2 5 JUL 2006 NOVEL DEPOSI TI ON AND SPUTTER ETCH APPROACH TO EXTEND THE GAP

FILL CAPABILITY OF HDP CVD PROCESS TO < 0.10 M CRONS FIELD OF THE

| NVENTI ON The present invention relates to a method of fabricating an

integrated circuit device. More particularly, the present invention

/ relates to a nmethod of formng shallow trench isolation (gﬁ)JlﬂlQG&ﬁtures
.that are free of p| nhol e or void defects. BACKGROUND OF THE | NVENTI ON

. Integrated ci rcults in microel ectronic devices are beconi ng snmaller in

order to provide hi gher performance for products requiring advanced

: nol o ted circuits are conprised of several |ayers which
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needed to separate areas where active devices are to be fornmed. The
process typically involves fBAGKIGROUND OF THE INVENTION

Integrated circuits in microelectronic devices are becoming smalier in order to

provide higher performance for products requiring advanced technology. The integrated
circuits are comprised of several layers which are individually formed with a unique
pattern. The pattern is transferred from a reticle or mask into a photoresist layer on a
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, @ 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 photaresist film is formed or by using a chemical mechanical polish

(CMP) to form a smooth surface on the substrate.

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

areas where active devices are to be formed. The process typically involves forming a



1 2 5 JUL 2006 trench between areas where active devices will be | ocated,

filling the trench in a high density plasma (HDP) chem cal vapor
deposition (CVD) process with a dielectric material and enploying CWP to
snmooth the surface. Dielectric materials such as silicon %m de insul ate
active devices fromone another and thereby prevent crosst Bk wid

wiring which would have a detrimental inpact on device performance. The STI
structure has been used to fabricate state of the art devices with mni num
feature sizes in the range of 130 nmto 250 nm(?. 13 to O. 25_m’cron;5).h As
shown in FIG 1, a shallow trench 20 consists of an opening in an.etcl
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trench. 20 _has been previ ousla/ formed within a silicon
FIG. 1, a shallow trench 20 consists of an opening in an etch stop layer such as silicon

nitride layer 12 and extends into an underlying substrate 10. The dimensions of the
trench 20 are a width x and a height y that define an aspect ratio of y/x which is usually
in the range of about 4.3 to about 5.6.  The thickness of the silicon nitride'layer 12is
typically from about 1600 Angstroms to about 2000 Angstroms and the height of the
shallow trench 20 is generally from about 5600 Angstroms to about 6000 Angstroms.
Optionally, there may be a silicon oxide layer between the silicon nitride and the
substrate. Once the shallow treneh 20 is filled with & 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 okygerz can be combined in an HOP 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 pricr art process in which the

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




nitride layer 12 and a substrate 10. FIG 2 illustrates a prior art process
in which the gas mxture used for the deposition contains argon. As a
result of the argon flow, the 2 2 5 JUL. 2006 rate of sputtering is high
and sidewal | deposition is enhanced which increases the probability of
keyhole or void formation in the dielectric |ayer 14. A keyhole 16 is
likely to formnear the bottom of the shallow trench 20. I2fhnlil. @88 ected,
the keyhole- 16 will remain in the STl structure and cause a |oss of
performance in the resulting mcroelectronic device. Therefore, an
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a trench is needed. Current HDP CVD processes can only conpletely fill
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translates into reduced cost per device and a nore attractively priced
product in themeat kdipCadeprocesses can only completely fill trenches with x > 0.17 microns

and an aspect ratio < 3. Besides feature sizes of 0.13 to 0.18 microns required for
current technologies in manufacturing, new devices that will reach manufacturing in the
near future need trench widths with dimensions of 0.10 micron or smaller. In the case
of STl features, as the width x of the trench becomes < 0.13 micron, the aspect ratio
may increase in some applications to > 4.3.  This specification will make the fabrication
of STl structures especially difficult because of a high probability of forming voids or
pinhole defects within the dielectric material as it is 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 transiates
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 tcols have been developed with a new

design that may be capable of generating STI structures with gap spaces of <013




It is also desirable to extend the lifetinme of existing equipnent to the
manuf acture of new generations of technology. Wile HDP CVD tools have
been devel oped with a new design that may be capable of generating ST
structures with gap spaces of < 0. 13 3 2 5 JUL 2006 m cron w dth and
aspect ratio of -> 4.3, inplenenting themin a production |ihg wgelﬂm%have
a significant inpact in driving up the cost of the product. Sone of e STI
trenches are densely packed where the distance between trenches is

approxi mately the same as the width of the trench itself. Qher trenches
are essentjally isolated and have no adjacent trenches mnthln_abput I
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of the dielectric material to fill the trench occurs at high tenperature
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during the deposition itself. U S
simultaneously and completely.

The deposition of the dielectric material to fill the trench occurs at high temperature
and may result in stress within the structure in addition to the voids or pinhole defects.
Several methods to overcome these problems exist in the prior art. U.S. Patent
6,308,722 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 5 sputter eich methoa to help
planarize the dielectric material above the trench prior to the CMP 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 aileviate 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




Patent 6,297,128 describes a nethod to alleviate the stress in the
dielectric filmbut requires up to 25 layers to be deposited which would
have a large inpact on nanufacturing 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 2 5 JUL 2006

met hod does not mention aspect ratios greater than 3. Therg 5 dUpo2ggi dence
that it would function as an effective gap fill process for shall ow
trenches smaller than 0.20 to 0.25 microns. Mreover, ECR CVID tools are
not commonly used in manufacturin because of a | ower t hr oughput and hi gh
cost of oWfINSHIGPESUNNRRYIFasRYEt ralvENTTeaierAhan 5 ethéreds 0b avivenpedbanit
invention is to provide a method that is especially useful for filling

gaps in shallidfunatencis aseffatiengdSTi br@terslsdbusf@@loa\ﬂdemmwsmélI@r&hQHQﬁQdJ@o
to the 0.13 mcron and 0.10 mcron technol ogy nodes and bel ow. Preferably,
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dielectric material in a hig ensHypasma em cal vapor

depositio ent invention is to
prgV|de a%eﬁgﬁ °?§?$2?fﬂﬂgﬂﬁﬁpﬁ fepgg%ggﬁngﬁﬁ ent tools conprising
HDP CVD chanbers in order to nlnlnlze the cost of producing new
technol ogi es. A further objectéée Egﬁthe present invention is to provide a

met hod for gap filling in STl dr@s kipadNYESET @S produce voi ds
within the dielectric material. A still further objective of the present
invention is to provide a nethod of gap filling

An objective of the present invenlion is to provide a method that is especially useful
for filling gaps in shaliow trench isolation (ST!) structures and which is extendable to the
0.13 micron and 0.10 micron technelogy nodes and below. Preferably, the method
should be applicable to filling any opening or trench with a dielectric material in a high
density plasma (HDP) chemical vapor deposition (CVD) tool.

Another objective of the present invention is to provide a method for extending the
lifetime of current tools comprising HbP CVD chambers in order to minimize the cost of
producing new technologies.

A further objective of the present invention is to provide a method for gap filling in
ST1 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
STl 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»




STl structures wherein all processes ran be perfornmed in one CVD chanber to
optim ze throughput and mnimze cost. In one enbodi nent, the present
irvention 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 fornmed. The ﬁ?ﬁ Iﬁygy gf t he
substrate is preferably an etch stop |ayer such as silico iJ I @ﬂ A
dielectric material such as S102 5 2 5 JUL 2006 is deposited by a HDP CVvD
t echni que which does not include a gas |ike argon that has a high
sputtering conponent. The process forns a solid |ayer with no voids in the
bot t om hallf deposited by endhP ¢YiDtthehmigpevetith dbes het incerieha gas ik largery tadtardss
formed. The .layer of Si02 extends above the keyhol e and over the
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met hod of filling STI features during the fabrication of an integrated

circuit i rrendd igrtbelter of hel Gelegtia leger TAseshad 159G, depesition issnilartodde ifinstds

stack conprised of an etch stop |ayer such as silicon nitride on a
performed in the same chamber and forms a layer that completely fills the trench with
no voids and extends above the top of the substrate. Finally, a CMP step is used to
lower the SiO2 layer until it is coplanar with the etch stop layer on the substrate. This
method can fill trenches of varying sizes from below 0.13 microns in width to over 0.25
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 thermat oxide is grown as a liner
in the trench prior to the initial deposition of a dielectric material such as SiQ,. 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



thin pad oxide |ayer which is on a silicon substrate. A thermal oxide is
growmn as a liner in the trench prior to the initial deposition of a
dielectric material such as Si02. The HDP CVD process is perfornmed in the
absence of a gas like argon which has a high sputtering component. The
process forns a solid layer with no voids in the bottom hal 3 diﬂLtZﬂBﬁ
shallow trench. In the top half of the shallow trench a small keyhole is
formed. The layer O S102 extends above the keyhol e and over the
substrate. A sputter etch is then performed in the same chanber as the
revrousd tion.t the to ort.i.on of e dielectric lLayer so
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trench in the top of the dielectric |ayer. A second S102 deposition
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layer until it is coplanar with the etch stop layer on the substrate. The
present i nUBMH step is sispdrtd ioambrathk)Sids edydr Untit it katopianar @ith des eecHétBp layer on
throughput, low cost nethod for gap filling STI structures having trench
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BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are intended to provide a more thorough understanding of the
invention. The drawings illustrate embodiments of the invention and together with the
description serve to explain the principles of the present invention.

FIG. 1is a cross sectional drawing of a trench that illustrates the width x and height
y that are used to calculate an aspect ratio.

FIG. 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
pottom 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.




y that are used to calculate an aspect ratio. FIG 2 is cross sectional
drawing of a prior art gap fill process that uses argon in the gas mxture
during deposition of the dielectric material and forms a keyhole near the
bottomof the trench. FIG 3 is a cross section drawing in accordance with
an enbodi mnent of the present invention which shows a small 2(5ymllre7-ﬂﬁ€r med
near the top of a trench in an initial HDP CVD step that does not 'ntlude
argon in the gas mxture. 7 2 5 JUL 2006 FIG 4 is a cross sectional
drawing after a sputter etch reduces the thickness of the dielectric |ayer
shown in FIG nd renoves any material covering the keyhole forned
during the i rﬁ'gﬁ-a 'S g8t SPEHPTH EFRWIPNGHES 4 spuiteretefsraskices shathidkpessngf the
after a second HDP CVD step w thout argon is used to raise the level of
the di el ecEigfectiaipyier shown in F1®! &and rabewestdry meeral coneirg eroteyhuid fvkied
form ng any voids. FIG 6 is a cross sectional view after the gap or trench
fill is codplirg 8w lytizh dehesitioalsteprechani cal pol i sh (CWP) process. FIGS. 7 -
10 are cross sectional views of a nmethod for filling STI features according

to a second &t0diigetrosd st BRARh gl MG §Qibn (DD 'é\%@s?gé B i
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shal | ow tr%ﬂﬁ@utit%wm tgi é)rpy \gc%'é) features but may apply to any
FIG. 6 is a cross sectional view after the gap or trench fill is completed by a chemical
mechanical polish (CMP) process.
FIGS. 7 — 10 are cross sectional views of a method for filling STI features according

to a second embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to 2 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 (ST!) features but may apply to any
process wherein a trench or opening is filled with a dielectric materia 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 oxynitride or a nitride such as silicon nitride. fn this case, silicon
nitride fayer 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




process wherein a trench or opening is filled with a dielectric materi al
using a HDP CVD technique. The gap fill process nmay include a chem cal
mechani cal polish (CMP) step to planarize the dielectric material before

t he next device layer is formed. In one enbodi ment of the present
invention, a substrate 30 that is typically siliconis pr 0\2i ?ggﬂuggggcv\hi ch
an etch stop layer 32 is deposited as shown in FIG 3. Etch"s : an be
an oxide, an oxynitride or a nitride such as silicon nitride. In this case,
silicon nitride layer 32 with a thickness in the range of about 1600
Angstrons to about 2000 Angstrons is used as the etch stop material. A
convent i dmalving paitghiag ef a peeleresiidne shownRllowedby anei@ WansierPatheer ni ng of
a photoresist (not shown) followed by an etch transfer of the pattern

t hr ough miatteirderaghafdde 42 end ide srbstentia@0iisuseske foron treneh 4G ofyth 40. Any
remai ni ng photoresist after the etch process is renoved by a stripping
process. rSubiingttet@esistaltandne pich peetasa isendpRd QYR Stipnibeprogass-di el ectric

| ayer 34 is deposited in trench 40 and on nitride 32. For exanple,

di el ectric Balystrats330 isethehplased ircam HDHR GXDddambsubng digldctronayer gdds mi xt ur e
cont ai ning silane and oxygen. Prior art methods also include argon or an

i nert cardepesitegids tleuch #hand ouattioe 82 hawreexdimptsn viealedric lager Jhinay bagilicam gon
allows a nore controll ed deposition wherein the size and | ocation of a
keyhol e 3Iffoxidy resoltidg ram dhgaschixigeemdntdirdng eildoeydral eggen.dPrivoartahétijodsor med i n
the bottomhalf of trenches in prior art nethods as depicted in FIG 2 and

thi s | eadsisd incladé anghhy santert ostiby gapbuities Bvefitorssinane digcdvbexh thefonitinghe gap
fill process is conpleted. By following a process according to the present

i nvent i omrgén S £mokeydittotiedepssiidr wreteinshs Birerandnocdtibfof 3 kayrtblé 38

| ocated in the top half of trench 40 where it is easier to renove than when
or void can be adjusted. Large keyholes are normally formed in the bottom half of
trenches in prior art methods as depicted in FIG. 2 and this leads to a lengthy and costly
process of removing them before the gap fill process is completed. By following a
process according to the present invention, a smaller keyhole 38 is formed as shown in
FIG. 3 and is located in the top half of trench 40 where it is easier to remove than when
formed in a lower position.

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. The absence of argon causes a
lower pressure in the deposition chamber which enhances bottom-up deposition and
also reduces redeposition on the sidewall of the trench. Faster bottom-up deposition of
dielectric layer 34 and less redeposition on sidewalls avoids keyholes near the bottom of
the trench 40. The first deposition is performed such that a small keyhole 38 is formed
in dielectric layer 34 at a distance of about 3000 Angstroms to 5000 Angstroms above

the bottom of trench 40. Dielectric layer 34 is also deposited on silicon nitride {ayer 32

and this uneven layer has a thinnest point 36 directly above trench 40. HDP CVD




formed in a | ower position. A key feature is that argon or other inert
gases such as heliumor neon which are normally included in a CVD
deposition are omtted here. The absence of argon causes a |ower pressure
in the deposition chanber which enhances bottom up depositlggiﬁgg} al so
reduces redeposition on the sidewall of the trench. Faster t

deposition of dielectric layer 34 and | ess redeposition on S|demalls

avoi ds keyhol es near the bottomof the trench 40. The first deposition is
performed such that a small keyhole 38 is forned in dielectric |ayer 34 at
a di stance of about 3000 Angstrons to 5000 Angstrons above the bottom of
trench 40ong¥insier depositnges diglgciric ’%Y%’(S”“cf@ﬁﬁ’é‘?’?‘éﬂf Ybros; dioxes 2 3 pilale | ayer
32 and this uneven | ayer has a thinnest point 36 directly above trench 40.
HDP cvD §ow rsteJ@@Wr%ﬁwppeﬁtrmetfeb%p%wagﬁet(ﬁ%' )do dil@Iseemyr A oxygpar 34
conprised of silicon dioxide are a silane flowrate of 30 standard cubic
cent i met dpy 9580 sermUie €20 seem) a tanneretuse ehR50ER ta858e%, a hichresteney &tdm t o
220 sccm a tenperature of 5500C to 6500C, a high frequency (HF) RF power
of 1500 R ROBB0T 00 4 fard500: g & ot JreqUCYREF LiBinepwer ITESS Whte 09080 W and
a pressure of < 3.0 mlforr. Next a sputter etch is used to renpve the top

portion ehdthweshuseetrBi&emTagrer 34 such that the material above the
keyhole 38 in FIG 3 is renoved to forma small trench 44 in the top
portion of NédlaesiutieteichyeusedistoirampbiEthestop Phdiosmiitheedieletitls layer Sdetieh abl y
performed in the sane chanber of the sane CVID tool used for the
deposi ti ¢tmatshematariababere the kepnae B8dén BIGhiSgheemotedoiodbmput spraidessh 44t hi s
step an argon or oxygen plasma or argon in conbination with oxygen is
enpl oyed.thd foparagiion ofsdieieetde 1dyke 34 RG. dovwee sapién etdh isspreferably performed

in the same chamber of the same CVD fool 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 is 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

from 2 to 5 mTorr and the argon flow rate is from 70 sccm fo 150 scem for a period of

15 to about 40 seconds. In the case of oxygen plasma, 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

from 2 to 5 mTorr and the oxygen flow rate is from 70 scecm 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 SiO; so the dielectric layer 34 fills in the small trench 44 shown in FIG. 4 and

forms a thickness d4 from the bottom of trench 40 to its thinnest point 48 above the
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from 1500 Wto 3500 W the LF RF power is from 1500 Wto 7000 W the
pressure is from2 to 5 niforr and the argon flowrate is from 70 sccmto
150 sccrn for a period of 15 to about 40 seconds. In the case of oxygen

pl asma, the HF RF power applied is from 1500 Wto 3500 W the LF RF power
is from1500 Wto 7000 W the pressure is from2 to 5 niorr 2andi}fhejggxygen
flowrate is from70 sccmto 250 sccrn for a period of 15 to about 50
seconds. Wien a conbi nati on of oxygen and argon are used the HF RF power
is from1500 Wto 3500 W the LR RF power is from 1500 Wto 7000 W the

e ey S BAIAIRO,
fsgr meadfﬁf%%ﬁgggb g%@%?doign%?rﬁgss E%ﬁeé.ﬁ?}@lﬁél‘ FO %@ﬁecﬁ%ﬁ&g%oa%si n FIG 4 and
above ¢ hEOB6 Bty T ond datoy G S ns R p{loh bt BpRir AR M 42
15000 AnfbeeisEe PEOSRLBRICAT B Rdlian GHBGP & T So e Koudiler ot 1 y
filled. T,hc=F§l econd &egﬁsi tion is perfornmed at a | ow pressure because of the

absence 8PNAE§dMIGH d this condition avoids the formation of any further
keyhol es or inholes in trench 40. The w dth between. trench 40. i s shown
’ : & froBYRPoN] B

as d2 and nH¥ WQFWg’?tWSﬁF 46Behes0is Bheyg s e @nAiay ARk r'dRICfhen t he
di stance d2 is approximately the same as the width of trench 40, the
t r enches GMeraEIRA A6 RGN AX’ B@hg@ C§$tﬁafﬁ d i apREOximalely foe sme aedne kit 2x
to 1 OX larger than the width of trench 40, then the trenches are said to
form a sé&hirench 40, the trenches are said to form a dense array. If the distance d; is about 2X

to 10X larger than the width of trench 40, then the trenches are said to form a semi-

isolated or isolated array. In many applications, dense and semi-isolated and isolated

trenches are formed in the same substrate and must be filled simultaneously with a

dielectric layer. An advantage of the present invention is that the trench fill method

works equally well for dense and isolated trenches. Therefore, the rate of trench fill in

trench 40 is independent of distance d, and the same process can be applied to fill

dense and isolated trenches at the same time without forming voids.

After the second HDP CVD deposition, a conventional CMP step is used to lower the

fevel of dielectric layer 34. Silicon nitride layer 32 functions as an etch stop and

dielectric layer 34 is lowered until it becomes coplanar with the top of silicon nitride layer

32 as shown in FIG. 6. In other words, dielectric layer 34 becomes coplanar with the top

of trench 40. The trench fill process is complete af 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 is that the HDP CVD tool used fo

perform the deposition and sputter etch in the first embodiment can be used to
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isolated or isolated array. In many applications, dense and sem -isol ated
and isolated trenches are forned in the sane substrate and nust be filled
sinmultaneously with a dielectric |ayer. An advantage of the present
invention is that the trench fill method works equally vvelﬂ m ?@ng and
isolated trenches. Therefore, the rate of trench fill in én B

i ndependent of distance d2 and the sane process can be applied to fill
dense and isolated trenches at the sanme tinme without form ng voids. After
the second H DP CVID deposition, a conventional CIVIP step is used to | ower
the level of dielectric layer 34. Silicon nitride |ayer 32 functlons as an
et ch st opussrssiully &ll Eenghes waax)%@ ingaidihsfrorg heloue0- G?\t”?’?rof‘tto peRrRdS edpIcanar
with the top of silicon nitride |layer 32 as shown in FIG 6. |In other

wor ds,  dilrdleting irenghgg éer t8a Osléomiveen arspP ZRANICINIACTTREOW Bdedt Hi¥ench 40. The
trench fill process is conplete at this point. The structure illustrated in
FIG 6 i dexhéily allowsy tboksat o baepediosdue of mgre ischivipges havingsignif ggRity in an
integrated circuit. Another advantage of the present invention is that the
H DI P CvBiffeseit niisistiing renglesizes and Werelspedieasonarifactying east beeausei n t he
first enbodi ment can be used to 2 5 JUL. 2006 successfully fill trenches
varyi ng iimpleientation ofre belowo0s a8oifiedr on t o above 0. 13 nicron including
trenches for the 0.18 mcron and 0.25 mcron technol ogy nodes. This

f1 exibilitylna $ewand @mbodimadtof the freserd éuvehton,tavwrooessriv desdrivet fiar fdlgice s
having significantly different mnimumtrench sizes and thereby reduces
manuf act @7 hepturest Ameibatiste 500 sychexsasilicat ioprogided upenwvhmbla $ibcoavaiideldyed n a
second enbodi nent of the present invention, a process is described for
filling 53T déeadtedas.shéwaubBiG.at elrfEdthilobssasf paidlaxtierayss S@riofroceabaupon
which a silicon oxide layer 52 is deposited as shown in FIG 7. The

t hi ckness0ab 2padhngxirclas) Aysircohitrige fayensalzdutmed on pad oxide layer 52 and has

a thickness in the range of about 1600 to 2000 Angstroms. A conventional lithography
technique involving patterning of a photoresist (not shown) followed by standard etch
transfer steps through silicon nitride layer 54 and pad oxide layer 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 to 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 in an HDP CVD chamber and dielectric layer 64 is
deposited in shallow trench 56 and on silicon nitride layer 54. In this case, a gas
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
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50 to 200 Angstrons. A silicon nitride layer 54 is forned on pad oxide

| ayer 52 and has a thickness in the range of about 1600 to 2000 Angstrons.
A conventional |ithography technique involving patterning of a photoresist
(not shown) followed by standard etch transfer steps through silicon
nitride |layer 54 and pad oxide |layer 52 and into substrate 7%0 if g dto
formshallow trench 56. Any remai ning photoresist after the“eté%‘gw ess

is renoved by a stripping process. Athin thermal oxide liner 60 with a
thickness in the range of about 50 to 250 Angstrons is then grown in the
shallow trench 56 in an _oxidation furnace and forns a | ayer of equal

t hi cknes$agses yheieadnaPids tahe fuaweddnthsrbotionhnalogl a FemdresEIows iBdiPate 50
is then placed in an HDP CVID chanber and dielectric |ayer 64 is deposited

in shal | dWigleadcte sengihy and wplly Rores efrpmevingyem before ihe gansfilcRigeessa gas
m xture of silane and oxygen is used to deposit silicon dioxide as
di el ect r izcorapleteds 4By amitliey argeat amore sontraled segesitie isqchiaved woefeiy figes such
as heliumor neon which are normally included in a CVID deposition are
om tted BEe@Endipeasionivhs keyholgieas patadivsiasy By iplomént a priseshacesddpo £ the
dielectric material on the sidewalls of shallow trenches and thereby 12 2 5
JUL, 2006¢ressatswsnticsy heineallepkeyholed? isdorbeed s shoavni in RiGed Bod isdacdigtin of a
trench as shown in FIG 2. This leads to a |lengthy and costly process of
renovi ng thd tm Hedffad sbaitdvetrgagh 56 wheneritis essier iosrevmvplisaredheBfprogiitin 8ng ar gon,
a nore controlled deposition is achieved wherein the size and |ocation of
a keyhol éowamdseioadj usted. By foll owm ng a process according to the present
invention, a smaller keyhole 62 is forned as showmn in FIG 8 and is | ocated
in the topThabbseokeshatdoovealsene lovah prdsaue intthé depa@adlicarchaombeembicd t han
when fornmed in a

enhances bottom-up depaosition and also reduces redeposition on the sidewall of the

trench. Faster bottom-up deposition of dielectric layer 64 and less redeposition on

sidewalls avoids keyholes near the bottom of the shallow trench 56. The first deposition

is performed such that a small keyhole 62 is formed in dielectric layer 64 at a distance of

about 3000 Angstroms to 5000 Angstroms above the bottom of shallow trench 56.

Dielectric layer 64 is also deposited on silicon nitride [ayer 54 and forms an uneven layer

where the thinnest point is located directly above shallow trench 56.HDP CVD

conditions for depositing dielectric layer 64 comprised of silicon dioxide are a silane flow

rate of 30 scem to 110 scem, an oxygen flow of 50 scem to 220 scem, a temperature of

550°C to 650°C, a high frequency (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. 8. The sputter etch is preferably performed

in the same chamber of the same CVD tool used for the deposition step in order to
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| ower position. The absence of argon causes a | ower pressure in the
deposi ti on chanber which enhances bottom up deposition and al so reduces
redeposition on the sidewall of the trench. Faster bottom up deposition of
dielectric layer 64 and | ess redeposition on sidewalls avoids keyholes
near the bottom of the shallow trench 56. The first depositiaon

performed such that a small keyhole 62 is formed in dleIeCtZﬁithy§m564 at
a distance of about 3000 Angstroms to 5000 Angstrons above the bottom of
shal low trench 56. Dielectric layer 64 is also deposited on silicon
nitride |layer 54 and forns an uneven | ayer where the thinnest point is

| ocat ed @rdvitaa HigheoPeovgRayy %W?%Seﬁﬁm%étepﬂﬂﬁ YRR OLOHEPRP Eaﬁg‘qgra"@%rbom ting
dielectric layer 64 conprised of silicon dioxide are_a silane flow rate of

30 sccm trocominaticanyitreexyery depmployad-df agen icesads Keddp RERGHSr 2PpisHEr at ur e
of 550" C to 6500C, a high fre%{ ency (HF) RF power _of 1500 Wto 3500 W a
low frefoentaPO(rp 3680 Wovke LbRFBo@enS fram7HE0 Wiaf80@ Ve Bigssursis < 3. 0

nmrorr. Next a sputter etch is used to renove the tog portion of the
di el ect r from 24es morranshhe ergan fidverataiserana 0 seendo AR srey fylargRdidt FIG 8
is renoved to forma small trench 66 in the top portion of dielectric
| ayer 64 16ro Bb@it 49.seThiedss pottherass oftpxygerppleserathieyipBFfromeedrrlied ishe sane
chanmber of the same CVD tool used for the deposition step in order to 13 2
5 Jul .. 200661500r\&\b380aVhitgheF Rfhpowugrtip iromptadided'do 70A0 Whitke praspurgns ar gon or
oxygen plasma or argon in conbination with oxygen is enployed. If argon is
used, théoh Etd MTjpoveerd tappkigsh flav rdte erirdB G0 seémndo 2506cam fertrepariodrRIfF power
is from1500 Wto 7000 W the pressure is from2 to 5 niforr and the argon
f1 ow r at @5its abs@ri0A2csndsm Vhelhbd combimafiaT ofeoxygen edd afgon 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

fow rate is between 50 sccm and 220 scem.

The HDP CVD process described in the initial deposition step is repeated to deposit

Si0, so the dielectric layer 64 fills in the trench 66 shown in FIG. 9 and forms a thick

layer whose thinnest point is above the level of silicon nitride layer 54. Typically, a

target thickness for dielectric layer 64 of about 6000 Angstroms to 10000 Angstroms

above the bottom of shallow trench 56 is needed to ensure that shallow trench 56 is

completely filled to a level above silicon nitride layer 54. The deposition is performed at

a low pressure because of the absence of argon gas and this 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 more
than one micron. 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
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15 to about 40 seconds. In the case of oxygen plasma, the HF RI F power

applied is from 1500 Wto 3500 W the LF RIF power is from 1500 Wto 7000
W the pressure is from2 to 5 niforr and the oxygen flowrate is from70
sccmto 250 sccmfor a period of 15 to about 50 seconds. Wiep j@g_ 2006
conbi nati on of oxygen and argon are used, the HHF RIF power 1s rOnU1 1500 W
to 3500 W the LR RIF power is from 1500 Wto 7000 W the pressure is from
2 to 5 niforr, argon flowrate is between 50 and 120 sccm and oxygen | ow

rate is between 50 sccrn and 220 sccm The HDP CVD process described in the

initial deposition step is repeated to deposit S 02 sq the dielectric

| yer 64 3PP IRl Gorcien TB VAR STATRY Eenh Shdnero Miasshal P teRch dsay er
whose thinnest point is above the | evel of silicon nitride |ayer 54.
Typi cal | Y6 aje seisrigderm Aserhiseletacher igplaied @mayc In Bgay 2BRliG oBh Sehss a0
Angstrons to 10000 Angstrons above the bottom of shallow trench 56 is

needed t Geariagiaied Rad iselaed Bhallowdrrrshesaiefomaeship tee spmrersubsieaie gpd nusével

above silicon nitride |ayer 54. The deposition is performed at a | ow
pr essur e beddad sendianenesiapil actelestriatayen yasdwnipaapidhe arrsent iBrerdipsiids t he
formati on of any further keyholes or pinholes in shallow trench 56. The
wi dt h bethatdhe sarfill owthademorke sa88|vriusi! foadgnseraschisdleted sballowrirendiest o nore
than one mcron. Wien the distance between adjacent shallow trenches 56 is
appr oxi mithetaforteh thesrataeofagaptftidn whaltow pench Shalndependent ohthealistenge shal | ow
trenches 56 are said to forma dense array. |f the distance between
adj acent heheddroadjacashshaovsternahed 56 2n8 tidbarpe 0 ceapoan b@XppleditodX | ar ger
than the width of a shallow trench 56, then the shallow trenches 56 are
sai d to fdense and &olated ehalbedraches et eesdnertmay without fiemyn@pgtis.cat i ons, dense
and
After the second HDP CVD deposition, a conventicnal CMP step is used to lower the

level of diglectric layer 64. Silicon nitride layer 54 functions as an etch stop and

dielectric layer 64 is lowered until it becomes coplanar with the top of silicon nitride layer

54 as shown in FIG. 10. In other words, dielectric layer 64 becomes coplanar with the

top of shallow trench 56. The gap fill process is complete at this point. The STl

structure illustrated in FIG. 10 is then ready for further processing such as formation of a

gate electrode above silicon nitride layer 54 as the next step in building an integrated

circuit.

Another advantage of the present invention is that the HDP CVD tool used to

perform the depositions and sputter etch can be used to successtully 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 is not limited to filling STI features and may also

15




sem -isolated and isolated shall ow trenches are forned in the sane
substrate and nust be filled sinultaneously with a dielectric |layer. An

advant age of the present invention is that the gap fill method works
equally well for dense and isolated shallow trenches. Therefore, the rate
of gap fill in shallow trench 56 is independent of the di2tadbe 206t ween

adj acent shall ow trenches 56 and the sanme process can be applied to fill
dense and isol ated shallow trenches at the sane tine w thout form ng voids.
After the second HI DP CVID deposition, a conventional CVP step is used to
|l ower the |leyel of dielectric |ayer 64, Silicon nitride |ayer 54 functions
as an et R 2P mherof\éls(ggqq&pgeq raséiteq°§’t‘f‘%\9i’iﬁ]%’%'ﬁ’?%”aﬁst'nbecorres
coplanar with the top of silicon nitride |layer 54 as shown in FIG 10. In
ot her wolH&coanRqt 8ePIGREOTRYReredn IBBRIKLMEHRER A7IUSH PSR HREN MG ¥iTnghal | ow
trench 56. The gap fill process is conplete at this point. The STI

st ruct ur & ihig easertae 60/V0 Aoress terperajureaay be sefced o A lipngehetypet 88¢thg such
as formation of a gate el ectrode above silicon nitride |ayer 54 as the
next stepndd3bi.| ding an integrated circuit. Another advantage of the
present invention is that the HDIP CVID tool used to performthe

deposi t i onswanel trepini/betfondissibeen paliRulsigdhban snd cesaftdd witH idfdregeapt®, thar yi ng
in width frombelow 0.13 mcron to above 0.13 mcron including trenches
for the @refd@ed BindbAIMRNChSradB i heriridessios Bowos®deted hithe aftltieati bil ity
allows a tool set to be used for two or nore technol ogi es having

si gni fi capliby &idnbes RiformiaRl et HeRAE Bbde withoast debBRIngMONT BRUPRE and

manuf act uri ng cost because inplenmentation of a new tool is avoided. The
net hod ofcbdieomhrISntibAvention is not limted to filling STI features and
may also 15 2 5 JUL. 2006
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be applied to other CVD processes such as depositing dielectric materials
in interconnect applications where an insulating material is required
between nmetal wiring. In this case the CVID process tenperature may be
reduced to a range between 3500C and 430'C. Wiile this |n2a?é$$ mms been
particularly shown and described with reference to, the ea

enbodi nents thereof, it wll be understood by those skilled in the art that
various changes in formand details may be nade wi thout departing fromthe
spirit and 9@ § of . this invention. 16 2 5 JUL ?PPR W claim 1. A nethod
of filling an % ﬁrﬂg or trench in a substrate with a dielectric |ayer

conpri si ng: pro n strate in which openi nhg or, tren h has been
formed. oot d Tk fisldodprtiee,an opevag 4 Bhin AeaRsPals vikha Loite g n
perform ng a first deposition of a dielectric material to formthe
dielectric B‘a@re@om@ﬂﬁ“ﬁ%e substrate in a HDP CVD process chanber with a gas
m xture only conprising oxygen and silane but not argon or other inert
gases; said dpsivdng iacsubstigier inbicla ahiopsninghirdianebdiag ferneid,ogsdthi ng or
trench; performng a sputter etch in a HDP CVD process chamber to | ower the
| evel of s@pahinh et eench baviay erbattooh a toat andharvddihs no diel ectric materi al
remai ni ng above any keyholes in said dielectric layer wherein said
keyhol es are befrfingid filshdggdditiorpsentiRgcbic inaeRRNto form the dielectric layer

on the substrate in a HDP CVD process chamber with a gas mixture only

comprising oxygen and silane but not argon or other inert gases; said dielectric

layer has a first thickness above said opening or trench;

performing a sputter etch in a HDP CVD process chamber to lower the level

of said dielectric layer such that there is no dielectric material remaining above

any keyholes in said dielectric layer wherein said keyholes are formed within said

opening or trench;

performing a second deposition of said dielectric material in a HDP CVD

process chamber without argon to provide a dielectric layer with a second

thickness above said opening or trench that ensures said trench or opening is

completely filled; and

planarizing the dielectric layer until it is coplanar with the top of said opening

or french.

2. The method of claim 1 wherein the width of said opening or trench can

vary from 0.1 micron to more than one micron.

17




perform ng a second deposition of said dielectric material in a HDP CVvD
process chanber without argon to provide a dielectric layer with a second
t hi ckness above said opening or trench that ensures said tri hlﬁf openi ng
is conpletely filled; and planarizing the dielectric |ayer Hibh e06i s
coplanar with the top of said opening or trench. 2. The nmethod of claim!]
wherein the width of said opening or trench can vary fromO.1 mcron to
nore than one mcron. 17 2 5 JuL 2w 3. The nethod of claim1 wherein the

top layer 0f3.%ieﬁpétlﬁgatorf%}aﬁgi.ﬁ\ﬂﬁ@{ﬁﬁa{.ﬁgﬁ%\/er%ls%)@%hb%i(r'é d |§%n§dr’s'eg%r?| st

oxynitride, oOr silricon oxi t of claim erein 'sal

deposi tion, step .and_.said sputter etch are performed in the sane HDP
CVvI D pro@@@?n(gﬁgﬁﬁ’e?iﬁc@. Oxpﬁgﬁﬁ%t%é&'%fl Oi‘f 'm | wherein the first deposition
step forns a layer with no voids near the bottomof said trench. 6. The
met hod of claim 1 wherein silane and oxygen are used for the first

deposi tion <dpetpetiegsfictain 1 whereinsal if'?ffté’(?rﬁ’oait@i@is&%p. and sgifSpvEeh8ighof
claim7 wherein the first deposition is conprised of a silane flowrate
bet ween 3ersawenperfuimetondiae samadBR ygda proeess caeabisét ween 50 and 220 sccm
a pressure of < 3 nilorr, a HF RF power between 1500 Wand 3500 W a LF RF
power between 1500 Wto 7000 Wand a tenperature from 5500C to 6500C. 8.
The nmethod & Ttleansthbdwietadinm wheckirs that first degiosliticst tpp farmsomayvies edthafo an

voids near the bottom of said trench.

6. The method of claim 1 wherein silane and oxygen are used for the first

deposition step to deposit a layer of silicon dioxide.

7. The method of claim 7 wherein the first deposition is comprised of a silane
flow rate between 30 sccm and 110 scem, an oxygen flow rate between 50 and 220
scem, a pressure of < 3 mTorr, a HF RF power between 1500 W and 3500 W, a LF

RF power between 1500 W to 7000 W and a temperature from 550°C to 650°C.

8. The method of claim 1 wherein said sputter etch step is comprised of an
argon flow rate between 70 sccm and 150 scem, a HF RF power between 1500 W
and 3500 W, a LF RF power between 1500 W and 7000 W, a chamber pressure

from 2 to 5 mTorr, and an etch time from 15 to 40 seconds.

9. The method of claim 1 wherein said sputter etch step is comprised of an
oxygen flow rate between 70 scecm and 250 scem, a HFE RF power between 1500 W
and 3500 W, a LF RF power between 1500 W and 7000 W, a chamber pressure

from 2 to 5 mTorr, and an etch time from 15 to 50 seconds.
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argon flow rate between 70 sccm and 150 sccm a HF RF power between 1500 W
and 3500 W a LF RF power between 1500 Wand 7000 W a chanber pressure
from2 to 5 niforr, and an etch tinme from 15 to 40 seconds. 9. The nethod of
claim| wherein said sputter etch step is conprised of an @xygpgi fpgw rate
between 70 sccm and 250 sccm a HF RF power between 1500 W and 3500 W a
LF RIF power between 1500 Wand 7000 W a chanber pressure from2 to 5
mrorr, and an etch time from15 to 50 seconds. 18 2 5 JUL 2006 10. The

met hod of claim 1 wherein said sputter etch step is conprised of an argon

fl f . : ; '

e e T e e
1500 W 7000 d f 2 5 ml , 1. T hod | ai
1500 W a0 7000 M 80 B BERERLIA e o BBBN e P JRRDR 80 1 @
e RIN SN R ERI ERE AN I

arrays of trenches and isolated trenches are forned in the sane substrate
and are fWidndd’0S0HY| anthequessuraiof B tolfemTairel ectric layer. 13. The nethod of
claim1 wherein the thickness of said dielectric |ayer after the second
deposition is from 6000 Angstrons to 10000 Angstrons. 14. A nethod of
form ng an SHl Teemusthod ef cleomTir fusthegcomppisedofigthar spdrstgsadrerénchehiich a
shal | ow trench has been fornmed, said shallow

said substrate wherein the width between said openings or trenches varies from

about 0.1 micron to more than 1 micron.

12. The method of claim 1 wherein dense arrays of frenches and isolated
trenches are formed in the same substrate and are filled simultaneously with the

dielectric layer.

13. The method of claim 1 wherein the thickness of said dielectric layer after the

second deposition is from 6000 Angstroms to 10000 Angstroms.

14. A method of forming an STI structure, comprising:
providing a substrate in which a shallow trench has been formed, said shallow
trench having a bottom, a top, and a width;
performing a first deposition of a dielectric material to form a dielectric layer
on the substrate in a HDP CVD process chamber with a gas mixture only comprising
oxygen and silane but not argon or other inert gases, said dielectric layer has a first
thickness above said shallow trench;

performing a sputter etch in a HDP CVD process chamber to lower the level
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trench having a bottom a top, and a width; performng a first deposition
of a dielectric material to forma dielectric layer on the substrate in a
HDP CVD process chanmber with a gas m xture only conprising oxygen and
silane but not argon or other inert gases, said dielectri@ §aygr opgs a
first thickness above said shallow trench; performng a sputter etch in a
HDP CVD process chanber to |lower the level 19 2 5 JUL 2096 of said
dielectric layer such that there is no dielectric materi al renaining above

The o of ALeaR lgpplafer BB VidiineQS o TELEC Bl ARG ABRIS hY ('

provi de ielectri h| ckness above said shall ow trench t hat
ensur es gﬁ?‘&‘ﬁ%& ?%@dlﬂf?é%ﬁ P& completely filled; and planarizing the

dielectric layer until it is coplanar with the top of said shallow trench.

15. The met hoRSEPITEINGIseconkiapesion ok tha dielechic aleliob Aar G WAch can
vary from0.1 mcron to nore than one mcron. 16. The nethod of claim 14
wher ei n phecdssialambet vdthiodt sigahitowrevies sitidlactria laves thiggmesahoyeskichbout
6000 Angstroms. 17. The nethod of claim 14 wherein the top |layer of said
subst r at ehaldow trenph ils dneliresi daid enalltivt trénteh isidondeteh filledeasd bet ween about
1600 Angstrons and 2000 Angstrons. 18. The nethod of claim 17 further
conprising a phmhadiindahb Adécthadyee uatil it is coplanar with the top of said shallow

trench.

15. The method of claim 14 wherein the width of said shallow trench can vary

from 0.1 micron fo more than ong micron.

16. The method of claim 14 wherein the height of said shallow trench has a

maximum value of about 6000 Angstroms.

17. The method of claim 14 wherein the top layer of said substrate is
comprised of silicon nitride with a thickness between about 1600 Angstroms and

2000 Angstroms.

18.The method of claim 17 further comprising a pad oxide layer having a
thickness between about 50 Angstroms and 200 Angstroms under said silicon nitride

layer.
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t hi ckness between about 50 Angstronms and 200 Angstrons under said silicon
nitride layer. 20 2 5 JUL 2006 19. The nethod of claim 14 further
conprising a layer of thermal oxide liner in said shaIIOM/trench havi ng a
t hi ckness between about 50 Angstrons and 250 Angstrons E nmet hod of
claim14 wherein said first deposition step and said sputteﬁ) 5Qh %M%p are
performed in the sane HDP CVID process chanber. 21. The nethod of claim 14
wherein the first deposition step forns a dielectric layer with no voids
near the bottom of said shallow trench. 22. The nethod of claim 14 wherein
silane and oxygen are used for the first deposition step to deposit a

| ayer of silicgan.dioxide t hod of . ¢l aj er ei he . fir.st
deposi i on i s 19oh? Fretabprdaint i ATGRGR i s BRE oh b Pelotig b,
sccm an ox n flowrate, bet en 50 nd 220 sc essur f <3
orr, lgwienaschaninge Yageenp asivegnaoou Sl pgstns S 5het veen 1500
Wto 7000 Wand a tenperature from 5500C to 6500C. 24. The nethod of claim
14 wher eiAngsiiPissputter etch step is conprised of an argon flow rate
between 70 sccm and 150 sccm a HF RF power between 1500 W and 3500 W a

LF RF power between 1500 Wand 7000 W a chanber pressure from2 to 5
mrorr, and an 26t the meateod obefaibd 14 evhitdeinemihfist d@dosition step and said sputter

etch step are performed in the same HDP CVD process chamber.

21. The method of claim 14 wherein the first deposition step forms a dielectric

layer with no voids near the bottom of said shallow trench.

22. The method of claim 14 wherein silane and oxygen are used for the first

deposition step to deposit a layer of silicon dioxide.

23. The method of claim 22 wherein the first deposition is comprised of a
silane flow rate between 30 sccm and 110 scem, an oxygen flow rate between 50
and 220 sccm, a pressure of < 3 mTorr, a HF RF power between 1500 W and 3500
W, a LF RF power between 1500 W to 7000 W and a temperature from 550°C to

650°C.

24. The method of claim 14 wherein said sputter efch step is comprised of an
argon flow rate between 70 sccm and 150 scem, a HF RF power between 1500 W
and 3500 W, a LF RF power hbetween 1500 W and 7000 W, a chamber pressure

from 2 to 5 mTorr, and an etch time from 15 to 40 seconds.
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2 5 JUL 2006 25. The nmethod of claim 14 wherein oxygen plasma is used for
said sputter etch step and the oxygen flowrate is between 70 sccm and 250
sccm the HF RIF power is between 1500 Wand 3500 W the Lé: RF ower

bet ween 1500 Wand 7000 W the chanber pressure is from 2 § gu and
etch time is from1l5 to 50 seconds. 26. The nethod of claim 14 V\,herel n
said sputter etch step is conprised of an argon flowrate from50 sccmto
120 sccm an oxygen flow rate from50 sccmto 220 sccm a HF RF power

bet ween 1500 W and 3500 W a LF RF power between 1500 Wand 7000 W and a

pressure of 22§0Tl"i_’e oizglaln:l-tiﬁ ’%Qﬂ%@é E%\Aﬂ%alé Js\éHtfgﬁéalgt%EHgéISEd of

addi ti onal shal'l ow renc I n sai sub erein the w et ween

2. TTEQZ'%EWT;%B SPEIRR AT ‘&f%g‘ag‘ﬁsﬁg ert 1 sgfef GO0 FRAF DL PRE e
i mul t anBHeT 5 BRHRSOHSON BIE THCE Walfs LF 25 BTk BHF SR

wherein the thickness of said dielectric L_rﬂyer after the second de osition

i s bet wedR0BYBAhATGeMusressdra soomAhigst PYwsr, apg etch time is from 15 to 5

seconds.

26. The method of claim 14 wherein said sputter etch step is comprised of an
argon flow rate from 50 sccm to 120 scem, an oxygen flow rate from 50 scem to 220
scem, a HF RF power between 1500 W and 3500 W, a LF RF power between 1500

W and 7000 W, and a pressure of 2 to 5 mTorr.

27. The method of claim 14 further comprised of additional shallow trenches
in said substrate wherein the width between said shallow trenches varies from about

0.1 micron to more than 1 micron.

28. The method of claim 14 wherein dense arrays of shallow trenches and
isolated shallow trenches are formed in the same substrate and are filled

simultaneously with the dielectric layer.

29. The method of claim 14 wherein the thickness of said dielectric layer after

the second deposition is between 6000 Angstroms and 10000 Angstroms.
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