1 4 APR 2005 A METHOD OF FABRI CATI NG A SHALLOW TRENCH | SOLATI ON STRUCTURE .

W TH REDUCED LOCAL OXI DE RECESS NEAR CORNER BACKGROUND OF THE | NYENAPQIG003'
(1) FIELD OF THE-I NVENTI ON The present invention relates generally to the
structure and manufacturing process of a sem conductor device isolation

ihrai’iéﬁf‘ﬁ’éﬁ?ﬁg SR %ﬁfﬁﬁ%@&??@é‘?ﬂ% DBy BARDGIVBE cover age
[ ' ' .. (2) DESCRI PTI ON OF PRI OR ART
Var o TR QR OR OrSE Atehs nEUTEEiartRel cctr cal 1y 1 sol at

sem conduct or devices such as field effect transistors (FETs) formed on

sem conductor substrates to formintegrated circuits. This FOX is forned
on single crystalline silicon (Si) for Large Scale Integration (LSI) and

Utra Large Scal e | nte@arKorANDIQOF gl it/ EnaRphi cations. One conmon
met hod of formng the field oxide is by the |ocal oxidation of silicon

(LOCOS)) FEIDOF THEIN AL PG NSes a patterned silicon nitride (Si3N4 or SiN)

together with a thin |ayer of pad oxide (SiQ2) for stress relief and the
silicon substrat e—r'tl?s1 . geeltectitvelly xidized to formthe sem conduct or

i solation. This nmethbd ¥ edtirPEd 6l e60aly odhe strustrs apdmseyticeingher nal
budgetslgl a@id the |ateral oxidation under the barrier mask limts the

i ni CHR hFrHEInEERT deficrdatirtionctivprirgfickeironie ascuindtvidee nad aoe: can
become a limting factor in increasing device packaging density. | 14 APR
2005 Particularly to ashallow trench isolation (STI} structure with improved field oxide coverage

in the top corners near active device areas.

(2) DESCRIPTION OF PRIOR ART

Various field oxide (FOX) isolations are used to electrically isolate -
semiconductor devices such as field effect transistors (FETs) formed on semiconductor
substrates to form integrated circuits. This FOX is formed on single crystaliine silicon (Si)
for Large Scale Integration ( LSI) and Ultra Large Scale Integration (ULSI) circuit
applications. One common method of forming the field oxide 1s by the local oxidation of
silicon (LOCOS) method. This method uses a patterned silicon nitride (Si;N, or SiN)
together with a thin laver of pad oxide (810, for stress relief and the silicon substrate is
selectively

oxidized to form the semiconductor isolation. This method requires long oxidation

times (excessive thermal budgets), and the lateral oxidation under the barrier mask limits the

mimmum spacing between adjacent active device areas and therefore can become a limiling

factor in increasing device packaging density.



A nore advanced isolation schene is to etch shallow trenches in the silicon
substrate which are then filled with a chem cal vapor deposited (CVD)
silicon oxide (SiC?2), or some other dielectric. These trenches are '
typically on the order of .25 to .35 microns (un) in depth and .4% &F& qgﬁ
urn in width. After the shallow trench isolation (STlI) structure is filled

with the dielectr HQnOx@'ld%ggpi@Slgtl&{ s BRIl o TEG RN ﬁ-{.ﬁuh%l an@r I Igl ation (CVP)

step is typically per orned. Processing contl nues W %réppl ng

pr oces ssin problemw th the
convenst%lbgl;\aééfl\{v}'?pgr% ar'fi“g':ﬁewﬁ% gd‘%“"? g”ap?r FPp ﬁﬂgf Kﬁﬁ S&]’r‘*‘oﬂ [P psul at or
coverage on nd a ound %he upper coners of the trench structure. Fig. 1
shows ¥ SpMEAH "‘étdfe gffic. dpgsgdicashes apstypialiveen g orderof 2 3110A25 thigross fudt ur e was
formed by the process which started with the substrate 10 upon which a

st r essindgpihedphiiio it WiOAiet thyehalk@ reshbgeationh(@TMesttuy ugs @Vllled and t hen
a layer of silicon nitride (SiN) 14, has been deposited usi ng CVD process

wel | uwdie thetdid et tiid) ahh&hbmﬂuﬁhh&mumﬁmaﬁltﬂfﬁdman%ﬁ?U\/@% gai prea ,‘echm ques
have been used to pattern the SiN 14 and pad oxide 12 to abl'e a trench

18 t0 haf@iedettobddsthP orimAs] & & Qiﬂ{l:pa L%ﬁnﬁ r%hés@%r REAGESS b gl ypically a dry

ani sotropi c process. After etching toresi st used For patterning is
rem)veﬁ. g t her mal oxi de Iayer 19 is grown within the trench as a |iner
to maintain trench geonetry and prevent structure damage during further
processing. A lowpressure CVD (LPCVD), a sub- atnosphere CVD (SACVD), or
hi gh density pl asm{ V% 8SrPIQﬁkP@éle(‘!ﬁV@}hes@nV@mhémﬂmeﬁ@éﬁlnmﬂhdzds iill the
trench 18 as shown in Fig. 113. The trench fill CVD silicon oxide is

et chedthBaeduction enlack @%lnslgﬁcmtmbmgtb opohd stoend (HENMPpebagkert of ttarsichi con
nitride layer 14. This planarization step is typically not very selective
and i ssidicfre.cigt1 shoveanttioo brt WY binicrblee AE @@k fadn FRY DL RS MGchpl ghances. The

SiN 14 |ayer is next selectively renoved using a hot phosphoric
formed by the process which started with the substrate 10 upon which a stress relief pad
6xide (Si02) layer 12 has been thermally grown, and then a layer of silicon nitride (SiN) 14,
has been deposited using CVD process well understood in the mdustry. Conventional
photolithographic techniques have been used to pattern the SiN 14 and pad oxide 12 to
enable a trench 18 to be etched in the substrate 10. The efching process is typically a dry
anisofropic process. After etching, the photoresist used for patterming 1s removed and a
thermal oxide layer 19 is grown within the trench as a liner to maintain trench geometry and
prevent structure damage during further processing. A low pressure CVD (LPCVD), a sub-
atmosphere CVD (SACVD), or high density plasma silicon oxide (5102) 30 1s then

| deposited to fill the trench 18 as shown in Fig. 1B. The trench fill CVD silicon oxide is
etched back or chemical mechanical polished (CMP) back to the silicon nitride layer 14. This

plananization step is typically not very selective and is difficult to control within the required

processing folerances. The SiN 14 fayer is next selectively removed using a hot phosphoric

I
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14 APR 2005 acid (I-11Pol) etch typically in the 150 to 180 degrees
centigrade (C) range, and the pad oxide is renpoved using dilute :
hydrof luoric (HF) .acid. Frequently, due to etch rates and edge Cb’véYng%

t hi ckness and ot her process paraneters, the field oxide coverage at the
upper ggge of the STl coners approaching the active device areas can have
thin cth ?Ié‘é) Detchippidally imshe 150dodat edgress Fnbiolale (TS 060k L £3N aqause devi ce
operati r]gC probl ens such as current crowdi ng and edge “W ap arddnd effects,
resul tofide poonogdtsingXilde HyBsfhakii NG PX ' and pose potentia
reliability exposures. U S! patentng?Pd%g?&%%E%Pkéﬂ%dgFBﬁTgﬁs@Flﬁmﬁ, shows
a STl @rereshinty Ad odeped,.pel ysilicon hard mask and an oxide liner. U S
patent 5, 960, 298 issouedﬁg)é'g% @éﬁ%‘%ﬂﬁﬁs‘héﬁeﬁﬁ% CoyEragy altbh upparexdge U. S.

pat ent 554 17 .issued to Renegarajan et al. teaches a SiN trench |iner.
U S. pat e%tg %gforégé,ap]@f?éﬁ]%i%éc?c@‘@ Joxice 8Eras carchrshélin @o GFhosi0RRES 2 th a
l'iner .agq b@r rﬂ:r\% Lai(e_rs., SUWWARY OF THE | NVENTI ON Accordingly, it is the
pri marCSHFe e iR of Thipnxoid oe pruso device provatingeprableme ki @ClsicvgeAnd
manuf act ur abl e nmet hod and structure for an inproved shallow trench

i sol at¥TBH¢ing 3 pdas) wmpatound effiel s CRsuISMBBLF Qﬁt@%xila@‘ﬂsﬂﬂ%fgg{oo‘éﬁds g ch' ity and

coverage of the insulating oxide on- the structure co hear: f active

devi cePasr pakntidl reliabiliey Svpoduh@r obj ective of the invention to inprove device

i solation and operational characteristics. by increasing the oxide coverage

at the STl corners near the active device areas. :
U.S. patent 6, 001, 706 issued to Tan et al.,, shows a STI process with a

doped polysilicon hard mask and an oxide liner.

U.S. patent 5, 960, 298 issued to Kim shows an oxide ST trench liner

U.S. patent 5, 940, 717 issued to Renegarajan et al. teaches a SiN trench
hner.

U.S. patent 5, 989, 978 issued to Peidoous teaches a ST process with a

liner and barrier layers.
SUMMARY OF THE INVENTION

Accordingly, it is the primary objective of the invention to provide an

e [+ - 5 ~
ffective and manufacturable method and structure for an umproved shallow trench isolation

(STI) element on silicon substrates having improved quality and coverage of the insulating

oxide on the structure comers near the active device areas.

It is a further objective of the invention to improve device isolation and

operafi SR N .
perational characteristics by nereasing the oxide coverage at the STI corners near the active

device areas.



14 APR 24 In addition, it is an objective of this invention to provide a
polysilicon | ayer over the device areas that is laterally oxidized to ‘
provide a portion of the field oxide extending over the device area o
thereby mininizing or eliminating the corner oxide voids and consel 2
detrinmental wrap-around effect. It is yet another object of the invention

to provide a methdd afidifiod, Of A BLRBive M ihik SRR Structure with reduced
mechani cal stress, and inproved %at“ee oxﬁugﬁgitﬁ’{iéengtroﬂr?/‘,’lgc $iRaly; b‘?}bla%j ectives

are acbivavrddivcagerigance..wint.h the nethods of the jnvention that describes
a structure and a pr oceggglg?“}é}grﬂg ﬁﬁ‘ﬁiﬁ“&g?aﬁ‘ Auttienpidlie istd aedd ces with

I Npr ovey r. coverage in the active device regions. Beginning with a
seni c‘oﬁ' 8‘?&“& 8‘&5}@1& rate 36“19’ RSl wminizner ditinating thesi drharosearoid? agaped, a
first thermal oxi.de |ayer is grown thereon to provide a stress rel ease pad
oxi de. “%{‘Sg‘ﬂqep&gﬁﬁwpmai wepcasppnd ¢fEct. deposi t ed on the pad oxi de | ayer by
LPCVD to be used as a hard nask to pattern the STI elenent in conjunction

wi th conventi onal IphgttinotheogbeghifehdRLERS « ' i.c blasma etch is
used to etch the SiN |ayer, the pad oxi de Ia@éﬁ@n@%%%gzgﬁﬁma@tch into

t he si Biltoolaticubifichat &ithQedREMILENS ere.the isolation structures are
required. Now, by the nethod of tﬁg&%?’ﬁ%ff\é@i%ﬁ,mgmé’S‘igﬁFﬁﬁqdﬁgqltpgrébn | ayer is

deposited onto th§.QREN &;i&%g& and l}(‘)}n t.he Si N pad and pad oxi de | ayers
Sl

where exposed. The. deposited &111 8RO EA Aerorianpe mith Her whbods obbiet axi al or

pol ysi | ke i l, fter depositing the sili-con layer an inplant is
done usi ng Sitﬂ%{gﬁg%ﬂ%y?% (’g‘ﬂéé‘f‘ a procgss lopergyfasturibe sueieon BR A [EIcGO KeV.

The sili£on rlog%g% L$ then annealed to formepitaxial silicon where the

| ayer was 1M Theamegicomerpgreinghe pesyn devibs tepane. Béhrp®d ¥k hi con el sewhere.
Next, a ther nal _ox{i dation is carried out to forma liner oxide |ayer over
t he CO?ﬁTB‘r(WélPLth Fynsaie Déweglc ciihat ghidoel Lows Nor p doped, a first thermal oxide

layer is grown thereon to provide a stress release pad oxide, A silicon nitride (SiN) is

deposited on the pad oxide layer by LPCVD to be used as a hard mask to patiern the STI

element in conjunction with conventional photelithographic methods. An anisotropic plasma
eteh is used to etch the SiN layer, the pad oxide layer, and to partially etch into the silicon
substrate to form trenches where the isolation structures are required

Now, by the method of the invention, a conformal silicon layer is deposited

onto the open trench and on the SiN pad and pad oxide layers where exposed. The
deposited silicon can be either amorphous, epitaxial or polysilicon. Typically after depositing
the silicon layer an implant is done using silicon as the specie at an energy of between 30 and
50 KeV. The silicon layer is then annealed to form epitaxial silicon where the layer was in

contact with the silicon substrate and polysilicon elsewhere. Next, a thermal oxidation is

carri i
arried out to form a liner oxide layer over the conformal silicon layer. There follows a

conformal CVD silicon oxide deposition to fill the trenches and form a trench or gap fill




conformal CVD silicon oxide deposition to fill the trenches and forma
trench or gap fill 14 APR 2005 oxide. The CVD oxide is preferably deposited
using a |l ow pressure CVD (LPCVD), a. sub- atnosphere CVD (SACVD), or a

hi gh-density plast-na CVD (HDP-CVD). A a p oxide densificatifjohaAprepifican

optionally follow. The gap fill oxide is then polished back to the nitride
| ayer, o@id Thp oAb N igs Lectiyely. renoved using a hot phosphoric acid
(H, PO%\) et c‘hj%“%%i%sd dfﬁ'és rgfs‘“r%tl}f %‘ipé’ itegusiig R Lowi pressrs BB &Pﬁa‘dﬁérﬂiwg- to the

verticgl si,des .o e.9 fill oxide slightly over the active device area
wher e ‘t?tﬁléjsrgfeﬂ? ﬁ"gig)e&%a\sggéﬁﬁ\}é@'dﬁrﬁ@’ plasma Ki\de (TBP-E6W)ba gremmided using a
dilute hy%;ofluoric (I-M acid, after which a final thermal oxidation is
done cHHVEF#IRFiapHanvetienadmifollpst.y | ayer into a thermal oxide. It should be
noted that the oxide fromthis poly layer oxidizes 2 to 3 times faster
than the oxide foiiredaf fiboxidbe thid pSiRA BERK S Hletnit RS Fe] hat..the oxide
extends over the edge of the device areas. Since ?ﬁ?sﬂgﬁr}%&tﬁgéﬁmi S not

sui t abdetzcfiatly tevervedadify %bqﬁl*@ﬁcﬁﬁ’acidt(ﬁ;??@g&&‘{.ﬁjg.;s r#tﬁ%/‘%é%ij&lé}!f%nrt h dilute

I-1F. It is inmportant to note that since med fromthe

poly I 8 .ate th the afher oxide, an_ appropriate
port i oﬁd{ﬁhct Ir]]gﬁ??)elﬁge o><%'S %gm%{l/%rﬁbaﬁ ﬁ‘é“ﬁ&&e &#P f‘ﬁé’m&@ﬂl@@y&ﬁ’@‘athﬁém‘rﬂns after

etchin  event..unwant ed voi ds or detrinmental wap around corned

ef f ect%‘&gia#%a CF ﬁ’gtslﬂs( D5 e eEneisth Hhepead exigrerangrow bhemast uSEg aoxi dat i on
step \A@.th t({;e ad oxide in place, then renove the pad oxide at the sane
Cime ol hydraiome (BEp agifeatior waih <STal Gheimel dxidanivh edae oM eerdgyirge ar ea.
Agai n, because of the slower etch rate of the thermal oxide crated from

the pot®ytsabgey layeiaten tictrhal Sivide] It slestd Be AoRAifid: @ Sfid HSmidLldrAXjde  over
the active device areas to provide the structure quality an pér or mance

enhancemdniss) o 3 times faster than the oxide formed from the silicon substrate, assuring that the

oxide extends over the edge of the device areas. Since this oxide layer is not suitable for the

gale oxide layer, it is removed, typically with dilute HF. Jt is important to note that since the

thermal oxide formed from the poly layer etches at a slower rate than the other oxide an
- ?

appropnate portion of the field oxide over the edge of the device area remains after efching

to prevent unwanted voids or detrimental wrap around corned effects.

An alternative process would be to perform the last STY oxidation step with
the pad oxide in place, then remove the pad oxide at the same time as the removal of the

final STI oxide from the active device area. Again, because of the slower etch rate of the

thermal oxide crated from the poly layer, there will still remain a portion of the field oxide

over the active device areas fo provide the structure quality and performance enhancements

mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS




ment i oned above. BRI EF DESCRI PTION OF THE DRAWNGS 5 1 4 APR 2006 Fig. 1A

through 1C are cross section views of a prior art STl device during

processing showing a void in the top conmer near the active devi ﬁe‘h&sﬂlm

Fig. 2 through Fig. 8 show cross section views of a shallow trenc

isolation device illustrating the process used to create the STI structure
of a sem conductor device

of the invention.gFi j Cross section vie | )
showi ng a key en%gd?%lﬁg h%’fﬁ; AE FRYERMUBTR 1YY aprforarientlfericeldugng de

ext endj slightly abave the substrate surface with a thin polysilicon
Iayerchl)fﬁc%tqSnutl,g %é’?'fl%/gc‘b OI\E{FH'&E IQ5t carpe ept theractiyadyvisbosgion.he surface of the

substrate. Fig. 10 is an illustration of a key enbodi ment of the invention
showi ng the STI ¥ige? thropghddiof§ shosr crmbst sectorstiewhodr oytelib@Rrdndk olahsy act i ve
device area at the STI corners assuring good coverage. DESCRI PTI ON OF THE

PREFERREL: EvBODInyENTIS ocdie hesdrtb ResateothFiISTT stududidrigeonvampnger ystal i ne waf er
is depicted as the substrate 10 for the integrated circuit devices. A | ayer

of silicon di oxi deig(%isQ crossReGic¥EAe)r 1o Eéﬁ%@%ﬁg@r e gﬂ% the

substrate 10 to a thickness of between 10 an nan arde by a
Pr OCeSspnlidairmht 81 k8RR LHE &l Z1 mhient in.a f.urpace between 750 and
850 degrees centigrade r%fg;?@( ng %%qq’gc,fglno%?et?‘\ited‘gm@§§la?tg’§%§mjhel syhEratg pad
nitridgs ; 2f . and 250  inn.thick is then deposited on the pad
oxi de | a§‘i°f““?§5¥i§%i’%%?tﬁ’vnﬂ@ °F 8i iy WEUH sdesrfihe fller plegrhovd dposichiion ( LPCVD)
wth a tterg)%r ature range of between 650 and 800 C

of the substrate. e

Fig. 10 is an ilustration of a key embodiment of the invention showing the
STT field oxide filler with a slight overlap into the active device area at the STI corners

assuring good coverage.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 2 a silicon monocrystalliné wafer is depicted as the
substrate 10 for the infegrated circuit devices, A layer of silicon dioxide (Si0, - pad oxide) 12
is thermally grown on the substrate 10 to a thickness of between 10 and 30 nanometers (un)
by a process using a clean dry oxidizing aml;ient in a furnace between 750 and 850 degrees

| centigrade (°C). A silicon nitride (SiN; Si;N,) layer (pad nitride) 14 between 150 and 250

nm thick is then deposited on the pad oxide layer 12 typically by low pressure chemical
vapor deposition (LPCVD) with a temperature range of between 650 and 800 °C

An opening 18 is next patterned on the pad nifride 14 and pad oxide 12

layers by conventional photolithographic methods using photoresist 16 which are well known

to those in the art, thereby forming a mask for the shallow trench. The silicon substrate

6




An opening 18 is next patterned on the pad nitride 14 and pad oxide 12

| ayers by conventional photolithographi c nmethods using photoresi steilg whi ch
are well known to those in the art, thereby formng a mask for th ADR 30
trench. The silicon substrate 14 APR 2005 under the nmask is then : '
ani sotropically etched, typically with a reacti ve ion etch (RIE) process

usi ng _ I ni chI rine or. fluorine (SF6) to a
dopt b SR mARSSEE: SR zfgaﬂsr FERATRERGY SO USRI DG PeKest oo
essentl al I vertical walle renches which is a desirable feature for
i ncreast g ﬂw{vﬁseéleEtﬂﬁﬂ Chpkdlrerine (He) shadqpthupPestweaon®r s

aggr avat e correr oxi de cover age Ieadl ng to potential stress related problens
such a¥'9%0dEric field crowdi ng at the edge of the active device regions
and poor gate oxide integrity. Referring to Fig. 4 a thin conformal |ayer

of either crystal Mhaenisstrped RIB)PIOC&WF@M%%eﬁiidl{}&@ﬂmglowéﬂ%d%H&?ést ed over
the structure covering the trench walls and botfom and covering the pad

Si N 14whiol iszadbsabie geabie M%&eﬁkg%%ﬁgeyer ugéi%ﬁgzﬁkﬁ%‘%%v S pge, and 60

rim Usually the conformal sili deposite %‘CB tfsi ng

si | i cogbrndreh Q\Q,lt@rdrgtg r Hg as_a source and at
terrperaturres et ween 5?&) %@9(6%6 le%i P"p%‘i(%%ftfﬁ %’ﬁ s irledebereblsne ahet ex s t he
silico C ili.con, itaxial silicon or anDrphous silicon.
When aérlr%ér“g%@gg g&%Yab%ﬁ%é %é’dc the %}ﬁl \E:)QT"PSF EEonyIchpROT selepxitiingestyl i con  as
a source specie a energy | evel between 30 and 50 KeV is performed on
the confornal si g‘ﬂi’ﬂ“&’& a¢- Lothimoenfband duyver yititiet crysialiind bepsly begr owt h i n

the substrate region. Referring to Fig. 5, the structure is shown after a
t her medmepheus siivpe 304ag deositedrper tt stractofe doetReme B0 ERNILONA onbgr a tine

period between 15 and 30 m nutes. An optional alternative anneal process
woul d el doverirgetha prdPiNd 14 Bed PRl o REOCE %e&%[&suﬁ%'gquucﬁwss of between 10

and 60 nm. Usually the conformal silicon layer 20 1s deposited by CVD using silicon
tetrachloride (SiCLy) or silane (SiH, ) as a source and at temperatures between 550 and 900
°C. Depending on process parameters the silicon fayer can be poly siicon, epitaxial silicon or
amorphous silicon. When amorphous silicon is used, typically an implant step using silicon
as a source specie al an energy level between 30 and 50 KeV js performed on the conformal
silicon layer 20 to enhance crystalline silicon regrowth m the substrate region.

Referring to Fig. 5, the structure is shown after a thermal anneal step at a
temperature of between 8§00 and 900 °C for a time period between 15 and 30 minutes. An
optional alternative anneal process would be fo use a rapid thermal process (RTP) anneal at
temperatures between 1000 and 1100 °C for a time period between 20 and 80 seconds.

This anneal step converts the conformal silicon layer 20 into epitaxial silicon 22 (dotted area)

in the region where the layer was in contact with the silicon substrate in the open trench 18

.The anneal process also converts the silicon on the vertical and horizontal surfaces of the

~1




t enperatures between 1000 and 1100 C for a time period between 20 and 80
seconds. This anneal step converts the conformal silicon |ayer 2Q jnto
epitaxial silicon 22 (dotted area) in the region where the |ayer ERi 2605
contact with the silicon substrate in the open trench 18. The anneal
process al so converts the silicon on the vertical and horizontal surfaces
of theg; csilicon.nitride 14 into olysilicon structure 24. Fig.
6 s hox%s“&té’r‘m@ﬁ%e%?"l’é‘f"eé‘pp? OG0B Sb’Pb%‘ées"—s'“‘.- B ﬁsg'ygfﬁ thgrnes| ster brihe prefesy & O2) 26
i's grguwn o_ghhe epitaxial silicon 22 in the trench 18 and on the renmaining
conf or'ffef OB ‘;P“s‘?ﬁ“%e SEPED 2§ dt erown opyihg epifaxinl silieorgRoiwihé tremhdrsyamixérdi zi ng
anmbient 1in a furnace between 850 and 950 C to a thickness of between 10
and 300f iNAiERg sordRinend polyrsdinth laz6r 2edittelaydrtiespahyis bldre Oidlzawedmbicht

thi ckness but does not entirely consune it, |leaving a polysilicon |ayer 24
on t henwdhtracaberanch $5r ird AT 9id thidRRbsObE bitdl8ers W EREES nhdTni )er | ay of
SiO 28 is next deposited, preferably by LPCVD, filling the trench opening

18. Theowttens hedustdite paRsiiG AR istiei s bitel 1Rl A8 e@%ig%ggii IO‘;n

tetraethyl orthosilicate (TE whi ch 1's conformal
t ypi cakiwn 'Sl res. en 650 .and 80Q T. Another option to
create t\héé)'? ?ﬁf%&ggﬁgﬁggﬁ ?ljiseqfeg&&isjgﬁal%ngﬂg’??‘@ioﬁﬂ[? wiacs d¢ous oxi de

(N,O in an argon Iasna.%fg}g_ t)éench filler material may al so consist of a

subst ance ot her thar &P OX ISREXt fhositsda piserably by LR ED cfilffhatie. The

depositiQE Broce?gr s for these various nmaterials are well understood by
t hose tbt;né( OPEiRg 1 ¢ Hehedranch pxidy i be deposityst hothermd deddnpesitionxifde 28 can be
densified by using an anbient of wet oxygen or steamat a tenperature of
bet weehtraiey! artiosloa® (TEOS) whigheis conformil. 3Re Bbabiien typhflifbellie,OPt i onal
densification process, the upper surface is subject 'to a

temperatures between 650 and 800 °C. Another option to create the filler oxide 28 1s to use

silane (Sit, ) with nitrous oxide (N,O) in an argon plasma.

The trench filler material may also consist of a substance other than silicon
oxide, for example, a silicate glass. The deposition procedures for these various materals are
-well understood by those practicing the art.

As a process option, the filler oxide 28 can be densified by using an

ambient of wet oxygen or steam at a teraperature of between 950 and 1050 °C for a period
of 30 minutes.

After the optional densification process, the upper surface is subject to a
planarization process, typically chemical mechanical polishing (CMP). The CMP removes
extrancous filler material and is continued just into the pad nitride layer 14. As an alternative
to CMP, a reactive ion etch may be used. The remaimng p‘;sd nitride 14 is then removed by
either a wet etch in hot HyPQ, at a temperature between 100 a;nd 200 °C, or alternatively, a

plasma etch may be used. With the plasma etch, the pad oxide 12 is used as an etch stop. As




pl anari zati on process, typically chem cal nechanical polishing (CAMP). The
CAMP renoves extraneous filler material and is continued just iﬂgo t he pad
nitride layer 14. As an alternative to CW a reactive ion etch -fryARR 2005
used. The remaining pad nitride 14 is then renoved by either a wet etch in
hot H PO4 at a tenperature between 100 and 200 C, or alternatively, a

pl asmahetc n Figy9, behenIRASINN 4 Rast hin PLASHR. S£LER. igde 12 is used as
an etch stop. As 8 1 4 AIPR 205(1385 s?lovbn in Fi @cgﬁﬂﬁ%gﬁﬁfﬁé@rﬂaﬁ%%as been

r enov effico 2y &k AT _ formal  pol silic 24 is left on the
side of the fillt:tgrgit(}iléde 4 t|Rénﬁ1£1 ﬁgdg?’gé" §h8raﬁ%irfl?’§}¥%f8§/‘e°r"88ﬂ%39’ tPp S0 Nuis Thi s
poly | ool 3 o .the.invention as it extends slightly into the device
regio §§53 éESI %S Be{(()jh}cnm‘ Phgn 2git eappds shghtlygato Bp deviceiontagdapicied ifii el d oxi de
extensions .qver the corner regions. The pad oxide may be renoved at this
time ?ﬂgl ef tehftfstognt wil topp tyeliald ogds geersdomssivepthe Typiec adgionst he pad oxi de
is renoved with a buffered oxide etch (BOE) usually containing dilute HF.
A final STI ther nbe padi axide roay beredwived whihishineonve gt wes tdccal pol y

| ayer 24 into the field oxide extension 28A, as shown in Fig. 10. This is
a t herovglation e Sypeally iteghad oxide af rebRRvREHAR Hr&ﬁe%td%%tﬁ?@%@ﬂfg&? ,Cfor a
period of between 3 and 5 mnutes. This final STI silico x1 de T-ayer is
not suwoh@allire dinfe HEL | ve devi ce usage, so an etch is perforned to renove it
in all active device areas except the field oxide extensions 28A. This is a
calibrated etch [ : o} WMth a wet BCE etch containing dilute
HE. The field oxi}égﬂgﬁﬁﬂr{g‘?rﬁﬁ’iB’z‘@%%%tlﬁg?%ﬁvwmﬁg%‘%ﬂsF%Yﬁf@%ép%ﬂgz@r| i con

| ayer 5 operty.of re rapid _growth during the formation stage,
and a8 P@t\\éeq}rlé gﬁg ﬁ&@g e?tggséorhﬁn’@ SL‘P\‘@“ gt &t s srdhembhpecesnatbicds a

sui tabl e amount of the field oxide to remain over the device area formng

t he fi%f df temperatures between 850 and 950 °C for a period of between 3 and Sminufes. This

final STI si_[icqn oxide layer is not suitable for active device usage, so an etch is performed to
remove it in all active device areas except the field oxide extensions 28A. This is a calibrated
etch typically performed with a wet BOE etch containing ddute HF. The field oxide

extensions 28 A, thermally grown from the polystlicon layer, have the property of more rapid
growth during the formation stage, and a slower etching rate during the calibrated etch, This
enables a suitable amount of the field oxide to remain over the device area forming the field

oxide extensions. If the pad oxide is still present, it will be removed during the removal of

the final STT oxide.

A unique characteristic to this invention is the oxide overlap structure
resulting from the process embodied herein. As shown in Fig. 10 there is a definite oxide
overlap from the STT which eliminates corner oxide voids, or thin coverage which can lead

{

to device problems such as current crowding and possible reliability concerns. The extent of

the overlap is between 5 and 20 nm which constitutes minimal, negligible consumption of

9



oxi de extensions. If the pad oxide is still present, it will be renoved
during the renoval of the final STI oxide. A unique characteristic to this
invention is the oxide overlap structure resulting fromthe prQegsr 200
enbodi ed herein. As shown in Fig. 10 there is a definite oxide "overlap
fromthe STI which elimnates corner oxide voids, or thin coverage which
can | emdve 40a, dehille Q1R sRRE GRE i | d.possi bl
reliability concerns. The extagﬁfa%?%‘qgﬁ[esgg\%?’ﬁ{gg%g&gé:ﬁa%ggn%mﬁﬁﬂf20 i nn
whi ch gppaid.tutes nmini'mal, negligible consunption of 14 APR 2006 active
area, while at the same tinme assuring device isolation, operational
characteristics aﬁq‘gr gl i.abil té' %)\‘i VWil e the invention has been

particul arly shown BRddBYEEPRER Beprparticuiogy shewn pad desripedetvihr ed

enbodi nents thereof, it will| be understood by those skilled in the art

t hat \fgfeir‘ﬁ’tffg t%ﬁ“ﬁr?@%@”‘?qﬂcmbﬁqwm theegadi i williesy uirterstaatebyihobosiilladenaid | ng from
the spirit and scope of the invention. Wat is clained is 10 1 4 APR 2005
1. A st halvarigrs ¢labgisonformyaral ddalks lnow Horaaddwitsel abpRinShbHCGhYEGHEN 2

sem conductor substrate having field oxide regions extending over the
edges ol segpie ofghdl@veéenar eas conprising; formng a first oxide |ayer by

t hermal oxidation on said substrate; depositing a silicon nitride (SiN)

| ayer on said firgthpxiclgnlipyer for a hard mask; forming a trench in said
substrate by patterning said substrate and etching said Si N hard




mask, said first oxide layer and partially into said substrate; formng a
first conformal silicon |ayer over exposed surfaces of said substratep %[%L‘d
trench, said first oxide |ayer and said SiN hard nmask; anneali ngt _éélcﬁ
conformal silicon layer to formepitaxial silicon in said trench substrate
surface regions and polysilicon el sewhere; formng a second oxide
deposition | ayer on exposed surfaces of said trench epitaxial silicon and
said polysilicon; filling said trench opening with a third oxide
deposition; renoving top surface of said trench fill third oxide deposition
to just below top surface of said SiN hard nmask |ayer; renoving said SiN

.~ hard mekk | dysethed dosEbticating st shallovd drehely isplatign stedcbuse iona semideingdggtor substrate
perform ng a fourth oxide deposition, covering surface of said trench fill
third oxiklingfedsxitie cgican dxtsaliok et theeddavif aetiwrdeaice peapainyyissat d fourt h
oxi de deposition |ayer leaving field oxide extensions over edge of said
active devi cefoahidg alfRéloxiRilshet betelnd okidalisi orCeid subkigat@)r ocessi ng of said
active devices. 2. The nethod of claim| whereby said first oxide layer is

pad oxide andgepssitings SBLdniBIR SN layef SITREL AfstbAde ROSMBEMaA@thagind 850 C to
a thickness of between 10 and 30 nm™ 3. The nethod of claim1l wherein said

Bnd 800 C o ot RPcas (RIS S b e SRRt b RGOS et
met hod méskcdaed imstloxithelapérand partially miesaid substmitsot ropi cal |y etched by R E
using chlori nf%rming a first conformal silicon layer over exposed surfaces of said substrate, said trench,
said first oxide layer and said SiN hard mask;
annealing said conformal silicon layer to form epitaxial silicon in said trench substrate
surface regions and polysilicon elsewhere;
forming a second oxide deposition layer on exposed surfaces of said trench epitaxial
silicon and said polysilicon;
filling said trench opening with a third oxide deposition;
removing top surface of said trench fill third oxide deposition to just below top surface of
said SiN hard mask layer;
removing said SiN hard mask layer and said first oxide layer by selective etching;
performing a fourth oxide deposition, covering surface of said trench fill third oxide
deposition and said active device area;
removing said fourth oxide deposition layer leaving field oxide extensions over edge of

said active device area near said trench comers;

continue processing of said active devices.

2. The method of claim 1 whereby said first oxide layer is pad oxide and is thermally grown at

temperatures between 750 and 850 °C to a thickness of between 10 and 30 nm.

a

3. The method of claim 1 wherein said pad nitride hard mask is deposited by LPCVD at
temperatures between 650 and 800 °C to a thickness between 150 and 250 nm.

11



or fluorine as an etchant to a depth of between 250 and 450 nm 5. The
nmet hod of claim|l wherein said first conformal silicon |ayer Conﬁi%&ﬁfgﬁﬁ
anor phous silicon deposited by CVD using silicon tetrachloride ¢ ane
as source at tenperatures between 550 and 900 C to a thickness between 10
to 60 nmthick. 6. The nethod of claim | whereby said first conformal Si

| ayer is annealed at a tenperature between 800 and 900 C for a tine
between 15 to 30 minutes. 7. The nmethod of claim1l whereby said first

conformpl SiThe¥ethol 3f @I&Hﬁ@'xﬁ%ré&ﬁ 'sE‘iEl tfe%@l'x & émﬁmplk:au}pétace%ﬂﬁl R (SR hitined
tenperature between 1000 and 110 for a time between 20 and 80 seconds.

8. The aréluhtiee @ran@r@amﬁtqaﬁh@h@ﬁpetwaﬁdZ%)e@dﬂéO@m de layer is thermally grown
bet ween 850 and 950 C to a thickness between 10 and 30 nm 9. The net hod
of claim1l whereby said trench fill oxide is deposited by LPCVD using
silane ;Aas allsotrdedadf dlﬁ‘nmewﬂtewimsaibﬁmemfﬁﬁﬁd aildoB 0y eCcomistonp kradphyus
fill said trenc

h t hod furth d
Censi £ et BERGUERY (0P AR Do e bbb e PR RS
1050 C.angboo 0% MBLEdAksensderil Dd coMR@Bib sai d removal of said trench fil
oxi de top surface is done wth chem cal mechanical polishing (CW) with a

polishing rate ratio of silicon oxide to hard mask in a range of 3:1 to

oxi e 155p. ot Taratid ¥ TR Chetr S B RLA DY e s S bl
met hod adweh 8300ald WEeTEfon atiie ett@uals t@BO gidesdi tride hard nask is done

using a wet etch using hot phosphoric acid or by a plasma dry etch using
said pad oxi de as a stop.

7. The method of claim | whereby said first conformal Si layer is annealed using rapid thermal

processing (RTP) at a temperature between 1000 and 1100 °C for a time between 20 and 80 seconds.

8. The method of claim 1 whereby said second oxide layer is thermally grown between 850 and

950 °C to a thickness between 10 and 30 nm.

9. The method of claim 1 whereby said trench fill oxide is deposited by LPCVD using silane as

a source at temperatures between 650 and 800 °C to completely fill said trenches.

10. The method of claim 1 further comprising oxide densification using wet oxygen or steam at

a temperature between 950 and 1050 °C.
11. The method of claim I wherein said removal of said trench fill oxide top surface is done
with chemical mechanical polishing (CMP) with a polishing rate ratio of silicon oxide to hard mask

in a range of 3:1 to 4:1.

12, The method of claim 1 wherein said removal of said trench fill oxide top surface is done

with an RIE plasma etch.

12



14. The method of claim| wherein said pad oxide is renoved using a

cali brated wet etch using BOE containing dilute hydrofluoric acid. 15. The
nmet hod of claim 1 wherein said fourth STI oxide is thermally grown in

oxi di zing environment at a tenperature between 950 and 1050 C ¥ &rAPR %qﬁﬁe
between 3 and 5 m nutes. 16. The method of claim 1l wherein said fourth STI
oxide is renoved except for said extensions in said active device area
using a calibrated wet etch using a BCE containing dilute hydrofluoric

acid. 1/3. A TR hetholl OF cfadhri ®RékiNdh@ reitival OMsd RRGHE hat@ sk ANdHe GsW §ePN
a sem conductor substrate haV|n? field oxide regions extendi ng over the

edges oftchusinghet gessphericacisbey by drplasmardsy elgh ssingieaid padpadq asrp stepabi ity
conprising: formng a first oxide |ayer by thernmal oxidation on said
substrate; depositing a silicon nitride (SiN) layer on said first oxide

| ayer fbk a Tae ohetimad of clhon Mwigrean taié pedioxide saiethosedsdingd ealibyatgrhtveteateli wing

said s rate and.etchi.ng said.SIN hard mask, said first oxide |ayer and
partiaF?@ flpgnggwaEﬁagvggegsa@ rming a first confornmal polysilicon |ayer
over exposed surfaces of said substrate trench, said first oxide |ayer and
said SiN hard mask; perforni;% an i nplant on said conformal polysilicon

b miEregbf

| ayer; &hneal Mhgedrdeicirino fourgionl ] exjes is Gemmslin spi ak Paiexidizing on
L0 sal G (8 QP RMLBfire BUGLACEY £A1RF A RE ABNY RhGONRISEIARLE:
form Ng a second oxXlde |[ayer on exposed surrtaces or sal trench epitaxi al
silicon and said polysilicon; filling said trench opening with a third
oxi de dFGO 0S| rl"hg gfeth]ég of claim 1 wherein said fourth STI oxide is removed except for said extensions

in said active device area using a calibrated wet etch using a BOE containing dilute hydrofluoric

acid.

17. A method for fabricating a shallow trench isolation structure on a semiconductor substrate
having field oxide regions extending over the edges of active device areas for improved oxide
isolation capability comprising:

forming a first oxide layer by thermal oxidation on said substrate;

depositing a silicon nitride (SiN) layer on said first oxide layer for a hard mask;

forming a trench in said substrate by patterning said substrate and etching said SiN hard
mask, said first oxide layer and partially into said substrate;

forming a first conformal polysilicon layer over exposed surfaces of said substrate trench,
said first oxide layer and said SiN hard mask;

performing an implant on said conformal polysilicon layer;

annealing said conformal polysilicon layer to form epitaxial silicon in said trench substrate
surface regions and polysilicon elsewhere;

forming a second oxide layer on exposed surfaces of said trench epitaxial silicon and said
polysilicon;

filling said trench opening with a third oxide deposition;

13
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1 4 APR 2005 renoving top surface of said trench fill third oxide
deposition to just below top surface of said SiN hard nmask |ayer ;4 gﬁppymﬁg
said SiN hard nask | ayer and said first oxide |ayer by selective etching;
perform ng a fourth oxide deposition, covering surface of said trench fil
third oxide deposition and said active device area; renoving said fourth
oxi de deposition leaving field oxide extensions over edge of said active
device area near said trench corners; continue processing of said active

devices. 18. [EhRviBitWsirRte 6f @idtehéh nheKkiabyxisRdgofilibSto ja¢ibdRW t@fé@ﬁrﬁic@ ofpad
oxide and is thermally grown at tenperatures between f50 and 850 Cto a

t hi cknesgid YN hsed wedlae and 30 nm 19. The method of claim 17 wherein said
L e h - . _
pad nitride hard. mBSkqigy ‘ﬂﬁﬁ%ésk?%gg%(ndﬁ%é?&ﬁ%let1%@?%5‘_%%9&% eggfngeen 650

and 800 C to a thi¢kness between a met hod 6f claim 17
wher ei n sai d parfonmgi s fouribs oxide piepadition, ebedrang hyfalt Bf ysidngenchl fdl el oxide

fluorin asfan%ﬁtcﬁang tg a dqpth of between 250 and 450 nm 21. The net hod
of cl ai FPIF"AhEF PN EHY 4T 1P % onf or nal polysilicon |ayer is deposited by

CVD using sike0mhgt Gid fuhth Oxidtedepbsifibn RACINATiSDYKRE ciientiBRDEVRIUEESS said
bet ween 550 and 900 C to a thickness between 10 and 60 nmthick. 22. The
met hod ##iVe feyih area RepeTakhienshcormesnt or mal silicon layer is inplanted with

Si with an e&g&g&aB@E&@ﬁ%gfg%?ggwggmﬁﬁg: 23. The nethod of claim 17

whereby said first confor ayer Is annealed at a tenperature between
800 and 900 C for a tinme between 15 to 30 m nutes. 14

18. The method of claim 17 whereby said first oxide layer is pad oxide and is thermally grown

at temperatures between 750 and 850 °C to a thickness of between 10 and 30 nm.

19. The method of claim 17 wherein said pad nitride hard mask is deposited by LPCVD at

temperatures between 650 and 800 °C to a thickness between 150 and 250 nm.

20, The method of claim 17 wherein said trench is anisotropically etched by RIE using chlorine

or fluorine as an etchant to a depth of between 250 and 450 nm.
21. The method of claim 17 wherein said first conformal polysilicon layer is deposited by CVD
using silicon tetrachloride or silane as source at temperatures between 550 and 900 °C to a thickness

between 10 and 60 nm thick.

22. The method of claim 17 whereby said conformal silicon layer is implanted with Si with an

energy between 30 and 50 KeV.

23. The method of claim 17 whereby said first conformal Si layer is annealed at a temperature

between 800 and 900 °C for a time between 15 to 30 minutes.

14



1 4 APR 2005 24. The method of claim 17 whereby said first conformal Si

| ayer is anneal ed using rapid thermal processing (RTP) at a tenpe¢rah®reiih
bet ween 1000 and 1100 C for a tine between 20 and 80 seconds. 25. The

met hod of claim 17 whereby said second oxide layer is thermally grown
between 850 and 950 C to a thickness between 10 and 30 nm 26. The net hod
of claim17 whereby said trench fill oxide is deposited by LPCVD usi ng
silane as a source at tenperatures between 650 and 800 C to conpletely

fill sapad trenshfRshod2dt cldie 1MekReebyOkaid | fbtMohforkdl KD @dyef NTRAdcEled istiel @id
densification using wet oxygen or steam at a te erature bet ween 950 and

1050 T.thergal migecsaisg KBEP Lt adPmperature hetweas W08 and 1} Er agfmesbgtereqnr Khard §Q | |
oxi de t QP grface is done wth chem cal nechanical polishing (CMP) with a
pollshlng "F&te ratio of silicon oxide to hard mask i narange of 3:1 to4:1.

29. The nethod of claim 17 mhereln sald renoval of said trench fill oxide
top sur do e Rl E 0 The d of claim1
wher ei n{ dc#f“ L"’é‘f‘g‘”n‘i“‘?‘ir wﬂgwﬁ? Iygo bR 5“&0%%/@%%50

using hé?&i%b%%@fﬂﬁm@@s‘ﬂ&v@e@n%aﬁd@d)ﬁl%fm dry etch using said pad oxide as a
stop. 31. The nethod of claim 17 wherein said pad oxide is renoved using a

cal i brated wet etch using BOE containing dilute hydrofluoric acid. 32. The

met hod ﬁ)éf cl a['hg]rrg?ezhc}’éih Efrc? inl lslawigenj: [yLL[aItdhtr S-é_lll tf ﬂxolxgdaed%aepo& rdi’%{stjp{%gpovs\ﬂlgl 5 alﬁ%

oxi di zi'ng envt FOnhENT a tenperature ween
bet weenasd sati@e at tﬁinphihﬁxses bbbvebn 45ARR 0T to completely fill said trenches.

27. The method of claim 17 further comprising oxide densification using wet oxygen or steam

at a temperature between 950 and 1050 °C.
28. The method of claim 17 wherein said removal of said trench fill oxide top surface is done
with chemical mechanical polishing (CMP) with a polishing rate ratio of silicon oxide to hard mask

in a range of 3:1 to 4:1.

29, The method of claim 17 wherein said removal of said trench fill oxide top surface is done

with a RIE plasma etch.

30. The method of claim 17 wherein the removal of said nitride hard mask is done using a wet

etch using hot phosphoric acid or by a plasma dry etch using said pad oxide as a stop.

3L The method of claim 17 wherein said pad oxide is removed using a calibrated wet etch

using BOE containing dilute hydrofluoric acid.

32. The method of claim 17 wherein said fourth STI oxide is thermally grown in an oxidizing

environment at a temperature between 950 and 1050 °C for a time between 3 and 5 minutes.
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33. The nethod of claim 17 wherein said fourth STI oxide is renoved except
for said oxide extensions in said active device area using a calibrated

wet etch using a BOE containing dilute hydrofluoric acid. 34. A nethédARR2005
fabricating a shallow trench isolation structure on a sem conduct or

substrate having field oxide regions extending over the edges of active

devi ce areas conprising; formng a first oxide |layer by thermal oxidation

on said substrate; depositing a silicon nitride (SIN) |layer on said first

oxide lzyer ffe dethod o BRSK7 WNeRiM hid [UrBNST dxideS Al rnSWHASEalt Gol¥hid oxide
patterning said substrate and etching said SiN hard nmask, said first oxide

| ayer oEKEDPIaRT irabaiq aptivcodayigedrreribying gt alibmtpdnveieteh psing e BORfcopigiing dilute
epitaxhﬁhﬂﬁhbhgggdlayer over exposed surfaces of said substrate trench,
said first oxide and said SiN hard mask, and annealing said conforma
epitaxial silicon layer to formpolysilicon over said SiN hard mask

f i . formong. a. i de d it] | d
U f acelof Sareintd BRHaRiTES PR Srdrea SRR Rn Ll sPrraRes fibsiralg
sai d triensl &Miﬂtﬂre@ﬂoﬁheﬂeﬁdﬁk&f&eﬂ?ﬁ%@ﬁgdﬂ%ﬁQ&Neid@ﬁibe BiRADMINigisingp sur face of
ep

said trench fill third oxide osition to just below top surface of said
Si N hard naskforaipge: firsteprisle lavgr by hermapl xjdation pisaid pubsate; performing a fourth

oxi de deposi t § RGOV Sk APnif He(3RS 18er SAkHd hfs?efiheiejyng ffom'hér@i n%k;ge

deposi tion and’sai d”active device ‘area; renoving sail ourth oxide
deposi tion | efowining & fregich inghidesubstiatenisy pattsrriing said svistralcead regching ardePidhhard

corner sy, &O%id APoRICHFEHhEGathif Bl AFLiniGumgeV! ces.

forming a first conformal epitaxial silicon layer over exposed surfaces of said
substrate trench, said first oxide and said SiN hard mask, and annealing said conformal epitaxial
silicon layer to form polysilicon over said SiN hard mask surface regions;

forming a second oxide deposition layer on exposed surfaces of said trench epitaxial
silicon and said polysilicon;

filling said trench opening with a third oxide deposition;

removing top surface of said trench fili third oxide deposition to just below top surface of
said SiN hard mask layer;

removing said SiN hard mask layer;

performing a fourth oxide deposition, covering surface of said trench fill third oxide
deposition and said active device area;

removing said fourth oxide deposition leaving field oxide extensions in active area near
trench corners;

continue processing of said active devices.

35. The method of claim 34 whereby said first oxide layer is pad oxide and is thermally grown

at temperatures between 750 and 850 °C to a thickness of between 10 and 30 nm.
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35. The nethod of claim 34 whereby said first oxide |layer is pad oxide and
is thermally grown at tenperatures between 750 and 850 Cto a thi C%QGAFRO&BS
bet ween 10 and 30 nm 16 ' (4 APR 2005 36. The nethod of claim 34 wherein
said pad nitride hard mask is deposited by LPCVD at tenperatures between
650 and 800 C to a thickness between 150 and 250 nm 37. The net hod of

claim 34 wherein said trench is anisotropically etched by RIE using

chlorine or fluorine as an etchant to a depth of between 250 and 450 nm

38. Thesgret hoge afetobaifmidh WNeHRl, $al baliidiflde HART 0B 8RokiRd B LhaXey of S
created using epitaxial reactors to a'thickness between 10 and 60 nm

t hi ck. t8@perFiuessiretveon 680 atid8084 CthertlibknesahatiwsmcidAdndi@eml ayer is thermal ly
grown between 850 and 950 Cto a thickness between 10 and 30 nm 40. The
met hod of claim 34 whereby said trench fill oxide is deposited by LPCVD

usi ng s31.aneThémethos @BEEEN 34 Whermesad terh ibekiveripidalif crhel BPRICusifg chlorine
conpletely fill said trenches. 41. The_ nethod of claim34 whereby said
trench 95fuerigkishe sthapdp a<epBf Bt Py e 4S0ym-ow t enper at ure ( HDLTDP)
pl asma assi sted deposition using TECS or silane with nitrous oxide in an
argon plasma. 42. The nmethod of claim 34 wherein said renoval of said
trench 38.11 ke uethpd pf dainf 2t whérsindeiddirstwionformhleapitasinl Inysr rereated usieg épdtakiag

(CVWP) w i shi tio,of silicon oxide to hard mask in a
rangeom%%#or?gp%:hic%%%e{?%tggrlré?%do or t@fﬂ%i m 34 wherein said renoval of said
trench fill oxide top surfaces is done wth a R E plasma etch. 44. The

the renpval of said niitride hard sk i s _done

met hod cl al m 34 wher ei
usi ng a:%(fl\et %he met%od cFaim 3'], whereby said second oxide layer is thermally grown between 850 and

950 °C to a thickness between 10 and 30 nm.

40. The method of claim 34 whereby said trench fill oxide is deposited by LPCVD using silane

as a source at temperatures between 650 and 800 °C to completely fill said trenches.

4]. The method of claim 34 whereby said trench fill oxide is deposited by high density low
temperature (HDLTDP) plasma assisted deposition using TEOS or silane with nitrous oxide in an

argon plasma.
42 The method of claim 34 wherein said removal of said trench fill oxide top surface is done
with chemical mechanical polishing (CMP) with a polishing rate ratio of silicon oxide to hard mask

in arange of 3:1 to 4:1.

43. The method of claim 34 wherein said removal of said trench fill oxide top surfaces is done

with a RIE plasma etch.

44. The method of claim 34 wherein the removal of said nitride hard mask is done using a wet

etch using hot phosphoric acid or by a plasma dry etch using said pad oxide as a stop.
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etch using hot phosphoric acid or by a plasma dry etch using said pad oxide
as a stop. 17 1 4 APR 2005 45. The nethod of claim 34 wherein sai dqfionpR 2005
STl oxide is thermally grown in an oxidizing environnent at a tenperature
bet ween 950 and 1050C for a tine between 3 and 5 minutes. 46. The nmet hod of
claim 34 wherein said fourth STl oxide and said pad oxide are renoved
except for said oxide extensions in said active device area using a
calibrated wet etch using a BOE containing dilute hydrofluoric acid in

prepar afs. on TRy magiboli \6F cOSM 32686 8818l foGrth 881 oxide is thermally grown in an oxidizing

environment at a temperature between 950 and 1050°C for a time between 3 and 5 minutes.

46. The method of claim 34 wherein said fourth STI oxide and said pad oxide are removed
except for said oxide extensions in said active device area using a calibrated wet etch using a BOE

containing dilute hydrofluoric acid in preparation for active device processing.



