; YZe3e V S| 26hT: >METHOD OF FORM NG SHALLOW TRENCH | SOLATI ON REG ONS W TH

| MPROVED CORNER ROUNDI NG BACKGROUND OF THE | NVENTION (1) Field of the

| nvention The present invention relates to nethods use to fabricate

sem conductor devices, and nore specifically to a nethod of form ng shall ow
trench isolation (STl), regions, with inproved comer rounding at the STI -
sem conductor interface. (2) Description of Prior Art The advent of
mcro-mniaturization, or the ability to fabricate sem conductor devices
with sub-micron features, has resulted in the mgration fromLOCOS, (I|oca
oxi dati on of siW&%@%??CfggﬂQWﬂgﬁ&ﬁﬁ%&&ﬂwﬁﬁﬁNGHégOéﬁﬂmn&ﬁﬁﬁﬁQﬁstechnology.
Narrow active device regions, conprised with sub-mcron features becone
difficult to maintain IME Lo FORNERROUBYRINGr ned via LOCOS

technol ogy. Birds beak formation, or encroachnment of the silicon dioxide

i solation region obtained via thermal oxidation procedures, into the

adj acent silicon regions result in undesirable consunption of the designed
active device region. THRAGKEROUNITOFHBWSVENEIQMsi gn di nensi ons of the
active device region to be naintai ned due to the absence of a thermnal

oxi dation procedure used to grow a thick silicon dioxide isolation region.
The STI regions are forned via definition of shallow trench shapes in a top
por t i on(lpFiell ofehd hwerdiont or substrate, followed by insulator filling and

pl anari zation procedures. The STI technol ogy while not consum ng adj acent
silicon of an active device region, however presents other unwanted
phenonmena, Hggireseat invdntion seihtad foaneth@igiveato- fasrieaemiiontiaoton devieed, ackmorkhe dry
etch procedures used to define the shallow trench shapes in a top portion
of the sesficalydoaboth@Lof$orrih@shall 6w adefclhisSlBRG(SADY, fepionk NwithEnpmetddwendevi ce
region at the STI sem conductor interface. The sharp corner can result in
an unwedtsdingatghe STleGemiconfib@brdnteEadcon for the active device region
translating to del eterious device paraneter' such as sub - threshold

| eakage. This invention will describe a novel process sequence for
fabrication of STl regions, in which comer rounding of adjacent active

devi ce mepe@mptibSof@ibref. This is acconplished via use of a conbination of
process steps, such as formation and renoval of a thin LOCOS region, and

i nsul ator spacer formation perfornmed prior to definition of the shall ow

trench shapgg adfkitQF nférb-mifiaahizaSorCar ik @Qiliéﬁ toFhbridafd slnRondiator dices with
6,084,276, Reinberg, in US. Pat. No. 6,265 281 B 1, Jang et al, in US

Pat . Nogp,8nih, fekEres, 30 € rebifkdGh ﬂﬁlmi\%tﬁiloﬁjﬁgm f?ﬁgg!\@ocgpoﬁgez{ioﬁ%ﬁ' sﬁc&ng% descri be

met hods of form ng STI regions as as ne S addressing corn

round: gy, AEBbILDA5 % BT Al ANRNS! NBSETLA (R DANEL, BAGRSS

sequence use resent rnvention, i1n a conbi st eps

uence . | cortbi fat1 bn ' of |
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| ocat ed g'a nt ,t o .acti e.%ﬁvice regi on ich feature rounded,.corners at
the ac trie h 8@@}% via thermal oxi }onipﬁ?cgﬁl%&% é&to\%e z&ljacerﬁ silicon regions result in

undesirable consumption of the designed active device region. The use of STi allows the
design dimensions of the active device region to be maintained due to the absence of a thermal
oxidation procedure used to grow a thick silicon dioxide isolation region. The STI regions are
formed vi-a definition of shallow trench shapes in a top portion of a semiconductor substrate,

followed by insulator filling and planarization procedures.



It is another object of this invention to formand than renove, a thin,
LOCOS region froma top surface of a first region of sem conductor to be
used to accommodate an STl region, resulting in rounded coners for an

adj acent, second regi on of sem conductor to be used for an active device
region. It is still another object of the invention to forminsul ator
spacers on the sides of an insulator shape overlying the active device
region, with the insulator spaces overlying a portion of the rounded
corners_of the active device region. It is still yet another, object of this
i nvent i &Re BB tgeimokagy tvhile sbsonsyiing adiarens pitiparsof 49 FeUVB G HERIOR: of the first
regi on of sem conductor, in an area in which the first region of

seni corfievedressnts gther Bwantad Mgnemena; again ity iselpliereiesiont geraicersiud®hce with
the present invention a nmethod of formng an STI region in a top portion of
a seni dsfsefaes: orheslheieh proecduies uapd Hlebanihe shadlomoirengh stapehia ajop pPidianef acti ve
device region |located adjacent to the STl region is obtained, is described.
Af t er fibe pamirendueidr subsivpervrede 4 sharp eoxiatan the activesiesica rmgioreat &rei Bl -exposi ng a
first region of sem conductor, an ion inplantation procedure is perforned
to prepmmeconfiectdr intstfagee gTlmashefp e considt inanfupwanted bighdkecirofiept mgedur e.
Formatifon of a thin LOCOS region in the inplanted, first regi on of

sem conductor is followed by renmoval of the thin LOCOS region, resulting in
a r ecedbedctiviedstice egioontraflagegiccdabetertdus defiempararetgrs sochrededb € threshsldi N an

adj acently | ocated second regi on of sem conductor, the subsequent active
devi ce ledggan now underlying the oxidation resistant shape. |nsul ator
spacers are formed on the sides of the oxidation resistant shape, overlying
t he rounded corners of the recessed, first region or sem conductor.

Def i ni ti on THis Bverdtiinl vl desceibe B ndie PpRodes saguencafos fpicatiohed ST rdghmspar ti on of
the recessed, first region of sem conductor, not covered by the insul ator
spacer swhiflh tethertrb@idigd oftidiebht abfvealevico ssgicls 6F rellidedr ThRMesccomplidted exprsed
surfaces of the shallow trench shape, additional insulator |ayer is

deposi t &t @amHaabebyprotdsh btogk, kiR a8 AatlaGYn bddreebvaRERIY LOBILREioCaride oV al
of unwanted portions of the deposited insulator |ayer fromthe top surface
of the jaxilsat ﬂéﬁ(ﬂa_r S afibRPérfTHRR Briof 8 Wefififion Bf AR sKallow ©&LR Bhapes 2tigdarfid] acent
to an active device region, wherein the alive device regionin turn

f eat ur egick QUAHREING @f RS QVIEH| 1. &, 484,278 SRS L, 18 PAS 968 NoBRhES 2 8ESER PTI ON
OF THE DRAW NGS The obj ect and ot her advantagés of this invention are best

descri bgds L tiR®r Sret aid. 830009 AR At e LR U €fraf RRC 8,269 58081 altaaed
drawi ngs That include: Figs.’ 1~ 10, h

whi'ch schematically, in cross -

secti onglmgiydr@ermflEs 811 REioKEYs whiPSERethOds A1 sd: L QBng@MNond o freQ on i n
(]? gn %ELE In | C%’I g?

a top portion of a 3emc uctor substrate, corn roundi ng of the

portio ' 4 ' LQcated. ad] ' - ' iS

bt ai et AR B AR e B AR B e e A S ol TR, g
STl regq| ] raf L oR: of 1 r bst.r, . L[] g corner
Found: g itaE of SPp e H! ARt OROS AR A Rinc S AR Bl Rion BRUNRHIS {1c"em
region, wWll now be describ i ai l..Sem conduct or substrate 1

conpri ssé’gé%%’ A5 e tf%yegrpf/lsfg e%ﬁlet%giqﬂ%ihlceosh?u ‘%g%nﬁgisﬁ%)e% <100> crystall ographic
orientation, is used and schematically shown in Fig. 1. Silicon nitride

| ayer 2, is next deposite I I i cal vapor deposition
(LPCVD), or via plasna enggﬁ@@ékSﬂgﬁﬂﬁgﬁﬂbgﬂgfﬁﬂ%position (PECVD) ,
procedures, to a thickness between about 1000 to 2000 Angstrons. If desired
a thin sili I(%(1:)snan0(;i>lje(:jci(;a o} t%}/selrrlve%faign E)efoLg rSlirF(rjegoo?ls Iinhae to%ljla%}c‘tﬁ)%eof a semiconductor

substrate, wherein the STI regions are located adjacent to active device regions which feature

\/

rounded corners at the active device region - STI interface.



2. A photoresist shape, not shown in the drawi ngs, is next enployed as an
etch nmask allowing an anisotropic reactive ion etch (RIE), procedure, using
Clz as an etchant, to define opening 3a, in silicon nitride |ayer 2,
exposing a top surface of a first of sem conductor substrate 1. The w dth
of opening 3a, is between about 0.10 to 0.50 um Renoval of the photoresi st
shape used for definition of opening 3a, is acconplished via plasnma oxygen
ashing. The result of these procedures is schematically shown in Fig. 1.
Prior to gribifaroer ebiechphthisiinyentian tn forn ged thay spmepeqa hin, QGO sazipaidn of
silicon (LOCOS), procedure, the sem conductor regions to be subjected to

t he LOGH pirérce dfiz Ershregion of semisopustor éqibe vsed tp aspmmepitaae 8L1 518199 ocedure to
prepare the sem conductor regions for the oxidation procedure. The

pr oceduesilting ipspundedreeinsgp Hriappgliapehtseomdgegiomeinemiconductertto bp usaddoran bet ween
about 0.5 to 3 KeV, at a dose between about 1E14 to 1E15 atons/cne, and
usi ng astivesvinstregiogl e bet ween about 0 to 7. |nplanted region 4,
schematically shown in Fig, 2, will allow the thickness of a subsequent
thin silicon dioxide |ayer to be the sane for both narrow and w de STI

regi ons. Allt isetij ancthéryobmetothb sweuiemtto Ein magatonspacpe o thg sBies ofdt h a
specific width is shown in the drawi ngs, nultiple openings, with various

wi dt hs iasubatdroshampedgvetlping lthecatiST Hevieegegins, witlt the wanlatm spavedtolverltiog beortienl | zed.
A thermal oxidation procedure is next perfornmed at a tenperature between
about 7H0hd oudkd cGinersrofale Xygdsvicrbgient, resulting in the growh of

silicon dioxide layer 5, in the region of sem conductor substrate 1,
exposed in opening 3a. The thickness of the LOCOS fornmed silicon dioxide

| ayer S, shontillebeddthct abjkat of thifFingentdn tb Sefdrttheiallal adhchldd@pdsan 3@
Angstronms. O greatest inportance is the formation of rounded corners 6, of
t he porgorth ofithesidt ©piod WE béhicondueLatieth e ar Wiich thetflier reg 6 6f Rinicdnlh@en
nitride shapes 2, adjacent to silicon oxide |ayer 5. The conbi nation of

i mpl antighbtQUdverBd bl HePEutandiphdegns used, al |l owed rounded coners 6, to be
obt ai ned. Sel ective renoval of silicon oxide |layer 5, via use of abuffered
hydrof l uoric acid solution results in opening 3b, now conprised of the

openi ng i n hhgcdncE fth Md fredar BhéRen a3dhdd T foRdRE by S’Pﬂregﬁﬁ%ﬁtdp” _
sem conductor substrate, the space resulting fromrenoved silicon oxide

| ayer ?oﬂ?&eofra%ﬁﬁﬁz%ﬁ&'uo?&rs%%teﬁn hith E&{l%ﬁxﬂfmﬁ%ﬂﬁé p&ti6n bt ac‘éi?z%I bdvidecat ur es

rounded corners 6, |ocated near the edges of silicon nitride shape 2. This
is sch j ] i i -The. : 184 Q5 QF 2} on the
i dos. arEay el aBaRA0) R B Ereatin ig Dalb L B s bl ARGk P BRGRAME"
addr es : i . i " . = i1 i:de. - 7a, 1S
conforfrigglc’;% el%g%?ite {@?ﬂgﬁ%ﬁ%ﬁ%f@% loﬁro gcszee E‘Jr)ﬂeaglg 3%3&6%?0 nezé{éloéet ween
about 0 I I r Qpi . r si ng
CHF3 aipq acﬁhgﬁeggger@h?‘ E& Eqnggnp aénp%%gg%%ﬁgesgﬁ%%gﬁcg%lfg @r%%%@g%g&?@?gbn t he
sides of _sil.co ity hape. 2, and nore.inportantlyv overlyi rounded
cor ner s ‘e 8Fs Bt FOEOSIBRE 1P BAMelRA T (TBEOA B oot PGS PR
corners_6, fraom.suhse etchin rocedure ch as definition procedure
aed t PYREPRT LGRS et B Pag BEF et DSl BRn e siTeoadtio! ocedur
usi ng 6 as an etchant for silicon, is next enployed to define a shall ow
trench in an exposed region of a top portion of sem conductor

substrate J, a region not ﬁonfreg b $|Iico nitrige sqﬁge 2, or by

i nsul at'SFI9SHSRWEE 1950 adarRatly CAly ﬁii—yOB T SEEPRIUCE 1P FYhseRicElAgHEe can
occur durjng this procedure, byt if desired a photoresi st shape can be used
to prot®¥Ice EFRY Hiderlyng t%m%éal@? f%F&ﬁtﬁfﬁéhﬁpﬁeI“%l@?t@'cﬁlpﬁQﬁés e yorgreenn ficocedur e
used to define the shal]ow trench shape. Shallow trench shape 3c, shown
schenat§ideaof {he oxjdgtien gpsistant shaps, gverbaNg Be soumdpd eorpas Qb reswad. fBgaesien 4500
Angstroms in sem conductor substrate 1. The width of the shallow trench
shape sH@omicorductay. Definitien abgshsdowdenchsivne isgexbacoymplished imthe pettigpafh ot her
shal | ow trench shapes, located in other regions of the sem conductor
substrate can be forned with ether narrower or w de dinensions. The
presence of insulator spacers 7b, protected rounded corners 6, fromthe
shal | ow trench shape definition procedure. A thernmal oxidation procedure is
next used to formsilicon dioxide linef layer 8, at a thickness between
about 50 to 350 Angstrons, on the exposed surfaces of shallow trench shape
3c. Silicon dioxide liner layer 8, thermally grown in an oxygen - steam
anbient, at a tenperature between about 800 to 900 C, will provide a denser
i nsul ator layer interfacing active device regions, than a nore porous

chem cal ly vapor deposited, silicon oxide |ayer that will be used to fil

I 1 o,



deposition of silicon oxide layer 9a. Silicon oxide |layer 9a, deposited to
a thickness between about 6000 to 8000 Angstrons, using
tetraethylorthosilicate (TEQCS), as a source, conpletely fills shallow
trench shape 3c. This is schematically shown in Fig. 8. A chem ca
mechani cal polishing (CW), procedure is now used to selectively renove
portions of silicon dioxide |ayer 9a, fromthe top surface of silicon
nitride shape 2, resulting in a planarized STl structure conprised of
silicon dioxide plug structure 9b, insulator spacers 76, and silicon
dioxide liner |ayer 8. This is schematically shown in Fig. 9. Selective

r enov altherecessed. Hesh regianyqf gemigyagystop, nat soversPythe Bivpleios prageni Afigsthesrala hot
phosphoric _acid, sol ution, exposing sem conductor regions 10, to be used for
t he act8r9wthelon ssuletegiiser layer pp thespesed serfacesrihbeshallevi teeach shonnddditiowster s 6,
of sem conductor portions 10, shown schematically in Fig. 10, will prevent
hi gh elissiaterdayer i deposiied complstelinfiing e shiellgve beprdopamingr gelsqnicrn regsovabeft

sub-t hreshol d vol tage, fromoccurring at the periphery of active device

r egi onsinwihigd portinueef thodepesited insulajerlayee fromethe &y sushesofitheoxtidation gesidtar®TI
procedure featuring LOCOS growh and renoval, as well as the presence of

i nsul atsbapes readtsrip ah STheegicnriodated adidoss doiamectiST deviegpegionpwhayeinttioe zbéfe ni ti on
of shallow trench shape. Wiile this invention has been particularly shown
and degkvicheggioniih turn ééatresmended cotrless geddid by ebutamdredaceent s thereof, it will
be understood by those skilled in the art that various changes in form and
details may be nmade wi thout departing fromthe spirit and scope of this

i nvention. What is clainmed is: 1. A method of formng a shallow trench
isolation (STl), re@RIBFIDESCRETIONORTHBDRAWINGSt e, conprising the steps
of : form ng an oxidation resistant shape featuring an openi ng whi ch exposes
a fsst region of said sem conductor substrate; 5 performng an ion

i npl ant at i ofhepbiteeghdrothdr Adnta@ps @hisidRndn gaibest bedchibed RGhOprefRiregai d

sem conductor substrate; growng an insulator layer in inplanted portion of
sai d fiehfodine@t ®ith eéfersadeto SiRnanacivd WedvahgsStuishelade resul ting in rounded
coners on the sides of second regions o% sai d sem conductor substrate,
wherein said second regi ons of said sem conductor |ayer 10 are | ocated
:mder lyi ng mgy. d - 98] Widkh Qhem8sdaAl S lrib 2R oAl 8L Blsclife B thde N it OF

ayer ; _

formation of an STI region in a top portion of a semiconductor substrate, in which corner

rounding of the portion of active device region located adjacent to the STI region is obtained.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of forming an STI region in a top portion of a semiconductor substrate,
featuring corner rounding of the portion of active device region located adjacent to the STI

region, will now be described in detail. Semiconductor substrate 1, comprised of single
crystalline

silicon, featuring a <100> crystallographic orientation, is used and schematically shown in Fig. 1.

Silicon nitride layer 2, is next deposited via low pressure chemical vapor deposition (LPCVD),
or

via plasma enhanced chemical vapor deposition (PECVD), procedures, to a thickness between

about 1000 to 2000 Angstroms. If desired a thin silicon oxide layer can be formed on the surface



renoving said insulator layer resulting in a recessed first region of said

sem conduct or substrate; form ng insulator spaces on sides of said
oxi dation resistant shape, overlying said rounded coners of said second
regi ons of said sem conductor substrate; 15 form ng a shallow trench shape
in a portion of said recessed first region of said sem conductor substrate
not covered by said insulator spacers; formng an insulator |ayer |iner on
the sides of said shallow trench shape; formng an insulator plug in said
shal | ow trench opening resulting in said STI region conprised of said
I nsul ator plug. said.insulator liner |ayer, and said insulator spacers 20
| ocat ecPiopmicaRdnctas sphslatedo PrITte depasitiop ok siroryritidedaxsk £ o At Rhokpreses laapsnt
shape. 2. The nmethod of claim]|, wherein said oxidation resistant shape
i s conpidt shayngh thg drawisgs,ds pet geplozed ara oighy ey allpwinlanANisotTopie Fesptiveripm
wi dth of said opening in said oxidation resistant shape is between about
0. 10 t ceteh BIE) procadurg yeingLilins@nstchantafordefine gppaing 3e. walivon airtidedsyens at i on
procedure is perfornmed using boron ions, at an energy between about 0.5 to
3 KeV, exposingiotop spdesseodn fa of semtipanluctor subsBata l o Fbe wieth oferening Jagisan
I npl ant ati on angl e between about 0 to 7. 5. The nethod of claim1, wherein
sai d i ristveenaboutdlyldrto 0s50ns i Ré¢meval df ibg phidotesigteshape used for definition of

opening 3a, is accomplished via plasma oxygen ashing. The result of these procedures is

schematically shown in Fig. 1.

Prior to growth of a thin silicon dioxide layer via alocal oxidation of silicon (LOCOS),
procedure, the semiconductor regions to be subjected to the LOCOS procedure are first subjected
to an ion implantation procedure to prepare the semiconductor regions for the oxidation
procedure. The procedure is performed via implantation of boron ions, at an energy between
about 0.5 to 3 KeV, at a dose between about 1E14 to 1E15 atoms/cm?, and using an implant
angle between about 0 to 7°. Implanted region 4, schematically shown in Fig, 2, will allow
the thickness of a subsequent thin silicon dioxide layer to be the same for both narrow and wide
STI regions. Although only one subsequent STI region, opening 3a, with a specific width is
shown in the drawings, multiple openings, with various widths are formed, to allow STI regions

with various widths to be realized.

A thermal oxidation procedure is next performed at a temperature between about 750 to
850° C, in an oxygen ambient, resulting in the growth of silicon dioxide layer 5, in the region of
semiconductor substrate 1, exposed in opening 3a. The thickness of the LOCOS formed silicon
dioxide layer 5, shown schematically in Fig. 3, is between about 100 to 300 Angstroms. Of

greatest importance is the formation of rounded corners 6, of the portion of semiconductor



thermally grown in an oxygen anbient, at a tenperature between about 750 to
850 C. 10 6. The nethod of claim1l, wherein the thickness of said insulator
| ayer isbetween about 100 to 300 Angstronms. 7. The nethod of claim1,
wherein said insulator layer is renoved via a w~ etch procedure, using a
buffered hydrofluoric acid solution as an etchant. 8. The nethod of claim
1, wherein said insulator spaces are conprised of silicon oxide, 15 at a
t hi ckness between about 100 to 250 Angstronms. 9. The nmethod of claim1,
wherein said shal.low trenc hape.i.s forned yia an ani sotropic reactive ion
etch pPIBE"’é er. ¥f§3\#§ edees §ﬁ’é? By pes Ypadjggsat Tﬁéﬁ’r‘f%l ogide 4YsF tn L wher ei n
the depth of said shallow trench shape.in said sem conductor substrate, is
bt wea CRBHIOB GO PEGIE ARG ia: usclzallorisd SHEEROPIOFTs &) @0 1
wherein the width of said shallow trench _shape in_said sem conductor
subst r ateingds Brleive remeyiat ofsilicpniogidg lapsr diitia use of paflassd hysdroBrorig agidn 1,
wherein said insulator liner layer is a silicon dioxide |ayer, obtained at
a t hi cl§pBEienssulikByPPsRBE SLaDY ¢wngBDehnkibe ppaning ip shesiliseamitside shape.and dhe
procedure. 13. The nethod of claim1, wherein said insulator plug |ocated
i n sai duslpdyipgecessep semispngvetor subsaatprthe eacofesdting from rexwehd, silisonakided via a
hi gh densityTpIasna HDP) , _ _

layer 5. The recessed portion of semiconductor substrate 1, still features rounded corners 6,

located near the edges of silicon nitride shape 2. This is schematically shown in Fig. 4.

The formation of insulator spacers on the sides of silicon nitride shape 2, and overlying
rounded corners 6, is next addressed and schematically using Fig. 5 - 6. Silicon oxide layer 7a, is
conformally deposited via LPCVD or PECVD procedures toa thickness between about 100
to 250 Angstroms. A selective, anisotropic RIE procedure using CHF; as an etchant is then
employed to define insulator spacers 7b, on the sides of silicon nitride shape 2, and more
importantly overlying rounded corners 6. The presence of insulator spacers 7b, will protect
rounded corners 6, from subsequent ctchjng procedure, such as definition procedure used to form
shallow trench shapes.

A selective, anisotropic RIE procedure using SF; as an etchant for silicon, is next
employed
to define a shallow trench shape in an exposed region of a top portion of semiconductor
substrate 1, a region not covered by silicon nitride shape 2, or by insulator spacers 7b. Some
thinning of exposed silicon nitride shape can occur during this procedure, but if desired a
photoresist shape can be used to protect silicon nitride shape 2, during the selective dry etch
procedure used to define the shallow trench shape. Shallow trench shape 3¢, shown

schematically



claiml, wherein said oxidation resistant shape is renoved via a wet etch
procedure, using a hot phosphoric acid solution as an etchant. 15. A nethod
of formng a shallow trench isolation (STlI), region in a sem conductor
substrate, conprising the steps of: formng a silicon nitride shape on said
sem conduct or substrate, featuring an opening which exposes a first region
of said sem conductor substrate; 5 performng an ion inplantation procedure
to a top portiaon of said first region of said sem conductor substrate;

per f or n‘Pﬁgg- 4. Faerrediia A dapth SiwesR ARt APQ0de daP@ARgStgmE IR SeDRIEPICIST | i con

di oxi de |ayer in said fast region of said sem conductor substrate,

consuni Sgstial - dike gadth of thershallgw Kenchishaeishawn thidendiis ooy Befeernehent &iter e

al | ow 2(9 the sides of semnd regions of said 10 sem conductor substrate,

| ocat edl-thereraliiongh athershaliqw eenshshanep.decatudip othentecmnf afbasemigondicwrf i r st
silicon dioxide layer, to be defined with rounded corners; 11 perform ng

a firstsugirategaphe pororeddvithes ther rasioset py/widgr dimensienss dihg préserse of insileon di oxi de
| ayer resulting in a recessed first region of said sem conductor substrate;
deposi tipagpra’t, prajected roimdsd cosviersed, frapghe shhfowdrehelr shiapgdefinfitiangirocadinsot r opi ¢
reactive ion etching (RIE) procedure to formsilicon oxide spacers on the
sides of said silicon nitride shape, with said silicon oxide spacers
overlyi ng sAitermalmaiatior pronedse Binestaisdd Sefoondilicegdiorige ifierdayed 8sani conduct or
substrate; performng a second anisotropic R E procedure to forma shall ow
t rench thickpess betwaempabott HhtodS0aigdtroes @asieckxbast sudgies of hhlleairdnch
sem conduct or substrate not covered by said 20 silicon oxi de spaces;

shape 3c. Silicon dioxide liner layer 8§, thermally grown in an oxygen - steam ambient, at a

temperature between about 800 to 900° C, will provide a denser insulator layer interfacing active

device regions, than a more porous chemically vapor deposited, silicon oxide layer that will be

used to fill shallow trench shape 3c. A high density plasma (HDP), procedure is next employed
for

deposition of silicon oxide layer 9a. Silicon oxide layer 9a, deposited to a thickness between
about 6000 to 8000 Angstroms, using tetraecthylorthosilicate (TEOS), as a source, completely

fills shallow trench shape 3c. This is schematically shown in Fig. 8.

A chemical mechanical polishing (CMP), procedure is now used to selectively remove
portions of silicon dioxide layer 9a, from the top surface of silicon nitride shape 2, resulting in a
planarized ST structure comprised of silicon dioxide plug structure 9b, insulator spacers 7b, and
silicon dioxide liner layer 8. This is schematically shown in Fig. 9. Selective removal of silicon
nitride shape 2, is then accomplished via use of a hot phosphoric acid solution, exposing
semiconductor regions 10, to be used for the active device region of the subsequent MOSFET
device. Rounded corners 6, of semiconductor portions 10, shown schematically in Fig. 10, will

prevent high electric fields and thus unwanted device parameters such as poor sub-threshold



perform ng a second thermal oxidation procedure to grow a second silicon

di oxi de | ayer on the sides of said shallow trench shape; depositing a
second silicon oxide |ayer conpletely filling said shallow trench shape;
perform ng a chem cal mechani cal polishing procedure to renove portions of
sai d second silicon oxide layer fromthe top surface of said silicon
nitride shape resulting in said STl region conprised of a silicon oxide
plug obtained fromsaid second silicon oxide layer located in center of
said STI shape, of said second silicon dioxide Ia)i_ | ocated on the sides
of sai dolings frew acewmion atthe peripherypfgptivadenics iregionsn Tos repadedensests in wamt ed on
sai d rounded corners; and 10 perform ng a second wet etch procedure to

r enove wet estalilishesoia tiempved ST hegsedurg Eaturing LAGOHeropfh aidaiemovd, aswrdkasi n sai d
silicon nitride shape is defined froma silicon nitride layer in turn

obt ai nebe prieseact bi inkiigesspbestryfionnedib ¢he subggoent & T2 0ionprips to defmitianefl PCVD or
PECVD procedures. 12 17. The nmethod of claim 15, wherein the wi dth of

sai d ophillavgtrenchsbapet. silicon nitride 15 shape i s between about 0.10 to 0.50
um 18. The nethod of claim 15, wherein said ion inplantation procedure is
per f or med U&hiigthisoinomtion hss begh paticeady ghovretndelestribbd with@efErebar 18, tkeV, at a
dose between about 1E14 to 1E15 atons/cnR, and using an inplantation angle
bet weemprefbed erfibddiménts thereof iewiltdiehmderstbod bpathosd &killadhiatled 2t that ribig St

t hermal oxi dation procedure, used to grow said first silicon dioxide |ayer,
i's per fohamged id for@And dtgitymaynhs Bode withoud dépaRfRr fedol i sblf we@stopbofithis750 to
850 C. 20. The nethod of claim 15, wherein the thiclnmess of said first

si | i connthin@ish.de | ayer is



5 between about 100 to 300. 21. The nethod of claim15, wherein said first

wet etch procedure, used to renove said first silicon dioxide |ayer, is
performed using a buffered hydrofluoric acid solution as an etchant. 22.
The nethod of claim 15, wherein said first silicon oxide |layer is obtained
via 10 LPCVD or PECVD procedures, at a thiclrness between about 100 to 250
Angstronms. 23. The nethod of claim 15, wherein said frst anisotropic R E
procedure, used to define said silicon oxide spacers, is performed using
CHF3 as an etchant. 24. The nethod of claim 15, wherein said second
ani sotropic R E procedure, used to formsaid shallow trench shape, is
performed using SF6 as an etchant. 13 15 25. The nethod of claim 15,
wherein the depth of said shallow trench shape in said sem conduct or
substrate, is betweai about 3000 to 4500 Angstrons. 26. The method of claim
15, wherein the width of said shallow trench shape in said sem conductor
subst r aVeat i§ dabvehisen about 0.12 to 0.45 um 27. The method of clai m 15,
wherein said second silicon dioxide layer is grown to a thickness between
about 50 to 350 Angstrons, via said second thernmal oxidation procedure.
1. A method of forming a shallow trench isolation (STI), region in a semiconductor
substrate, comprising the steps of:
forming an oxidation resistant shape featuring an opening which exposes a first
region of said semiconductor substrate;
5 performing an ion implantation procedure in a top portion of said first region of said
semiconductor substrate;
growing an insulator layer in implanted portion of said first region of said
semiconductor substrate resulting in rounded corners on the sides of second regions of
said semiconductor substrate, wherein said second regions of said semiconductor layer
10 are located underlying said oxidation resistant shape, adjacent to said insulator layer;
removing said insulator layer resulting in a recessed first region of said
semiconductor substrate;
forming insulator spacers on sides of said oxidation resistant shape, overlying said
rounded corners of said second regions of said semiconductor substrate;
15 forming a shallow trench shape in a portion of said recessed first region of said
semiconductor substrate not covered by said insulator spacers;
forming an insulator layer liner on the sides of said shallow trench shape;
forming an insulator plug in said shallow trench opening resulting in said ST region

comprised of said insulator plug, said insulator liner layer, and said insulator spacers

20 located on said rounded corners; and removing said oxidation resistant shape.



28. The nethod of claiml15, wherein said second silicon oxide |ayer, used

to fill said shallow trench shape, is obtained at a thickness between about
6000 to 8000 Angstrons, via a high density plasma (HDP), procedure, using
tetraethylorthosilicate as a source. 29. The nethod of claimI5, wherein
said second wet etch procedure, used to renove said silicon nitride shape,
is performed using hot phosphoric acid as an etchant. 14 . AU AU Al . Ag. AU
AU A A Y. Ag i . Ag ?. AU "L Ay. AUy. AuyQnr k
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mir<l@T#10% & ()-& 10% & ()-!'\#10% & ()-:10% & ()-10% & ()-!
1096~ &' () - hi jshépe is between about 0.10 to 0.50 um.
5 4. The method of claim 1, wherein said ion implantation procedure is performed using

boron ions, at an energy between about 0.5 to 3 KeV, at a dose between about

1E14 to 1E15 atoms/cm’, and using an implantation angle between about 0 to 7°.

5. The method of claim 1, wherein said insulator layer is a silicon dioxide layer,

thermally grown in an oxygen ambient, at a temperature between about 750 to 850° C.

10 6. The method of claim 1, wherein the thickness of said insulator layer isbetween about

100 to 300 Angstroms.

7. The method of claim 1, wherein said insulator layer is removed via a wet etch

procedure, using a buffered hydrofluoric acid solution as an etchant.

8. The method of claim 1, wherein said insulator spacers are comprised of silicon oxide,

15 at a thickness between about 100 to 250 Angstroms.

9. The method of claim 1, wherein said shallow trench shape is formed via an

anisotropic reactive ion etch procedure, using SF, as an etchant.

10. The method of claim 1, wherein the depth of said shallow trench shape in said

semiconductor substrate, is between about 3000 to 4500 Angstroms.

10
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11. The method of claim 1, wherein the width of said shallow trench shape in said

semiconductor substrate, is between about 0.12 to 0.45 um.

5 12. The method of claim 1, wherein said insulator liner layer is a silicon dioxide layer,
obtained at a thickness between about 50 to 350 Angstroms via a thermal oxidation

procedure.

13. The method of claim 1, wherein said insulator plug located in said shallow trench
shape is comprised of silicon oxide, obtained via a high density plasma (HDP),

10 procedure, using tetraethylorthosilicate as a source.

14. The method of claim 1, wherein said oxidation resistant shape is removed via a wet
etch procedure, using a hot phosphoric acid solution as an etchant.

15. A method of forming a shallow trench isolation (STT), region in a semiconductor
substrate, comprising the steps of:

forming a silicon nitride shape on said semiconductor substrate, featuring an
opening

which exposes a first region of said semiconductor substrate;
5 performing an ion implantation procedure to a top portion of said first region of said
semiconductor substrate;
performing a first thermal oxidation procedure to grow a first silicon dioxide layer in
said first region of said semiconductor substrate, consuming implanted region, with said
first thermal oxidation procedure allowing the sides of second regions of said
10 semiconductor substrate, located underlying said silicon nitride shape and adjacent to

said first silicon dioxide layer, to be defined with rounded corers;

11
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10

10

performing a first wet etch procedure to selectively remove said first silicon dioxide
layer resulting in a recessed first region of said semiconductor substrate;
depositing a first silicon oxide layer;
performing a first anisotropic reactive ion etching (RIE) procedure to form silicon
oxide spacers on the sides of said silicon nitride shape, with said silicon oxide spacers
overlying said rounded corners of said second regions of sai& semiconductor substrate;
performing a second anisotropic RIE procedure to form a shallow trench shape in a
portion of said recessed first region of said semiconductor substrate not covered by said

silicon oxide spacers;

performing a second thermal oxidation procedure to grow a second silicon dioxide
layer on the sides of said shallow trench shape;

depositing a second silicon oxide layer completely filling said shallow trench shape;

performing a chemical mechanical polishing procedure to remove portions of said
second silicon oxide layer from the top surface of said silicon nitride shape resulting in
said STI region comprised of a silicon oxide plug obtained from said second silicon
oxide Jayer located in center of said STI shape, of said second silicon dioxide layer
located on the sides of said shallow trench shape, and of said silicon oxide spacers

located on said rounded corners; and
performing a second wet etch procedure to remove said silicon nitride shape.

16. The method of claim 15, wherein said silicon nitride shape is defined from a silicon
nitride layer in turn obtained at a thickness between about 1000 to 2000 Angstroms via

LPCVD or PECVD procedures.

12
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boron ions, at an energy between about 0.5 to 3 KeV, at a dose between about

1E14 to 1E15 atoms/cm’, and using an implantation angle between about 0 to 7°.

19. The method of claim 15, wherein said first thermal oxidation procedure, used to

grow said first silicon dioxide layer, is performed in an oxygen ambient, at a
temperature

between about 750 to 850° C

20. The method of claim 15, wherein the thickness of said first silicon dioxide layer is

5 between about 100 to 300.

21. The method of claim 15, wherein said first wet etch procedure, used to remove said
first silicon dioxide layer, is performed using a buffered hydrofluoric acid solution as an

etchant.

22. The method of claim 15, wherein said first silicon oxide layer is obtained via

10 LPCVD or PECVD procedures, at a thickness between about 100 to 250 Angstroms.

23. The method of claim 15, wherein said first anisotropic RIE procedure, used to

define said silicon oxide spacers, is performed using CHF, as an etchant.

24, The method of claim 15, wherein said second anisotropic RIE procedure, used to

form said shallow trench shape, is performed using SF, as an etchant.
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semiconductor substrate, is between about 0.12 to 0.45 um.
27. The method of claim 15, wherein said second silicon dioxide layer is grown to a
thickness between about 50 to 350 Angstroms, via said second thermal oxidation

procedure.

28. The method of claim 15, wherein said second silicon oxide layer, used to fill said
5 shallow trench shape, is obtained at a thickness between about 6000
to 8000 Angstroms, via a high density plasma (HDP), procedure, using

tetraethylorthosilicate as a source.

29. The method of claim 15, wherein said second wet etch procedure, used to remove

said silicon nitride shape, is performed using hot phosphoric acid as an etchant.
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