;efe3e \"v6T@ED 7 OCT 2004 METHOD OF FORM NG A SHALLOW TRENCH | SOLATI ON

. STRUCTURE FEATURI NG A GROUP OF | NSULATOR LI NER LAYERS LOCATED ON THfE] QCT 2004
SURFACES OF A SHALLOW TRENCH SHAPE BACKGROUND OF THE | NVENTION (1) Field of
the Invention The present invention relates to nethods used to fabricate

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

a shallow trench isolation (STn, structure featuring a group of silicon

oxide and silicon nitride insulator liners on the sides of the shallow

trench shape used to accommodate the STI structure. Description of Prior

Art The ong@ETIIODUES FORMINGG AT AT BEHW kﬁhmwfgg@pgggg@ﬁ{ till

provi di ng device densities equal or greater than s found

with larg S8 i RN i i S ew devi ce

i solati ongisi?ﬁ uct ur egltﬁgtépgg?t%%U]?‘ﬁgﬁﬁmeﬂékgmcﬁggiﬂﬁr% Tian

previ ously used isol ati .ans.._fQr via local oxidation of silicon
(LOCOS), procedures. %ﬁ%@ﬁ&%ﬁ%ﬁﬁg@%@ S&ARi de encroachment into
regions reserved for active device regions, encountered when applying LOCOS
i sol ati on procedures, resulted in the sem conductor industry shifting to
STl structures, wherein the procedure for formng the STl structures does
not consume adj acent BACKGROZINDROIRTHEIINMENIEON e area. The formation of
STl structures however present a different set of process concerns that if
not addressed can del eteriously influence device yield and performance. For
exanpl e wet etch procedures encountered during routine device fabrication
pr ocedyFasd 68the lR&hHdidn | N renoval of a top portion of an insulator |iner

| ayer resulting in a gap or a divot |ocated between the STl structure and

t he adj acent active device region. The unwanted divot can trap unwanted
materials or create an area where conductive bridging can occur, in both
cases adv i nfl uenci evice yield and paranetrics. In addition when
the acti vzf’%glj\?ixeé%mrv & foéweﬁgesg%f?ﬁﬁﬁoggﬂpe\%t? ﬁabélcﬁe\ﬁ@?!coﬁi@@?%ﬁ?ﬂmsow(ﬂed f or
accomuopdat i Qg CI{ N channel , netal oxide sem conductor (NMOS), devices,

segr eJ9tS BACBrall e apreilyqsisad frafabricatga shedlowdrancl isglating (S 1), structdeped
insulator liner layers or into an undoped insulator fill of the STI

st r uctcgiuging a grruped silice piide amd sjlicanaripisie atsutatorineREBIShS Hi8ESo I thaBSw

source/ drain anneal procedures. The depletion of dopant in the P well

r egi owerehshapeawstd toi accammodaptiRIdTE spadtaet ri cs such as | ow threshol d

vol tages, specifically for narrow w dth devices. This invention wl|
describe a process for fabricating a STI structure in which multiple
conposite insulator liner layers are used on the exposed surfaces, the

si despaRephist sesRdRfA R Shal l ow trench shape, to alleviate formation of the
unwanted divot or gap in the insulator liner layer, |located at the STl -
active device region interface, in addition to preventing segregation of
dopants froma active device region to conponents of the STl structure.

Prior art EUCh as )
The ongoing quest for to form smaller semiconductor chips, still providing device densities

equal or greater than device densities found with larger semiconductor chips, necessitated the use
of new device isolation structures, structures that would consume less area than previously used
isolation regions, formed via local oxidation of silicon (LOCOS), procedures. The presence of
birds beak, or oxide encroachment into regions reserved for active device regions, encountered
when applying LOCOS isolation procedures, resulted in the semiconductor industry shifting to

ST structures, wherein the procedure for forming the STI structures does not consume adjacent



Thei et al, in US. Pat. No. 6,350,662 Bl, Jang et al, in US. Pat.

6,037,018, Huang et al, in U S Pat. No. 6, 323,106 Bl and Akatsu etldi OGTn2004

U.S. Pat. No. 6,319,794 Bl, describe nethods of forming STl structures with
various insulator, and conposite insulator liner |layers, |located on the 2
aD 7 ~C~f ~(Ca4 sides of shallow trench shapes. However none of these prior
arts describe the formation of a group of insulator liner |ayers |ocated on
t he exposed surfaces of the shallow trench shape, offering increased
protection agai nst unwanted divot formation, and against dopant depletion
specific 4Iy occurrln at. the ed%e of the active device region-|ocated

adj a@ghye ¢eyicepEasih eg‘?rf‘l?é‘f’ﬁf’@s hopevepreseuEndifienant set pEpragessbj ect  of
this invention to forma shallow trench isolation (STlI), stncture for netal
oxi deoseonisdbafdiieataddiessetl garefdletetioysiyOBREMCce dddvé piekl, antlpeifernzanoé.h &pr obj ect of
this invention to forma shallow trench shape in a top portion of a

senm ecoadpletvort eshipsicediires entotuftedel duting touine Hetidefablictibo prdce@irted cas e

exhi biting rounded coners. It is still another object of this invention to

f or mia r@iePo A tob PottoAloPan insiRkorlA¥ERSer r&RGThGRARE) 8£4 diQrBt BLdbEbetibdd CON
nitride or silicon oxide, on the sides and bottomof a shallow trench

Shapgne &P ALERRIARe 18 r]B(Qm{ 2B UERE Logldly WRELARaRe B B0 Hap ALELAE 20 ST
structure 1n a top por fon of a sem canductor subs turlng a group
of in at.or ner n,t.ne surfaces | | ow trench
ehapd PR o oY R S84 BRgeippieieln mob pRpS embor o

sem copductor. substrate, foll owed by fornation of a nasking conposite

i nsulHltgacIgeyice yieut and garametrics. dmaddition wherpiha aghive deyiee aveinn igeomagied and an
overlying silicon nitride layer. A shallow trench shape is defined in the
conpdith @Piweblregiparprodgdest foa aebommardatiop ol chimoel, ofetal lo@idasbmicordicom.  Ther nal
gromh of, followed by renoval of, a silicon dioxide |ayer results in

rou nc(éIM@S}, ldevisesasegtdgatidnomthwwpetdm@amai thewellrregio isHapdopeAtiaiilatorl ayer
deposition procedures are used to deposit a group of 11. Z. (OCl*' 2661

i nsul e laybd e o af GREDES BduRfor &I dFRiSs S“ﬁl‘ StiubQRe, x4 StRuf @RIz high first silicon
nitride |ayer, a second silicon oxide layer, and a second SI icon nitride

| ay eremBlatddepdbdsk @ﬁﬁﬁl}%ﬁ ab Bur (ﬁhin%#z{l?%lgdlﬁ@?pﬂ% Eleﬂ?n!l H’ agﬂpttlEEE top

surface” of the maskihg conposite insu ayer

hal | h th h d H t
oxi e Pel RS %ﬁ?&%ﬁ bt BB NG EoamyneeltuiEbes weriedliea Lo

“sel ec |velg ve the portions of HDP silicon oxide layer fromthe top
sur f aCEMHFOY K €WF%g conposite insulator. layer resulting in the ST
structure, Ilned with the nultiple insulator liner layers. A high

tenperature anneal is followed by renoval of the portions of the group of
insulator liner |ayers, and of the masking conposite insulator Layer,

| ocat ed offihit ivevehidgn will dedaébead protiss sefhlnivadic 0TI Stichae i, wisispasiltige t he
subsequent active device regions, |ocated adjacent of the STl structure.

BRI ERcdagaeint a6l Bher Tifer AREMSIGR the exposed surfaces, the sides and bottom of a

shallow trench shape, to alleviate formation of the unwanted divot or gap in the insulator liner
layer, located at the STI - active device region interface, in addition to preventing segregation of
dopants from a active device region to components of the STI structure. Prior art such as

"Thei et al, in U.S. Pat. No. 6,350,662 B1, Jang et al, in U.S. Pat. No. 6,037,018, Huang et al, in
‘U.S. Pat. No. 6,323,106 B1, and Akatsu et al, in U.S. Pat. No. 6,319,794 B1, describe methods

of forming STI structures with various insulator, and composite insulator liner layers, located on the



The obj ect and ot her advantages of this invention are best described in the
preferred enbodi nents with reference to the attached draw ngs that i I]uﬁE‘[ 20k
Figs. '1 - 7, which schematically in cross - sectional style, show kegﬁ‘
stages used to forman STl structure featuring a group of insulator liner

| ayers | ocated on the surfaces of the shallow trench shape used to
accomodat e the STl structure. DESCRI PTt ON OF THE PREFERRED EMBODI MENTS The
nmet hod of fabricating an STI structure in a top-portion of a sem conductor
substrate featuring a group of insulator liner |ayers |ocated on the
surfaccfs %%}}% shal | ow .tren shape used 4 ,0 7 OCT_2U4 to accommpdate the
ST StFeaef rHo™iTaneh seReh & oreyer Ryl theseiptier arts degsive dirdospdionsfbst rate 1,
conprised of Pt Pe,_ single crystalline silicon, featuring a <l 00>

cr ystaang‘éig?féHﬁPé o5 liperagers loeattd on hedxperdd serfasanef hakhallostoameh smpej g. | . To
accommopdat e NMOS devi ces the P type dopant level in a top portion of the
seni cdfeding imreaserbpbeation dpamst enwentddntive dsrachtivn, wklagainithiepsie siepledoglevi ce
paranmeters to be obtained. This is acconplished via formation of P well

r egi aspedficallyl otcinfing @Qihe BEzef tixSTv0 BENIES 1REiof UWRatcdatRicdnt td MeXaTYRE&uLOr NMOS
devices. O her regions of sem conductor substrate 1, to be used to
accommodate P channel, or PMOS devices, will be subjected to procedures
used to formN well regions in P type, sem conductor substrate 1. The
formation of N wel |l regi | I i his application. P well
region 2, -is formed vi a%@rﬁghﬂﬁﬁ%wmag BFZ ions, at an energy

bet ween about 100 to 500 KeV, at a dose between about 1E12 to 1E13
atons/cnR. After renoval of a photoresist shape, not shown in the draw ngs,
used to prevent boron_inplantation into regions designed for PMOS devices,
an anneal It Fragcabigst of this inygsriey éxform asbalioratrenchieolismd B THr stBRmre fmsnatdsul t i ng
in Pwell region 2, shown schematically in Fig. 1, featuring a P type

conc enideatenieongneat Beld effest MOSFET)yeiceancent r at i on of sem conduct or
substrate 1. Pad oxide |ayer 3, conprised of silicon dioxide layer 3, is

next fornid aibtier bbjectlof@ss inbektWARH feiOMEhaliBwRndPhapO 851 fopPortioni a2 t her mal
oxi dati on procedure perforned at a tenperature between about 800 to 1200 C,

I N ansegy@ic:st SBATR i Yhe bottdrh Bg{ohe@h&lf&vﬂ&edcﬂ%ﬁ‘%}zeﬁéxhfbﬁin%fq89r§4eh%gm%Fs a
3 la use a low

t hi ckness between about 1000 to 0 Angstrons, pressure

chem cal e D r.via use of.a plasm enhanced chem cal
vapor dep%zﬁosﬁno%‘%%%ﬁ%ﬁﬁ?’fg‘?gﬁa’/‘aﬁ}»"é&’ &’%%%‘8?%8% é‘%sug‘ﬁ"églé’?f lrarﬁefrs’s‘f‘?dan in the
drawi ngs i s uFe as..an et%g mask, I D.l OCT 2004 allowing a reactive ion
et chi%Ognp(‘ﬁF‘E?,“ﬂ\f”bEfB%@“{ o &firaroxifie ondhy yidesiad beisermiof g Skallowytrasichi con
nitride layer 4, in pad oxide layer 3, and in a top portion of P well

regi oWape- to a depth between about 3000 to 5000 Angstrons. The KIE
procedure is performed using Cz as an etchant for silicon nitride, CHF3 as
an et chanin dcoordgideivaitnthe prexérd énvention £mehidd of fobfng #h IBaduaarein agbghant for
silicon. The tapered sides of shallow trench shape 5, between about 75 to
90, ap@tibmbENtdnbbeidubtof abIRsle, PathB8ERIE Brolip 8F FOMRIcE X nt

fill ?l?lg of the shallow trench shaplgg‘lvmgrt hpdeposi toegh%rﬁg%%lfiﬁafggglr%. The
phot o i f def j.ni Hi.Qn |l oaw-trench shape.5, s renoved
! _§lﬁﬁb&lofsc1%91‘?m&'§rﬁﬁth Hhpdf dg&rﬁfe& %%el?ggﬁpﬁs fopm 1nat%8 rpggg)&?rf Be i

via plasma oxygen ashing procedures. ere gse

schenmmati.cally sh i ig.,.1..To avoid isplation | eakage resulting from
shar psegB??{glt"’étoﬁu%Fmﬁ%te’&Bﬁ?‘g?ﬂ ['t’ﬁfogﬂ%ﬂol“&ﬁ/alnfaéﬁ‘eﬁ caRRpsite snsukator e ormpsissdi ng
procedure is perforned. Silicon dioxide |layer 6, is first fornmed via

t her nef anginggrlying padsitieansliodelegernat we ereritieg sili @@mitride 1960 Lshallovaxenshygen -
steam anbient. This is schematically shown in Pig. 2. Silicon dioxide |ayer
6, therapals defigedinrthe corapdsite dlsnlass ldyet aveiein aabportidd of e 20 régignt Theal | S
then renoved via use of a dilute hydrofluoric (DHF), solution, resulting in

t he bgioheim ol haldlbgehseneh ashrbg dﬁvxicilEQWei Fe%fél'tkr ih rl‘&ldﬁl@&’ BeiGEks GPhE %BE?J Lt 2?}

the result of the oxidation and renoval procedure. The isotropic we

(14 di,0X] I in | I | of
pad ogh BE-AI0S, S Rl WA Tolo U Blos (B BLGRANETHe bl € 4Pt T on 1o

creating rounded corners at the bottom of shallow trench shape 5, the high
t enperature oxi dation procedure also yepairs regions of sem conductor
substrate 1, damaged as a result of the RIE procedure used for definition
of shall ow trench shape 5. :



~Q 7 OCT 2QG A group of insulator layers 8, featuring two identica
conposite insulator |ayers, each conprised of an underlying silicon Qﬁ'JdEUCT pillik
* l-ayer ‘and an overlying silicon nitride |ayer, are next obtained via atonic
| ayer deposition (ALD), procedures, and shown schematically in Fig. 4. A
first, or underlying conposite insulator liner layer is first deposited,
conpri sed of underlying silicon oxide |iner conponent 9, at a thickness
bet ween about 5 to 10 Angstrons, and overlying silicon nitride liner
conponent 10, also deposited at a thickness between about 5 to 10

Angst: o forned at a.tenperature between about 25
t o a0 ERor 0¥, Bttt P e o R QR 5 S PARFB I BT e o do
liner ¢ onent,, whil.e.silane d a nia _are ysed for deposjition of the

i 11 CBTEPIeR At 2ioPehan SlRon BRGreIves, o (grshifierg ok Bk baloversiebahanects wother

| ayer, conprised of under|lying silicon oxide liner | |, again at a

t hi clajeBdhafep gudare ob Higimasking compagitpdnsubater layerd Adies fillingred thei shabom trandhr | de

| iner 12, again deposited at a thickness between about 5 to 10 Angstrons,

i s nehapedeitios highdensityglasind (PIDF) adtposted sditoh oxide heyes ehanidalaneghasicile

insulator liner layer is perfornmed using the sane tenperature, and using

t he gmilishing ECHVRNpBocedtresite ts@if ©\sbRUSIYy fefifove AR pHRLOSESIUs BcRMmiRyed for
deposition of the first conposite insulator liner layer. This is

h . e . hdmadki ator uthi | c 3,
schemajer Gk the ddpsiatdbfthdmadiingd MinpRkE Rl Wgﬁ’épﬁg Slhllt;'%ﬂlgtg%@ﬂ d& L.ffl er

is filled by group of insulator |iner |ayers Thi emati1 cal 'y shown
in Fi . i ah: i ( 2 rocedure is. t ed to deposit
op ol ARl ol AR TR, Aien 1Rl T et OB, i ¢
deposjition of silicon oxide |ayer also present on the top surface of

t he zthﬁﬂ%'&o?seo‘ﬁ!_t‘ﬁgﬁﬁoﬁl’ 8?'“?"39‘8?’ “‘?rr{a%é?g% %totB‘F maghing saeRys i@t rate 1, not
occupi ed by shallow trench shape 5. This is schematically shown in Fig. 5.
HDP layss, locCatedomihig dorssurfageef thy pesricongdpeior 3w face sexgeyiog ihesubssgueat adtivekness

bet ween about 5000 to 8000 Angstronms, using silane (Sil-1Q, and oxygen as
r eac tdayics reglensologitedtdjarennio the SPbsttucoms. of HDP silicon oxide layer 5, from
the top surface of the conposite insulator |ayer, or;planarization of the
subsequent STl structure, is next acconplished via a CVP procedure, with
the selective CVWP procedure termnating at,the top surface of silicon
nitride layer 12. |f gREFSESORIANIORCOPAHE BRAWINEDP silicon oxide |ayer

13, can be renoved via a RI-E procedure using CHF3 as a sel ective etchant
for silicon oxide, with the RIE procedure term nating at the appearance of

silicon nifri I 12. The result of.the planari.zation procedure is the
definiti 8?,5% bq%ﬁ‘%sl&?%‘c%dﬁ?’&a%,&?‘}{s SRS B%*ﬁ@?fceﬁ%a the Sretetedat i cal | y
shown in Fig. 6, conprised of HDP silicon oxide |layer 13, and encased by
the gFpRpstingents Wétﬂlr%tjf;%fﬂcq torths atfaghed dawinga thef bsbiee of the group of insul ator
| ayers, or the multiple conposite insulator liner layers, fill the undercut
regi on, abigwel 17, adighr sshematioally bosross -geétiansl styleshowdgy sgats wsad for formhe P
well region into silicon oxide |layer 13, of STl structure 20. The silicon

ni t ri S toompenteatusngh gidup of dApdsbE Bndr NEUisab®ked duBE striaced & thé SakoRor on
diffusion, thus elimnating boron depletion at the edges of the P well

r egi OftenchRAapchidd B dcBhhP&atP IHRRAM s{rﬁcﬁﬁlle. of P type dopant to be maintained,
allowi ng the desired device threshold voltage to be realized. A post

pl anari zation anneal procedure, perforned at a tenperature between about
800 to 1200 C, in an inert ambient, can be enployed to allow any gaps in
shal  ow trench sh%ﬁg é? be filled by annealed, silicon oxide |ayer 13.
Renoval of insul at S(E%ly ONiQle THERREFERRER EMBODIMENISoval of silicon
nitride layer 4, and pad silicon dioxide |ayer 3, exposing the top surface
of active device regions 30, is next addressed and schematically shown in
Fig. 7. ATR Befhodoftbrieating and ITs#udtore is hltbpcportion bf 4 séenibendectdr aibbtrate ~ ~ OCT
2004 using CHF3 for silicon oxide |ayers can be enployed, or if desired wet
et ch PheaE RSP iRGlRHinRPRFEE Wdakd3aitkk SR8 SEH-AS AR gﬁ@@ﬂ% for
silicon nitride while a dilute, or buffered hydrofluoric aci an be used
as the etchant for the silicon oxide |ayers. Wiile this invention has been
particularly shown and described withyreference 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 without} 7 OCT 2004
- departing fromthe spirit or scope of the invention. 9 0 I OCT 2004 What

is clained is: 1. A nethod of formng a shallow trench isolation (STl),
structure in a sem conductor substrate, conprising the steps of: formng a
shal | ow trench shape in a conposite insulator |ayer and in an under | ying,

top portion of said sem conductor substrate; form ng rounded corners in

sai d sem conductor substrate at the bottom of said shallow trench shape,

creat,ing a |lateral tch in said conposite _insulator |ayer; formng a group
of i8¢ 0‘%’?‘%@? Sﬁ‘gﬁté‘fcé“%nw%v‘élﬁﬁn&é&'é@dd? d%%iltﬁe@ﬁ‘éﬂqdéﬁﬁof yubpEaie dhape and
on surface of said conposite insulator layer, with said group of insulator
| ay er<@mprised ofif ke singlesrystallipe silicom fepsrinecorid§zicrstallnguapbic oriedtajeris f or m ng
an insul ator shape in said shallow trench shape resulting in an insul ator
fill apeEand sshemeticatly shown in Fig. 1. To accommodate NMOS devices the P type dopant level

in a top portion of the semiconductor substrate has to be increased to allow the desired device

parameters to be obtained. This is accomplished via formation of P well region 2, only in regions

of semiconductor substrate I, to be used for NMOS devices. Other regions of semiconductor

substrate 1, to be used to accommodate P channel, or PMOS devices, will be subjected to

procedures used to form N well regions in P type, semiconductor substrate 1. The formation of N

well regions is not described in this application. P well region 2, is formed via implantation of

boron or BF- ions, at an energy between about 100 to 500 KeV, at a dose between about 1E12 to

1E13 atoms/em’. After removal of a photoresist shape, not shown in the drawings, used to

prevent boron implantation into regions designed for PMOS devices, an anneal procedure is

employed to activate the boron or BF; ions resulting in P well region 2, shown schematically in

Fig. 1, featuring a P type concentration greater than the P type concentration of semiconductor

substrate 1.

Pad oxide layer 3, comprised of silicon dioxide layer 3, is next formed at a thickness
between about 50 to 200 Angstroms, via a thermal oxidation procedure performed at a
temperature between about 800 to 1200° C, in an oxygen steam ambient. Silicon nitride layer 4,
is deposited at a thickness between about 1000 to 3000 Angstroms, via use of a low pressure
chemical vapor deposition (LPCVD), or via use of a plasma enhanced chemical vapor deposition

(PECVD), procedure. A photoresist shape, not shown in the drawings is used as an etch mask,



removing portions of said group of insulator liner layers, and renpvjng

sai d conposite insulator layer, fromtop surface of portions of Sﬂig

" sem conductor substrate not occupied by said insulator filled STI rUE qﬂmq
; and perform ng an anneal procedure at a tenperature between about 800 to
1100 C. 2. The method of claiml, wherein the top portion of said

sem conduct or substrate is P mell region, conprised with P type dopants? 3.
The nethod of claiml, wherein said conposite insulator |ayer is conprised
of an underlying pad silicon dioxide |ayer at a thickness between about 50

t. a t I ckness’
bot neni VIS foatiave ‘9*“9*‘%%%&%“%3%' b 4EBff e fA“vSr??%h hipd Srys qnh?d of
h | top portion o
‘;Lf"hr%ef%%% GRS S MO e ; %Eem.%if%p@? Hokereaure,
h tor materia ) e
ot habs %3(&%?@8@%%3@#%“@e?ém&%éeéqu%fé SRS NB Gl samcihshbe | ¢ he

top partion of said sem conductor substrate, is between about 3000 to 5000
Angsﬁibqp@ nitride, CHF; as an etchant for silicon dioxide, whlle Cl, or SFs is used as an etchant for

silicon. The tapered sides of shallow trench shape 5, between about 75 to 90°, are intentionally
formed to reduce the complexity for subsequent filling of the shallow trench shape with deposited
insulator layer. The photoresist shape used for definition of shallow trench shape 5, is removed via

plasma oxygen ashing procedures. The result of these procedures is schematically shown in

Fig. 1.

To avoid isolation leakage resulting from sharp corners at the bottom of shallow trench
shape 5, a corner rounding procedure is performed. Silicon dioxide layer 6, is first formed
via thermal growth at a temperature between about 800 to 1200° C, in an oxygen - steam ambient.
This is schematically shown in Fig. 2. Silicon dioxide layer 6, thermally grown to a thickness
between about 50 to 200 Angstroms, is then removed via use of a dilute hydroflucric (DHF),
solution, resulting in the bottom of shallow trench shape 5, now featuring rounded corners 7, as
the result of the oxidation and removal procedure. The isotropic wet etch remaval of the silicon
dioxide layer however results in lateral removal of pad oxide layer 3, shown as an undercut region in
Fig. 3. In addition to creating rounded corners at the bottom of shallow trench shape 5,
the high temperature oxidation procedure also repairs regions of semiconductor substrate 1,

damaged as a result of the RIE procedure used for definition of shallow trench shape 5.

L



6. The nethod of claim1l1, wherein the sides of said shallow trench shape

are formed with a taper between about 75 to 90 with reference to the

1, wherein said rounded corners,

1 OCT 10

" horizontal top surface of said shallow trench shape. 7. The nmet hod of cla
| ocated at the bottom of said shall ow
trench shape, are forned via thermal growth of a silicon dioxide |ayer on
t he exposed surfaces of said shallow trench shapé at a thickness between

Im

about 50 to 200 Angstrons, via a thermal oxidation procedure performed at a
t enperature between about 800 to 1200 C, in an oxygen - steam anbient,

Clicon di oxi de | :

611 ute: hy e PR ibislle (% Rl shodiiaonlrs il BT fryiiacn ang "
) ' | at.or .l.i | f ar derlying, first

compo e Be b PR sl St et iy PRGT B ieh miS ST ers PRI at or
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sai d

i nsul
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1b: 7 _OCT 2004. 9. The nethod of claim1l, wherein said group of

11 . erein s
Ooht%?edl Yip aemic lpxerdepasition Gl pipcedusess pacshosipeschanegsiseily indfig(4ALD) |

erforned at a tenperature between about 25 to 400 C. 10. The

met hdd¥sepr endgrlsing comhesitsiimsubordingn tiwer iy ifing defasited, compriesl dfendedihat or | ayer

I's conprised with an underlying,

bet wesghcoataire IBet conlfbnamigs ar Dihicknesi Bagveehlaboe 530d 02dgs@ss, Akl AferBing
reactants.

silicon nitride liner component 10, also deposited at a thickness betw.een about 5

to 10 Angstroms. The ALD procedure is performed at a temperature between about 25

to 400° C, using silane and nitrous oxide as reactants for the silicon oxide liner component,
while silane and ammonia are used for deposition of the silicon nitride liner. A second, or
overlying composite insulator liner fayer, comprised of underlying silicon oxide liner 1 i, again at
a thickness between about 5 to 10 Angstroms, and overlying silicon nitride liner 12, again
deposited at a thickness between about 5 to 10 Angstroms, is next deposited. The ALD procedure
used for the second composite insulator liner layer is performed using the same temperature, and
using the same reactants, as used previously for the ALD procedﬁre employed for deposition of
the first composite insulator liner layer. This is schematically shown in F ig. 4. The lateral

undercut in pad oxide layer 3, is filled by group of insulator liner layers 8. This is schematically

shown in Fig, 4.

A high density plasma (HDP), procedure is next used to deposit HDP silicon oxide

layer 13, completely filling shallow trench shape 5, with deposition of HDP silicon oxide layer

also present on the top surface of the composite insulator layers in regions of semiconductor

substrate 1, pot occupied by shallow trench shape 5. This is schematically shown in Fig. 5. HDP

silicon oxide |layer grown to a thickness



11. The method of claim@8, wherein said underlying, first conposite

I nsul ator layer is conprised with an overlying, silicon nitride |ay ry ¢
" to a thi cknegs bet vveerrlmabout 5 to 10 Angstrons, using silane and ar%‘goynmnm
reactants. 12. The method of claim8, wherein said overlying, second
conposite insulator layer is conprised with an underlying, silicon oxide

| ayer grown to a thickness between about 5 to 10 Angstroms, using silane

and nitrous oxide as reactants. 13. The nethod of claim8, wherein said
overlying, second conposite insulator layer is conprised with an overlying,

il i i i 5 10 A t )
sili GARoR bkfdbgﬁrgl' ®Y &8 adHody e[tgtlﬁcm%gwg& %ﬁg%@&%g@%& Aggs r?)ms,lt,m asStroms

usi ng Si | ane anmoni‘a as reactan erelrn

sai d _j r _shape | ocated .in,,said, shall ow {rench ape, i s conprised of
o) | CHBR SR RS 8 o gh e Bty s rt%pffmo?;f%zsmc@ FHEET 2504

at. a thickness between about 5000 to 8000 Angstrons. . e
et ﬁﬁ%:%gss fepmith toP syesef hercompoaite ipulaiar yey enplansrizitinuilshaowubidquent | ayer s
fromtop surface of portions of said sem conductor substrate not occupied
by satld sirpeiuteatsaextdceonaplishsd vista ClePprecedins, with repelestied"MPgpracedineri cal
mechani cal polishing (CWP), procedure. 16. A nmethod of formng a shallow
t r endbrmisgingtat g t6SJurface of silicdnmigidenayer $SENifdesildaintanzd Bsiioat 6 HHpat uring a

group of insulator liner |ayers |ocated on the surfaces of a shall ow
silicon oxide layer 13, can be removed via a RIE procedure using CHF; as a selective etchant for
silicon oxide, with the RIE procedure terminating at the appearance of silicon nitride layer 12.
‘The result of the planarization procedure is the definition of STI structure 20, in shallow trench
shape 5, schematically shown in Fig. 6, comprised of HDP silicon oxide layer 13, and encased by
the group of insulator liner layers. The presence of the group of insulator layers, or the multiple
composite insulator liner layers, fill the undercut region, as well as preventing boron diffusion or
segregation from the P well region into silicon oxide layer 13, of STI structure 20. The silicon
nitride components of the composite insulator finer layers block boron diffusion, thus eliminating
“boron depletion at the edges of the P well region, and thus allow the proper level of P type dopant
to be maintained, allowing the desired device threshold voltage to be realized. A post -
planarization anneal procedure, performed at a temperature between about 800 to 1200° C, in an
inert ambient, can be employed to allow any gaps in shallow trench shape 5, to be filled by

annealed, silicon oxide layer 13.

Removal of insulator layer liner group 8, as well as removal of silicon nitride layer 4, and
pad silicon dioxide layer 3, exposing the top surface of active device regions 30, is next addressed

and schematically shown in Fig. 7. A RIE procedure using Cl, for silicon nitride layers and



trench shape that is used to accommodate the STl structure, conprising the
steps o formng a well region in a top portion of said seniconductdﬂjJUCT 2004
" substrate; forming a conposite insulator |ayer on said sem conductor
substrate, conprised of an underlying, first silicon dioxide |ayer and an
overlying, first silicon nitride layer; formng an shallow trench shape in
a conposite insulator layer and in a top portion of said well region;
growi ng a second silicon dioxide |ayer on the exposed surfaces of said
shal | ow trench shape; renoving said second silicon dioxide |ayer resulting
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with said group of insulator layers filling said |ateral undercut on said
first silicon oxide layer; depositing a third silicon oxide |ayer
completely filling said shallow trench shape; performng a planarization

pr ocedur eWhds thiig inmention hanbéangattaubirlyfshdwe dnd GEtrilsddroie iekericd to@ied shal | ow
trench shape; and perform ng a post - planarization anneal procedure at a
t enpgrefettt@etibddi@ens eeedst, iBREI bOunkRREbdd bydRhe sRIRY il BRthd: WSof sai d
group of insulator liner |ayers, and renoving said conposite insul ator
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occupl e ructure.
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17. The method of claim 16, wherein said well regionis a P well region,
formed in a top portion of said sem conductor substrate via |rrE nt ati on of
boron or BFz ions, at an energy between about 100 to 500 KeV T@U[ﬁose
bet ween about 1E12 to 1E13 atons/cnR2. | 8. The nmethod of claim 16, wherein
said shallow trench shape is forned in the top portion of said well region
via a reactive ion etching (RIE), procedure, using Oz or SF6 as an etchant
For the sem conductor material. 19. The nmethod of claim 16, wherein the
dept h a@ sai Iow trench shape, in the top portion of said well region,
is bet WA 18k Wﬂ 600 to 5000 Angstrons. 20. The method of claim 16,
wherein the sides of said shallow trench shape are forned with a taper

bet ween about 75 to 90, with reference to a horizontal top surface of said
shal | ow t r endhAgheihed offfarming a shaliow 120l ilatiom (ST vstraddredh ackmicondiBforwher ei n
said second silicon dioxide |layer is obtained at a thickness between about
50 to 200 Angsibsteats comprsiag theatepmbf:oxi dati on procedure perforned at a

t enperature between about 800 to 1200 C, in an oxygen - steam anbient. sa

22. The met hod offoﬁhmﬁ@sﬁﬁlomcslsmhpé% é’co%ﬁﬁﬁﬁ&n&hlhﬂo?%?ex%h@ﬁ Qﬁﬂd@ﬂgﬁﬁ%

removed via a wet etch procedure using dilute hydrofluoric acid

net hod of cl aﬂoH‘p?n@on%?aﬁ@Eéhx (?rlcﬂctfol-&?otstrikl i con oxide |ayer of said group of

i nsul ator line ayers, IS o ained at a thickness between about 5 to 10
Angstrons, via.atomc | 3 deposi i, on. ocedur e erformed at a

t enperat ure betWERE 5915'8@ FHingd semi E%ﬁf‘fgﬁ‘)?ﬁ‘;%’ﬁée a&ﬁtt?sl?ﬂng%‘l%al&l de as
reactants. 24. The met hod of cI aim 16, wherein said second silicon nitride
| ayer of sai FhgHQMrensh shars, Frsetine 3 afeeal npish an said campasitainselgtosdayar;t hi ckness
bet ween about 5 to 10 Angstrons, via ALD procedures, perforned at a

t enper at ure bet Weanngbgoup abinswatdOlinet Jayassiomghs surfanes efsdidahaltow aerah
reactants. 25. The nethod of claim 16, wherein said second silicon oxide

| ayer of sai dshgpeana oafsufacedfabidicompogte ihayesiSayer Swithiad Badp af indulhtdl ckness
between about 5 to 10 Angstrons, .via ALD procedures, perforned at a

tenmperature blﬁféf‘@ﬁﬂm@'ﬁ%ﬁte?a@n&t@h HQidcontisiinSlihRPfy@nd nitrous oxide as

reactants.

forming an insulator shape in said shallow trench shape resulting in an insulator
filled STI structure;
removing portions of said group of insulator liner layers, and removing said
composite insulator layer, from top surface of portions of said semiconductor substrate
not occupied by said insulator filled STI structure ; and
performing an anneal procedure at a temperature between about 800 to 1100° C.
2. The method of claim 1, wherein the top portion of said semiconductor substrate
is P well region, comprised with P type dopants.
3. The method of claim 1, wherein said composite insulator layer is comprised of an
underlying pad silicon dioxide layer at a thickness between about 50 to 200

Angstroms, and an overlying silicon nitride layer at a thickness between about

10



Q1 OCT 200 26. The nmethod of claim 16, wherein said third silicon nitride

| ayer of said group of insulator liner |layers, is obtained at a tﬁiflﬁf’lssZB[]‘f

bet ween about 5 to 10 Angstrons, via ALD procedures, perfornmed at*a

t enper at ure between about 25 to 400 C, using silane and amoni a as

reactants. 27. The method of claim 16, wherein said third silicon oxide

| ayer, used to conpletely fill said shallow trench shape, is obtained at a

t hi ckness bet ween about 5000 to 8000 Angstroms, via high dgns: ty plasma
HDP) , proced . The nmethod of claim 16, wherein said planarization

E)r oc)edurpe is Eﬂoﬁfﬁ%%ﬁ@a‘ﬁnﬁﬁeﬂ’am cal polishing procedure. 16

ACAC(.Ac(@AC(). A(. A9. A(. Ac@ACE. A, . A . A(. AK, . Ahy, . A(#E. Al EEO#<

pnsx}2DW | w mhc”Y] ca] ca] ca] ca] ca]ca] ca]c"a]ca]calcalcaljc aUc a]Jc

a] ca] ca] ca] cg%c a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c

al } | ##8G* * +0bR J28 methad)of ¢laim 1, wherein said shallow trench shape is formed in the top

; 6<A<F<S<g<<<b=b==>S>} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]c

a] ca] ca] ca] c ajortidreat] sai] emj@nd) te] uBdteicnis ak&alice idh @@hﬁ@]@ﬂgc"x@l&fé}&a] cajc

a] cal! S>>>>?T?7??3 @AAAXAAAABB0o BBCWCCOWDNMDDaFFGG' GLGGEG xsni d_ ]I]Jca] ca]’c

a] ca] ca] ca] cals@@%%l&p@ﬁ cAlaalhalteed hakaalbarleRl rleral cal cal ca] cal ca] ca] cal ¢

a] ca] ca] ca] ca] ca! HHIi 11 IkJIKXKKKSL;

L=LHLLMVIGNNNOGPUPP_QQQXR| wr mhc”"Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

]cal c aUlc a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]cal xRRTUUWWKX

YYQYYZ[]] AQ ANLAS S w mhc?Y] ca] cal ca] ca] ca] cal ca] cal ca] ca] ca] ca] ca] ca
Jcalcalc ac aﬁ' gmg]g‘fg aEHUJ]hE’QTle?’éE]t e glelpth J)fc sa]d s%aﬁow trench shape in tllxe top
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109%6& () - 9sABYeROf Sid semiaanagiton substrate, is between about 3000 to 5000 Angstroms.
0#<i KA710d10dl +$10%d& ()- 1)!10%& ()-Z2940%d& () - wi0%& ()-]"10%d& ()-=v
10%& () -= pFnpgz[<1 10:109%& ()- ' $10%& ()-P
N $10%&' () - P#10%&' ()-9c$109%& ()-' 109%& ()-=10dqgrsnKl 10: 1!\ $109%& ()-0\c
109%& () - c$108@he metblAFRRih)I; Whe@M e §idesof 58d shallow trench shape are formed
with a taper between about 75 to 90° with reference to the horizontal top surface of said
shallow trench shape.
7. The method of claim 1, wherein said rounded corners, located at the bottom of said
shallow trench shape, are formed via thermal growth of a silicon dioxide layer on the
exposed surfaces of said shallow trench shape at a thickness between about 50
to 200 Angstroms, via a thermal oxidation procedure performed at a temperature

between about 800 to 1200° C, in an oxygen - steam ambient, followed by removal of

the thermally grown silicon dioxide layer using dilute hydrofluoric acid as an etchant.

8. The method of claim 1, wherein said group of insulator liner layers is comprised of an

underlying, first composite insulator layer, and an overlying, second composite insulator

layer.
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9. The method of claim 1, wherein said group of insulator liner layers is obtained via

atomic layer deposition (ALD), procedures, performed at a temperature between about

25 to 400° C.

10. The method of claim 8, wherein said underlying, first composite insulator layer is

comprised with an underlying, silicon oxide layer grown to a thickness between about 5

to 10 Angstroms, using silane and nitrous oxide as reactants.

11. The method of claim 8, wherein said underlying, first composite insulator layer is

comprised with an overlying, silicon nitride layer grown to a thickness between about 5

to 10 Angstroms, using silane and ammonia as reactants.

12. The method of claim 8, wherein said overlying, second composite insulator layer is

comprised with an underlying, silicon oxide layer grown to a thickness between about 5

to 10 Angstroms, using silane and nitrous oxide as reactants.

13. The method of claim 8, wherein said overlying, second composite insulator layer is

comprised with an overlying, silicon nitride layer grown to a thickness between about 5

" to 10 Angstroms, using silane and ammonia as reactants.

14. The method of claim 1, wherein said insulator shape located in said shallow trench

shape, is comprised of silicon oxide, obtained via high density plasma (HDP),
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10% & ()- D10 gr((g‘cegi?.lre\s/, at a thickness between about 5000 to 8000 Angstroms.

15. The method of claim 1, wherein removal of said group of insulator liner layers from
top surface of portions of said semiconductor substrate not occupied by said insulator
filled STI structure, is accomplished via a chemical mechanical polishing (CMP),

procedure,

16. A method of forming a shallow trench isolation (STI), structure in a semiconductor
substrate, featuring a group of insulator liner layers located on the surfaces of a shallow
trench shape that is used to accommodate the STI structure, comprising the steps of:

forming a well region in a top portion of said semiconductor substrate;

forming a composite insulator layer on said semiconductor substrate, comprised of
an underlying, first silicon dioxide layer and an overlying, first silicon nitride layer;

forming an shallow trench shape in a composite insulator layer and in a top portion
of said well region;

growing a second silicon dioxide layer on the exposed surfaces of said shallow

trench shape;

removing said second silicon dioxide layer resulting in rounded corners at the bottom
of said shallow trench shape and creating a lateral undercut in said first silicon
oxide layer;

depositing said group of insulator liner layers on exposed surfaces of said shallow

trench shape, with said group of insulator layers comprised of an underlying, first silicon

13
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lateral undercut on said first silicon oxide layer;

depositing a third silicon oxide layer completely filling said shallow trench shape;
performing a planarization procedure resulting in an insulator filled, STI structure in
said shallow trench shape; and

performing a post - planarization anneal procedure at a temperature between about
800 to 1000° C; and

removing portions of said group of insulator liner layers, and removing said
composite insulator layer, from top surface of portions of said semiconductor substrate
not occupied by said insulator filled STI structure.
17. The method of claim 16, wherein said well region is a P well region, formed in a top
portion of said semiconductor substrate via implantation of boron or BF, ions, at an
energy between about 100 to 500 KeV, and at a dose between about IE12
to 1E13 atoms/cm’.
18. The method of claim 16, wherein said shallow trench shape is formed in the top
portion of said well region via a reactive ion etching (RIE), procedure, using Cl, or SFg
as an etchant for the semiconductor material.
19. The method of claim 16, wherein the depth of said shallow trench shape, in the top
portion of said well region, is between about 3000 to 5000 Angstroms.
20. The method of claim 16, wherein the sides of said shallow trench shape are formed
with a taper between about 75 to 90°, with reference to a horizontal top surface of said

shallow trench shape.

14



109R& ()- .J 109R& ()-+ 109R& ()-<: L; LHLLMVGNNXY: /
10210% & ()-10% & ()-10% & ()- 10% & ()-Pi10% & ()-\&10% & ()-v 3] OCT 2004
© 102NNOOGPUPP} A<:/ 102!.9-1 10%t& ()-m+10% & ()- (10% & ()-15 | |

10%t& ()-m 5l 10%t& ()-m &l0% & ()- PQ QQQQOQUj _@ 102! @y10%& ()-= 10t
10t 10t810% & ()-51 10% & ()-!. 9-1 109 ()-m 9-1 10% & ()- MXRRXSSTU[<j _@
1028 10%& ()- 'h f 10%eé& ()-]! f 109 ()-]!'v f 10%e& ()-]f 10% & ()-]f
10%& () -] UWVBWAKXXXdYNC 102 10e 10e 10e810%& ()- 9- 10%& ()-9- 10%& () -
& 10%& ()- & 10% & ()- XX YYgYYZAEYNC

21. The method of claim 16, wherein said second silicon dioxide layer is obtained at a
thickness between about 50 to 200 Angstroms, via a thermal oxidation procedure
performed at a temperature between about 800 to 1200° C, in an oxygen - steam
ambient.

22. The method of claim 16, wherein said second silicon dioxide layer is removed via a

wet etch procedure using dilute hydrofluoric acid.

23. The method of claim 16, wherein said first silicon oxide layer of said group of
insulator liner layers, is obtained at a thickness between about 5 to 10 Angstroms, via

atomic layer deposition (ALD), procedures, performed at a temperature between about

25 to 400° C, using silane and nitrous oxide as reactants,

24. The method of claim 16, wherein said second silicon nitride layer of said group of
insulator liner layers, is obtained at a thickness between about 5 to 10 Angstroms, via

ALD procedures, performed at a temperature between about 25 to 400° C, using silane

and ammonia as reactants.

25. The method of claim 16, wherein said second silicon oxide layer of said group of
insulator liner layers, is obtained at a thickness between about 5 to 10 Angstroms, via

ALD procedures, performed at a temperature between about 25 to 400° C, using silane

and nitrous oxide as reactants.
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insulator liner layers, is obtained at a thickness between about 5 to 10 Angstroms, via

ALD procedures, performed at a temperature between about 25 to 400° C, using silane

and ammonia as reactants.
27. The method of claim 16, wherein said third silicon oxide layer, used to completely
fill said shallow trench shape, is obtained at a thickness between about 5000

to 8000 Angstroms, via high density plasma (HDP), procedures.

28. The method of claim 16, wherein said planarization procedure is a chemical

mechanical polishing procedure.
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