01 SEP 2005 1 METHOD TO ACHI EVE STI PLANARI ZATI ON BACKGROUND &p %Fﬁgp mm5
| NVENTION {1) Field of the Invention The invention relates to a nmethod of
fabricating sem conductor structures, and nore particularly, to a nethod
of form ng planarized shallow trench isolation structures in the

manuf acture of integrated, cihigeihd EEViCeseEvE 237 Pesciphio0r ot he Prior Art
Shall ow trench isolation (STI) is now commonly used in the art as an

alternative to local oxidation of silicon (LOCOS) for formng isolations
bet ween active device areas in the integrated circuit. STI offers the
advant ages of smaller isol BAFBRRAPER GRdTHEt EBVERWLPHECe planarization when
conpared to LOCOS. However, the STI process suffers’ from di shi ng,

especially over Iarge trenches. Di shing can cause excessive devi ce | eakage

in sone c tl rse nasklng and dumry active structures are
t he nost 2§§nnnly % dthgtﬁSHﬁnt&oﬁrevent di shing during the STI

chem cal nechani cal poI i s (OB ; SR 0%%%%}125 vever. .keverse maski ng
steps incur additional processing " €os struc ures “6n the ot her
hand, causg@an -dNGPast i dbRAIARI | & CARAGIdANeR d hafrd %a'}‘%tlcfu%‘é‘}rl%k' e,

to a method of forming planarized shallow trench isclation

structures in the manufacture of integrated circuit devices.

(2) Descriptidn of the Prior Art

Shallow trench isolation (STI) is now
commonly used in the art as an alternative to local oxidation
of silicon (LOCOS) for forming isolations between active
device areas in the integrated circuit. STI offeré the
advantages of smaller isoiation area and better surface
planarization when compared to LOCOS. However, the STI
process suffers from dishing, especially over large trenches.
Dishing can cause excessive device leakage in some cases.
Currently, reverse masking and dummy active structures aﬁe
the most commenly employed methods to prevent dishing during
the STI chemical mechanical polishing {(CMP) process.
However,rreverse masking steps incur additional processing
costs. Dummy structures, on the other hand, cause an

increase in parasitic capacitance that is not favorable,




1001 SEP 2005 2 especially in mxed signal processes. Co- pendimg1 LS@ 2005
Pat ent Application Serial No. 09/439,357 (CS-99-059) to Janes Lee, filed
on 15 Novenber 1999, teaches a new technique for preventing dishing in an
STl process. This process requires an additional HF dip step. Several
prior art approaches disclose nmethods to formand planarize shallow trench
isolations. U S Patent 6,057,210 t% Yang et al shows a process in which
corners @ il i:con-nitride areas are exposed using a wet etch. U S
Pat ent 5, A?Tlch%ézylt GL%Pgnslc ec{sl(%}@?larﬁ’rgﬂesﬁreécess. U. S. Patent 5,665,202 to
Subramanian et al discloses an STI process in which varying pad pressure
controls polish selectivity in the chem cal nechanical polish (CwW)
operation. U S. Patent TBLafbhd @ Jan | teaches . a. STl process in
whi ch a CMP process rem)vesj,p a si Igit g,oﬁa %iaﬁ%n eAIpé)?/Leeré‘&ﬁdmunderl yi ng oxi de
peaks. AeFidigl &lcet AW 41439 e (1B o@mmvs batoh Jtar[}pecfr gl niﬁqﬁsé licon nitride
and a portion of the oxide. A second CVWP is used to poli'sh down the oxide
to the tp 'SUMCHEEHIT 13 A1 ervoivtedyges ne SecHalid &A173.439:4 Joash et

al teachgs not P}enr STl process wusing a polysilicon layer to shiel’d the

oxi de in wided trenthesl B -entTlE VI REES adarimas en al teaches a
pol ysi | igen Jiayen qﬁerdililpPS oxide within trenches. CW :

tép. ~ Several prior art approaches

disclose methods to form and planarize shallow trench

isolations. U.S. Patent 6,057,210 to Yang et al shows a

process in which corners of the silicon nitride areas are
exposed using a wet etch. U.S. Patent 5,441,094 to Pasch
shows an STI process. U.S. Patent 5,665,202 to Subramanian
et al discloses an STI process in which varying pad pressure
‘controls polish selectivity in the chemical mechanical polish

(CMP) operation. U.S. Patent 5,817,567 to Jang et al teaches

a .STI process in which a CMP process removes a silicon
nitride layer and underlying oxide peaks. A single etch is

used to remove both the remaining silicon nitride and a

portion ©of the oxide. A second CMP is used to polish down

the oxide to the top surface of the trench edges. U.S.
Patent 5,173,439 to Dash et al teaches another STI process
using a pol?silicon layer to shield the oxide in wide
trenches. U.S. Patent 5,880,007 to Varian et al teaches a
polysilicon layer over HDP oxide within trenches. CMP

exposes the oxide, then the polysilicon and oxide are etched




exposes the oxide, then the polysilicon and oxide are etched 1013179‘@’22@&
separately followed by an oxide CMP. U.S. Patent 5,792,707 to Chung teaches
a reverse nmask process. U S. Patent 5,498,565 to Gocho et al discloses

several STl processes. U S. Patents 5,721,173 to Yano et al, 6,057,207 to
Lin et al, 6,048,775 to Yao et al, and 5,721,172 to Jang et al show other

rel at g SHad0cesseHweIWPRG QO (HdE IMWENTI.GY AapeincBpdP2eBj0dct of t he
present invention is to provide an effective and very nmanufacturable

- met hod Ofcndapricadridry shaddansd mench psolets .ond -iSn Pr&emdnuf act ure of
integrated circuits. A further object of the present inventionis to
provi de, 4 HEs e ded oGhalr | cat @1 shas¢ bares et bl H L SAT™ET e oxi de

dishing is elimnated. Another object of the p e i,nvention i to
provi dé. 3. neehedts oS f abti £A2 etRharPewEE radheh® i @%Tsraﬁ"ontso T (he final

t hi ckness of the trench oxide is._bet nftro . .Ye er object of
the i nfefAtPoR’Ps o 2PBr GYi 8g’aaﬁgt ozgébl?gbﬁcg{ig‘gs%gl%%ﬁ‘%ﬁnch J

i‘iS(r)\L?t %ﬁﬂ%ﬁﬁ?&ia‘?gg g@QSP?locglggregi_n oxi de dishing is elimnated and the

SUMMARY OF THE INVENTION

A principal object of the present invention
is to provide an effective and very manufacturable method of
fabricating shallow trench isclations in the mgnufacture of

integrated circuits.

& further object of the present invention 1is
to provide a method to fabricate shallow trench isolations

where oxide dishing is eliminated.

Another object of the present invention is
to provide a method to fabricate shallow trench isolations
where the final thickness of the trench oxide is better

controlled. -

Yet another object of the invention is to

provide a method to fabricate shallow trench isolations




of the trench oxide is better controlled and wherein processi n@ QtSEB 203
mnimzed. In accordance with the objects of this invention, a new nethod
of form ng shallow trench isolations has been achieved. A first etch stop
| ayer is deposited on the surface of a sem conductor substrate. A
plturality of isolation trenches are etched through the first etch stop
Iayerwhgggithex§ gi onductor _substréte. An. oxide |ayer is deposited over
the first stch stop“raysldand WtRiR2tRd andorhei 6Andt ehlhesnassng a hi gh

densi S ] vapo eposition_ process (HDP-CVD ) having a
depos??igﬁécgggggggkgﬁgﬁd§g é%ﬁg ngﬂBtEB BheARIwWHBFEE A af ter the oxide

| ayer prbibbaihestagkabianaihenches, the deposition component is

di sconti nued ile continuing the sputtering conponent until corners of
the first etch stop |layer are exposed at edges of the isolation trenches
whereby the oxide layer within the isolation trenches is disconnected from
the oxide |ayer overlyi agcbheahicestiehchnst epjkayer osThgrgafter, a second

etch stop layer is deposited overlying the oxide |ayer within the
i sol atPERMEAORehés Newhaegkirde ofayermgngr kjrdgowherenest iebthtsbap | ayer,
and tgg eégosed first gtch stop layer corners. The second etch stop |ayer
is pol'Sh CAWEY TGRVER - t Re Td¥Ede eitafe s tovek byieng ishdebprstedt oh stop | ayer
IS [atﬁesggr a%% %f a semiconductor substrate. A plurality of
a isolation trenches are etched through the first etch stop-

layer into ﬁhe semiconductor substrate. An. oxide laver is

deposited over the first etch stop layer and within the

isolation trenches using a high density plasma chemical vapor

.deposition process (HDP-CVD) having a deposition component

and a sputtering component whergin after the oxide layer

£ills the isolation trenches, the deposition componént is

discontinued while continuing the sputtering component until

corners of the first etch stop layer are exposed at edges of

the isolation trenches whereby the oxide layer within the

isolation trenches is disconnected from the oxide layer

overlying the firs£ etch stop layer. Thereafter, a second

etch stop layer is deposited overlying the oxide layer within

the isolation trenches, the oxide laver overlyiﬁg the first

etch stop'layer, and the exposed first etch stop layer

corners. The second etch stop layer is polished away until

the oxide layer overlying the first etch stop-layer is




exposed. The exposed oxide |ayer overlying the first etch stopml Ly%EP izg[l'.i
renoved wherein the second etch stop |layer protects the oxide |ayer within
. the isolation trenches during the renoving. The first and second etch stop
| ayers are renoved to conplete the planarized shallow trench isolation
-regions in the manufacture of an integrated circuit device. BRI EF

DESCRI BIhEBLSF THE W N In the a‘ctcorrpanyi ng drawings formng a

mat er i alﬂ)part ofﬁ%@%@i%i P87, 1 aner eover shovwn: ti osirdte tdwugh 7
schemattepl 1 yvet| Ust £ ' cross-sectional representation a, preferred
enbodi ment of the pr%g‘g‘r’l‘!fgi‘ﬁ}\}%ﬁ??%nthmmlmlﬂ%ﬂdf PRERERRED

- EMBODI MEDI ScThetr R esgidie i DY ion. is an inprovenent bver the co-pending
U. S. Patent Applicati oneSersl?g{r %th%/%,wla‘{@ JocgEd)ed aluaims Lee.

The preBentenavengi onTRehf eves Lhe <P ntian of oxjde dishing and
uniformty.control of the oxide thic Cﬁﬁégsﬁa% Oty o prli ng

appl i chtToned Heeverplethetipe esemba it Ivemtd i ff e further advantage
of elimipating a HF dip step. 0 1 SEP 2005 6 ﬁ%ﬁ%%lwmrb
parti cUFEFTY® t B FFS MagpEretise shbwmn ai o fsa SRL L 0RO ¢ ?ﬁ)&g{él ally
conpleted ' integrated circuit device of the preferred enbo iHEnt . A

BRIEF DESCRIPTION_OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 7 schematically illustrate in

Cross-sectional representation a preferred embodiment of the

Present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention i1s an improvement over

the co-pending U.S. Patent Application Serial No. 09/439,357

(C8-99-059) to James Lee. The present invention achieves the

prevention of bxide dishing and uniformity control of the

Oxide thickness as does the co-pending application. However,

the present invention offers the further advantage of

eliminating a HF dip step.




sem conductor substrate 10, typically consisting of nonocryst aml ﬁ,&P 2003
silicon, is provided. Afirst etch stop layer 14 is deposited overlying

t he sem conduct or substrate 10. The first etch stop |layer 14 acts as a
stop for the subsequent etching of the gap-fill layer. The. first etch
stop layer 14 is preferably conprised of silicon nitride and is deposited
by | ow pressure chem c%gfvapor deposition (LPCVD). The first etch stop
layer 14 is deposited grrtihigc kBRS g 2en. about 1000 and 2000
Angstr @RErThe first etch stop |ayer 1%%?%%%2&1 ¥ohduttsr lsubstrate 10
are etched-to form tr éncRessi5etoiopl afngdpashall pw Lrench isolations that
defi neiwkdgrand4nac Low. ctdi ve areas. For exanple, r{arr?% t%tive area 11
has a width of |e3s5 tRan“5Bd68 0f5thewhikeewni-de _@ﬁgé(yfm%gga 12 has a

w dt h eémgteatiertbhag 1.0 gm The trenches are etched ing a
conventional etching B?gggégesg% B¥rieativvechonstetehing (RIE). Referring

now tomﬂlgcr2$talgaﬁefish_h_iljgxeri15 of high density plasma (HDP) oxide is
deposited overlying-the first etch SYbpefayer fdrsincetdd ld#g, the trenches.
HDP oxi@%eF s1t Qi SERepO85+44a gsgglpggi_%?g of the excellent gap filling
properjjes of ~this process- In an- pT aSTHEL (PR thessiddgon

i
rst etch Stop layer 14 acts as & stop for th
e

.

n

1s deposited by low-pressure chemical vap

Or depositi
(LPCVD). o

Darrow active area 11 has a width of
less tha i
: n about 0.5 M while wide active area 12 has a

- UsSing a conventi i
ntional etching process such as reactive ic
n

€tching {(RIE).

Referri i
19 now to Fig. 2, a gap fil1l layer 15 of nigh




di oxide material is deposited and etched sinultaneously in themSAn%EF 2005
reaction. This process causes the silicon dioxide to be deposited very
densely and with no voids. In addition, the etching process causes the HDP
oxi de to assune the near 45 degree angle profile at trench corners as
shown - in the illustration. In addition, a densification step is perforned
Af ter t&@@%é@g&sg@gnt of HDP oxidé is deposited to fill the trenches,

t he deposition conpon nth el HDpR: POGESS i tdied. of f, but the
sput t ertiigs gormeanent ilﬁn continued. Under sputterir%eetthee%é’ﬁ zont al

di mensi on reduces nuch' f4stEP tthasmtche neerdsscale di nBl siQQ. Sputtering is
. conti nmmélmag@rﬁglcqsstd%p | ayer 14 is exposed atxthe corners of the
trench region, as shown i'h RS 3edring edpiteiders ing 190/ J3.8aks t he
connectliten dratavenin dihig,OXi 420 _ within the trenches and the oxi'de 18
overlying the etch stop |ayer FACCFRE Spusesr ithg samerant ibhs ; gtopped
especi dl9 e wWrarptites Md g0 R Nl de layer 14 is exposed 21 on the wide
active areas 12. The deposition and “SPutter BRckoddep just described are
per f or r?e%’itr’r-oé’ift (khea < toe ngt @Iﬁroidéstsh%aldggs %plem'gﬁgl vapor deposition (CVD)
processp1Q L SER 2005 8 In the co-pending pat BFpPecapi ensuml extra
step was required (FPBrEarGRies promaget mencyshpg an HE-

1ers as shown

- - . .

rPerformed,

- fili th ;
€ trenches, the deposition compenent of the HDP

Process i
1s turned off, but the sputtering component ié

continued. Under Sputtering
N ’

COrners of
Sputtering
within the +

layer 14.

osed 21 on the wide
active are 1 ' it ou ok Sten

as 12. The deposition andg sputter—back"Sﬁep‘ju t
descri : | o in : o
1bed are performed in-situ, ag one step in fh H
' . e HDP
ch i v J
flemical vapor deposition (CVD) process




di p. The present invention saves a step by sinply continuing tme'E SEP 2005
sputtering conponent, but not the deposition conponent, of the HDP CVD
process. This increases efficiency of the inventive process. Referring now
to Fig. 4, a second etch stop layer 24 is deposited overlying the HDP

oxi de layer 18 and 20 and the first etch stop layer 14. stop layer 24 is
toprot‘.gct the trenches. The secondsetch-stop silicon nitride deposited
usi ng eposition (LPCVD) wre ad-hemml.o thi.ckness af between about 1000 The
pur pose.qf. the second etch gap fill Ingygétfﬁn'wi M eid o aper 24

pref er abl’y “comprl € TRIUgwesh ews bire aghen;gal o%%%‘?:ﬁc‘ CVD nitride process to
a and 2000 A af rons. Referring now to Fig. § a chem c&fR8cRanHEal

pol i shi ng (Clr’lv% Sep i Jerresrtied Savieany & dhe 15t ¢h %tl(&p | ayer 24 on top
of thetmsi @@&Q@@néB.coThe oxi de 18 acts as a poli Sh°s oﬁofl&;}éfl.maef erring
nowto Fig. 6, the xpoéngﬁnc?fitdebb‘éakl@tl&heaﬁ@pats(m@@na\g@)ﬁpggieng a

hydr of bdotthe awied i) AR 's o

inverntive pProcess.,

The, . |
%hls lncreases efficiency of the

Referri g
Ting now tc Fig. 4, a second etch stop layer

the first
etch stop layer 14. The purpose of the second etch

. trenches. fThe second etch Stop layer 24

preferably comprises

Referri i
109 now to Figqg. 5, a chemical mechanical

if s = p
an L 2 l . he

a polish stop layer:

Refe 1 i
Fring now to Fig. 6§, the exposed oxide peaks 18

second e
tch stop layer 24 Protects the ogxide layer 20 in th
e

. t . .
renches during the etch of the oxide peaks 18




second etch stop |layer 24 protects the oxide layer 20 in the t@eﬁmc%@ 2005
during the etch of the oxide peaks 18. [, | SEP 2005 Finally, the first and
second etch stop layers 14 and 24 are stripped, preferably using a hot
phosphoric acid (H3PO4) that will renove the first etch stop layer 14 and
- the second etch stop |ayer 24 without etching the oxide fill layer 20, as

shown in Fig. 7n?gpgke{:ﬁgiP?ﬂ&:%%é%gggn&h&&@pétggIlla avern20,{ornmed to a

mell-controllga ness. irtron no dishing of the gap fill Iayer

bel owy hg substtgheat Opr SHLLAGE OGEULS. o ThbE SROBbIsesc fabrd cation of the
shallow trench 1solation regions. The shallow trench isolation has been

f or medpwbbhquicndicshiing 28flote 8ndnifesm thtbkaess. 1Ther piosess of the
present invention is an inprovenent over the co-pending patent application
becausgel keebindi rRaichs sanp ébekirng4swephoviii beéchhagi hzentkode hfislbeen
particularly shown and described with reference to the preferred
enbodilmymts Atherseofshown \iinl Filge (nd&hst 66¢TBYIt K6S® IRRVPEIENRNIPRe art

t hat various changes in formand details ma{ be _made wi t hout departing
from tiHd lsgiavear #i keaee o rhere ilmramyon  ofh AR HcSPersined™i s: 14 1 SEP
12005 addition no dishing of the gap fill layer below the substrate

top surface occurs.

This completes fabrication of the shallow
+rench isolation regions. The shallow trench isolation has
been formed without dishing and toc a uniform thickness. The
process of the present invention is an improvement over the
co-pending patent application because it eliminates an

etching step.

While the invention.has been particularly
~shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that vérious changes in form and details.may be
made without departing from the spirit and scope of the

invention.

What is claimed is:



10 |. A nmethod of forming shallow trench isolation regions in [ahk SEP 2005
manuf acture of an integrated circuit device conprising: depositing a first
~etch stop layer on the surface 5 - of a sem conductor substrate; etching a
plurality of isolation trenches through said first etch stop layer into
sai d sem conductor substrate; depositing an oxide |ayer over said first

etch 10 stop |layer, .a i thin .saidl?sql ation trenches using a. high
density pl agLrTh Ighngen%%cgf O\\I/¥apé(g)rr &élﬁ;oss’lhtalSl P *rocess *EIDRIEOD) TRAVPARG a

deposi ti on ciqmofn_ﬁnﬁa&%@m&@uufe@nnqnt%%%%%“%ﬂm &l peahter sald oxide
S, Ssdl

| ayer fills.-said isolation trenche eposition corrpgre\ent is 15

di sconti nuedcamb+ €5 tinuing said sputtering conponent wuntil corners of
said first etch stop | ayer are exposed at edges of said isolation trenches

wher eby sai d oxi de@epbayerinyid hi irSai«kdisal@d oddenshagd sdissgnnect ed
fromsaid oxide |ayer overlying said first etch stop 20 layer; thereafter
deposi t3 ng- asesopehmtohdisttop |sayertraner | yi ng said oxide ayer within said
isolation trenches, said oxide |layer overlying said first etch stop :
| ayer, and exposeftSBi@df#retueakhtstop jsykstion trenches through
' said first etch stop layer into said semiconductor
substrate;
depositing an oxide layer over said firgt etch
10 stop layer and within said isolation trenches using a
high density plasma chemical vapor deposition Drocess
(HDP-CVD) having a deposition component and a sputtering
component wherein after said oxide layer fills. said |
isolation trenches, said deposition component is
15 discontinued while continﬁing said sputtering component
until corners of said first etch stop layér are exposed
at edges of said isclation trenches whereby said oxide
layer within said iscolation trenches is disconnected
from said oxide layer overlying said first etch stop
20 layer;
thereafter depositing a secénd etch stop laver
overlying said oxide layer within said isolation

trenches, said oxide layer overlying said first etch

stop layer, and exposed said first etch stop layer

25 corners;




25 corners; | i SEP 2005 11 polishing away said second etch stprhSE%rZﬂUS
until said oxide |layer overlying said first etch stop |l ayer is exposed;
renovi ng exposed sai d oxide |ayer overlying said 30 first etch stop |ayer
wherein said second etch stop | ayer protects said oxide layer within said
isolation trenches during said rengYing, and renoving said first and
second etch stop \V: Qmpl.eteépl anari zed said shall ow trench
isolation 35 re |§ﬁ§ﬁ§ﬁmi%ﬁ g%nu altirE% Ft§5lﬁtPﬁtzaVﬁfeﬂnéFFcuit
device. 2. TEhadmehded Q%Q%&db@%rﬁ?lq SE‘% wher et%%lgto rit etch stop

| ayer conprises silicon nitride and &ep05|?ed frca vﬁ oF

deposi tion texpaddi ckness of - betmeen about 1000 and 2000 Angstrons 3. The
met hod according to Caim1l wherein said second etch stop |ayer conprises
silicon nitride ammhownngknxpﬁﬁeﬂiéa&dﬂvﬂnd@aha&@gobv@gggghb|g@lgo a

t hi ckness of between about 1000 and 2000 Angstronms. 4. The net hod
accormﬁﬁ;t(fky3ﬁrﬁchMﬁﬂQBriaﬁﬂnjwhaqﬁuﬁ said isshiong away Saicgh second etch

stop | ayer conprlses chem cal mechani cal polishing (CW).
ver protects said oxide layer within said isolation

trenches during said removing; and

removing said first and second etch stop lavers
to complete planarized said shallow trench isolation

35 regions in said manufacture of said integrated circuit

device.

2. The method according to Claim 1 wherein said first
etch stop layer comprises silicon nitride and is
deposited by chemical vapor deposition to a thickness of-

between about 1000 and 2000 Angstroms.

3. The method according to Claim 1 wherein said second
etch stop layer comprises silicon nitride and is
deposited by chemical wvapor deposition tc a thickness of

between about 1000 and 2000 Angstroms.

4. The method according to Claim 1 wherein said stép af
polishing away said second etch stop layer comprises

chemical mechanical polishing (CMP).




[a 1 SEP 2005 5. -The nethod according to Claim 1l wherein said sme?J P 2005
renovi ng said oxide |ayer overlying said first etch stop It. |ayer
conprises a hydrofluoric acid (HF) dip. 6. The method according to Caim1l
wherein said step of renoving said first and second etch stop | ayers
~conprises a hot phosphoric acid (H3PO4) dip. 7. The nethod according to
Claiml furt ehﬁﬁggprh%hn%c fa Licaﬂﬁngtseniconductor devi.:ce _structures in

¢ SUb: LRd8h Ls ¥PGTedBl 52+ OnStFPefthes. 8. A

. . in
and on sai d 'sem conductor subs r§i§°b
ure of

rechiod of T ara R enc a0 aU0n e ansg - Lhearrgul
co gpositing-a

ct
an integrated circuit device rising i'rstsi Pire8n

nitride | ayera@ir tdigop o sy faaqgfaﬁoﬁu%&rﬂ&%nﬂgft(% yShgtrate; etching a
plurality of isolation trenches. through said first silicon nitride |ayer
into said sem conductor substrate wherein said isolation trenches separate
active areas wherein sone of said active areas have a 10 width of |ess than
0.5 dun and ot hers edétisal hasirding areasldiavea ahwirdtin efhigorsesphar 1.0 um
depositing an oxide |layer over said first silicon 10 1 SEP 2005

removing said first and second etch stop layers

comprises a hot phosphoric acid (HsPOa) dip.

7. The method according to Claim 1 further comprising
fabricating semiconductor device structures in and on

said semiconductor substrate between said isolation

trenches.

8. A method of forming shallow trench isolation regions
in the manufacture of an ihtegrated circuitAdevice
comprising:
depositing a first silicon nitride layer on the
-5 surface of a semiconductor substrate;
etching a plurality of iscolation trenches through
said first éilicon nitride layer into said semiconductor
substrate wherein said isclation trenches separate
active areas wherein some of said active areas have a
10 width of less than 0.5 pm and others of said active
| areas have a width of more than 1.0 pm;

depositing an oxide layer over said first silicaon




13 nitride layer and within said isolation trenches using a hmgﬁ 35?15203@/
pl asma chem cal vapor deposition process 15 (HDP-CVD) having a deposition
conponent and a sputtering conponent wherein after said oxide layer fills
said isolation trenches, said deposition conmponent is discontinued while
continuing said sputtering conponenty until corners of said first silicon

nitride | ayeritared@0Lexposeadi atiwdgesofe saddd 4@ atd Uk dHenghes, r eby
said oxide layer within said isolation trenches is disconnected from said
oxi de | ayer Tov@t |94TR aindl dSmas tchesidldedon atidy idi diveron thes@eafd er
deposit%gg a second silicon nitride 25 | ayer overlying said oxide | ayer

wi thin Sai d (&% 2tVoh ey iesdenes idtiox deonmyerm ovird ya ngpsiat ek fig st
silicon .nitride |layer, and exposed said first silicon nitride |ayer
corners; pol T¥M o Anay ¥aF th 2licldid 119 onidn thavke |aykrs S0idintil said
oxi de | ayer | aid first sjilicon nitride |ayer is exposed;

renovi ng expgéslcg%égg‘?’g %&?%%h?%yﬁalo‘&/e R Tt <A FCOTRYRENS f$con nitride

| ayer wher eidy s@bgh second,si{dc I.tyide layer protects said oxide |ayer
within said 35 isolation trieirl%h(géh%{t}ﬁlrl%g ssa?]da/rse‘??g?ﬁ%@%n%n‘aom?%‘m‘? ng said

first and seeebdistbiE8AsNbErE4ed first silicon nitride layer are
20 exposed at edges of said isolation trenches whereby-said

oxide-layer within said isolation-trenches is

disconnected from said oxide layer overlying said first

silicon nitride layer;

thereafter depositing a second silicon nitride
25 layer overlying said oxide layer within said isclation
trenches, said oxide layer overlying said first silicon
.nitride layer, and exgoseé'said first silieon nitride

layer corners:

polishing away said second silicon nitride laver
30 until said oxide layer overlying said first silicon
nitride layer is exposed;
removiﬁg ekposed said oxide layer overlying said
first silicon nitride layer wherein said second silicon
nitride layer protects said-oxidé layer within said
35 isolation trenches during said removing; and

removing said first and second silicon nitride

layers to complete planarized said éhallow trench




| ayers to-conpl ete planarized said shallow trench 10 1 SEP 2005012.5EP 2005
isolation regions in said manufacture of said integrated circuit device.
9. The nethod according to Claim8 wherein said first silicon nitride

| ayer is deposited by chem cal vapor deposition to a thickness of between
about .1000 and 2000 Angstrons. 10. The nethod according to Claim8 wherein

sai d secondjsgikikg -y Lay r..is¢ depasited by .chemi.cal . vapor
deposition to a th?gkgggébg% 5gt%§ég a 8@ af%56ea§5 5660 * ES???Bﬁg. 11.
The net hod ageewndictnget-@cel.ai m 8 wherein said step of polishing away said
second silicon nitride |ayer conprises chem cal- mechani cal polishing
(CWP). 12. The nethod according to Claim8 wherein said step of renpving
sai d oxide |l ayer overlying said first silicon nitride |layer conprises a
hydr of | uori @-ading ehadi pect3dithe tetdied raee endireg nt @ aGhairm-8 twher ei n
said step of L renoving said first and second silicon nitride |ayers
“conpri ses asﬁ&ﬁcﬁﬁo§ﬂgéﬁﬁ@ AEYE T HePGEpodiipetio by SERM208114apbhe net hod
according to, Cai.m.8 further conprising fabricating sem conductor device
strUcturesiq$3ﬁﬁ£gﬁ?n To a thickness of between about 1000 and 2000

Angstroms.

10. The. method according to Claim 8 wherein sald second
silicon nitride layer is deposited by chemical vapor

deposition to a thickness of between about 1000 and 2000

Angstroms.

11. The method according to Claim 8 wherein said step of
polishing away said'second silicon nitride layer

comprises chemical mechanical polishing (CMP).

12. The method according to Claim 8 wherein sald step of
removing said oxide layer overlying said first silicon

nitride laver comprises'a hydroflueric acid (HF) dip.

13. The method according to Claim 8 wherein said step of
removing said first and setcond silicon nitride layers

comprises a hot phosphoric acid (HsPOs) dip.




sai d sem conductor substrate between said 'isolation trenchesloig.SEP 2005
nmet hod of formng shallow trench isolation regions in the manufacture of
an integrated circuit device conprising: depositing a first silicon
nitride layer on the D. surface of a sem conductor substrate; etching a
plurality of isolation trenches thrg gh said first silicon nitride |ayer
into said denm cderdueliebd suhsidahg wherebnmsai dukrsdkat coRpi-ienahes separate
-active areas wherein sonme of said active areas have a 10 width of |ess than
0.5 pm and fetthercs tahgs siethiachidve toar das ikavetauwitdicksofinmand than 1.0 vim
depositing an oxide |ayer over said first silicon nitride layer and w thin
sai d i sol atSeortl tyesncivesiugiory sab Stirgi ed @sdivepnp lsasidn iskhdritdal: vapor
deposition process 15 (HDP-CVD) having a deposition conponent and a

sput t eri ng Y &1dtiTent wherein after said oxide layer fills said isolation
trenches, said deposition conponent is discontinued while continuing-said
sputtering conponent until corners of said first silicon nitride |ayer are

20 exposed pf edges, 0f ; sai él’ts“?%?ﬁ is%f roevpcﬂeesn vglejfse&ya said to .l SEP 2005

oxide layer within said isolatlor tTenches 1s i'sconnected from¥% d oxi de
llayer overlyh nghsahshdfdSture of an integrated circuit device

comprising:
depositing a first silicon nitride layer on the
5 surféce of a semiconductor substrate;
etching.a plurality of isclation trenches through
said first silicon nitride layer into said semiconductor
substrate wherein said isolation trenches separate
active areas wherein some of said active areas have a

10 width of less than 0.5 pm and cthers of said active

areas have a width of more than 1.0 um;

depositing an oxide layer over said first silicon

nitride layer and within said isolation trenches using a
high density plasma chemical vapor deposition process

15 (HDP-CVD) having a deposition component and a sputtering
component wherein after said oxide layer f£ills said
isclation trenches, said deposition compqnent is
discontinued while continuing said sputt;ring component
until corners of said first silicon nitride iayef are

20 exposed at edges of said isolation trenches whereby said




silicon.nitride layer; thereafter depositing a second silicon rmt‘hSFéD 2&05
| ayer overlying said oxide |layer within said isolation trenches, said

oxi de layer overlying said first silicon nitride |layer, and exposed said
first silicon nitride |I|ayer corners; polishing away said second silicon
“nitride layer 30 until said oxide |layer overlying said first silicon

nitride | ayexiiie expeseditheAD¥hNE ¢ posedosatdoxhee {ayer overlying said
.first silicon nitride layer using a hydrofluoric acid dip wherein said
second sil i déacainneicted] Syem paotieoksdd5isaed oxedeylmyesaivdthipssaid

i solation trenches during said renoving; and renoving said first and
second siIi@dﬁlﬁpprpéérlg&yéﬁ§eﬁo conpl ete planarized said shall ow trench
isolation regions_in said manufacture of said _integrated 40 circuit '
devi ce. 16. The BEREETACELFGPREItANG ai FRES GhEEbLACBaRUEFidst silicon

nitride. ayer. _is deposit.ed by .chem.cal vapor _deposition_ to_a thickness of
betmee%saboﬁfyfﬁbﬁvgﬁgyfﬁﬁbS%ﬁ%ggFPﬁft}aﬁ%rSEPt§GBSST?d 17°1¥kéCRet hod

according t g, AL MO € aeS3aG 34 1ying said first silicon
nitride layer, and exposed said first silicon nitride
layer corners;
polishing away said second silicon nitride layer
30 until said oxide layer overlying said first silicon |

niﬁ;ide layer is exposed;

removing exposed said oxide laver overlying saild
-first silicon nitride layer using a hydrofluoric'acid
dip wherein said second silicon nitride layer protects

35 said oxide layer within said isolation trenches during

said removing; and
removing said first and second silicon nitride
layers to complete planarized said shallow trench

isolation regions in said manufacture of said integrated

40 circuit dewvice.

16. The method according to Claim 15 wherein sald first
silicon nitride layer is deposited by chemi.cal vapor

deposition to a thickness of between about 1000 and 2000

Angstroms.




silicon nitride layer is deposited by chenmical vapor depositi cm %CS& 2005
t hi ckness of between about 1000 and 2000 Angstrons. 18. The net hod
according to Caim 15 wherein sai-d step of polishing away said second
silicon nitride |ayer conprises chem cal mechanical polishing (CW). 19.
The net hod according to Caim15 v\/neI ein said step of renoving said first

and second 157 ) iTon mdtHdded@yRlng 1565 13 Nele RNGSRRGH GeR%ng (H3PO)
di p. 20. The method according to Claim15 further conprising fabricating

sem conductsorl dewi celtstirdectirese i atebayi tsal S efstaraductvanosubst rat e
bet ween said isolation trenches.
deposition to a thickness of between about 1000 and 2000

Angstroms.

18. The method according to Ciaim 15 wherein said step
of polishing away said second silicon nitride layer

comprises chemical mechanical polishing (CMP).

19. The method according to Claim 15 wherein said step
of removing said first and second silicon nitride layers

cgmprises a hot phosphoric acid (HaPOa) dip.

20.- The method according to Claim 15 further comprising.
Tabricating semiconductor device structures in and on

said semilconductor substrate between said isolation

trenches.




