred 1t Biring
m cron and 0.25 mcron technol ogy nodes. This flexibility allows a too! set
to be uFEINBOWSD MKIe FOREOled ﬁﬁgpé'éjpﬁy‘/h?&%”riﬁeﬁ@n?fﬁ‘i’ W'Py ofp keY(ﬂ'ioﬂQ éBent
m-rnmum trench saes and thereby reduces manufacturing cost because
i mpl erreort &did @andde adjosted dadrge kegholedente Nonmallg érovet! ienthediatiomt haff of he
present invention, a process is described for filling STI features A
subst r afren&esSiqitiartimetitads &$ dppeadied- Igp Cramdirid lcadsitbilengtny sied taster
52 is deposited as shown in FIG 7 The thickness of pad oxide 52 is from

about _5BrotRASIch Aol AgAReH HatBR: AROSAS AMBrocksiit LEMPISIEL! | B 14IRYA

formed on pad oxi de 52 and has a thickness in the range of about 1%00

vl vi Ry AR R piae B RGP et ERE] V?%WF%? SRR FERAN T, o

g

transfe S th oug h nitride 54 d 2 and ipto subs rate 50 is
used t oF! <§T SPOA4F |54 Bk 168, ha)atrfeﬂeéﬁ% 4RGSR B PRt S ity h?@ g
process i s renoved by a steppi ng process. A th|n thermal oxide liner 60
with a {HMmagiesslowerinasitiolnge of about 50 Angstroms to about 250 Angstrons
is then grown in the shallow trench 56 in an oxidation furnace and forns a
| ayer of edbhelahsenckodasgancateess tuverl presawe ibdhe depositionahiaowarvdrich 56.
Substrate 50 is then placed itl1l an HDP CVD chanber and dielectric |ayer 64

i s depoghhafceésnbstiemlgndépesititn andaiish aidueet redepasttion ontthe sideaas ofghe
m xture of silane and oxygen is used to deposit silicon dioxide as

di el ect &ﬂeﬁchawstéﬂoou%rﬂﬂgpeé R I bﬁéu@@&.&hg%a@h4%@ss?@aé SERSPogUCH

as helium or neon which mally 1 ncluded in a CVD ep05|t|on are

i el et RIS %%%Cﬁ%%?% TR P TR AR, BBy causes

keyhol es or voids to, be for nth ttomhalf of a trench as shown in
FIG 2. PRRicsMedysttbata saadt h&Fﬁje'é&ft%r@?‘eSr‘B&é%%C‘GF PRHR %aﬁﬁéﬁ@@%re
the gap fill Process is conpl eted. Es omtting argon, a nore controlled
deposi t i%h@bpyt 3eRP é‘\?’@étrmrt@@b%@og Angstiempaboye ke bt of Fepehidd. e can
be adjusted. By followi ng a process according to the present invention, a
smal | er Nelgetiematerial Jde dsd depesi@anon nitiiesay8r 3@ dndsthisogre v lager has sop

thinnest point 36 directly above trench 40. HDP CVD conditions for depositing a

dielectric layer 34 comprised of silicon dioxide are a silane flow rate of 30 sccm to 110



hal f of shallow trench 56 where it is easier to renove than when fornmed in
a |l ower position. The absence of argon causes a | ower pressure in the
deposi ti on chanber whi ch enhances bottom up deposition and al so reduces
redeposition on the sidewall of the trench. Faster bottom up deposition of
dielectric material 64 and |ess rede[ﬁosi tion on sidewalls avoids keyhol es
near th8CHBt2RBAYYIEN HAWH 20 TEM tLA<H S5M. erieMpersre PP L e PPEr fed such
that a small keyhole 62 is forned in dielectric material 64 at a distance
of aboubigddoeauangstHEERi Bowsbat 15008V M gsPP didsa iy freatRECH Ot )oRT POV &I ow
trench 56. Dielectric material 64 is al so deposited on nitride |ayer 54 and
farnms ahSundVén 7080V anlte? pressere bf frie@Mpoint is | ocated directly above
shal l ow trench 56. HDP CVD conditions for depositing dielectric |ayer 64
conpri sed Méxtsa sputtar etcioxs dseditcereansvd teetobl pomtioa e thef didchide ayeo 38 1dlichicecm
an oxygen flow of 50 sccmto 220 sccm a tenperature of 550C to 650C, a

hi gh fr getans ymatbhal doveonerkedholdd9 inV¥1@. 3r0Rmlved Xarmreameneenchdq iRF
power of 1500 V1~' to 7000 Wand a pressure of < 3.0 mlorr. Next a sputter

etch is : t i f i i hat
the mat A1 S BROEWMRORCKARerR NG & TP SPUEEHL ' il Beied
trench 66,in the to ortion of di ctric | 64 in, FILG, 9. Th utter
ot oh 1's Mol A P AR o a8 simer s ED38hL S Rl dbe srRiton e AR e
for the depaosition step in order to provide a higher throughput process. In
this st é’;ﬁo‘éﬁeaﬁ@%ebﬂ"w@*@ﬁ PhPeRTFa IBrthisrgen aNAresmsr Payoen PRI 8k ERID i s
enpl oyed. If argon is used, the HF RF power applied is from 1500 Wto 3500
W the lifrcBRbimaten wih txpgerl E08mplicyed?7 008rgoh is usedr tnesidF dRFF podv@r appliedn2 t o
5 nlforr and the argon flowrate is from70 sccmto 150 sccmfor a period of

15 to abmih 14003806590 \WN tHEF (RIS BoRber BXyg@N JURSNR 7008 WRhEpreonee is
applied is from 1500 Wto 3500 W the LF RF power is from 1500 Wto 7000 W

the presgihe toss MM 8nd e afdoH fiovdPakeliBeropx YORCh] @M S@EScrhSof 5 PiHa stccm
to 250 sccmfor a period of I5 to about 50 seconds. When a conbi nati on of

oxygen W) j 0 %5%% the LR
RF povve?ﬁjtsoa’%t?%?’%ﬁg% to Iégﬁ%t‘g\?@@g%nsg%rsé{q @%?’%&Rgﬁo&/ (yl\%,lg ar gon
flowrate is t.\wee 1 cm and_ pxyg i.s. between 50
scom andohd LENEHRU AR hd 7 R0 6B B7 i B TR0 W I DG W PR RSP o
step is repeated to deposit the dielectric material 64 such that it fills
in the tffreRchtossnssianeihepzygen faw rats wdrgn 70 scem to 250 scem for a period of

15 to about 50 seconds. When a combination of oxygen and argon are used, the HF

RF power is from 1500 W to 3500 W, the LR RF power is from 1500 W to 7000 W, the

pressure is from 2 to 5 mTorr, argon flow rate is between 50 and 120 sccm and oxygen

flow rate is between 50 sccm and 220 scem.

The HDP CVD process described in the initial deposition step is then repeated to
deposit the dielectric material 34 such that it fills in the trench 44 shown in FIG. 4 and
forms a thickness d4 from the bottom of trench 40 to 1t thinnest point 48 above the

substrate 30 as illustrated in FIG. 5 Typically, a target thickness for dielectric layer 34

of about 6000 Angstroms to about 10000 Angstroms is needed for d4 to ensure that
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thick | ayer whose thinnest point is above the level of nitride |ayer 54.
Typically, a target thickness for |ayer 64 of about 6000 Angstrons to about
10000 Angstrons above the bottom of shallow trench 56 is needed to ensure
that shallow trench 56 is conpletely filled to a | evel above nitride 54.
The depositiaon.is performed at_a | ow pressure because of the absence of
argon g#SNenabhs §OE@ﬂﬁ)‘P¥yﬁ§‘ﬁdavﬁ?%ge@ UG iSRRI Mast i {PW Bressere ReGRIRS' or
pi nhol es in shallow trench 56. The w dth between shal |l ow trenches 56 nay
vary frB1a apsncerfarapegss ay e eendition aveins thevemation o ayaheBepet ween
adj acent shal |l ow trenches 56 is approximately the sane as the width of a
shal | onwkéyhaies oseinhotes tsiiallow rereitA@s 56 are said to forma dense array.
| f the distance between adjacent shallow trenches 56 is about 2X to 10X

| ar ger t hailhetvedii biétwesin tacrsdirads ie whbmenah db Gnd miegnvadyerarh aboodOt T enabaso 56
are said to forma sem-isolated or isolated array. In many applications,

dense agév&einitrdpbalRHed ek tRehfdced, BdroxinidteRahe Saticcas didRibthbft he
sanme substrate layer and nust be filled 14 simul taneously with dielectric

materi a N\ i i - ' od
nor ks onaE T e A 2R e b B B iy MeRo chendRge &3 abafhe
rate of fill ~n shallowtrench 56 i.s independent,of the distance .

bot ween {8aPXdaider et Pttt Hebte dtn e e Bghaan e SEao leAana (o
fill dense and isolated shallow trenches at the sane tine w thout formng
voi ds. Afalatediaidselatasharrexnlrieseyianriigations slensatansheamicsrlaied pnidsalated t o

| oner the level of dielectric material 64. N tride |ayer 54 functions as an
et ch st derehdslaay éornédl instheasene dulbstrate layertmwbmest befillad srmwitarredussy widh of
nitride layer 54 as shown in FIG 10. The gap fill process is conplete at

t hi s poidiglectflaen&Briast Ancidvaatddd ostheasredemtrintdiBionli@ that theearerioefilymeaiod
further processing such as formation of a gate el ectrode above nitride

regi ons ypskk@eolbfly MRNfosBERsd Bnd i dHicdidreHtnea!l etHRER e ChbGHid of PRI in
advantage of the present invention is that the HDP CVD tool used to perform

the d T : : I i
varyt no arier AP SARHeSEe Rlorgh G anCB, AR Sahf SHRESS Ball delandiied GRS
trenches

oo Do o S B s R8s A DedTe Ty MMnbEpyRlAgvomgaes: T
After the second CVD deposition, a conventional CMP step is used to lower the level
of dielectric material 34. Nitride-layer 32 functions as an etch stop and layer 34 is
lowered until it becomes coplanar with the top of nitride layer 32 as shown in FIG. 6.
The trench fill process is complete at this point. The structure illustrated in FIG. 6 is
then ready for further processing to build the next layer in an integrated circuit.
Another advantage of the present invention 1s that the HDP CVD tool used to

perform the deposition and sputter etch in the first embodiment can be used to

successfully fill trenches varying in width from below 0.13 micron to above 0.13 micron
including trenches for the 0.18 micron and 0.25 micron technology nodes. This

flexibility allows a tool set to be used for two or more technologies having significantly
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for two or nore technol ogies having significantly different m ninumtrench
si zes and thereby reduces manufacturing cost because inplenentation of a
new tool is avoided. The nethod of the present invention ~s not limted to
filling STI features and may also be applied to other CVD processes such as
deposi ti dielectric, materials I nt.erconnect I i.cations, where an

houl at PRERRE BT YSRGS Sl e AR AR e et U SRR PREE T he cvp
process terrperature may be reduced to a range between 350C and 430C. 15

Wi | e t HPBRIEMRAEALPRRS ﬁéfke"b@r‘l $AYRFRH arly shown and described with
reference to, the preferred enbodi nents thereof, it will be understood by
those ski | Ined saeem@dembodimant ofdheqiesetanraion afpspeesmis drecabed forafjline
made wit hout departing fromthe spirit and scope of this invention. 16 e
claim BTlAeakrésdAdcfubistiriale @ sanh @sealicon ieprovided ipon vehishbstilicineoxidé hayer
dielectric material conprising. providing a substrate in which an opening

or trend?2 isaepgoersd ergrmin MEPIG 7t | Tige thickrRlsewdfipiad drdebRas from abeut 50
substrate by enploying an HDP CVD process w thout argon gas as part of the

gas m XtAHEtrdpfd f&ét%@@(ﬁ) Rﬁyét?é’rhsewgﬁhé’éh hiGadliBpeiis ?orh@beén pad damy 52

the top portion of said |layer such that there 1s’no material renmaining

Firet oepsds aifokeRoSh ferBibhop RRIRAQS Anbrfafls o GBRU GolBriiasttonty A"

t hi ckness above sai d opening or trench, and plananzing the dlelectrlc | ayer
unti | .thryeabgm@dri&mowaphyttqa@mw Wob/mpaﬁé@rmlmﬁgoba pEresist ot shewmdt hod

of claim1 wherein the width of said opening or trench can vary from bel ow
0. 13 m dpbowed by fBndancretnh drangfesateps through nitride 54 and pad oxide 52 and into

substrate 50 is used to form shallow trench 56. Any remaining photoresist after the etch
process is removed by a stripping process. A thin thermal oxide liner 60 with a
thickness in the range of about 50 Angstroms to about 250 Angstroms is then grown in
the shallow trench 56 in an oxidation furnace and forms a layer of equal thickness on
the sidewalls and bottom of shallow trench 56.

Substrate 50 is then placed it an HDP CVD chamber and dielectric layer 64 is
deposited in shallow trench 56 and on nitride 54. In this case, a mixture of silane and
oxygen is used to deposit silicon dioxide as dielectric layer 64. A key feature is that
argon or other inert gases such as helium or neon which are normally included in a CVD
deposition are omitted here. Argon has a high sputtering component which redeposits
dielectric material on the sidewalls of shallow trenches and thereby causes keyholes or
voids to be formed in the bottom half of a trench as shown in FIG. 2. This leads to a
lengthy and costly process of removing them before the gap fill process is completed.

By omitting argon, a more controlled deposition is achieved wherein the size and

12



3. The method of claim1l wherein the top of said substrate is conprised of
a layer of silicon nitride or a simlar etch stop material. 4. The nethod
of claim1 further conprising the absence of other inert gases which have a
hi gh sputtering conponent such as helium and neon. 5. The nethod of claim1

wher ei n |5ghtbflsPEREVHAB o%hwaaugte%al sswcsvtnﬂ @b%e%%ecef V%&Hher;%gehn
t he sane chanber of the same tool he net hod of claim1l erein the

5 A ST SR A e el e,

from ab The

et hod aitEPERRIE A e BBtk dasaSstib e ?%tﬁeiiﬂh% Sﬁﬂ%d ?Mer
deposition step to deposit a layer of silicon dioxide. 8 The rret hod of

claim 7 RPEH¥In the silane flowrate is between 30 sccmand 110 sccm the
oxygen flow rate is between 50 and 220 sccm the pressure is < 3 nmlorr, the
HF RF powerlhesalipannedf argon causeria 350er Messues lnnhezldemaétm@amem@mcmoo W
to 7000 Wand the substrate tenperature is from550C to 650C. 9. The net hod
of cl ai nedhavisysehattcam-gopdgpasstion arsd akedetioces redbppitionesn tHecsideweaf ofittsk t he
argon flowrate is between 70 sccm and 150 sccm the HF RF power is between

1500 W aﬁén%O@aWer‘bBﬁo#FuB'ae%%bn'o‘¥ dﬁlﬁé&ﬂ@'ﬁné{éﬂgl 84 and |€@ﬁedélpo‘snl%n on

chanber pressure is from?2 mrorr, and etc time is from about
about 40g ’%‘E Q%%% ed
for said 1%%9&[\%%—\/8 d(j:s&(e }Ié%srw%é}qﬂe o>t<t6h?b "ow T gtwetp?s gmﬁlﬁ gg@r%qgnd

oot @2%36@%@5&5@%@%‘3 R ezﬁ%&[ﬁéﬁ 'Sﬁpggéﬁe%dfé SGie et & e AtShce,”

etch time is from15 to 50 seconds. 11. The method of claim1l vc~erein a
conbi nat PhAbeat AbANasiHoBS g aRopt 2A0RANgstiews ahavedbedatiom ehshrligyitreash
etch step and the argon flowrate is from50 sccmto 120 sccm the oxygen
f1 ow r at 86i sDialectristnatedal 64 is2a6o depnsitedhon HitrilE layanei4 aisd rtneeam unsoen W
and 3500 W the LF RF power is between 1500 Wand 7000 W the pressure is 2
to 5 mlotayeraviibrehiee dtinhestipaintiis |[doatenl aliveotly 2bove shadltuw trécls 86onHEOP CVD

conditions for depositing dielectric layer 64 comprised of silicon dioxide are a silane flow
rate of 30 sccm to 110 sccm, an oxygen flow of 50 scem to 220 scem, a temperature of

550°C to 650°C, a high frequeney (HF) RF power of 1500 W to 3500 W, a low
frequency (LF) RF power of 1500 W to 7000 W and a pressure of < 3.0 mTorr.

Next a sputter etch is used to remove the top portion of the dielectric layer 64 such
that the material above the keyhole 62 in FIG. 8 is removed to form a small trench 66 in
the top portion of dielectric layer 64 in FIG. 9. The sputter etch is preferably performed
in the same chamber of the same CVD tool used for the deposition step in order to
provide a higher throughput process. In this step an argon or oxygen plasma or argon
in combination with oxygen is employed. If argon i1s used, the HF RF power applied is

from 1500 W to 3500 W, the LF RF power is from 1500 W to 7000 W, the pressure is
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12. The method of claim 1l wherein the spaci ng between said openi ngs or
trenches varies froma distance equal to the width of said trench to
several mcrons. 13. The nethod of claim2 wherein dense arrays of trenches
and isolated trenches are | ocated on the sane | ayer and are fi 'l ed

aid di ol BOT7 %ﬁp@?ﬂfa%qd e B TR %t%zgsp wﬂz%“ﬁcer ' oRser ! MG o
15.
?ngéi%”ﬁagiﬂ 8 ER0S. T AeGrn) oy PB0 AR Stﬁeﬂ#ﬂaﬁewphamﬁ 3

shal | ow trenches have been formed, depositing a d| electric material or' the
subst r at eTB{" 3PP ¥V i goaR WipbedyDRSr Rrwesis\iiaRJGP0MVde ARVathe)arassHe ishe
gas mxture) performng a sputter etch on the dielectric |layer to renove
the iop p&em grﬁO Sfmarrdndifneroxygen ftavatatenefren 80 secmepeiSlascanefatinpagod of
above any keyholes in said |ayer, depositing the dielectric material of the
first depdSitbiaboub0sezondEPVIED proooessatien bboitygangand agon drangseidethe HF

t hi ckness above said trench, and planarizing the dielectric layer until it

i's copl angr BbivBr IS orhofBRf Wel 353, the 'I‘_‘RhRF];%wéFh@ R h@@o W t& 780 ASthe

wherein the wdth of said shallow trench can vary frombelow 0.13 mcron to

cai a_shal P60 A ﬁ%ﬁ?% Wé@%ﬁ%&‘b@@&ﬁ@é f&%ﬁ%ﬁ%d”@é&%@iﬁ%@?@&vﬁgn
18. Th im1l [ [
of .| ayerioB 513 BRRVSR0 BRSmAN 224 Rehnass betwaen about 1600 Angstroms

and about 2000 ,?\_‘rlgstrorrs 19. The method of claim 18 further conprising a
pad oxi de | ayBe HARiD preerssrsnsibestindes Initd wepssitinngser nepaatedisotergio
Angstrons under said nitride layer. 20. The nethod of claim 15 further
conpri si nghe dielgetricahatenel 6éisuolx it it fillsein the tremicH 66 shrin mAVIGIE and vroknass
bet ween about 50 Angstrons and about 250 Angstrons. 19
thick layer whose thinnest point i1s above the level of nitride layer 54. Typically, a target
thickness for layer 64 of about 6000 Angstroms to about 10000 Angstroms above the
bottom of shallow trench 56 is needed to ensure that shallow trench 56 is completely
filled to a level above nitride 54. The deposition is performed at a low pressure because

of the absence of argon gas andtthis condition avoids the formation of any further
keyholes or pinholes in shallow trench 56.

The width between shallow trenches 56 may vary from about 0.1 micron to several
microns. When the distance between adjacent shallow trenches 56 is approximately
the same as the width of a shallow trench 56, the shallow trenches 56 are said to form a
dense array. If the distance between adjacent shallow trenches 56 is about 2X to 10X
larger than the width of a shallow trench 56, then the shallow trenches 56 are said to
form a semi-isolated or isolated array. In many applications, dense and semi-isolated

and isolated shallow trenches are formed in the same substrate layer and must be filled
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21. The nethod of claim 15 further conprising the absence of other inert
gases whi ch have a high sputtering conponent such as helium and neon. 22.
The met hod of claim15 wherein said deposition steps and said sputter etch
step are perfornmed in the same chanber of the sanme tool 23. The method of

claim 1§|Mﬁﬁér?édhs}ig§ntﬂio‘?élt@ﬁﬂrﬂbirﬁat'eﬁégrAHfaQR/QﬁteJdgréftthg%?gﬂﬁtii% IoPAs Qs 2

solid conti nuous yer w no Vol fromt ottomof said shallow trench

t i t i i,ght of id
shal 1 ow' P SReiM B4 o hoRE ARy »Tel Bbbsd Bl bt TR e are
sed for.the first depositipn step to deposjt a ]Jayer, of siligcaon dioxide.
75 The T dhecRE A6 fher ailown eSSl Bhes dsibRee! odheelislBaf 30 scem
and 110 sccm the ox¥gen flowrate is between 50 and 220 sccm the pressure
is < 3 hArdveen @eiagart Rhalipmdiencsed &\ aEhthesEIN\PEARESIZE0 Y aphled o power
is between 1500 Wto 7000 Wand the substrate tenperature is from550C to

650C. 26jenBeaantkishiadedthaliew tnebhBhebhat tarsamgdmeivitboat iosmirgedoifier sai d
sputter etch step and the argon flow rate is between 70 sccm and 150 sccm

the HF RF p@teethd Sed@idewm do08sidrandcanhtibhal OMAEtebs ReBE o IGwdetheseve
1500 Wand 7000 W the chanber pressure is from2 to mrorr, and etch tine

|s T romcﬁt?ﬂé,‘lbcﬂ-é ﬁthé’?Bﬁ’Bh. ﬂtrgfeg%gQSMf Ctioh8 &S %@ﬂtsﬁép %héilg%érﬁd"’%er ein

oxygen plasma I's used for sal fter etch step a € OXyge ow rate
is bet n 70,sc nd 250 scem__th F.RF power s hetween 1500 ng, 3500
W the. Pwerss BRAM PRCeERRsBRNenl i bR 459 B0 e Iaie” Stmeho bl elb
from2 to 5 nmlorr, and etch time is from15 to_50 seconds. 28. The nethod
of cl ai nlN%9RRdHAracRsTismaMRIeiat 1Bis RRIgbnTha & Tdsyyeiwrpilusiatedinglés s
used for said sputter etch step and the argon flowrate is from50 sccmto
120 20 thepoepdy fier foxipgeprddeswndaiushi as farmatiso of acgate eleaidscaligvea NYidgE RF
power is between 1500 Wand 3500 W the LF RF power is between 1500 W and
7000 W regions 84 ssribe inexPstep i6 building, aramtegratedeticduit i ne is from about 15 to
about 40 seconds.
Another advantage of the present invention is that the HDP CVD tool used to
perform the depositions and sputter etch can be used to successfully fill gaps varying in
width from below 0.13 micron to above 0.13 micron including trenches for the 0.18
micron and 0.25 micron technology nodes. This flexibility allows a tool set to be used
for two or more technologies having significantly different minimum trench sizes and
thereby reduces manufacturing cost because implementation of a new tool is avoided.
The method of the present invention 1s not imited to filling STI features and may also
be applied to other CVD processes such as depositing dielectric materials in
interconnect applications where an insulating material is required between metal wiring.

In this case the CVD process temperature may be reduced to a range between 350°C

and 430°C.

15



29. The nethod of claim 15 wherein the spacing between said trenches varies
froma 'distance equal to the width of sand trench to several mcrons. 30.
The net hod of claim15 wherein dense arrays of trenches and isol ated
trenches are | ocated on the sane |layer and are filled sinultaneously. 31.
The nethod of claim15 wherein the thickness of said dielectric |ayer after
the secondMEpdRSINANCE NFoheePaRIEH BlYoRhoMTyaRd SrscHbrRA WiboaTeAagEe v tae
above the bottom of said trench. 21

A 1 S2. prefepgd exbadine@iniBireoiAitayitt ba wodyrsiagdibyAlbosafskilledan the art that

.A. A& AN, . A3?r 7| =<AEuz! x eg

} xsni d_¥phoals ehaajesicamarehiieta)is ajaabe ajaRkawvthdotedasdrtiag dahc e spidbbea] ca
] ca] ca] ca] ca] ca]ca] ca]ca]ca]calcal m

p+( 01PR¥sbp& onttels Averhiea) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! A?n024+7?6 O

3!'1'}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]calca]ca]calca]ca]calcalcalcalcal l'!"t""" 2###H#TSSY %W
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layer such that there is no material remaining above any keyholes in said layer,
depositing the dielectric material of the first deposition with an HDP CVD process
without argon to a targeted thickness above said opening or trench, and
planarizing the dielectric layer until it is coplanar with the top of said opening or
trench.
2. The method of claim 1 wherein the width of said opening or trench can vary from
below 0.13 micron to 0 25 micron or greater.
3. The method of claim 1 wherein the top of said substrate is comprised of a layer of
silicon nitride or a similar etch stop material.
4. The method of claim 1 further comprising the absence of other inert gases which
have a high sputtering component such as helium and neon.
5. The method of claim 1 wherein said deposition steps and said sputter etch step
are performed in the same chamber of the same tool.
6. The method of claim 1 wherein the dielectric layer of the first deposition step
forms a solid continuous layer with no voids from the bottom of said trench up to a level

that is from about one half to two thirds the height of said trench.
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10. The method of claim 1 wherein oxygen plasma is used for said sputter etch step
and the oxygen flow rate is between 70 sccm and 250 scem, the HF RF power is
between 1500 W and 3500 W, the LF RF power is between 1500 W and 7000 W, the
chamber pressure is from 2 to 5 mTorr, and etch time is from 15 to 50 seconds.

11. The method of claim 1 wherein a combination of argon and oxygen plasma is
used for used for said sputter etch step and the argon flow rate is from 50 sccm to 120
sccm, the oxygen flow rate is from 50 scem to 220 scem, the HF RF power is between
1500 W and 3500 W, the LF RF power is between 1500 W and 7000 W, the pressure 1s 2
to 5 mTorr, and the etch time is from about 15 to about 40 seconds.

12. The method of claim 1 wherein the spacing between said openings or trenches
varies from a distance equal to the width of said trench to several microns.

13. The method of claim 2 wherein dense arrays of trenches and isolated trenches

are located on the same layer and are filled simuitaneously.
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performing a sputter etch on the dielectric layer to remove the (op portion of said
layer such that there is no material remaining above any keyholes in said layer,
depositing the dielectric material of the first deposition with an HDP CVD process
without argon to a targeted thickness above said trench, and
planarizing the dielectric layer until it is coplanar with the top of said STI trench.
16. The method of claim 15 wherein the width of said shallow trench can vary from
below 0.13 micron to 0.25 micron or greater.
17. The method of claim 15 wherein the depth of said shallow trench is from about
5600 Angstroms to about 6000 Angstroms.
18. The method of claim 15 wherein the top of said substrate is comprised of a layer
of silicon nitride with a thickness between about 1600 Angstroms and about 2000
Angstroms.
19. The method of claim 18 further comprising a pad oxide layer having a thickness
between about 50 Angstroms and about 200 Angstroms under said nitride layer.
20. The method of claim 15 further comprising a layer of thermal oxide liner in said

trench having a thickness between about 50 Angstroms and about 250 Angstroms.
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"10% & ()- %Lll H%?r%é&?ddy c?fy éé%%%%zrgizndgi(ggelaor;d oxygen are used for the first
deposition step to deposit a layer of silicon dioxide.

25. The method of claim 24 wherein the silane flow rate is between 30 sccm and 110
sccm, the oxygen flow rate is between 50 and 220 scem, the pressure is < 3 mTorr, the
HF RF power is between 1500 W and 3500 W, the LF RF power is between 1500 W to
7000 W and the substrate temperature 1s from 550°C to 650°C.

26. The method of claim 156 wherein argon plasma is used for said sputter etch step
and the argon flow rate is between 70 sccm and 150 sccm, the HF RF power 1s between
1500 W and 3500 W, the LF RF power is between 1500 W and 7000 W, the chamber
pressure is from 2 to 5 mTorr, and etch time 1s from about 15 to about 40 seconds..

27. The method of claim 16 wherein oxygen plasma is used for said sputter etch
step and the oxygen flow rate is between 70 sccm and 250 sccm, the HF RF power is
between 1500 W and 3500 W, the LF RF power is between 1500 W and 7000 W, the
chamber pressure is from 2 to 5 mTorr, and etch time is from 15 to 50 seconds.

28. The method of claim 15 wherein a combination of argon and oxygen plasma is

used for used for said sputter etch step and the argon flow rate is from 50 sccm to 120
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