; e3eb_$q26hTDN 3 | MPROVEMENT OF SHALLOW TRENCH | SOLATI ON.ELEVATI ON

UNI FORM TY VI A | NSERTI ON OF A POLYSI LI CON ETCH LAYER BACKéR‘gJND OF THE
INVENTION ( 1 ) Field of the Invention The present invention relates to

met hods used to fabricate sem conductor devices, and nore specifically to a
met hod used to formshallow trench isolation (STl), regions in a

sem conduct or substrate. (2) Description of Prior Art Insulator filled,

shal l ow tr , i i i r 4R ry to isolate
peci 1 c i EBiER R RO TR FOERTRHN BV ARION 2, &7 i oes.
capacitors, and resistors. Wth the advent of mcro-mniaturization, or the
abi'lity to YNBQRMIEY & BOHREIN Oficdy PORS HbHpP NSEECHi LY BRb- i cr on
features, the insulator filled, shallow trench shapes have to be forned
with various widths to adequately isolate various size el enents, however

all shallow trench shapes have to be fornmed to the sanme depth in the

sem conduct or substr g KeROUND eFendent i vaENGE h have to be uniformy
filled with an insulator |ayer Due to the topojraphy created by the various
el ements of the integrated circuit, and due to the varying spaces between

the shallow trenches, uniformfill of all shallow trenches, independent of
W dtz l*% crbtilcal . therefore insulator overfilling of all shallow
tren H d gr?g G0Vl t o guarantee conplete filing of all size shallow
trench shapes The insulator overfilling procedures however result in

difficulties in planarizing, or renoving unwanted insulator fromregions
out si de tHee prpsent vventioarmelates to msthodguseddo dapricategemicpndumersdeyfces, and

more specifically to a method used to form shallow trench isolation (STT), regions in a

semiconductor substrate.

(2) Description of Prior Art

Insulator filled, shallow trenches, are being used in the semiconductor industry to isolate
specific elements of an integrated circuit, duch as transistors, diodes, capacitors, and resistors.
With the advent of micro-miniaturization, or the ability to fabricate semiconductor devices
comprised with sub-micron features, the insulator filled, shallow trench ghapes have to be formed
with various widths to adequately isolate various size clements, however all shallow trench shapes
have to be formed to the same depth in the semiconductor substrate, and independent of width
have to be uniformly filled with an insulator layer Due to the topography created by the various
elements of the integrated circuit, and due to the varying spaces between the shallow trenches,

uniform fill of all shallow trenches, independent of width, is critical, therefore insulator overfilling
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i nsul ator formed between densely packed el enents, conpared to | esser
anounts of insulator layer located in regions in which | arge spaces between
shal |l ow trenches exi st Therefore several planarization procedures, or
processes used to renpve unwanted insulator |ayer fromregi ons outside the
shal | ow trenches, have been devel oped to optim ze planarization, or to

obt ain uniforn1y filled, shallow trench isolation (STi), regardl ess of

shal | g or-. the acing bet a - ch

oha | 8Pt R0 0 e 0 RS AR CSRE B B ORI RlRapic,
specifjc re ions of .insulator |ayer w t.ores st .Shape defi.ned using
the rdbe rrssgg}m@tvs@mg pgp%qﬁuw&we&eéas%nﬁéfgﬁﬁge%tp AATIZRG (OF ETFRY RN

| ocat ed between shall ow trench shapes The reverse maski ng procedure

pr ot eshwartgdinssiaton fbins tegimgs phitsiterthe shallhwttranghesowoagardutol Iatgeaaopents ehl
mechani cal polishing procedure, used to renove, or to planarize regions of
i nsul aisahatdrayened @swebndensdly badkge ckpraRScdgianeb isdsal droourty efiatulabalea, or
even used to protect against dishing of insulator layer residing in a w de

shal | gy¢atddan &k &&aﬁevmcﬁherg@ Fa&f‘) bEthReh SHARDSArdIBRIS RABL PTRGER &vBanever is
costly, and conplex, due to the increased photolithographic procedure. This

I nven a%n ftioh c‘?c%%#e@eor}é%e@%rdséﬂo' ol 88\9 éc?x Ela.é(’j?!a&gr HONRESi 6k

i nsul at or aye IS renov romnarrow as wel rom W spaces t hat

exi st bet al l.ow trench sha f.arm shal | ow
Cr encif MBS Rl Petehes RS S Boioned 3y °th8%§£ 4B ando o Shal | ow
trench shape i ndePendent of the shallow trench width The planarization

pr oc e duHermgs dided. seallawtrerghgsolatianSTER reardless ofphallswveaensh t“h@)tgt o8 SPAH Al |,
costly photolithographic procedures, realized featuring the use of a

pol ysibetveeen shaliosv tressoheds.as a stop layer, with renoval of the polysilicon
stop |l ayer acconplished via thermal oxidation and sel ective wet etch
procedures Prior art, such as Copperman et al, in US. Pat. No. 5,494, 857,

describe tHRe WM flanarization procedure features the use of reverse masking, or protecting

specific regtons of insulator layer with a photoresist shape defined using the reverse photomask

previously used to define active device regions located between shallow trench shapes The

reverse masking procedure protects against a dishing phenomena that can occur during a chemical
'

mechanical polishing procedure, used to remove, or to planarize regions of insulator layer

residing on large spaces between shallow trench shapes, or even used to protect against dishing of

insulator layer residing in a wide shallow trench shape. The use of the reverse masking procedure

however is costly, and complex, due to the increased photolithographic procedure.

This invention will describe a planarization procedure in which unwanted insulator layer is
removed from narrow as well as from wide spaces that exist between shallow trench shapes,

resulting in uniformly filled, shallow trench shapcs, with the insulator fill at the same level for all
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polysilicon |layer as a stop layer for STI planarization, however that prior
art still involves the use of costly photolithographic procedures for

pl anari zation, in addition to renoval of the polysilicon stop |ayer via
chem,cal nechani cal polishing procedures. SUMVARY OF THE I NVENTION 1t is an
obj ect of this invention to formshal l ow trench isolation (STl), regions,
in a sem conductor substrate, with the shallow trench regions, uniformy

filled,wth i | at or, i nd shal | ow,trench, wi dt h, and ependent
of ¢ sk BercB3heR anchenicﬁﬁ?? B eloncrerch el R R R PR "ot i s
invention to use polysilicon as a stop |layer, or to protect nsulator | ayer
i n t Hescshed inglistmeAEpn BRapRED fsh%ﬁ'r\"ﬁh(éﬂt)?déltﬂéhalm%éléHmtéhﬁhgéfépblé remove
unwant ed residual insulator layer, still remaining; after a chem cal
mechanvcedlirepokalizbd fat(riayfhe use afgiolwdicon taypr wed dsin etoplldyer,svigt i | t anot her

obj ect of this invention to use the polysilicon stop layer to alleviate

oXi deeth&%$ oPthePblysiliesh KB A6F hd&%@ﬂ%‘é&@iﬁ'ﬂ&nﬂlﬁ%xﬁhm SldaRRctive WetGRdW er si on
to a silicon oxi (}’ | ayer viia thermal oxidation In accordance with the

pr esgv%cg'g{? T g”bk i8Parf QEPE@@? eJe‘Pr'harf ardm; QJ §NSH! LS 484 ké?eqﬁ&ﬁ}@ }ieq}’é’ctar ench

i sol , reglons aturing t use of a d|§po§a e po y5| i con

| d ST q
pol | SRBAGEON W B 5% S5 07T S5 PO R o GGt e s AN E st o on

of varlou | ow trench sha es in a.silicon nitride |ayer and in
a top |68$th 18}9“81“1 g@meweﬁj&? or gangizatiow, i addition o refioyH Qfdbpdl thoo8s e
(HDP), procedure results in filling of all shallow trench shapes with a

fi rstst¢m’@m¢raztia)¢helné§aémeclumical pdishing popegtiutee t he top surface of the

sem conductor substrate, while thicker regions of the first insulator |ayer
reside on the top surface of the silicon nitride shapes, |ocated between
shal | ow trench shapes. A thin

SUMMARY OF THE INVENTION

It is an object of this invention to form shallow trench isolation (STI), regions, in a
semiconductor substrate, with the shallow trench regions, uniformly filled with insulator
independent of shallow trench width, and independent of the space between the shallow trench

shapes

It is another object of this invention to use polysilicon as a stop layer, or to protect
insulator layer in the shallow trench shapes from a dry etch procedure used to remove unwanted
residual insulator layer, still remaining after a chemical mechanicai polishing (CMP), planarization

procedure.

It is still another object of this invention to use the polysilicon stop layer to alleviate oxide

loss at STI regions during subscquent wet etch steps, via conversion to a silicon oxide layer via
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polysilicon layer is conformally deposited, overlying the regions of first

i nsul ator |ayer in the shallow trench shapes, as well as overlying regions
of first insulator layer residing on the silicon nitride shapes A second
HDP insulator layer then fills the spaces between silicon nitride shapes,
to a level planar with the top surface of the silicon nitride shapes. A CW
procedure is next performed for planarization purposes, renoving regions of

secop%dgﬁr cﬂﬁrﬂbat or layer, and regions of the thin polysilicon |ayer,
| oca op surface of the silicon nitride shapes, resulting in

regi ons of residual second HDP insulator |ayer, overlying thin polysilicon
| ayer, still located between silicon nitride shapes, and residing on the
i nsul at orlnfac¢drdanhce Sith the gresers.invEnton @ rabesd fos vy ikiatpnBliddastatlowayer is
then selectively renoved via dry etching procedures using the polysilicon

| ayenreach Bolatidie (SHY,apgiony, téadwringnge Lisg sita dikfdshbis pblgtilicon layee usédrotgreteshal | ow
trench shapes. A thermal oxidation procedure is used to convert the thin

pol yshd $TORgloAY Blirid®a Shdni&M MelNdriel pbihlngwesly Bith peiha@iatibn praeesd @s used to
renove the silicon nitride shapes, and to 4 . . .~ Jwselectively renove

the Qxidive@dAkl} rbr&ahaﬁbrra?raus WﬁrshalﬁﬁWeﬁéMaﬁl éTar sur iMe 150N RId Sed
with shall ow trench shapes of various w dths led wmth frrst HDP

com doharr 8 8h ngh Srfie iRl F’fb%ﬁ%&?‘ﬁé‘&@%@ﬂfﬁ@%ﬂ&%ﬁﬁﬁﬁrﬁ Biect and

ot her advanfages_o i S invention est descri bed |n t he referred
b odFRUAE™ UEHIOF S Sl atepe THBSRt RAGHEY HEsTiRtleysh et e theitgy . | -
9, which schematically, in cross-sectional style, describe key stages of
f or netiifaee @ffthe pemitenductor isubstrdte, Shile théckico regiors e therfirsiginsulagot Jagér regidnost op
| ayer used during a selective dry etch cycle as a conponent of the STI
pl anahé 6 dupfacdbPhedilicen nitride shapes, located between shallow trench shapes. A thin
polysilicon layer is conformally deposited, overlying the regions of first insulator layer in the
shallow trench shapes, as well as overlying regions of first insulator layer residing on the silicon
nitride shapes A second HDP insulator layer then fills the spaces between silicon nitride shapes,
to a level planar with the top surface of the silicon nitride shapes. A CMP procedure is next
performed for planarization purposes, removing regions of second HDP insulator layer, and
regions of the thin polysilicon layer, located on the top surface of the silicon nitride shapes,
resulting in regions of residual second HDP insulator layer, overlying thin polysilicon layer, still
located between silicon nitride shapes, and residing on the insulator filled, STI regions. The
residual second HDP insulator layer is then selectively removed via dry etching procedures using
the polysilicon layer as an etch stop, protecting first HDP insulator layer in the shallow trench

shapes. A thermal oxidation procedure is used to convert the thin polysilicon layer to silicon

oxide, followed by wet etch procedures used to remove the silicon nitride shapes, and to
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The process for form ng insul ator
filled, shallow trench isolation regions featuring the use of a disposable

pol ysi | i'con stop layer, enabling uniforminsulator fill to be realized,
i ndependent of the spacing between the shal.I'ew trenches and |ndependent of
shall ow trench width, will now be descri-bed in detail. A sem conduct or

substrate 1, corrprised of P type, single crystalline silicon, with a < 100>

CT YLLK 8L 30 86 LSRLR) LER pol SHRCHA Y RRNEFESTIGRbY, SN B 9. 1

Silicon d a er gr?)wn bet ween

about, 200 to 500 Angstr.ons psition of silic nitride
|aythf‘§°Wéfe“8h f'FﬁPE%%fZ‘?«E‘OB%YV\WIiE%“ E‘E“)/tbtg G5t ‘g ‘%ﬁé@’FF Jfé le g&éﬁ“’ﬁed vi a
| ow pressure chem cal vapour deposition (LPCVD), or via plasma 5 enhanced
chenbdtalthe wpourfacteqfobe singpordeEOVBYbstpteocedur es The result of these
procedures is schematically shown in Fig. 1. Photoresist shape 4, is next
formed and used as an etch a nmask to allow an ani sotropi c, .reactive i on
etching (RLE), procedure to fromshallow trench shapes in sem conductor
substrate 1. This isprabemtscRINHIONOFITHE DRAWENGRI sotropi ¢ Rl E procedure
is perforned using CF,, or CHF, as an etchant for silicon nitride |ayer 3,

and for syid gt Qﬁd)éﬂhgleadv@b{tﬁgeszot t%'lx{\%m%:n %e%ést@e%rfb@d Ust@d pAdeAdd et chant
for sem conduCtor substrate The depth of the shall ow trenches in

serm SABIARIAE WAHPEHEALE olne b B HRSINANANIGAQR0 0 4000 Angstrom, with a

wi dt or narrow s renc 0 to 5000 Angstrons, while
w de shall ow trench shape 5b, exhi blts a w dt h of between about 0.50 to 100
um The space between nparrow shall ow trench shape 5a, and wi de shall ow

trench shipe 519, whichyehemaetically du erass-pestiogal sode, apﬁcnhpk@f StRgRFRf Aprmgtion of
phot oresi st shape 4, via plasma oxygen asking and careful wet cleans,

sili mmulatbnf)dledﬁSTIaryagironﬁ,fedtsdﬁgﬂep@lﬁiilic}bng;lt(ﬂy\llayﬁtuséd tinimpk neslsctbetdaeen about
200 to 400 Angstrons, providing the high density, trench Iiner |ayer,

needegh c@%@%%ﬁfé@h&t%‘ﬁﬁﬁ%ﬁﬂ&nab%ﬁn ﬁi‘@&'ﬁlhw insulator trench fill.
Silicon oxide layer 7, is next deposited, via high density plasma (HDP),

procedures, at a thickness between about 2000 to 4000 Angstrons, filling
both narrow trench

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process for forming insulator filled, shallow trench isolation regions featuring the use
of a disposable polysilicon stop layer, enabling uniform insulator fill to be realized, independent of
the spacing between the shallow trenches and independent of shallow trench width, will now be
described in detail. A semiconductor substrate 1, comprised of P type, single crystalline silicon,
with a <100> crystallographic orientation, is used and schematically shown in Fig. 1. Silicon
dioxide layer 2, is next thermally grown to a thickness between about 200 to 500 Angstroms,
followed by the deposition of silicon nitride layer 3, at a thickness between about 1000 to 3000

Angstroms, obtained via low pressure chemical vapour deposition (LPCVD), or via plasma



shape 5a, as well as wi de trench shape 5b, to a level planar with the top
surface of silicon dioxide layer 2 This is schematically shown in Fig 3.
The silicon oxide HDP procedure also results in deposition of silicon oxide
| ayer 7, on the top surface of silicon nitride layer 3, at a thickness

bet ween about 2000 to 4000 Angstrons, however the bottom - up deposition
characteristic of the G E-I1DP procedure, does not result in bridging, or
doesehahcddhemical vhpdlt 4 @m@ﬁ I(plECW) nerot@RAs tTed redulitdrehdst gasediresis! i con
nitride layer 3, expose in the shallow trench shapes This is schematically
shown Ez@ ib bi||ty to remove regions of silicon oxide layer, from
t he fc&gmg \Rk-T ‘69 |con nitride layer 3, to formthe desired insul ator
filled, STI regions, is next addressed. However if a chem cal mechani cal
pollshlng (CWP), ﬁrocedure were to next be used to renove unwanted regions
of sili cdthotarpuis shapeet, ismexafproedand vepddis ghicted aphesdrelavapunidotserier in wide
trench regions, renoving, or dishing, silicon oxide |ayer 7, fromw de

shal reaatite ienelchitpa[BEE b Iprocedsnel to ifrogn shallaw tienclddpped i@ semgwhdicder substiate 1.
Therefore a procedure utilizing a stop |ayer, and an additional, overlying
HDP magué sdhemali@yl®lin FigS2 eTRE 8NiSstrdpic REEpRRedUre i pesformbd dglsgwcngoxaoﬂr; 13
adequately formuniforminsulator fills, in all wdth trenches, w thout the

use Qf cRHMihPGRlon MHERE IeP Ol bi J?anl& 19&&@6%51@%1:(, bPCﬁMsTeéi @fad hi s
procedure provides thickness control of the post STI oxi dé, duri ng

SUbS%ﬁ:‘HﬁrﬂtfoPé‘énﬂSox{dﬁ Y%bsﬁﬁﬁcled’f'ﬁee tl?b‘tctg E’foll t?é?xcﬂé’sqfl?&hfé% Geggc! d dips

O renove sacritilcCla scree novel proce ure | n| tiates

with the deposjtion n | aye obt a d via nfor LPCVD
bt ocatiiate hus betpaim b Sodia il NET A *t%“s%g?%nr&&% Ot O
procedure is then used to deposit silicon oxide |ayer 9, at a t hi ckness
bet wsbapeahioaf 200000 5080 4068 rang sthilorvede Stadowdrnrh shape Shessdibitspogithiddns i s

schematically shown in Fig. 4. The deposition of silicon oxide layer 9, is
per f dervegntabodt 0.8¥ 8l 100um. The space between narrow shallow trench shape 5a, and wide

shallow trench shape 5b, is between about 0.20 to 100 um.

After removal of photoresist shape 4, via plasma oxygen ashing and careful wet cleans,
silicon dioxide layer 6, is thermally grownat a thickness between about 200 to 400 Angstroms,
providing the high density, trench liner layer, needed to accommodate subsequent lower density,
insulator trench fill. Silicon oxide layer 7, is neéxt deposited, via high density plasma (HDP),
procedures, at a thickness between about 2000 to 4000 Angstroms, filling both narrow trench
shape 5a, as well as wide trench shape 5b, to a level planar with the top surface of silicon dioxide
layer 2 This is schematically shown in Fig 3. The silicon oxide HDP procedure also results in
deposition of silicon oxide layer 7, on the top surface of silicon nitride layer 3, at a thickness

between about 2000 to 4000 Angstroms, however the bottom - up deposition characteristic of the



which the top surface of silicon oxide |layer 9, |ocated between shall ow
trench shapes, is planar wwth the top surface of silicon nitride |ayer 3. 7
A first, or initial stage of a CVP procedure is next used to renove the
regions of silicon oxide |layer 9, as well the regions of polysilicon |ayer
8 fromthe top surface of silicon nitride |ayer 3. The selective, first CW
procedure, in regards to the non-renoval of silicon nitride, is term nated

at t appear ance of the top.surface of silicon nitride layer, 3,.wth a
2o PSR i AOe s sOi o Rt 3 ottad ret e aMi Latfe oS hsmbsedl i ot o
removal of these materials fromthe top surface of silicon nitride. The

r esuthe sigies phaliqumitside dyaud cexpesoddm diesthpléy Fronalibapesi dhisig schsmatiedlyur i ng t he
insulator filled STI regions, overlaid with portions of silicon oxide |ayer
9, astbwiohysg.I3i con [ayer 8, which in turn are located on the insulator
filled STI regions. It can be seen in Fig 5, that during the CMP procedure
di shing, or renoval of the portion of silicon oxide |layer 9, occurred in

the regi ameiabiliiccidmdivé teadhs @XkillCor @M 1afer, F¥RIth@tdd stfilee shalidoawitiidench
shape Sb. This dishing phenonmena, occurring to a disposable silicon oxide

|_aY_el'afyeri 3, tﬂ%mﬁ:metdieﬁféd’inﬁ%vﬂfed‘ﬁgfh_ Fong,hgné%ﬁ%d@lfessﬂe.! MWk @it LiRYREal 8, and
silicon oxide layer 9, unwanted dishing of silicon oxide layer 7, in w de

shal | tr : , woul d have occurre ini ' silicon
oxi aeE A BT e, mep e RS 0B T o R B BRI e
shape. 5 a, .and wide shallow trench shape5b, are next, renoved via a

sel eé*ﬂlF%OWEgps?ro%éaaﬂy,amﬁé #ﬁbme:mbsnoa%enaw'ﬂ@ﬁ%ﬁw n widedrengh t&giat i cal |y
shown in Fig. G The presence of polysilicon |ayer 8, used as a stop |ayer,
al | oweovitg os disbimg) sikcoRl dxiderlayee dufrent wide simlloet tedngh iskape\bb, tdseltipgirt dron of
silicon oxide |layer 9, overlying wde shallow trench shape 5b, in addition
t o r iAWl Ge REulhtde fill NTEKRFor® @ pkdRBufutifiking 6 fbpaXydd CandaaiddRionhi06vdrRthg

overlying narrow shall ow trench
HDP insulator layer, is employed to reduce the risk of dishing and to adequately form uniform
insulator fills, in all width trenches, without the use of additional, costly photolithographic
procedures. In addition this procedure provides thickness control of the post - STI oxide,
during subsequent oxide removal procedures, such buffered hydrofluoric acid dips used to remove
sacrificial or screen oxides. This novel procedure initiates with the deposition of polysilicon
layer 8, obtained via a conformal LPCVD procedure, at a thickness between about 100
to 300 Angstroms. Another HDP procedure is then used to deposit silicon oxide layer 9, at a
thickness between about 2000 to 4000 Angstroms. The result of these depositions is

schematically shown in Fig. 4. The deposition of silicon oxide layer 9, is performed to a level in

which the top surface of silicon oxide layer 9, located between shallow trench shapes, is planar

with the top surface of silicon nitride layer 3.



shape 5a, without vulnerability to the critical, silicon oxide layer 7, in
the shall ow trench shapes. Oxi dation of the polysilicon stop |ayer 8, as
wel |l as renoval of silicon nitride layer 3, and underlying pad silicon

oxi de layer 2, is next addressed and schematically described using Figs 7 -
9. This is initiated with the conversion of polysilicon layer 8, to

pol ysilicon oxi de shapes 10, via thernal oxidation procedures. The

thi cknessy qf) 'imﬁ'hl! HERDIPEN® prhMRER id QextiuSed B MRBT: AR 01 &siltkohi MeS
greater than the thickness of polysilicon layer 8. This is schematically

Sho a5, BTGP BhaP b 9%, D B TS R o

nitride layer 3, i.S nex | ectively renmpved, via use o .hot phqgsphoric

ol ut s e Fiertiey PRt SN SRR Bir R pb oy Abe koG OgRt do. £ r om
the top of the shallow trench shapes. This is schematically displayed in

Fi g. tgmipgterhit the ppREasnrs elhe 6an MPHICWEF““ZQ“ nigide &4ysy &aVifh & se&eBfedtigh to a
buffered hydrofluoric (BHF), or to a dilute hydrofluoric (DHF), dip, The

r esulstagefof the GMprmwoedure employet emmsure abmpleshiomovalrof Eheye Saterialshrdrh miag
insulator filled, STI regions, featuring silicon oxide fills that are in

t ur n tpp auricewif siticéheitridep Therrtadteofahe EMA probedliroisisdienagiyslty showinrigependent  of
the width of the STI region. The thickness of polysilicon oxide shapes 10,

was qrsdg.i gmﬁrfghtaé hRWak: #1688 BTP Fegiinst Seridlil wikiegoraibgs Sikilicad oxRIRGAyfet 0, BHF
u C

procedures, su as isotropic wet etch renoval of pad silicon oxide |ayer

2, a | 8Q:: i t u t he
conol T PSNEET 360 Bl R HPREINGE A FITRBRAC B BE [ o1y
shown and descrjbed with reference tq, .the preferr enbodi nents thereof,
it wisern B ign dhaldyeng HiF BSOS Gshing, of Kesmayal omatpovm% 1oghaHges i n
formand details nay be made wi thout departing fromthe spirit and scope of
t hi s layer 9, occurred in the region in which silicon oxide layer 9, overlaid wide shallow trench

shape 5b. This dishing phenomena, occurring to a disposable silicon oxide layer, is not critical,
however without the use of polysilicon layer 8, and silicon oxide layer 9, unwanted dishing of

silicon oxide layer 7, in wide shallow trench shape 5b, would have occurred.

Remaining portions of silicon oxide layer 9, located in regions overlying both narrow
shallow trench shape 5a, and wide shallow trench shape 5b, are next removed via a selective RIE
procedure, using CHF, as an etchant. This is schematically shown in Fig. 6. The presence of
polysilicon layer 8, used as a stop layer, allowed the selective RIE procedure to completely
remove the portion of silicon oxide layer 9, overlying wide shallow trench shape 5b, in addition to
removing of the thicker portion of silicon oxide layer 9, located overlying narrow shallow trench

shape Sa, without vulnerability to the critical, silicon oxide layer 7, in the shallow trench shapes.



invention What is clainmed is' 10 1 A nmethod of formng insulator filled,
shal l ow trench isolation (STlI), regions in a sem conductor substrate,
conprising the steps of growing a first silicon dioxide |ayer on said

sem conduct or substrate, depositing a silicon nitride |layer; formng
shal |l ow trench shapes in said silicon nitride layer) in said first silicon
di oxide layer, and in a top portion of said sem conductor substrate;

growi ng 30)‘51@&%?1(1oﬂhleip%%ili@ér?ﬁbﬁ%\%le@y,e‘fsv%i! aﬁ%mﬁﬁﬁfmicq%ﬁ&iéidwsie_p@,rmhuc_t or
substrate exposed in 'said shallow trench shapes, depositing afirst silicon

oxi d . ith a first rtio f,_ said first silicon gxide 10 |ayer

I oca’?1 35&)/;’554 ?f%g %“5’8“3"&%"1‘33 eepgf lsé‘ﬁ%}dl%gqufegoarqdﬁquag' al|ya<§e§?rf egﬁ)gm ith a second
portion of sajrd_ first silicon oxide layer tilling said shallow trench
shapddss ge‘ﬁosi his pgniiated Wilhsthg sonvapeen Oé@ﬂb%lrcpn@ea%@o%lﬁﬂscpv PR oxi de

| ayer on said thin stop |layer; renoving first portions of said second

si | i sbrpesxPdea theymal oxidation ppenetiisns Thé thickindssis pohyisiticen exide alyapes 1&nY sai d
first portions of said first silicon oxide |ayer, fromtop surface of said
si | i detwerntabbeke? toed/ 8mes Ereeater tiginskethivdknpssrofipolysiliodn lagdrd. Fasanskhsmbiicadn oxi de
| ayer, and second portions of said thin stop |layer, on said second portions

of sah@whiif Big. $i The @resece A siliddehitridedsydr 8dpiofectdllregitmb bownlit@iatoshapes;
sel ectively renoving said second portions of said silicon oxide |ayer from

the tQBstPHE | 3 6m e S iIHETHNLEP Sl P Ritridd a5 3dist ik setdcAPell P¥ffRbved via use
of a hot phosphoric solution, resulting in polysilicon oxide shapes 10, protruding upwards from
the top of the shallow trench shapes. This is schematically displayed in Fig. 8. Finally pad silicon
oxide layer 2, is removed via subjection to a buffered hydrofluoric (BHF), or to a dilute
hydrofluoric (DHF), dip. The result of this procedure is schematically shown in Fig 9, with final
insulator filled, STI regions, featuring silicon oxide fills that are in turn planar with the top surface
of silicon dioxide layer 2, independent of the width of the STI region. The thickness of
polysilicon oxide shapes 10, was designed to allow protection of the STI regions during specific
BHF procedures, such as isotropic wet etch removal of pad silicon oxide layer 2, and also

designed to be consumed by these wet etch procedures at the conclusion of the process.



perform ng a thernmal oxidation procedure to convert said second portions of
said thin stop layer to an oxidized stop | ayer; selectively renoving said
silicon nitride layer, and renoving said first silicon dioxide |ayer
resulting in said insulator filled, STI 5 regions located in said top
portion of said sem conductor substrate. 2. The nmethod of claim1, wherein
said first silicon dioxide layer is thermally grown to a thickness between
about 200 to 500 Angstroms. 3. The method of claim1l, wherein said silicon
ni tri deVnlgsas ‘i“ée“%’ﬂ haskeqn paricylatly phavesandedeserdhed vuth referenge taidhrosi ti on
(LPCVD), or via plasma enhanced chem cal vapour 10 deposition (PECVD),

pr ocpeefwatg;mb@dimemthitmmsis wilebeveretersadoityy thO8Oskilted30 €2 afthyst vavioes 4. The

nmet hod of claiml, wherein said shallow trench shapes are formed via an

ani sAifgePicionAant il My Bt flaba 9iths@CRAbAg Wi the Ghitit @id $dbe ofthisAN et chant
for silicon nitride and for silicon dioxide, while SF6 or A Z is used as an
et chayehtib@r silicon. 15 5. The nethod of claiml , wherein the depth of
said shall ow trench shapes, in said sem conductor substrate, is between
about 2000 to 4000 Angstrons 12 6 The nmethod of claim 1, wherein said
shal |l ow trench shapes arc conprised with narrow shallow trench shapes, with
a w dth between about 2000 to 5000 Angstrons, and conprised wth w de
shal l ow trench shapes, with a wi dth between about 0.20

What is claimed is-

10



to 100 um 5 7. The nethod of claim11, wherein said second silicon dioxide
| ayer is thermally grown to a thickness between about 200 to 400 Angstrons.
8. The method of claiml, wherein said first silicon oxide |layer, used to
1li 11- said shallow trench shapes, is obtained via high density plasnma (HDP),
procedures, at a thickness between about 2000 to 4000 Angstrons. 10 9 The
nmet hod of claim1, wherein said thin stop layer is a polysilicon |ayer,

Anget roms. . Jor Bk RB e LG et e e ISR G g PR ot e

| ayer i s obtained via HDP procedures, at a thickness between about 2000 to
4000 Angst r &efBiconductor sybsérape CRBErSRS Hiestaps of wherein said first portions of
said second silicon oxide layer, 15 said first portions of said thin stop

| ayer, and saigiowingstfirgailicoodsoxafe Isyr dnfshidsemsbhdustoer sokstcee,| ayer, are
renoved fromthe top surface of said silicon nitride |ayer via a chem cal
mechani cal poldepbditng: Psihediifrelader; 12 The nmethod of claim 1, wherein said
second portions of said second silicon oxide |ayer are selectively renoved

fromghe top syfrhiagsnbwsedrdh SRHRO RS fiidRsittke @&dmt Qidast QRcdristidgyi a a
sel ective reactive ion etching procedure, using F3 as an etchant. | 3 The

nmet hod of cllé;gg]a(lgg,i%%ﬁdbrﬂgighgdiﬂe%gl “gtigf l%l%blcggmgeayer is selectively

renoved vi a phori ¢ ac n.” 14. The nethod of claim
| , wherein saird first si(%si’.@ondﬁii O@;ei lde I ayers is r errg\éed.cvi c:}:}mﬁse gft a
buf fered hydr o PUBIE 514 LG ioxde lager iy srfgess offai BRI GHET B i ¢
aci d sol ution. o
exposed in said shallow trench shapes,
depositing a first silicon oxide layer, with a first portion of said first silicon oxide
10 layer located on the top surface of said silicon nitride layer, and with a second portion
of said first silicon oxide layer filling said shallow trench shapes,
depositing a thin stop layer,
depositing a second silicon oxide layer on said thin stop layer;
removing first portions of sald second silicon oxide layer, first portions of said
15 thin stop layer, and said first portions of said first silicon oxide layer, from top surface of
said silicon nitride layer, leaving second portions of said second silicon oxide layer, and
second portions of said thin stop layer, on said second portions of said first silicon oxide
layer, located in said shallow trench shapes;

selectively removing said second portions of said silicon oxide layer from the top

surface of said second portions of said thin stop layer,

11



14 15. A nmethod of formng insulator filled, shallow trench isolation
(STI), regions in a sem conductor substrate, featuring a di sposable
polysilicon stop layer, used to allow uniforminsulator filling mshallow
trenches to be realized, independent of the spacing between said shall ow
trenches and independent of shallow trench wi dth, conprising the steps of
frowng a silicon dioxide pad |ayer on said sem conductor substrate;
depositing a gefforaomg ailtermalerxidayion prédcedureng coiettl sait secamiciorstraspesaid
conprised with various widths, in said silicon nitride layer, in said pad
silicon di qxindeod Ry&'e aﬁ.laQidilethépqudporti on of said sem conductor 10
substrate, growing a silicon dioxide liner |ayer on surfaces of said

sem conduct or S expased..in I hal | aw trench shapes; depositing a
first high deaé‘??v%%?%@%égs )st‘w%‘.‘??%%enﬁ%%@ layer, with a first portion

of said first HDP sili¢cqn oxide |ayer |ocated on the to rface of said

silicon nitridgayng w@ﬁfst alhaowpwdalags&@ﬁwdt%m"l@rfnwﬁatgﬁl 4§18 1T op

silicon oxide layer filling said shallow trench shapes; depositing said

pol yst | i conregiens loepasiin seid dor poitieq oA said senigomiuptasisibmie. oxi de | ayer on sai d

polysilicon stop |layer; 15 removing first portions of said second E-1DP

silicon oxide layer) first portions of said ‘
2. The method of claim 1, wherein said first silicon dioxide layer is thermally grown to a

thickness between about 200 to 500 Angstroms.

3. The method of claim 1, wherein said silicon nitride layer is obtained via low pressure
chemical vapour deposition (LPCVD), or via plasma enhanced chemical vapour

10 deposition (PECVD), procedures, at a thickness between about 1000

to 3000 Angstroms.

4. The method of claim 1, wherein said shallow trench shapes are formed via an

anisotropic reactive ion etching procedure using CF, or CHF, as an etchant for silicon

nitride and for silicon dioxide, while SF¢ or Cl, is uscd as an etchant for silicon.

15 5. The method of claim 1, wherein the depth of said shallow trench shapes, in said

semiconductor substrate, is between about 2000 to 4000 Angstroms

12



pol ysilicon stop layer, and first portions of said first HDP silicon oxide
| ayer, fromtop surface of said silicon nitride |ayer, |eaving second
portions of said second HDP silicon oxide |ayer, and second portions of
said polysilicon stop |layer, on said second portions 5 of said first HDP
silicon oxide |ayer, located in said shallow trench shapes; selectively
renovi ng said second portions of said second HDP silicon oxide |ayer from
the top suf fHeenahodal daiselovidrqguosaid shrdlovf trengh dhgpek gesi doinpoisedswish | ayer ;
perform ng a thernmal oxidation procedure to convert said second portions of

sai d pol yshdrig@shafib@Rrdnaly Siapk§ vathaowidsh bee@en a¥od20b@ues0001ngabeast i vel y
renmoving said silicon nitride |ayer; and renoving said silicon dioxide pad

| ayer resulti i ) IR (P : i ion said top
por 1 on' of trRed Al 87 sl Blrnbh pifhes Shly £ BRI Bayebf SES 20052 et el n
said first sidd'zcon di oxide pad layer is thermally grown to a thickness

bet ween abBut"' Y88 to 500 Angstronms. 15 17. The nethod of claiml1l S, wherein
said silicon nitride |layer is obtained via | ow pressure chem cal vapour
deposition_(LPCVD), or via plasma enhanced _chemi cal vapour deposition
(PECVD), probksdieided ofelaim { rivhaeein saidsesandaticap dipxidedansr isoheowdy BFRYSt r ons.
16 18. 'The nethod of claim 15, wherein said shallow trench shapes are
formed vi atanthgkinsssrepwean abeatc2q0vte 400Mngstrhinag procedure using CFa or CHF3
as an etchant for silicon nitride and for silicon dioxide, while SF6 or Ch
is used as an etchant for silicon. 19. The nethod of claim 15, wherein the

depth of sgi th&heiho@Wrthii ¢ hwhdBRaaid flrkt siRof oRidR el AW ES Ml safd BiplipRt €, 1S
bet ween about 2000 to 4000 Angstrons.
trench shapes, is obtained via high density plasma (HDP), procedures, at a thickness

between about 2000 to 4000 Angstroms.

10 9 The method of claim 1, wherein said thin stop layer is a polysilicon layer, obtained via

LPCVD procedures, at a thickness between about 100 to 300 Angstroms.

10. The method of claim 1, whertein said second silicon oxide layer is obtained via HDP

procedures, at a thickness between about 2000 to 4000 Angstroms.

11. The methed of claim 1, wherein said first portions of said second silicon oxide layer,
15 said first portions of said thin stop layer, and said first portions of said first silicon oxide
layer, are removed from the top surface of said silicon nitride layer via a chemical

mechanical polishing procedure

13



20. The nethod of claim 15, wherein said shallow trench shapes are
conprised with narrow shallow trench shapes, with a w dth between about
2000 to 5000 Angstrons, and conprised with wi de shallow trench shapes, with
a wdth between about 0.50 to 100 um 10 21. The nmet hod of cl ai m 15,
wherein said silicon dioxide liner layer is thermally grown to a thickness
bet ween about 200 to 400 Angstrons. 22. The nethod of claim15, wherein
said first i i ty S -DP). i - QX . L q. fil
ot d shai | S T SRERRL UL Tl ik ighi S0 ot Bl 84t HRER o ' 2000
to 4000 Angstrons. 15 23 The nmethod of claimJ15 wherein said _palysilicon-
stop | ayer Fer 6l FeraO QST Hi0R HiFEEs Of s11d 4O4GR RIS 5SHAYIR about
100 to 300 Angstronms. 24. The nethod of claiml|l 5, wherein said second HDP
silicon oxjstde ldyayen aiseledesasaatiod et etahing pricedigs, Usarfeldh; aslroatcl2000 t o 4000
Angstrons. 17 25. The nethod of claim15, wherein said first portions of
said second HDP silicon oxide |layer, said first portions of said

pol ysi | i com3 Sti@mmétAy®6f claindl Sahddeihisaidtsiliped hit@dSlapdr is@ladtifdly sémdved PR si | icon
oxi de layer, are renoved fromthe top surface of said silicon nitride |ayer
via @ chem | : ISk rocedure. 5 26 The nmet hod of cl aim 15,
wheﬁgin sgpﬁﬂggggﬁgﬁg%ﬁ?#%ﬁgh8§mg§?deDP second silicon oxide |ayer are
selectively renoved fromthe top surface of said second portions of said

pol ysilicon,stop | r.via a selective. reactive i etchin acedur e,
Usi ng. O e rimeBER aftiay . Shershepdiut ot omBlas e Bty ERa i 11 con
nitride |layer |s selectively renpved via . ] o

use of a buffered hydroflioric acid solution, or via use of a dilute hydrofluoric acid

solution.
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10 use of a hot phosphoric acid solution. 28. The nethod of claim 15,
wherein said silicon dioxide pad |ayer, originally underlying said silicon
nitride layer, is renoved via use of a buffered hydrofluoric acid solution,
or via use of a dilute hydrofluoric acid solution. 18 .A3Sh.A.A _.A AU

. AUF . Ah . AFY. A3hY .A{lY .AA.A .AY . A . A .AY .AF, 3hOnFg\+

Xs}xsni d_Z] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca]calcal

23%32%§?1§§b§§hi j@?i@?%@?%gﬁ%ﬁ 6%?@%?5% %% é% gh'%%i%5$¥g%ggd8%igg]ca]ca]c
a] ca] ca] ca] ca] ca] ¢al ca] ca] ca] cal] ca] ca] cal ca! Mg8Qv7f SNw{ ! ! "0"t " zupkf a\ Wca] c
a] ca] ca] ca] éﬁp@p@#@%@ﬁ}a&%ﬁeﬁyw %g{ﬁe%ﬂaéla Pg@p@%wtep ayer, used {0 dllow
uniform insulator filling in shallow trenches to be realized, independent of the spacing
between said shallow trenches and independent of shallow trench width, comprising the
5 steps of:
growing a silicon dioxide pad layer on said semiconductor substrate;
depositing a silicon nitride layer,
forming shallow trench shape‘s, comprised with various widths, in said silicon nitride
layer, in said pad silicon dioxide layer, and in a top portion of said semiconductor
10 substrate,
growing a silicon dioxide liner layer on surfaces of said semiconductor substrate
exposed in said shallow trench shapes;
depositing a first high density plasma (HDP), silicon oxide layer, with a first portion
of said first HDP silicon oxidedayer located on the top surface of said silicon nitride
15 layer, and with a second portion of said first HDP silicon oxide layer filling said shallow
trench shapes;
depositing said polysilicon stop layer;

depositing a second HDP silicon oxide layer on said polysilicon stop layer;

15



a] ca]ca] ca]ca]ca] ca]ca]ca]ca] ca]calca]ca]calcalt""" E##Sr $$) WORP&E&E "' ' P(()p
1E11’+h+4}! ,,, E--}xsnid_Z] c] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]c
aJcajca]ca]calcalca]calcalca]calcalcalcalcalcalcal-. ../c//'0X0]001| 11<222]
334} 44) 555;

66677 77' 888} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]c

2l ¢ .cal fe s : .

ol eal el cal coleabns Gk RakRl ORLGRIBAE ALRARBN SRR hver rst porionsiof said 1
| SBBC

a ca] oal oal cal.cal.cal.cal.cal cal sad el el caleal SPleR RLGALRIR] ke R

K} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] cal] cal ca] caA ca] ca] ca] ca] ca] ce{]Dca] cal ca] ca]
ca] ca] ca] Ca]sggl}(@aqf@@g}i@ﬁlpggp@gc}q;lquageavmg second portions of said second HDP silicon
KFKKK@. L L BMVMVINhNNO>OO0000PPPPT(Q QQQRGRRRRPSS} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] c axedz]layw),cal cedond]poafi@a]of adid aplysilica] sap batm ah szifl cedond jpoetiona] ca] ca
]ca!'s

TTATTI TGUUULYYME b X K o onide lagor Zibcheed in S Csnalewitfbndll Sapad; 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

cal ca! c\\\ | (N LEASATA 08 Zcn: \ : i : ] ca] ca]
]ca] ]ca] cal ca] ](:Ls]e}:ea%\“(l:%ﬁ, cai ca@gczzsgjd(:%?cai lcal Q‘gﬁ %ﬁasjcl@gﬁégﬁ cai %glféa g'a ga gﬁ] cal ca]
cal]ca3hO K-Y: 10%& ()--. 109%& .(,)- 35s109%& ().-3 s
: 1100/&' () - 10987 ?h-é%@%“"(ﬁ‘)c-e'Ofﬂg@}é')sf‘iq‘%Pﬁ&i‘%ﬁS‘%i%@/&"'é’i‘l‘?‘i'b%‘i%%ﬂé) -, & 109& () -1
#'10%& ()- ! 109& ()-1sG 109%& ()-Y,:10%& ()-g% UK*$10%& ()-101010
@109 () - L3Mpnaybagming a thepmap agidation pipeeriuge (o) congst Gai segondypertions of said
i K- Kf M 109%&2& ()- L"109Z& ()-3!10%Z& ()-t$10%Z& ()-#109%&Z& ()- "10%Z& () -
#10%Z& () - pdBbikedttdPMIE t0)a pebilitB X okide May¥r,109Z& () - #10%Z& ()-Y
Z109Z& () - 109%& ()-s$100Z& ()-1 A K- KSs6s1092&' () - 93#109%&Z& () - 0" 109Z& () -
110%(& () - +10§é¥é¥ti@15f ) 3@ &id diticon nitride layer; and . .
& $109& ()-bt1 KSs6s109& () - FY@10% & () - 3@#10% & ()-310% & ()- vy
1094 & ()- "10% & ().-.10210210Z9G. K- K".SH10% & ..().=F .10% & ()i, 1Q04 & ()-9
10‘V§ & 8 Y10% %"t"){‘%’%sﬁ% &cgné%cgeﬁf%y I%&-“&‘g”? %“il“&%@%‘&ecﬁ%ﬁ, 2!( )10% & ()
- L10% & ()-, $10% & () -*#10% & ().-1 (10% & () -
%y 10% fez (§ 21‘6&1%,4 efr(%%i&i fa}c? o l&g%%é@nﬁ%w@&ctey subsEalg & ()- @ 10% & () -
109% & ()-10(10(10(My8i K- KI MB10% & () -1 L#10% & () - |
Z"10% & ()-Y' 10% & () - Y$10% & () -
Y$10% & () - FdMZ' The¥feShdd) ofBQuimK-SKivhadd Riid first S5A004i8%id9 padviayer 1Ofedhlly-
S)#10% & ()-& ' 10% & ()-$3"10% &+«()-"Y"10% & ()-n7fH "10% & () #10% & () -
" S10%&&&' () - grown to a thickness between about 200 to 500 Angstroms. .
10(10(10(s610% & ()-3!'109% & ()-Z2"10% & ()-fSi K- HYM 10% & ()-1"10% & () - Ff
109% & ()-9ml0% & ()-F

15 17. The method of claim 15, wherein said silicon nitride layer is obtained via low

pressure chemical vapour deposition (LPCVD), or via plasma enhanced chemical
vapour deposition (PECVD), procedures, at a thickness between about 1000

to 3000 Angstroms.
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%<& ()-3#109%& () 37 "10%& () - 3F&$BLOUKE& () -

$10%& ()-8&P&&/ """ P((i K-KI . #109%& ()-1f,:$10%& ()-19*"10%& ()-1 (G 10%& (

- YOB10%&! ()-

) 0t B TR TRl 45 MRS A IR NS e S

*L**+h++l i K- KF$ !

Eol/oogfgf‘) 0 alg%%&/r?a&uﬁ iorﬁ%fg h 19 %%%2or§ﬂn%;f§zgam i 51;01?/&& ()-Y
(1774 i 0 0 % 0 " <& -
"109%& () - vlsms!@mfoc)smm#tp@%e&W%ﬂe‘ﬁ‘&/qr Cdxezw%qscqrmwham for stisem () - 10<10<10

<6t 10%& () - @10%& ()-0SH10%& ()- - $10%&' (

+10%<& ()-]001| 11<222i K- Kl , T#10%&' ()- Y |10%& () Yg#109%&' ()-Y
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109 ()- 98 109& () - ##109%& ()- ! 10%& () - =>U>>>>>>>i KA710@L0@

610%@& () - STO%@RsHallo e kBoiBhapps, FthiDWAsh bytweer P9¢@R.2090 fol HORERAgstroms,
>>12{2727A@ @ A710@D 10%| & () - F10%| & ()-s10%| & ()-" 10%| & ()- 10%| & ()
-, 10%4| & () andld@pES@RARBEEE shallblQPehbEsHapedswith a width between about 0.50

109%| & ()-fyL109%4| & () - 9#10%4| & () - 10%| & () -

S@L0%| & ()roshbQit & () - SBBCeCCOCD) Di K- 7

110%| & ()-. &10%| & () -, GLOY%| & ()-* 10%| & () -

109%| & () -3, &$109%| & () -#- 109 & () - | D} D~DDDDD1EE| K 1109% & ()-L

Tovu 18 () - SHeombehinge it YO FUHGE T e o fshermally grown

10%& () -, &LO%& () -

109 () - | 10082 {)ckpesstirweapiabP /OG0 108 Yomatrems.f @ 109%& () - *
"109&' () - S&10%& () - S$

109%& ()- SY"10%& ()-HHBI |1 1<JoJ} _A7@010%¢& ()-#10%& () - |

10% &' | f Yaifiédskide) - S#
100b& 8 %%g&(@hdﬁ%%&( §9 %gggrg@% fipst E%ﬁ&n%@%@at(%ﬁ) (Y i

Lovos 8 oY RN A5 shallay frepghstapesyis. EOOEEE R T

109%8& ( K109 109% () -1 S109%& ()
109%&' () - Ylo%%%(i% SFOWif)g/&y() OOOOOOPPPPi K10%& () - @0% hé&' () - @10%

h& ()- SF10% h& ()-101010F 610%& ()-&10%& () - PTQ QQORGRRI K- K9 10%
h& ()L%/ 10% h& ()-ml0% h& ()-10% h& ()-s10% h& ()-SF10% h& () - @ 10%
h& ()SRRRPSE3 The method of claim 15, wherein said polysilicon stop layer is obtained via LPCVD

procedures, at a thickness between about 100 to 300 Angstroms.

24. The method of claim 15, wherein said second HDP silicon oxide layer is deposited

at a thickness between about 2000 to 4000 Angstroms.
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etchant.

27 The method of claim 15, wherein said silicon nitride layer is selectively removed via

10 use of a hot phosphoric acid solution.

28. The method of claim 15, wherein said silicon dioxide pad layer, originally underlying
said silicon nitride layer, is removed via use of a buffered hydrofluoric acid solution, or

via use of a dilute hydrofluoric acid solution.
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