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AN OXI DATI ON BARRI ER Background of Invention This invention rel ates

general ty to fabrication of sem conductor devices and particularly to a

met hod of formng isolation for integrated circuits, and nore specifically,
to a pethod of formng a shallow trench isolation. 2) Description of the

Prior Art Serp'mr;@mgl I el r i i ( (‘132?9% e rds
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by the CVWP presents several problens. .
This invention relates generally to fabrication of

semiconductor devices and particularly to a method of forming
isolation for integrated circuits, and more specifically, to a

method of forming a shallow trench isoclation.

2) Description of the Prior Art

Semiconductor integrated circuits (ICs) have evolved
towards increased density and device shrinkage. One important
structure in the manufacture of ICs is isolation structures,
Devices formed in the silicon substrate must be isolated from
one another. Establishing effective i1solation in submicron ICs
in the face of decreased isolation space is a complicated and
challenging task.

One conventicnal method for isolation involves

oxidizing a bare silicon wafer in a furnace to grow a pad oxide



The renoval rate of the CVD oxide by the CWP is higher than the renova
rate of the nitride, causing dishing in wide trenches. This dishing effect
degrades the planarity of a layer, and it also inpacts the yield of the
device. Furthernore, endpoint detection is not accurate during the CW
becayse the ratio of the reanaI rate of the CVD oxide to the renoval rate
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fabricating a renchisolation (STt) "having redu
removal rate of the nitride, causing dishing in wide trenches.
This dishing effect degrades the planarity of a layer, and it
also impacts the yield of the device. Furthermore, endpoint
detection is not accurate during the CMP becautse the ratio of
the removal rate of the CVD oxide to the removal rate of the
nitride is about 3 cr 4 to 1. Increasing this ratic to improve
endpoint detection would result in increased dishing under this
conventional method. Therefore, a need arises for a simple and

efficient method of forming a trench isolation that reduces

dishing.

The importance of overccming the various
deficiencies noted above is evidenced by the extensive
technological development directed to the subject, as documented

by the relevant patent and technical literature. The closest



It is an object of the present invention to provide a nmethod for
fabricating a shallow trench isolation (STlI) using a buffer |ayer and
chem cal~- mechani cal polish. (CWP) process having reduced dishing. It is an
obj ect of the present invention to provide a nethod for fabricating a

shal l pw trench isolation (STlI) using hard mask | ayer over a buffer |ayer;
the hard mask | ayer acts as an oxidation barrier during a trench |iner

oxi dat i orfNNRPEREEHF MENTODT THE ARG ERCIPATRN AV IHBATEs 18 fBBhod. of
manuf acturing a_shallow trench isol ation which |§ char act erl zed as fell ows.
A pad | ayRAtENE A FREATRESCI G I8 ARG BY FARRTISid % UPafd OfdsitY Fé@%ﬁ are
formed over a substrate. The hard nmask | ayer has a hard nmask openi

forma tr¥n@t -dpERPHJ ?nST%ep]tﬁﬁafréfzalta?Br *pResHol iSh Xfeh - I9z§§léF‘°utﬁE' pad
| ayer and forma trench in the substrate using the hard nmask | ayer as an
et ch mask@l e sheks &nSoki Be°I§ThelF ionér traget tipwnpdate ¥Sdewal I's of the
trench and an oxide buffer |jner r on the sidewalls of the buffer

| ayer.. Thé8lnverdtfanse gt al. )hatre(fcry?ﬁékaf’%@?rp‘?’“ei/éhltaé‘atz‘r;réa&)%f’aat| on of the
top surface of the buffer layer during the oxidation of the oxide trench
liner. THRZeGRSSvents Pnéddut Je?RéloayéibOMsom Betage ¢ otislumed By -t hESoxi dat i on
and | eaves a sufficient thickness of buffer layer to act in the subsequent
cheni cal -ediarmid@doport sl (IGVRS x-&3.4,RERE (Wah and d%th.7¢ 8, &peBli(Bimor med
over the hard nmask | ayer and at |east partially fills the trench. The

i nsul ati ref lay-@r showchthetapl aechi@dtden poHi §hedotderpeashe polish stop

| ayer as a stop layer. The buffer |layer acts to prevent field oxide dishing
during the chemni cal -nmechani cal polish (CMP). The polish stop = l|ayer is
renoved. Additional objects and advantages of the invention



will be set forth in the description that follows, and in part will be
obvi ous fromthe description, or may be | earned by practice of the
i nventi on. The objects and advantages of the invention nay be realized and
obt ai ned by neans of instrunentalities and conbinations particularly
pointed out in the append clains. 5 Brief Description of the Draw ngs The
features and advantages of a sem conductor device according to the present
invention and further details of a process of fabricating such a  __
sem conductor device in accordance with the present invention will be nore
clearly understood fromthe fSommaringfdeherIngnensiianaken in conjunction with
t he acconpanying drawings in which |ike reference nuneral s designate
simlar or correspondihg ®laanebisctr e§i bhe presgidr tingeptand ta mwhdcide
Figures 1 through 9 are cross sectional views for illustrating a preferred
enbodi nené méthdre fiorvdabirénat Fhgur estldl iy Arenobsisetdiioral (318whiaging
illustrating a |l ess preferred aspect where no hard mask is used and .the
buf fer | ayeduddd ckirbdmgi.s reduced by the oxidisation of the trench liner. 6
Detai |l ed Description of the Preferred Enbodi nents The present invention
wi |l be described in detad lanMddiecef efehbe preddre dccenpapyi hg drawviadss.
The present invention provides a nethod of formng a nethod of formng a

a method for fabricating a shallow trench isolation (STI) using

a buffer layer and chemical-mechanical polish (CMP) process
having reduced dishing.

It is an object of the present invention to provide
a methed for fabricating a shallow trench isolation (STI) using
hard mask layer over a buffer layer; the hard mask layer acts as
an oxidation barrier during a trench liner oxidation.

An embodiment of the present invention provides a
method of manufacturing a shallow trench isolation which is
characterized as fcllows. A pad layer, a polish stop layer, a
buffer layer and a hard mask layer are formed over a substrate.
The hard mask layer has a hard mask opening. We form a trench
opening in the buffer layer, the polish stop layer, the pad
layer and form a trench in the substrate using the hard mask
layer as an etch mask. We form an oxide trench liner layer
along the sidewalls of the trench and an oxide buffer liner

layer on the sidewalls of the buffer layer. The invention's



shal l ow trench isolation on a substrate. An inportant feature of the
invention is the hard nmask 26 that acts as an oxidation barrier to prevent
the oxidation of the top surface of the buffer |ayer 22 (see FIG 4).

Anot her feature is the invention's insitu trench etch that limts the

maxi num t hi ckness of the buffer layer 2?_ so that the narrow trenches can
be etched. As shown i.n Fig 1, a pad layer 14 is_forned on the substrate 10.
The substh3i% Megk BéyﬁﬁypékJQQﬂﬂ §h§tpﬁéparéonT%§'gﬁb§FFhPérééﬁeb%faE§?ngIe
crystal silicon_having a <100> crystallographic orientation and car. be
conduct i V¥15Fedo ééeﬁngﬁrhn¢>%Rﬁx?&iﬂ%&ﬁ?nsﬂéht%% Bokdh LLEREDABBEF meNt i S
not Ilnlted to any type substrate. Next, 80|ISh stop layer 18 is forned
on the Fmﬁ?HSaFéFVEHtSTﬁEepQHf@ﬁf Jtegi§Tc AROBeLR HAHr IS HY] £88n nitri de,
silicon oxynitride, or_boron nitride, and nost preferably of silicon
nitride. SPH&asdNs Angt bpaves eﬁ“%afrf&l‘illﬁnéoﬁbif%’éﬁs%fo%|q‘i%@r’f APYRF dEBCand
preferably has a thickness between 800 and 2000 A. 7 Still referring to
FIG 1, aPQFuflﬁ’erthIGa)ﬁéPSQQU‘P%t frefdFadnmereani€#} deotisgher(CM8) $hRePbuf fer

| ayer 22 is preferably conprised of doped or undoped polysilicon. The poly
| ayer carNQj@fd@Qeénw{hthmﬁ)rl%)Yerp@ dopratdsoner hthe duarce mast ileMebetn@en
1E8 and 1E14 atons/cc. The buffer |ayer oxidizes about twce as fast as the
subsequerat ylefastnedrtiahth &1 dewdlte 3Igench. gThe Sees\Hlat1mR) laxelultfer | ayer
22 that is conprised of polysilicon preferably has a thickness between 900
and 1100 chemidajomecppeteahbgl g WEO0g ALFhPSL b3t \s U flayelragér 21000
thickness is a maximumtrickness due to the [imtation of a subsequent
in-situ tsrchagesh. The phefeuf¥ayen agds ts phevketr finld gixdde ddebimgt he
insitu trench etch degrades because the slope of the trench Sidewall wll
be affectdukingexihe wbehdcal andctrahyaedk podyeh (CMPh. ,TiGapdldyér pt26 on t he
polysilicon buffer |ayer 22. The hard mask | ayer is conprised of a nmateri al
to-pan fulagdmwnsageanvedidati on barrier for a subsequent thernmal oxidation
step that forns an oxide trench liner layer. The hard mask |ayer is
preferably conprised of silicon oxide, silicon oxide formed using TEGCS,
silicon nitride, or silicon oxynitride. The hard nmask | ayer conprised of
silicon oxide fornmed A3difEQRals obhectBsanprafwrtaded of the invention

will be set forth in the description that follows, and in part
will be obvicus from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obteined by means cf
instrumentalities and combinations particularly pointed out in

the append claims.



naterial because silicon oxide is can be etched selective to oolysilicon
and because of the | ow cost of oxide. The hard nmask |ayer is preferably
conprised of silicon oxide and preferably has a thickness between 500 and
1500 A Next, the hard mask |layer is patterned to forma second openi ng 28.
See FJ G 2. Subsequently, a shallow trench isolation (STI) wll be in the
second opening. Referring to FIG 1, to pattern the hard mask | ayer we
preferably forma nasking |ayer 30 having a first opening 32 on the_hard
mask | ayer 26. The masking |l ayer is preferably conprised of photoresist.
Referring to FIG 2, weB¥gef ﬂécﬁhPE‘?l‘hsﬂf ItRPePT3¥indfng t he masking | ayer
30 as etch mask to form _a second opening 28. The second openi ng 28
preferably has a di meh&i 622 HEiSRAND 26VaRE29°9 *F A FEUCOREUFEREVe t he
masking | ayer 30. As shown in FIG 3, using the hard mask |ayer 22 as an
et ch maskRevVheef 3F¢R &l it feh thfeRFA§eRY inVaHd oreang. fupbhgsidetind)s ff f er
| ayer 22, the (e. g., nitride) polish stop |ayer 18, and the pad |ayer 14,
and for mPaPEPEREh BR fabrikétingsfrak e2 19emiFondpespsr dbyycanitn-situ etch is
used to etch through the buffer |ayer 22, the polish stop |ayer 18, the pad
| ayer 142cgAgdance oriitn theeRERSSBLI ANTERE Kb stiddt Be100orghelreier abl e
in-situ etch requires the maxi num poly buffer |ayer thickness to be about
1000 A. DBodengtede Brah Yheodedsowing Heser indsion dpdeni sherorfbehctliomake
sure that the masking layer is not conpletely eroded, the buffer |ayer
t hi ckneswiith phefa¢ednnanyimat ddawénbessn titauchl 00GeTheferenct Bangradiser abl y
has a depth bel ow the substrate surface between 80C and 10,030 A and a
wi dt h betdgségnéte Simikkrl or GodurspoRadiry rémpeand skl Gegdonananki de trench
Liner layer 44 along the sidewalls of the trench 36 and an oxide buffer
i ner | apert38nenandeirsiwhewdl:l s 38 of the buffer |ayer 22 are fornmed
preferably using a thermal oxidation process. Inportantly, the hard mask
| ayer 26 acts as an 6xigdaesoi ~tiaruglerd tacer eduse $éet oxnaatiiewsofforhe
buffer layer 22. The oxide trench liner |ager 44 and the oxide buffer |iner
| ayer 48 idnespreténgba yporfafarectdlsembgdaneherafl thexiidatknahopt ocess. The oxi de
trench line= has a thickness between 200 and 300 A and preferably about 240
and 260 A The oxi de bBufiee LDnes & aysrssA&eltasonatl hvcdwelsr hidtiweserab@@gand
1000 A The oxide buffer liner |ayer 48 consunes between 250 and 500 A of

a less preferred aspect where no hard mask is used and the

buffer layer thickness is reduced by the oxidization of the

trench liner.



20 the buffer sidewall, but only a negligible thickness of the top of the
buffer | ayer because the hard mask 26 act as an oxidation barrier. Next,
optionally the hard mask | ayer 26 can be renoved before the trench oxide is
deposited. As shown in FIG 5, we forman insulating |ayer 52 over the hard
mask l-ayer 26 and at |least partially fill the trench 36. The insulating
| ayer 52 can be conprised of silicon oxide, or other dielectric materials.
The insul ating | Bgtailed Resamiptipncofiprhechreferred Embodipente and has
t hi ckness between. 1000 and 5000 A The insulating |layer is preferably
formed by a high dendiheyppeashh thesntlain wigdr bdepestrilrd (HDREWB)Y Lpr ocess
or a sub atnospheric chem cal vapor deposition (SACVD) process. Next, we
cheni cal Wigdhasifeaengel ts MR oMRenyt pacirelnd® G ThesReRseatst age in the
CWVP process when the CWP pad begins to touch the buffer layer 22. FIG 7
shows t harngeagéonhprevides GVRgidlods kds fohrbug he tietHngd fodr foapéngaad t he
polish stop layer 18 acts as a polish stop. The buffer |ayer 22 acts as a
CWP buf f eshaldper ttenph eventatfical dnori debdtsateag dur iimgporitent feature
chem cal - mechani cal polish (CW). FIG 7 shows a small (oxidei hunp 54. The
hunp i s crfedhed ibyebhion eivovdle rhatre drbkeéntes betcteeast e bufifletitmyer 11
48 and the insulating |ayer 52. Typically, polysilicon is renoved about 25
ti mes fasteerritlranoorteeenmndere moridalt isnl o€athasesh Sunfrace Tiethanp 54 shown
in FIG 7 wll often develop across the STI trench. FIG 8 shows the stage
in the CMRffeacaagevhere(sesrmEld. aver - pabtBbar st epriidatitsenthieor renoves the
hunp. Hence CWP dishing is mnimzed.

invention's insitu trench etch that limits the maximum thickness

of the buffer layer 22 so that the narrow trenches can be
etched.

As shown in Fig 1, a pad layer 14 is formed on the
substrate 10. The substrate can be any suitable structure. The
substrate c¢an be a single crystal silicon having a <100>
crystallographic orientation and can be conductively doped with
a P type dopant such as boron. The emtodiment is net limited to
any type substrate.

Next, a polish stcp layer 18 is formed on the pad
layer 14. The polish stop can be comprised of silicon nitride,
silicon oxynitride, or boron nitride, and most preferably of
silicon nitride. The polish stop is preferably comprised of
silicon nitride and preferably has a thickness between 800 and

2000 A,



Data shows that without the invention's poly buffer STl schenme w th oxide
hard mask | ayer, STl dishing in the range of 300 and 10C0 A occurs. Wth
the invehtion's schenme, dishing * is mnimsed to the range between 0 and
3C0 A (depending on the trench width). As shown in FIG 9, the polish stop
| ayer +18 is renoved. The polish stop layer car, be renoved with a selective
etch. In addition, the pad |ayer 14 can be renoved. FIG 10 shows a process
where the preferred Efbbli vefrraitmited FaSk Layerb@bfers lagterf Gened. FI G 10
shows the pad |ayer 14, the polish stop |ayer 18, the buffer |ayer 22, and
t he trendRrBedi onttiee Nnifstidaet dayer B G Tk dhddert havewhad ise t her mal
oxide trench liner 44 is grown, the poly buffer layer 22 is oxidized to
form a t peefrakalbky deonmyisredsdfodophe ¢pmrsiodeat polyeif bcoma Tiop paxiivde
buffer liner layer 49) and the sidewails. This oxidation of the top surface
of the pdbyebutéerbe ethpees wilié h2or p hiykanelpanft st wethokychutdrerrdmyer and
significantly reduces the effectiveness of the poly buffer in the

i nsul ati bgtiagerli®.argl ,1E82) achenrical -Tiechanfifeal lpgkirsbx (EMRs sdtep:t For
exanple, if the buffer layer is initially 1000 ~ thick and the oxide trench
i ner istalhoata3d30fadt tde thensubsagubnt ferfdmser tirkheknessewdlieridhe |iner
oxidation is about 8b0 A This 20% reduction in buffer thickness results in
field oxi(degdi sheagrtecalse of the | ess effective cushioning of the dishing
effect. The invention's hard mask 26 prevents this problem The invention's
structure has signifachutfadviniage arat ashesmstised WepdlatlusbAg a
poly buffer w thout an overlying oxide hard mask. Wthout the invention's
oxi de hapdeaskb2f hd@ta piravaniesst Berpoby 90d ford | ayen B2afdaamehei ng
oxidized, a thicker buffer layer is required. The thicker buffer |ayer is
needed t pregapepsatsbdwy 1dve Buff enibayely axidiczed aguti ngobhg trench Iiner
oxidati on process. The thicker buffer |ayer causes the trench etch to have
unf avor althe ckhepshi sl Hpefkimum thickness due to the limitation of a

subsequent in-situ trench etch. If the buffer layer is thicker
than about 1000 A the insitu trench etch degrades because the
slope of the trench sidewall will be affected.

Next, we form a hard mask layer {e.g., Cap layer) 26
on the polysilicon buffer layer 22. The hard mask layer is
comprised of a material to can function as an oxidation barrier
for a subsequent thermal oxidation step that forms an oxide
trench liner lavyer. The hard mask layer i1s preferably
comprised of silicon oxide, silicon oxide formed using TEOS,
silicon nitride, cr silicon oxynitride. The bhard mask layer

comprised of silicon oxide formed by TEOS is the most preferred



and ether etch problens. In the above description nunerous specific details
are set forth such as flow rates, pressure settings, thicknesses, etc., in
order to provide a nore thorough 13 " understandi ng of the present
invention. It will be obvious, however, to one skilled in the art that the
present invention nmay be practiced without these details. In other
i nstances, well known process have not been described in detail in order to
not unnetaiRFddill Peepuear el iropredan lisngantberctdied sallgstivewtrat es in
the specification can be scaled up or down keeping the same nolar $ or
ratios t¥Platddivenadeddpecarentoithed loracedt sohsoxizldnown to those skill ed
inthe art. Unless explicitly stated otherw se, each nunerical value and
range shoul d be int &% &eed agskelagetpby ddafwrabdy comphésewref "about” or
"' approxi matel y" preceded the value or range. Wile the invention has been
parti cul sklicophewndananderpee foreab i thasr ef shéakeesd hdtavgerePO0r edd
enbodi nents thereof, it wll be understood by those skilled in the art that
various t¥hdes in formand details may be made without departing fromthe
spirit and scope of the invention. It is intended to cover various
nmodi fi cations and siNaxtar tier Aagéneask bawkpriccedgtesnedntot fermsocope of the
appended cl ains therefore should be accorded the broadest interpretation so
as to encmmrasorehingueh. ndee fiTat ibnSubsdgsentlar arsterigenernirenghi d
procedures. 14 \What is clained is:

isolation (STI) will be in the second opening. Referring to FIG.

1, to pattern the hard mask layer we preferably form a masking
layer 30 having a first opening 32 on the hard mask layer 26.
The masking layer is preferavly comprised of photoresist.

Referring to FIG. 2, we etch the hard mask layer 22
using the masking layer 30 as etch mask toc form a second opening
28. The second opening 28 preferably has a dimension between
0.8 and 1.0 pn.

Next we remcve the masking layer 30.

As shown in FIG. 3, using the hard mask layer 22 as
an etch mask, we form a trench opening 32 in the (e.g.,
pclysilicon) buffer layer 22, the (e.g., nitride) polish stop
layer 18, and the pad layer 14, and form a trench 36 in the

substrate 10.



L. A nethod of formng a shallow trench isolation on a substrate conpri sing
the steps of: a) formng a pad | ayer on said substrate; b) formng a polish
stop layer on said pad layer; c) formng a buffer |layer on said polish stop
| ayer; d) formng a hard mask | ayer on said buffer |ayer; said hard nmask

| ayer *having a hard nmask opening; e) etching a trench opening in said
buffer | ayer, said polish stop | ayer, said pad |layer and etching a trench

in said substrate usipwhsfaiabiRand Hﬁsglt@ygﬁcﬁﬂisa%s%HCEonﬁégh flrdRnm ng an
oxide trench liner |layer along the sidewalls of said trench and an oXi de

buffer |ipgs duprr Qaykhess| denal g Ofsrsaicdpbub{ef 18yare gﬁ%r elye.sai g hard
mask | ayer acts as an oxidation. barrier to reduce the oxidation of said

buffer | ayed ;td)sd@ Bl RYeABh i SUI ALY dRKRLP¥efosai d hard mask | ayer and
filling said trench: h) chemical -mechanical polishing said insulating |ayer

using said polish stod er%%b@eslﬁpsl@ﬁ]tc@%q‘u)irég ﬁx S 8gh POl T sh

stop layer. 15 2. The nethod of claim1l erein ‘sal stop is

conpri sedy®f y & FHRT halesetReERthdd O tHhe 18k leé@@%ﬂhstdd}gﬁ ! g' éﬁal 1

nitride, silicon oxyni rlde and boron nitri

wherein s i S i fa co n S
t hi ckness&b(g%é)vﬁen%ggohgﬁg %ggnpg@e%hsg ﬁ%"?%gd ’F? %%% %% V\ﬁ:gll’ggl ﬁggal d

buffer | i sed en 900 and
WEL k. kdrdy QTR $8 9& @&L%ﬁéeregp%mﬁ ahar%é‘ &kgfﬁ%gye e .

1100 A 5 nmet ho of c aimi I'n sai i's conprised

of a mat eEﬁ?ékr?ﬁseqtsegrfa?Qgﬁﬂfg AR ASIALENG,gh | fan goxi de, il con

nitride, and con xynltrl “The metho claim 1 'wherein said hard

mask |ayer is conprisggd, anoékggagg?qﬁlCkngggkgg?gfgwagggoxy5|Iane

or tetraethylcoth05|llcate ( ween and 1500

7. The nmethod of; C's@r@aéew@sm& S Al d RSk AAYRE {5, GRIPLLRGELRT 2

mat eri al to car, funcfion as an oxidation barrier he “oxi datT on step in
form ng s e trench liner layer. 15 6. The nethod of claim1l

wher ei n t §?§% #8rming said hard mask layer conprises: a) forning a
hard mask Iayer on sald buf f er b) form a masking | ayer over said
hard mask |ayer: sai FHERIGIRG IF I&yéﬁ ha@rn@“d”ﬁégk tgg8RfngLiner layer 44

along the sidewalls cf the trench 36 and an oxide buffer liner
layer 48 on the sidewalls 38 of the buffer layer 22 are formed
preferably using a thermal oxidation process. Importantly, the
hard mask layer 26 acts as an oxication karrier to reduce the
oxidation of the buffer layer 22.

The oxide trench liner laver 44 and the oxide buffer
liner layer 48 are preferably formed using a thermal oxidation
process. The oxide trench liner has a thickness between 200 and
300 A and preferably about 240 and 260 A. The cxide buffer
lirer layer 48 has a thickness between 500 and 1000 A. The

oxide buffer liner laver 48 consumes tetween 250 and 500 A of

10



c) etching said hard mask | ayer using said masking |ayer as etch mask to
forma hard mask opening; and d) renoving said nmasking |ayer. 9. The nethod
of claim1l wherein the etch through said - buffer layer, said polish stop

| ayer, said pad |layer and to forma trench in said substrate, is an insitu
etch. -10. The nmethod of claim 1l wherein said trench has a depth bel ow t he
substrate surface between 800 and 10,000 A and. a wi dth between 0.08 and
1.0 Vi m the bofgemneisewadi , chat nenl weemsal igdibd ehshilckhaeks opertihey teds a

di mensi on between 0.08 and 1.0 dun. 12. The method of claim1l wherein said
insul ati A§ thyeruffendigyeirsbdcabsei thedranskindskakd hat as tan cktisted lgat ween
1000 and 5000 13. The nethod of claim 1l wherein said insulating |ayer is
formed bYaarhéyh density plasma chemical vapor deposition 17 process or a
sub at nospheric chem cal vapor deposition _ process . 14. The method of
claim1l wherein sai dNextdeowtiamal llyi iee haydrmasid saied @6 denbbéfer |iner

| ayer is fornmed using a thermal oxidation process. 15. The nethod of claim
1 wher ei mepgvel@d defrwh dhengrehaheexide fiogr megposditeg.a t hermal oxi dati on
process; and said oxide trench |iner has a thickness between 200 and 300
$.; and said oxi de babfehown nigr BIBkeS, has &othi @kniossi ledtingeda860 add 1000
16. A nethod of formng a shallow trench isolation on a substrate

conpri si ngethehstlwpsd ofaska)lafyerni fgand pead lemystr pamtdal dysfibsl ridte; b)
formng a polish stop layer on said pad |ayer: said polish stop is

conpri sedrehchi 86 carhaniinsudetiay fayer ngp adutfeercohayésednofas dl indrr i de

| ayer; said buffer layer is conprised of polysilicon: d) formng a hard
mask | ayexids, sat dogtdy dildleanrbuf hetetsykes, said hard mask |ayer is

coripri sed of a material 10 selected fromthe group consisting silicon

oxi de, 11 silicon ni rhedensahgk sid ilcGRroXgnptefeeably comprised of

silicon oxide and has a thickness between 1000 and 5000 A. The
insulating layer is preferably formed by a high density plasma
chemical vapor deposition (HDPCVD) process or a sub atmospheric
chemical vapor deposition (SACVD) process.

Next, we chemical-mechanical polish (CMP) the
structure. FIG. 6 shows a stage in the CMP process when the CMP
pad begins tc touch the buffer layer 22.

FIG. 7 shows the stage where the CMP polishes
through the buffer layer and the pclish stop layer 18 acts as a
polish stop. The buffer layer 22 acts as a CMP buffer layer to
prevent field oxide dishing during the chemical-mechanical
polish (CMP). FIG. 7 shows a small (oxide! hump 54. The hump is

created by the removal rate difference between the buffer layer

11



18 e) formng a nmasking | ayer having a first opening on said_ hard mask
| ayer; f) etching said hard mask | ayer using said masking |ayer as etch
mask to*forma second opening; g) renoving said nmasking layer; h) in-situ
etching to forma trench opening in said buffer ' layer, said polish stop
| ayer, said pad |layer and formng a trench in said substrate using said
hard mask | ayer as an etch nmask; i) form ng an_oxide trench liner |ayer

al ong t he*&idehdites 1pULal g r st atd an YBiFael BufBRYSild&on dfer on the
sidewal | s of said buffer |ayer using a thermal oxidation process; whereby
sai d har dFefesied apertadpst M8 ant BGHattilGn BELEE epnder M ©Hd 16%i dati on
of said buffer |ayer; j%_ form ng an insulating |layer over said hard mask

| ayer and®3399 iSAdgrsdi-d FReneH P i34 e dr- ﬁéghaﬁiw}l pAiiedhicsyedard
insulating |ayer using said polish stop |ayer as a stop layer: and 1)
renovi ng ﬁcdsspd'lhiesﬁ'rgt bpet@yer. 19 17. The nethod of claim 16 wherein
said polish stop is conprised of silicon nitride and has a thickness

bet ween 800 and 2000 EXG-8.8 FReWsetR8dSB2IL| dl rhlE6 CHRePEPReSS| WheNA faer | ayer
has a thickness between 900 and 1100 19. The nmethod of claim 16 wherein
sai d har WSk AVFePOl Sk ofprP sk 9Tens Iorc 5AMe e 8l et he vap -udiengeTEWR and
has a thickness between 500 and 1500 20. The method of claim 16 wherein
sai d secohisHpenilggMaasmazed rensi on between 0.d8 and 1.0 um 21. The met hod
of claim 16 wherein said trench has a depth bel ow the substrate surface
bet ween 800 and 10, 00®:ta sdyetvsa-hidt Wibkowkeethe) i@Featidon's pohy R fefhe
met hcd of claim 16 wherein oxide trench liner layer is fornmed using a

t hermal oXTdadhemepwitbssxidadhaed diapd dayeren8hI|disrirtasing thiei ckngss
between 200 and 300 A: said oxide buffer liner |ayer has a thickness

bet ween 580 3d ab@0Q0A028 oc@@rs THet tiettihed ioent &omi 3 6saltearesi misaiidg
insulating layer is conprised of silicon oxide and has a thickness between
1000 and 5900Lrimigaidd tbnshkatamge |atavedns Of endedCdyA a( MRV NY ocesbeor a
SACVD process. 21

. Au9. A 9. R ACABIREA) LR AUe. As?. AL{?. A?. A. F. Aa?. AUR AsUR. A. A9

As shown in FIG. 9, the polish stop layer 18 is
removed. The polish stop layer can be removed with a selective
etch. 1In addition, the pad layer 14 can be removed.

FIG. 10 shcws a prccess where the preferred
embodiment's hard mask layer 26 is nct fcrmed. FIG. 10 shows the
pad layer 14, the polish stop layer 18, the buffer layer 22, and
the trench 36 in the substrate 10. FIG. 10 shows that when the
thermal oxide trench liner 44 is grown, the poly kuffer layer 22
is oxidized to form a thermal oxide layer 21 on the top surface
(to form a top oxide buffer liner layer 49) and the sidewalls.

This oxidation of the top surface of the poly buffer reduces the

12
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<NgEeSQVWWKL, kzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca]ca] ca] cal] ca] ca] ca] ca] ca] cRaU] caU] ca]ca]ca!' k# Z c AF~de+ 0 1 2 4
K o

}wr nhc"Y] ] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalcalc
a] ca] ca] caj.ca] ca] cagca] ca] ca] ca] ca! EXYqr 450Lgst $a} xsni d_Z]]] ca] ca] ca] ca] ca]
ca] ca] ca]/CaFkapéa] eha) eif RflcaPedfes) tayes] %%E} LT ESPREL ¥aF eateed cHi®a] cal
ca] ca] cal Xgeo*k | wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal ca]
ca] ca] calsfapEAL¥SPeaT cof cHic ] B4 éafcal]lc%l]%a’]rbsall\%&?ﬂ# lRKkepqle-g-.

I {vql gb] cal ca] caLca] ca] cal ca] ca] ca] ca]dca] ca] ca] ca] ca] ca]lca] cal ca] ca] cajc
a] ca] cal U] CARBACR AR R ] PRl gh?9CMP) “step. For example, if

"YrZUrtw et #REYH##H$S$S$S| w mhe”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢ ]lca] calcalc

a] ca] ca] CAIEESFCcAREET chs cJa]cha‘]%a]Yca]O@Q] Bateig ang ¢he oxide trenc
a] ca] ca! $$6%s YOVOVRULEEEEE' V'
((_CCCCOYpRR) Fs* pRavt B39 14/ cdjecappajehpedpet]era)lealealrbarkapes) @8fem] ca) c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c gca] calcalcal . *Q*1*5*G* 7*] ****x*** 44
[ +1+WX+Eherdinertozidatigon i swalieatYPPPchl c’af]lc%l]?dbﬁ gr@]d@g]:gapcaqxchqxf;@e}ma] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c”a]cal\-

.J.u. Yhijgkhed2000s 1 Elsvi i X@eR2iQpx2d2 28} skinal ¥ddyscapdalkba] éa]ica] ca] calc
a] caj ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]lca]ca]calc
al 3@t 3334448 5hShExBGHRE66RE" 7dBRTRT 7¢ Bf 888} e dn¥ehklion] eahard ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] catesBBoRGOREe1980s | this ;phoblem.

;; <b<v<<<<<<+z) ====='>">>>}xsnid_Z]]] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] cdiecdhoahtapuad cef wa]tualec Apsakah L] car} it ad dvarC@@@BCCC+D
BDCDeDl DDEEEEFKFFFFF" GGGH@H~HHI
| } xsni d_ZJid1 cdhea] salvatced = djree] cxlicg] aapcay dal £ ajickpaa] ea] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
.1 H | aldiddl+dhg) 633 J&elaxrdinid 441 L Wikbb 0 MADN} kesrdrck idn']s] exlida] bakaa] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca! NNGEFPPRODRRRRERRSGSB/TakUpoly buffer layer 22 from being
UeUf UgUnmJUUVOV<V} xsni d} xsnid_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] cadx«iajicald; ahcahtaken] wad fxa] dalyea] ca] eafetd €h] crjec aNgaer10%ERet) - ! @
&$109& ()-:10%r& ()- 10%r& ()- 9s10%m& ()- Ms10%r& ()-LEedE $ 10%m& () -

layer is needed to compensate for the buffer layer oxidized

during the trench liner oxidation process. The thicker buffer
layer causes the trench etch to have unfavcrable trench slopes

and cther etch problems.

In the above description numerous specific details
are set forth such as flow rates, pressure settings,

thicknesses, etc., in order to provide a more thorough
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10T5s10%0& ()-910%& ()- !'10%& ()-!'10%& ()-1 2 K
may be practiced without these details. 1In other instances,
well known process have nhot been described in detail in order to
not unnecessarily obscure the present invention. Also, the flow
rates in the specification can be scaled up or down keeping the
same molar % or ratics to accommodate different sized reactors
as is known to those skilled in the art.

Unless explicitly stated otherwise, each numerical
value and range should be interpreted as being approximate as if
the word "about" or "approximately" preceded the value or
range.

While the invention has been particularly shown and
described with reference to the preferred emkodiments thereof,
it will be understcod by those skilled in the art that various
changes in form and details may be made without departing from
the spirit and scope of the invention. It is intended to cover
various modifications and similar arrangements and procedures,
and the scope ¢f the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements and procedures.

14

C -
Z C



dEMbC MLO% & ()-f10% & ()-Y"10% & () -

“10% & () - 109%&Z& () - MLO% & () - MECaBnbCG' 10% & () - ! &¥40% " & () -

MLO% & ()-10% & ()-10% & ()-!10% & ()- OLqdEmbC(M 10% & ()-& 10% & ()-$
10% & ()-"10% & ()- f10% & ()-GLO% & ()-$bCnt 1096& () -
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109%6& () - QedEbC! "1 10%& ()-Y 10%& ()-10%& ()- @ 10%& ()-Z"10%& () -
109%6& ()-OQdE:/ 105 10555109%& ()-*s109%& ()-(M 109%& ()-&10%& ()-$ -
109%& () whed 02®& (gintdex Ys/: 105 L! 10%4& () - 310%4& () - 10%4& ()- Y"10%4& () -
109448 ()-109%4&' ()- 105]JaB:/ 105F 10%4& ()- F10%44& ()-!<
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10H5" 1098 ()A SO Of "fb@ﬁﬂd&g(a shad D& tenBA+E dEMEi on on
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105*1109&' ()-F

a) forming a pad layer on said substrate;

b) forming a polish stop layer on said pad layer:;

c) forming a buffer layer on said polish stop layer;

d) forming a hard mask layer on said buffer layer; said
hard mask layer having a hard mask opening;

el etching a trench opening in said buffer layer, said
polish stop layer, said pad layer and etching.; Erench
in said substrate using said hard mask layer as an etch
mask;

f) forming an oxide trench liner layer along the sidewalls
0of said trench and an oxide buffer liner layer on the
sidewalls of said buffer layer; whereby said hard mask
layer acts as an oxidation barrier to reduce the
oxidation of said buffer layer;

g) forming an insulating layer over said hard mask layer
and filling said trench;

h) chemical-mechanical polishing said insulating layer
using said polish stop layer as a stop layer:; and

i) removing said polish stop layer.
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of a material selected from the group consisting of silicon

nitride, silicon oxynitride, and boron nitride.

3. The method of claim 1 wherein said polish stop is comprised

of silicon nitride and has a thickness between 800 and 2000 A.

4. The method of claim 1 wherein said buffer layer is

comprised of polysilicon has a thickness between 900 and

1100 A.

5. The method of claim 1 wherein said hard mask layer is
comprised of a material selected from the group consisting

silicon oxide, silicon nitride, and silicon oxynitride.

6. The method of claim 1 wherein said hard mask layer is
comprised of silicon oxide formed by using tetraethoxysilane
or tetraethylcrthosilicate (TEQS) and has a thickness between

500 and 1500 A.

7. The method of claim 1 wherein said hard mask layer is
comprised of a material to can function as an oxldation

barrier for the oxidation step in forming said oxide trench

liner layer.
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b) forming a masking layer over said hard mask layer; said

+1 Z1 11 6_dEbC

masking layer having a mask opening;
c) etching said hard mask layer using said masking layer
as etch mask to form a hard mask opening; and

d) removing said masking layer.

9. The method of claim 1 wherein the etch through said
buffer layer, said polish stop layer, said pad layer and to

form a trench in said substrate, is an insitu etch.

10. The method of claim 1 wherein said trench has a depth below

the substrate surface between 800 and 10,000 A; and a width

between 0.08 and 1.0 upm.

11. The method of claim 1 wherein said hard mask opening has a

dimension between 0.08 and 1.0 upm.

12. The method of claim 1 wherein said insulating layer is
comprised of silicon oxide and has a thickness between 1000

and 5000 A.

13. The method of claim 1 wherein said insulating layer is

formed by a high density plasma chemical vapor deposition
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10: 7/ 8i 888%9c9dE: / 10: &' 10%&' () - $M 10%&' ()-"109& () -

Z"109%&' ()-109%& ()- '10%& ()-c9]999::: :1:dYNC 10: 10 10

10510%&"()-210%&'()-010%&'()- D109 ()-(109%& ()-!': _::;Z;;;dEYNC 10: M 10%
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<5<v<<<<dEYNC 10: s10% U& ()-10% U& ()- 10% U& ()-Z2"10% U& ()- 10%

U& ()-ML0% U&' ()-<+=j==="> >dEYNC 10: *10% U& ()-('!10% U& ()-& 10%
prc:cess or a sub atmospheric chemical vapor deposition

process.

14. The method of claim 1 wherein said oxide trench liner layer
and said oxide buffer liner layer is formed using a thermal

oxidation process.

15. The method of claim 1 wherein oxide trench liner layer is
formed using a thermal cxidation process; and said oxide
trench liner has a thickness between 200 and 300 A; and said

oxide buffer liner layer has a thickness between 500 and 1000

A.

16. A method of forming a shallow trench isolation on a
substrate comprising the steps of:
a} forming a pad layer on said substrate;
b) forming a polish stop layer on said pad layer; said
polish stop is comprised of silicon nitride;
c) forming a Dbuffer layer on said nitride layer; said
buffer layer is comprised of polysilicon;
d) forming a hard mask layer on said pclysilicon buffer
layer; said hard mask layer is comprised of a material
10 selected from the group consisting silicon oxide,

11 silicon nitride, and silicon oxynitride:
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f) etching said hard mask layer using said masking layer
as etch mask to form a second opening:;

g) removing sald masking layer;

h) in-situ etching to form a trench opening in said buffer
layer, sald polish stecp layer, said pad layer and
forming a trench 1n said substrate using said hard mask
layer as an etch mask;

i) forming an oxide trench liner layer along the sidewalls
of said trench and an cxide buffer liner layer on the
sidewalls of said buffer layer using a thermal oxidation
process; whereby said hard mask layer acts as an
oxidation barrier to reduce the oxidation of said buffer
layer;

3)  forming an insulating layer over said hard mask layer
and filling said trench;

k) chemical-mechanical polishing said insulating layer

using said polish stop layer as a stop layer:; and

1) removing said polish stop layer.
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thickness between 900 and 1100 A.

19, The method of claim 16 wherein said hard mask layer is
comprised of siliccen oxide formed using TEOS and has a

thickness between 500 and 1500 A.

20. The method of claim 1% wherein said second opening has a

dimension between 0.08 and 1.0 um.

21. The method of claim 16 wherein said trench has a depth

below the substrare surface between 800 and 10,000 A; and a

width between 0.08 and 1.0 um.

22. The methcd of claim 16 wherein oxide trench liner layer is
formed using a thermal oxidation process; and said oxide
trench liner has a thickness between 200 and 300 A; said gxide

puffer liner layer has a thickness between 500 and 1000 A.
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and 5000 A; said insulating layer is formed by a HDPCVD

process or a SACVD process.



