1 04 JA{ MSHALLOW TRENCH | SOLATI ON ELEVATI ON UNI FORM TY VI A | NSERTI ON OF
A POLYSI LI CON ETCH LAYER BACKGROUND OF THE I NVENTION (1) Field of the

I nvention The present invention relates to nethods used to malprjj t ;

sem conduct or devices, and nore specifically to a nethod used to form

shal l ow trench isolation (STlI), regions in a sem conductor substrate. (2)
Description of Prior Art Insulator filled, shallow trenches, are being used

in the seniconductor indusSHALILOW BRERCE (sspect i ceEements of an
integrated circuit, 'Such as transistors, diodes capacitors, and resistors.

Wth the advenorefiTy vmm‘sﬁkft‘ﬁ@w @ﬁh v OfLIERR ?"?b‘H EXyEg fabricate

sem conduct or devices conprised -mcron tedtures, the insulator
filled, shallow trench shapes have to be formed wth various widths to
adequately isolate various size el ements, however all shallow trench shapes
have to be forned tﬁ#\ag acgre depth in the sem conductor substrate, and
i ndependent of wi dt BB UMY SNEIPNed with an insulator |ayer.
Due to the topography created by the various elenents of the integrated
circuit, and due to the varying spaces between the shall ow trenches,
uniformfill of all shallow trenches, independent of width, is critical,
t her(@} bied dfnbailngtwionoverfilling | 104 JAN 2
The present invention relates to methods used to fabricate semiconductor devices, and
more specifically to a method used to form shallow trench isolation (STT), regions in a

semicanductor substrate.

(2) Description of Pricr Art

Insulator filted, shallow trenches, are being used in the semiconductor industry to isolate
specific efements of an integrated circuit, $uch as transistors, dicdes, capacitors, and resistors.
With the advent of micro-miniaturization, or the abilif_v to fabricate semiconductor devices
comprised with sub-micron features, the insulator filjed, shallow trench shapes 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 fifled with an insulator layer. Due to the topography created by the various
elements of the integrated circuit, arjd due to the varying spaces between the shallow trenches,

uniform fill of all shallow trenches, independent of width, is critical, therefore insulator overfilling




of all shallow trench shapes is used to guarantee conplete filing of al

size shallow trench shaves The insulator overfilling procedures however
result in difficulties in planarizing, or renoving unvvantetﬂl,n m from
regi.ons outside the shallow trenches, in regards to |arger anounts

i nsulator formed between densely packed el enents, conpared to | esser
anmounts of insulator layer |ocated in regions in whi ch | arge spaces

bet wegnlishalohowerichehghess @xk 86 guathftetahfeseNias ak H&@&%ﬁ&%%h&ﬂsh pes.
procedures, or processes used to renove unwant eéd I nsul ator layer from

I
regi ong in ed to optim ze
pl anari zaﬂ%ﬁﬂ &%I?MP gg g%?g%ﬁ&ui({%rﬁm{ nﬁ/ﬁégﬁggmﬁaﬁ” t'rent rI1r?"'n§91f1f;’tti on
(STI) s of shal |l ow.trench dth, or the s aci ng between shal | ow
trenéh“%ﬁ% WMEéorhoTrel AT ShNS e B%%Hﬁ?%“f@hﬂh?é bemU§éa@P“Wé9§rse
maski.n ctlng spe0|f|c regions of insulator layer with a
phot dPg’&[%f ﬁ’g Eta’é?fi PEC SR g dtFra ey e ERIPh iR ISFraS kMot eod busityr iged t o
defi ne active device regions |ocated between shall ow trench shapes. The
r everlSESHREKFHGNPN cdBIURE e pPatce bEyvesg ahniow teerdhsshixng Phenbresaethat can
occur during a chem cal nechanical polishing procedure, used to renove, or
to plmﬁ@ﬂﬁ%émnﬁguﬁnsxowrmngubaUmedkayﬁﬁwenewmdemgmmmnkaﬁgﬁﬁ@ﬁ&@§§mbetmeen
shal | ow trench shapes, or even used to protect against di shing of

i nsul atgde thagktioneséheag hive %&e%éﬁel@kﬂ'tb@}ﬂhhfz@@%aﬁ%%ﬁ or-lzggvb%h%‘? of the
reverse masking procedure however is costly, and conpl ex e to the

' ncrqm% Pmﬂ%@ls'hﬁ Wfr@@d?ﬂ 19(\)/\%5&%%‘%&2 a-lr és% 'fsha‘?lngvrI t?ﬁr}}gl@nwrlétp oY [l be a

pl anari zation procedure In PRs Gl At or BRATEE from
narr fronlmnde spaces t hat eX|st bet ween shal |l ow trench
shapgﬁﬁﬁg?gga*¥ygancﬁsun|forn1y filled, shallow trench shapes, with the
insulator fill at the same |evel for aII

Oue such planarization procedure features the use of reverse masking, or protecting
specific regions of insulator layer with a photoresist shape defined using the reverse pi‘}oto-maék
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 uniformiy filled, shallow trench shapes, with the insulator fill at the same level for all
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2 104 JAN shal |l ow trench shapes, independent of the shallow trench w dth.
The pl anari zation procedure described in this invention is acconplished

wi t hout additional, costly photolithographic procedures, erQiggf
featuring the use of a polysilicon |ayer used .as a stop layer, w émg%nnval

of the polysilicon stop |ayer acconplished via thermal oxidation and
sel ective wet etch procedures. Prior art, such as Copperman et at, in U S.

Pat shilow 5erd94h8567, indesaddiner tHhehARe @encBAliMSi I"z'rzféﬁalr;hnlaayﬁilron%%oc%dé&op layer

for STI planarization, however that prior art sti i nvol ves the use of

costidederBBOOhisti ARGl SRR aﬁc@rﬁﬁ%ﬁg&’{vﬁﬁth%ﬁdﬂloﬁﬂagér%ﬁgébgtﬁg@hgxﬁg %: t ipgri tsgi ng

renmoval of the polysilicon "stop [ayer via ché a

pr o ILes, SQNNA Y OF THE INVENTION It is an object of this invention to

f or rc?]%sjcrliég?’?%v&e% F&%Eﬁ?t%f Sl EE? FERt Epiiicp fiveniesed jap a gtopdar.cvHduct or

substrate, with the shallow trench regions, uniformy Filled wth insul ator
i ndéff@?i‘t’i‘i RE thePolBAEPHHOP st reoingtished arecthipmené peiddient andfseletievespacechbet ween
the shallow trench shapes. It is another object of this invention to use
pol Y&p9eilesh Beomarstsoph ha§epneroan ¢tal,pn of Bcltat. Nasyulat 817, dayebe i dshig shal | ow
trench shapes froma dry etch procedure used to renove unwanted residual

i nswoatsdrod myaras astoy layerdirab il pignaiztedn, Ao GHeFRAlH B ER M 6RbivBOIHE 3B Ng
(CWP), planarization procedure. It is still another object of this

| nvettonly photalisieogrdihi Peloyedurés N ia AR ati Y & ad i 5Bl A P WcdRiysilicon

stop laver via chemical mechanical polishing procedures.

SUMMARY OF THE INVENTION

ft 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.

[t 1s 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 fayer, 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

foss at ST regions during subscquent wet etch steps, via conversion to a silicon oxide layer via
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| oss at STl regions during subsequent wet etch steps, via conversion to a
silicon oxide layer via 3 1 O' JAN Wthernmal oxidation. In accordance
with the present invention a process for formng, insulato”ﬁ&l%ﬁgﬁﬁﬁmulow
trench isolation (STl), regions, featuring the use of a disposable "
polysilicon |ayer used to protect the STI regions during a chem cal
nmechani cal polishing - dry etch planarization procedure, is described.

Af t eherfraf sreitiacm. of various width, shallow trench shapes, in a silicon
nitride layer and in a top portion of a sem conductor substrate, a first,
hi gh density plasma (HDP), procedure results in filling of all shallow
trench SnﬂE% rd\,lxl,}'}('gahwf'?h[irst‘in.sulator | ayer, to a level equal to the top
surface of t e‘séh1coﬁﬁJgFﬁP“EUH@PPéﬁE?‘%%ﬁﬁémPH%£%§ﬂmPé§ﬂ%h§mﬁﬁWthe first
i nsul at or la er side on, the top surface of the silicon nitride shapes,

| ocdf%d" batli %&Stﬁaﬁesw’tff:%@% YRrapes! a dispasibic ppobiieid inponstdaearotest
conformal | y deposited, overlying the regions of first insulator layer in

t he N&RAl 1<i97 s 2 shepeal mesbamest poligiingvatry yichglanegioing pedcefiest | nsul at or
| ayer residing on the silicon nitride shapes, A second HDP insulator |ayer
t herfichéribled. Piigr Spaetien bevateen wsdthj theliowittendlddashiapessiliconQitdde avel aqm! anar
with the top surface of the silicon nitride shapes. A Cl VP procedure is

nextin peoff pomied of arsemplcanduc@at:b ot QUIRASBSh dERTOVIiAg, BT econd HDP
i nsul ator |layer, and regions of the thi% polggylicoé |§33§?&%%§3ted on the

t op suilfacalies of Btesk&inbiwc%clﬁlisﬂaﬁaiey\%ﬁ Q%P&Sr?sula'ioeﬁ o189 liev%l Efﬁ@ﬂ?fz g%}er

resi dual second HDP insulator laver, overlying thi'n pol'ysi

|S';1Is Ls{uaﬂ(a%c?&f?ﬁ? (I;jeengfé& r\gxl%ﬂ)rr EBIIL s'(t)lﬁtge_r,] w[isl}l'tré ! hlicg(%r ?ehg?d%% SOT th%r}gstrigssdlgé rnlgye? r;esti dr::eon
the top surface of the silicon nitride shapes, located between shaliow 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 fayer then fills the spaces Between siiicon 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 cegions of residual second HDP insulator layer, overlying thin polysilicon layer, stil
located between silicon nitride shapes, and residing on the inéulator 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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resi dual second HDP insulator layer is then selectively renoved via dry

et ching procedures using the polysilicon |ayer as an etch stop protecting
first HDP insulator layer in the shallow.treneh shapes.

oxi dation procedure is used to convert the thin ponS|I|con Iayer t%@ﬁ
silicon oxide, followed by wet etch procedures used to renove the silicon
nitride shapes, and to 4 X04 JAN 2 selectively rempve the oxidized thin

pol vsledtivenemayerhe ofkRiSAtH thif Golvail 158?{ lah @Y tRDSine GOIPI e81B6s V(‘ﬂotﬁbris&ﬂ@it L ow trench
shapes of various widths, all filled'with first HDP insulator |layer, to a

| a c id i f@G80%.; ' b &t narBRI EF
DE\égl?l %l_}_\.atrr‘d%{ h sWA E]DF%\A?JQQC;JS&S#ﬁéﬂg@J gféttth;fﬁ dsl%?h?r%miggaﬁ{eé S[Hl%lﬁé\f &

i nv : in the preferred enbodlnent with reference to
thegﬂ{}ﬁgﬁﬂh&ﬁggmn%@%S?Wé?mﬁﬁgrﬁag““ 'gs. 1 - 9, which schematically, in
cross-sectional style, describe key stages of formation of insulator
filled, STI regions, featuring a polvsilicon stop |aver used during a

selective dry etch cycle as a conponent of the STl planarization procedure.
DESCRI PTI ON OF THE ﬁéﬁﬁﬁﬁﬂﬁﬁSEMﬁé@WN@NW@HEﬁ%UBW8EQés for formng insul ator
filled, shallow trench isolation regions featuring the use of a disposable
pol ysi | i Bemokiecopnd aijier 2dvantabis sighianmeotion imduitalcamibid Id tht prdfereeal | zed,

i ndependent of the spacing between the shallow trenches and_lndependent of
shalembadinreanefthwefdtchce withé anmied eravdegchidiggdudd detail. A sem conduct or
substrate 1, conprised of P type, single crystalline silicon,

Figs. 1 - 9, which schematically, in cross-sectional style, describe key stages of formation of

nsulator filled, STI regions, featuring a polysilicon stop layer used during a selective dry

eteh cycle as a component of the STt planarization procedure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process for forming insulator filled, shalfow trench isolation regions featuring the use
of a disposable polysilicon stop layer, enabling uniform insulator fill to be reafized, independcnt 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




with a <1 00> crystallographic orientation, is used and schematically shown
in Fig. 1. Silicon dioxide layer 2, is next thermally grown to a thickness
bet ween about 200 to 500 Angstrons, followed by the deposit ggnﬁ(@@i con
nitride layer 3, at a thickness between about 1000 to 3000 Ang ;

obtai ned via | ow pressure chem cal vapour deposition (LPCVD), or via plasnma
5 104 JAN M5 enhanced cheni cal vapour deposition (PECVD), procedures. The
res@NFmQﬂiﬂﬁégélpmﬁweduﬂesmm§PE§@ﬁBnmmnmmhhy1§hawmtuﬁt@mgpukemthkore3|st
shape 4, is next forned and used as an etch a nmask to all ow an ani sotropic,
rea@&km&ﬁ&ﬂﬂsﬁb@hﬁmgg(RlE), procedure to fromshallow trench shapes in

sem conduct or substrate 1. This is schematically in Fig. 2. The

ani sotropic R E procedure is perforned using CF., or CH'T as an etchant

for sili or silicon d|0X|de Iayer 2, while SF, or
c| 2 is u@‘g’go"ﬁss‘g‘a“hgpe{ %geﬁ(tt ”“egée PESHGAR ST SUBELP ARV 17 2R WDt h of t he

aIIOM/trenﬁg 3& n fenlcgnductor bstrate 1, is between about 2000 to
400(5@‘1&%%&0:‘1& T R LT (PO oY SAst HiERet PepBIondivapsuBEratof. 2000
to 5000 Angstrons, while w de shallow trench shape 5b, exhibits a wi dth of
bet g é‘B‘S{}’F“@" gon Fig- 200 h&ﬁ’i"sqfﬁéﬂ%ﬁél%éfoﬁéd%@mem@rmwmliaﬂaw ¢Mensh shape
5a, and wide shallow trench shape 5b, is between about 0.1-0 to 100 um

Af t én erebpvial sibfonghisrdedayst 8t andHapelivbn didadqpbes ma woXy §Enoraslk isngedmdarcar ef ul
wet cleans, silicon dioxide layer 6, is thermally grown-at a thickness

bet wadanigbosmi20Qutor 4GBtrArgist Tlardepth oy bidileg tidhehddiigherslefttiutise trench

liner |ayer, needed to acconmpdate subsequent |ower density,
substrate 1, is between about 2000 to 4000 Angstroms, with a width for aarrow shallow trench
shape 3a, of 2000 to 5000 Angstroms, while wide shallow trench shape Sb, exhibits a width of

between about 0.50 to 100 um. The space between narrow shaliow trench shape 5a, and wide

shallow trench shape 5b, is between about .20 to 100 um.

After removal of photoresist shape 4, via plasma oxygen ashing and careful wet cleans,
silicon dioxide layer 6, ts thermally growneat 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 next deposited, via high density plasma (HDP),
procedures, at a thickness between about 2000 to 4000 Angstroms, ﬁllin(;,Y 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 aiso 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




insulator trench fill. Silicon oxide |ayer 7, is next deposited, via high
density plasma (HDP), procedures, at a thickness between about 2000 to

. 4000 Angstrons, filling both narrow trench shape 5a, as Wemll}a‘?%h\ﬁi%
trench shape 5b, to a level planar with the top surface of siliC roxi de
| ayer 2. This is schematically showm in Fig. 3. The silicon oxide HDP
procedure also results in deposition of silicon oxide |ayer 7, on the top

sur tagepetedirt | ROt rkdilide bhay:el 3 .dodl n@ LRICKRESS ohet WernJahelts 000 to
4000 Angstrons, hawever the botfom - up deposition charactéristic of the 6

104 g4r; HOR rpi.osedurg. S.. oL resul & i L dging,. of.d not. rgsult in
i1 1 S o G pey et T B8k bl Beh SR, A RBRENHETE 5
expouggquﬁghe shal | ow trench shapes. This is schematically shown in Fig.
3. e abil%r? to renmove regions of silicon oxide layer, fromthe top

surface of silicon nitride layer 3, to formthe desired insulator filled,
STl regigns, . is next addressed. However if a chem cal mechanical polishing
(CVP), pr iRl & Rewye {9 sheongede tayers ERBVEC (RRARTEdoF Bifoamtres

silicon oxide |ayer 7, an unwanted di shing phenonena woul d occur in w de

t r erRYRT #.dgifors the deapsvinswptontitiedi SBI ragions, ib neonddressed. Hayever it a Eireonsahi de
shal | ow trench shape 5b, resulting in an inadequate insulator fill.
Themafcbarecah pplisbogdCMP ) upiokedtiragreee Strept baywet to amtbvamnaddictirariads ofover | yi ng
HDP i nsul ator layer, is enployed to reduce the risk of dishing and to

adegiiabebyidé af 8 LnRhiuavahtel ARHIN3tMEndhddaSvodid o@ul iVt RrehbieRGRGS, W t hout
the use of additional, costly photolithographic procedures.” In addition
thi Sl‘er%\gﬁ:g%’ rd%ll&&?%fi&%sox&m i%&%’?%’s ?roﬁlox()itd% ?llmllgt,v tg'pn%heﬁaspte Sb, gsrlljltigé imdaen’
nadequate insufator fill. Therefore a procedure utilizing a stop layer, and an additional, overlying
HDP insutator fayer, is employed to reduce the risk of dishing and to adequately form uniform
tnsulator fills, in all width trenches, without the use of additional, costly photolithographic
procedures. In addition this procedure provides thickness controf of the post - STI oxide.
during subsequent oxide removal procedt_x.res, such buflered 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.




during subsequent oxide renoval procedures, such buffered hydrofluoric acid
dips used to renove sacrificial or screen oxides. This novel procedure

initiates with the deposition of polysilicon layer 8, obtai(fp %&%
conformal LPCVD procedure, at a thickness between about 100 to
Angstrons. Another |-1DP procedure is then used to deposit silicon oxide

| ayer 9, at a thickness between about 2000 to 4000 Angstronms. The result
of thesef\dep)toer witowstais of s Eh8hptoicedlrt 5 rehowad knrdiige te regidas depRSnt i on of
silicon oxide layer 9, is perforned to a level in which the top surface of

si | | @ode laxdrde a$ ayRthSealoncat [&ﬂy&l%ﬂ@%@r s hadd, o tbf)%@r@ﬁe%ﬁ‘@ﬂ@& m'[r?dcpl anar
with the top surface of silicon nitride |ayer 3 7 10 4 JAN MA First, or

i ni tigtr st agesdicriae QYR QUPCRIMEd $h REXs %@1@ % E%Y%FE P& £942NS of
silicon oxide layer 9, as well the régions of I con a er 8, from

the {.pRingdhfA0e aﬁf)ea'?&r{c'e%@'f’ncncb L G%e Jf@)ﬁ?{gn %trld&h% E 3 x%ctﬁr :;l:/gde nd] %r hr{a

procedure in regar ds to the nhon-renova sil1-con’ ni

at the, e rface of silicon i de | ayer 3

secogr?(:?i:'eacpfICB (farbﬁ/glp]?mg%dutrp "#p%))ﬁél{%l\ﬂﬁ“bcr GEESIT et r%@e& e EeE t’?:‘brrpl et e

rermval c% mate(i a.t] @ é top surface of silicon nitride. The

r esui’P S8F acteh BF% edtitererdt eicdhe fMF sxcpgure Korhematiopd wshoBnifeat uring the

| nsul ator_ fill ed STI ons, overlaid with portions of silicon oxide |ayer
HEdd ﬁearfy@ra é‘?f“la g;r lleg SThtegions, Avarlarhwiah pottioonBulion dxhie liyes @] at or

frlled STl regions. It can be seen in Fig. 5, that during the CW

pr ocerdurcdysdicehilaygs 8.orhiclemovel areflodabel qrahé insnlaek filkd STOReRKE IR cah@yer 9,

occurred in the region in which silicon oxide layer 9, overlaid w de

shal $eawid Figng hhat during the CMP procedure dishing, or removal of the portion of silicon oxide

n1 nat ed

layer 9, occurred in the region in which silicon oxide layer 9, overlaid wide shallow trench
shape 5b. This dishing phenomena, oceurring to a disposable silicon oxide laver, is not critical,
however without the use of polysilicon layer 8, and silicon oxide fayer 9, unwanted dishing of

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

i)

Remaining portions of silicon oxide layer 9, located in regions overlying both narrow
shallow trench shape 3a, and wide shaliow trench shape 5b, are next removed via a selective RIE
procedure, using CHF; as an ercliant. 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.




shape 5b. This dishing phenonena, occurring to a disposable silicon oxide

| aver, is not critical, however wthout the use of polysilicon |ayer 8,
and silicon oxide laver 9, unwanted dishing of silicon oxigy! r%%” in
wi de shall ow trench shape Sb, woul d have occurred. 11 Renainlngﬁggr %ns of

silicon oxide layer 9, located in regions overlying both narrow shall ow
trench shape 5a, and wide shallow trench shape 5b, are next renoved via a
sel ect i vexiRUN pf gequlysdiconsiopdayeHB, as3vdbasanmetd hdsilicorhirsicils/cstheant i cal |y
shown in Fig. 6. The presence of polysilicon |ayer 8, used as a stop

| ay emdedlihop@milidee S@lcastdr veisRk AIOGEAULR LREORRELI8Lbed8RVe the
portion of silicon oxide layer 9, overlying w de shallow trench shape 5b,
in addi Hian §9;s i§ QIRYdNG;P hetclaﬁvérgbr(f%?h@l?&lﬁé@'ﬂqa 0k & 4%9]@09%&88 | ayer 9,

|1 C S ape'§a, Wt ho

| ocated overlying narrow shallow tren ut " vul'nérability to
t he i tieal. silicon,oxide |ayer in . the shallow trench shapes. 8 (0 4
AN S CET i R PO G s e tiei T ar e heat SRA Prode Fibvar o
siIHgon nk%ridg Igﬁg& 3, and underlying pad silicon oxide layer 2 is next
addrEEE<Ed BAY sth P glopiey tadhe hikaesaf pgiveiigan layer 8. ghisthickiepatialy ¢ i at ed
with the conversion of polysilicon |ayer 8, to polysilicon oxide shapes
10, VPWnimEKmal 182 Peraercsot siliser aitidesayeTRe prowcekabesgiont opeyeindigion oxi de
shapes 10, is between about 2 to 4 tinmes greater than the thickness of
pol yssbitraoh. framahe gxidavinsinitdensc Rdwat ntadd kyerShowrxi seiderigely 7emdFké viaresence
of silicon nitride layer 3, protects all regions of sem conductor

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 hydroflueric (BHT), or to a dilute

h

hydrofluoric (DHF), dipf The result of this procedure is schematically shown in Fig. 9, with final
nsulator 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 STT region. The thickness of
polysilicon oxide shapes 10, was designed to allow protection of the STI regiohs 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.




substrate 1, fromthe oxidation anbler, Silicon nitride |layer 3, is next
sel ectively renoved via use of a hot phosphoric solution, resulting in
pol ysilicon oxi de shapes 10, protruding upwards from the14gmc@§$2@ _
shal | ow trench shapes. This is schematically displayed in Fig. S %%Ily
pad silicon oxide layer 2, is renoved via subjection to a buffered
hydrofluoric (BHT), or to a dilute hydrofluoric (DHF), dip. The result of
this puBEAHNNiRydnsos BRGNS bE@LLY IS HRW if det@tine Gl r{zlﬁr 0@, ,d NSul ator

filled, STI regions, featuring silicon oxide at ‘are 1n turn planar

W t I . of silicon dioxide |ayer, 2, independent of the width
of p{r" ﬁ%n%‘r%&?%dg'il‘%S{‘f??@h%o tlh?’V(‘:aneele%de(r)&FOOdpl?ﬂ S?gf%?‘é@ﬁ L tg‘ﬂa‘iﬁ‘@@“ﬁo, was
des%gnpd.tp allaw ‘notecﬁlon of.{he STI_rggﬁons during specific BHF

pr SOLHTF B5I0TTFEA 95915 TaY PopiRde wetoddeRatiaatea thefrighrndsicPPeolthsxi de | ayer
2, .and also designed to be consuned by these wet etch procedures at the
cor®Y%EPBN of the process. 9 10 4 JAN 2005 While this invention has been
particularly shown and described with reference to, the preferred

enbodi ments thereof, it will be understood by those skilled in the- art
that various changes in formand details may be made w t hout departing
Fromdie spirit and scope of this invention. Wiat is clained is: 10 10 4
JAN 2W 1. A nethod of formng insulator filled, shallow trench isol ation
(STlI), regions in a

What is claimed is:

10




sem conductor substrate, conprising the steps of: growing a first silicon
di oxi de | ayer on said sem conductor substrate; depositing a silicon
nitride layer; formng shallow trench shapes in said silico @i&&'qﬁﬁﬁayer,
in said first silicon dioxide layer, and in a top portion orq sai@i '

sem conductor substrate; growing a second silicon dioxide |ayer on surfaces
of said sem conductor substrate exposed in said shallow trench shapes;
depositing a first silicon oxide layer, with a first portion of said first
silicon oxide |ayer |ocated on the top surface of said silicon nitride

| ayer, and with a second portion of said first silicon oxide layer filling
sai d shal Bavetho@oilorsing pesslatatdidied shpiey rendhiisplaiiagdST RySgiongdisosi ti ng a
second silicon oxide |ayer on said thin stop |ayer; renoving first portions
of sai d sestaddsitbi sbstraxicdmptigyethe sfaps sf: portions of said thin stop

| ayer, and said first portions of said first silicon oxide layer, fromtop

surface of  sajwingi Fiseailicst dibkideldyay@rsaid eaNdondusecabsdrapor tions of said
second silicon oxide |layer, and second portions of said thin stop | ayer,

on said SECOHﬂXEQ&&%%HQOQEH§&QQy&!rSt silicon oxide |layer, located in said
shal | ow trench shapes; selectively renoving said second portions of said

second silicag 1?1%3% A lo@MEhnel SRTLs ihRGidlAR R HIAACRY Q! in%@ddi-QARBA Portions of
said thin stop Tayer

dioxide
Jayer, and in a top portion of said semiconductor substrate;
growing a second silicon dioxide layer on surfaces of said semiconductor substrate
exposed in said shallow trench shapes;
depositing a first silicon oxide layer, with a first portion of said first silicon oxide
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 said second silicon oxide layer, first portions of said
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 second silicon oxide layer from

the top surface of said second portions of said thin stop layer;

i1




I 1 10 4 JAN perform ng a thernmal oxidation procedure to convert said
second portions of said thin stop |ayer to an oxidized stop | ayer;
selectively renoving said silicon nitride |ayer; and renovi [}s?"gl @%st
silicon dioxide layer resulting in said insulator filled, S e ns

| ocated in said top portion of said sem conductor substrate. 2. The net hod
of claim1, wh rejl.n” s%i d ﬁi r\sﬁé Sili COH di oxi de | alyer is thermally grown to
a thickness BETHEER ABEUTVIHFP LGN SO CANGSP FORET 58U S§HNdROTRIY SF4 el ai m 1,
wherein said silicon nitride layer is obtained via | ow pressure chem cal
vapour dep8$i ¥Ry Ipeveyidisse stirdafirasma enhanced cheni cal vapour 10
deposition (PECVD), procedures, at-a thickness between about 1000 to 3000
Angst rons. 4sel@tigclyetiodngfaidlsaicon hitridvhleyej andsai d shal | ow trench shapes are
formed via an anisotropic reactive ion etching procedure using CFa or CHF,
as an et chanteh@¥ingidid 6805l Gioditc &BQr FBkitiSd histi@MAioxitded yhil e SF6 or
Cl, is used as an etchant for silicon. 15 5. The nethod of claim1, wherein

the depth ofyisaiickaglaah kow by g&@%%@ﬂg%mk&cﬁl@!oﬁj sufficconductor substrate,
i s between about 2000 to 4000 Angstroms. 12 101 M _

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 nimride layer is obtained via low pressure
chemicat 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 used as an etchant for silicon.

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

semiconductor substrate, is between about 2000 to 4000 Angstroms.




6. The nethod of claim1l1, wherein said shallow trench shapes are conpri sed
wth narrow s callow trench shapes, with a w dth between about 2000 to
5000 Angstrons, and conprised with wide shallow trench shameq

wi dt h between about 0.20 to 100 um 5 7. The nethod of claim1l mhereln
said second silicon dioxide |layer is thernally grown to a thlckness

bet t t hod of cl ' id
Firer il i Garasdl Sy SRk emdfﬁ%m LGP SR B SrPbRn hapes, 1o

obt ai ned vi a hh@ den5|{yf§§a ngl procedures, at a thickness between
about 2000% B FOUEVARGSE PRReES: Vi @Wldr @CW@FH@W%POQ@HW\QOP Agsepeisn sai d
thin stop layer is a polysilicon |ayer, obtained via LPCVD procedures, at
a thlckne§§i%é¥ME@%“ﬁ80ﬂﬂeﬂ@@OWdﬁﬁoﬂswngshmdwswnﬂmbmmheiﬁﬁthdOof claim1,
wherein said second silicon oxide |ayer is obtained via HDP procedures, at
“a thicknessl®@etmeen about 2000 to 4000 Angstrons. 11. The net hod of claim
I, wherein said first portions of said second silicon oxide |ayer, 15 said
first portions of said thin stop |ayer, and said first portions of said

first sil7com @%heeof L@WE, wid&n keARY&HfIRAK HQQld%Qﬂeertﬁéﬁlet I)Q
silicon nitride layer via a chem cal nechanical poli'shing proc§ ure 13 04

JAN M 12. JB%:%ERQQr\%en%Ib@hmOb 10'M0B" &gl 3Rk d second portions of said

second S|I|con oxi d

8. The method of claim 1, wherein said first silicon oxide layer, used to fill said shallow
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 Angstrdms.

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

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

1t. The methed of claim 1, wherein said first portions of said second silicon oxide fayer,

L5 said first portions of said thin stop layer, and said first portions of said first silicon oxide
fayer, are removed from the top surface of said silicon nitride fayer via a chemical

mechanical polishing procedure.

I3




| ayer are selectively renoved fromthe top surface of said second portions
of said thin stop layer via a selective reactive ion etching procedure,
using CHF3 as an etchant. 13. The nethod of clain1],mhereirﬂ&ﬁﬂgﬁwiﬁ%@on
nitride layer is selectively renoved via 5 use of a hot phosphoric acid
solution. 14. The nmethod of claim1l1l, wherein said first silicon dioxide

| ayer is renoved via use of a buffered hydrofluoric acid solution, or via
use of a dPl Thempydd of tloior I cviaweid saidokautidopurtidds FQ4id kAN M sikon Axiget hod of
Form ng insulator filled, shallow trench isolation (STI), regions in a

seni condutiyer arsubist:atyeembeat fhinnge ByrtusRasatLe s@éﬂrﬁd%o'rii}&%’bf%ﬁégﬁ’hih ayer,
used to allow wuniforminsulator filling, shallow trenches to be realized,

i ndepende : i i, d_shal | ow. trenches and i ndependent
of shalIo&ﬁ??%ﬁ%ﬂﬁﬁfﬁgﬁ?vc%ﬁ%ﬁ%ﬁ?ﬁgmﬁﬁép“§e§F8ﬁ?”l(ﬁﬁg¥%VFH§&§“%ilicon

di oxi de pad | ayer on said seniconductor substrate, depositing a silicon
nitride queﬁ fornin% ﬁhalgom/trench shapes, conprised with various w dths,
in said siPi CEHTRIPE PEERT by ahereinsaidailigop agridg IRy prelicoxeideenmarparia and i n a
top portion of said sem conductor 10 substrate; grow ng a silicon dioxide
liner | ay&fe o kaimbaimderiopcid sptetisani conduct.or substrate

14. The method of claim 1, wherein said first silicon dioxide layer is removed via
use of a buffered hydrofluoric acid solution, or via use of a dilute hvdrofluoric acid

solution.




exposed in said shallow trench shapes; depositing a first high density

pl asma (HDP), silicon oxide layer, with a first portion of said first HDP
silicon oxide |ayer located on the top surface of said silifplp gﬁﬂrg%% is

| ayer, and with a second portion o | said first HDP silicon oxide |aver
filling said shallow trench shapes; depositing said polysilicon stop

| ayer; depositing a second HDP silicon oxide |ayer on said polysilicon stop

layer; 15 16 ATANMJ eMorhing idsurasdr fPies t dhamsy obn@abdlaseoend), iy sithhcon oxi de
| ayer, first portions of said polysilicon stop |ayer, and first portions

g;‘tfggg {L&g@@@c@drhwm% ﬁir{"aﬁ/&';spostdg?lggg!;ygsgconsﬂé dagﬁpf}iad%éiaﬁo@i licon

avi ng second portions o seco sil1con oxide

| ayer, and second porti.ons.of said poJysilicon stop |ayer, on said second
portions STHPTRYES 2r Az i PWitE%ﬁ}‘%%P&éf?%ﬁ%i,”%PB BPlithe $4F8%shal | ow
trench shapes; selectively renoving said second portions of said second HDP
silicon oxibgeveeaya shllognirenréet sl igdercadent of shellpd teaebniithaenrsrss die sai d
polysilicon stop layer; performng a thernal oxidation procedure to
convért saisttpse€ond portions of said polysilicon stop |layer to a

pol ysilicon oxide |laver; 10 selectively renoving said silicon nitride

| ayer; and refBwvinig Skl dsdlidcl 18V@XindRidnagidoay@tor @64ldd.ng i n said
insulator filled, STI
depositing a silicon nitride layer;
forming shallow trench shapeé, 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 silicor oxidedayer located on the top surface of safd silicon nitride
15 layer, and with a second portion of said first HDP silicon oxiae faver filling said shallow
trench shapes;
depositing said polysilicon stop layer;

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




regions, located in said top portion of said sem conductor substrate. 16.
The et hod of claim15, wherein said first silicon dioxide pad |ayer is
thermally grown to a thickness between about 200 to 500 Angbﬂl}om;N AR 17
The method of claiml1S, wherein said silicon nitride |ayer is obtained via
| ow pressure chem cal vapour deposition (LPCVD), or via plasma enhanced
chem cal vapour deposition (PECVD), procedures, at a thickness between
about 1000 t 0c300DLARYSLFEWS of 184 Fgng NP i@n oRire: lmesr Hoek mfrtictsaimidl5,
wherein said shallow trench shapes are forned via an anisotropic reactive
i on et chi ngahysdicedsioe faysi,rgd CF4 porticBkB8s@ad (an HEXRcilamh okl 1set i fe@nopni tri de
and for silicon dioxide, while SF6 or C, is used as an etchant for

silicon. 1S%urfikeomaidnadofhitaHaiaelRavivkesShd péﬁ%nggmalfh Qosabpsirblhow
trench shapes, in said 5 sem conductor substrate, is between about 2000 to

4000 Angst Iy (oA, anecdl Rt @lorcl mv%lﬁcmmg‘?fdgﬁra%ﬂlsgd%pﬂh Prddggneh

shapes are corrpr nar row shal'l’ow trenc

{r ench shapbe ot 8P Al BEhO DS etn ABGAE SRS e shallow

of claim 15, wherein said silicon dioxide |iner layer is thermally grown
to a thi cknes¥!EYHSESTALIIOBIOMbPAGONSPIgaKrsepand HDP silicon oxide layer

from the top surface of said second portions of said polysilicon stop layer;
performing a thermal oxidation procedure to convert said second portions of said
polysilicon stop layer to a polysilicon oxide layer;
10 selectively removing said silicon nitride layer; and
removing said silicon dioxide pad layer resulting in said insulator filled, STI

regions, located in said top portion of said semiconductor substrate.

16. The method of claim 15, wherein said first silicon dioxide pad layer is thermally

grown to a thickness between about 200 to 500 Angstroms.
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 chemigal

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

to 3000 Angstroms.

16




22. The nmethod of claim15, wherein said first high density plasnma (HDP),
silicon oxide layer, used to fill said shallow trench shapes, is deposited
at a thickness between about 2000 to 4000 Angstronms. 15 ZSthWd of
claim15, wherein said polysilicon stop layer is obtained via L '
procedures, at a thickness between about 100 to 300 Angstronms. 24. The

nmet hod of claim 15, wherein said second HDP silicon oxide |ayer is

deposi t ed {8atThanttiodlaiehsm 161 wherinaRiuhalBROGetich AN AgStednR.anl7 164 JAN
2 25. The nethod of claim 15, wherein said first portions of said second

HDP si | i caRiso@¥pid@cdcy@lon daiifh iotslurPaifd ONScof s ahh Nabsi fdr 6Pkt OP
| ayer, and said first portions of said f1rst I-[DP silicon oxide |ayer,

are renmoveg.f i age.ot..sai ilicon nitride lLayer via a
chemi cal neé%g%ﬁ%gﬁ%b%??gﬁ%%%’%ﬁggggﬁggﬂz%‘5%f8¥ﬁﬁgﬁ§Fkg>38¥¥%Iain115,
wherein said second portions of said HDP second silicon oxide |ayer are

selectively renmoved fromthe top surface of said second portions of said
pol ysi | i coi- Sveprethpfeat daim 13, whpwsen the deptb g€ said shailow wanchishipepriosadur e,
using CHF3 as an etchant. 27. The nethod of claim 15, wherein said silicon
nitbi de | aesrconduced bstirme] iy bewmey edouti2a00 tdDiXeAndstr@niot  phosphoric aci d
solution. 28. The nethod of claim 15, wherein said silicon dioxide pad
| ayer, originally underlying

20. The method of claim 15, wherein said shallow trench shapes are comprised with

narrow shallow trench shapes, with a width between about 2000 to 5000 Angstroms,

and comprised with wide shallow trench shapes, with a width between about 0.50

to 100 um.

10 21. The method of claim 15, wherein said silicon dioxide liner layer is thermally grown

to a thickness between about 200 to 400 Angstroms.

22. The method of claim 15, wherein said first high density plasma (HDP), stiicon oxide

layer, used to fill said shallow trench shapes, is deposited at a thickness between about

2000 to 4000 Angstroms.

15 23. 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 satd second HDP silicon oxide layer is deposited

at a thickness between about 2000 to 4000 Angstroms.

17




said silicon nitride layer, is renoved via use of a buffered hydrofluoric
acid solution, or via use of a dilute hydrofluoric acid solution. 18

104 JAN 2008

25. The method of claim 15, wherein said first portions of said second HDP silicon
oxide layer, said first portions of satd polysilicon stop layer, and said first portions of
said first HDP silicon oxide layer, are removed from the top surface of said silicon

nitride layer via a chemical mechanical polishing procedure.

5 26. The method of claim 13, wherein said second portions of said HDP second silicon
oxide layer are sefectively removed from the top surface of said second portions of said

polysilicon stop layer via a selective reactive ion etching procedure, using CHF, as an

ctchant.

.

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,

18




