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USI NG POLY-SI  THERVAL OXI DATI ON BACKGROUND. COF THE' | NVENTI

the Invention The invention relates to a nmethod of fabricating .

senmi copgueibQrsgt ructures, and morn particularly, to a nethod of forn1ng
pl anarized shall ow trench isolation structures in the manufacture of
integrated circuit devices. (2) Description of the Prior Art Shall ow
trench isolation -(STl) is now comonly used in the .art as an alternative
to. | ocalNENKMETHOM FOR BRE-SOIHMBCEBLANRRI ZASLANNFSIIE ROLYrSIbet ween
active device areas in the integrated circuit. STl offers the advantages
of smaller isolation area FFERYSL AXIDHTISe pl anari Zati on when conpared
to LOCOS. However, the STI process suffers from non-uniform planarization
and di shing., - especially over | arge trenches because of poor initial wafer

topol ogy. Dishing can c ein some cases.
Currently, reverse naskﬁ#%sqggﬁﬁ§§éﬁf'8§¥§ﬁ§6%ﬁﬁ&§ and nore recently,

- nitride capping |ayers, are the nost commonly enployed nmet hods to prevent
dlshlng during the STI ' :

(1) : Fleld of the Inventlon

- The invention relates to a method of
fabricating semiconductor sttuctures, and moro particularly;
to a method of forming planarized shallow trench isolation

structures in the manufacture of integrated circuit devices.

{2) | Déscription oflthe'Prior Art
| Shallow trench isolation'{STI) is now
commonly used in the art as an élternative toslocai oxidation

of silicon -(LOCOS) £6r forming isolations between active .
device areas in the integrafed circuit. STI offers the
advantages of smailer isolation area and better surface
planarization when compared to LOCOS. However, the STI -
process suffe:s from non-uniform planarizatiorn and dishing,

- especially ovef large trenches because of poor'ihitial wafer
topolégy. Dishing can cause excessive device leakage in some
cases. Curréntly, reverse masking, dummy active structures,
and more recently, nitride capping layers, are the most

commonly employed methods to prevent dishing during the STI

chemical mechanical polishing (CMP) process. However,



chemi cal mechani cal pollshlng (CWP) process. However, CS-00-157 2
maski ng steps incur additional processing costs. ti Dummy structures, on
the ot'her ,hand, cause rn increase in parasitic capacitance that i$ not.
favorable,. espeC|aIIy in mxed signal processes. These processes are
expensgy-eQ@rrk7ti me-consum ng. Co-pending U S. Patent Applications Serial
No. 09/439, 357 (CS-99-059) to Janmes Leeg, filed on 11/15/99, and

(CS-00-138) to V.S. K. Limet al, filed on , teach nitride capping
techni ques for. Ereventlng dIShIn g Sg rqgess usingt DP- CVD- oxi de.
. Sever ZeVBEESr MaF laﬁpFBQEﬁeénePECP%§ CHERRO AR '?%f%%aﬁ% granarize

shallom/trench I sol ati ons 173

Nt 439 t;gl teach
STl pr 8¥esy §§Fﬁgtgr55pygp|Fésnotﬁé§e?a?§ sﬁ?%?% t%elOX| Qs?n &ndeeac es an

trenches, etchin

h h I , d
{inal 1 PG o7 CoG e HEaS A RoF ok Ag o Goootie Barent

i'con~and remal ni Nng OXi t ent

5, 880, 0.7 %Hﬁ{&fﬁcégseE?aCHﬁis% QQBE%%SE%OEreaEQbeﬁﬁﬁbeHBBdOX|de
within®

exposes the oxi dé, then the polysilicon and oxide are
etChed1?§%ﬂégﬁ§ﬂh{§&|0med by an-oxide CNP U:S. Patent 6,048,775 to Yao

reverse

et al process in which a

Co-pending U S. Patent'Applica*ions
Serial No. 09/439,357 (CS -99-059) to James Lee, filed on

11/15/99, and _ ' {CS-00- 138) to V S K Lim et al,

filed on . ¢ teach nltrlde capping technlques
for_preventing:dishing in an STI process using HDP—CVD Odee.
~ Several prior art apéfoachee disclose methods te form and
planarize shallow trench isolatiens.. U.S: Patent 5,173,439
to Dash et al teacnes an STI process usmng a polysmllcon
layer to shield the ox1de in wide trenches, etchlng away the
oxide not covered by the polysxllcon, and flna;lv a CMP of
the pcly3111con.and remaining oxide. U.S. Patent 3,880,007
to Varian.et al teaches a polysilicon layer over HDF oxide
.within trenchee. CMP exposes the oxide, then the polysilicon
" and oxide are etched separately followed by an-oxide CMP.
U.S. Patent 6,648;775 to Yao et al shows a process in which a
silicon nitride capping lnyer is used. U.S. Patent 5,721,173
to Yano et al uses.e bolysilicon capping. process in which the
_ polysilicon.is subjected to CMP, the oxide not covered by the

polysilicon is etched away, and the remaining polysilicon is



silicon nitride capping Inyer is used. U S Patent 5,721,173 to Yano et al
uses a polysilicon capping process in which the polysilicon is subjected

to CMP, the oxide not covered by the polysilicon is etched away, and the
remai ni n poI silicon is CS-00-157 3 polished by CW. J.S. Patents,
6,001F$0§ an et al and 6,107,159 to Chuang show other STI nethods. _
SUWARY OF THE | NVENTI ON A principal @bject of the present invention is to

provide an effective and very manufacturabla nethod of fabricating shallow

trenc ‘_ﬁeé r{bth%@”"gfﬁr&rse f001| RAly nt%teigmcr Lat dAfurther

object o present” invention is provi to fabricate

shal | gyv 1dencdy 159! i S sHEr S HRd d_;q-ldl,rgymé S eI [ m nat ed. Anot her

obj ect of the present inventionis .to provide a method to fabricate
*shal | ow trench .i sol ati ons havi ng better pl anarity control. Yet another
object of the invention is to -provide a nmethod to fabricate shall ow
trench Itolations whesS¥MARYI O THBMINEENSIGN i M nated and better planarity
control is achieved. In accordance with the objects of this ’
A principal object of the present invention -
is to provide an effective and very manufacturabls method of

fabrlcatlng shallow trench isolations in the man1Facture of

1ntegrated c1rcu1ts. _

A further object of the present invention is
to provide a method to fabrieéte shallow trench isolations

where oxide dishing is eliminated.

‘Another object of the present invention is
. to provide a method to fabricate shéllow trench isolations

having better planarity control.

Yet another object of the invention is to
-provide a method to fabricate shallow trench isolations

wherein oxide dishing is eliminated and better planarity

control is achieved.

In accordance with the objects of this

invention, a new method of forming shallow trench isolations



i nvention, a new.nmethod of form ng shallow trench isolations CS-00-157 4
has been achi eved. An etch step layer is deposited on the surface of a
senm tonductor substrate. A plurality of isolation trenches are etched
through the etch stop layer - into the sem conductor substrate to-separate
acti vesa®rd.57 An oxi de | ayer i.s deposited over the etch stop |ayer and
within the isolation trenches whereing4ghe oxide fills the isolation
trenches and overlies the etch stop |laver on the active areas. A
polysilicon layer is deposited overlying the oxide |ayer within the i

i sol atham heemcadsienri ¢ hdb @ ShdRerlawan 1yF AeRIf QT PRt YL | ayer. The

lysilic I ' | i shed til th i de | 3 lying th
ctch STBRATST 3 STHTRAPCHRE (HPTH YR | o IR TS5 ns only

| | PRE HEPAYR 1 ; only
o oxHAIRAERRCEERY LIS okt A EEha Ll LANTED R B L Tl ose b0

the h?FH’E& e etQsmieﬁﬁ&l@cﬁayegum@féuéngo-w@p&é&éb siopitaygteadhe oxidized
polysilicon |layer,.the oxide [ayer overlying the.etch stop |ayer, and the
oxi de hayekihe tLhgersokatiepositeacheari shepetenhedogonayent shdt he etch stop
| ayer is reached thereby ..planarizing the isolation trenches to :
conpl ewd thianahezédolahabhowrenehebh wherainobheegkdde E£mlikethmnufacture of

an isolation trenches and overlies the etch stop laver on the
active areas. A polysilicon.layer is deposited overlying
the oxide layer within the isolation tréhﬁhes énd the dxide _
layer overlying the.etch stop layér; The polysilicoﬁ layer
is polished away until the oxide layer éverlyingﬁthé etch
.stop layer is exposed and the polysilicon iaver rémains'only
overlying the oxide layer iﬁ the'isolation trenchés. 'The..
polysilicon layer is oxidized whereby the oxidized
polysilicon.layer has a height close to the height of .the
oxide layer 6veriying the etch stop layer. The'oxidizgd
polysilicon layer, the oxide.layer overlying the,étch stop
layer, and the oxidé layér in the isolation trenches is
polished down until the etch stop layer is reacﬁed-thereby _
Zplanarizing the isoiation trenches to complete“planarized
shallow trench iso1ation regions in the manﬁfacture of an

integrated circuit device.



integrated circuit device. CS-00-157 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
1 in thée acconpanying drawings formng a material part of this scription,
there is shown: Figs. ' _ through 7 schematic: i :- illustrate in
cross-%eﬁ%i al repres:ntation a preferred enbodi ment of the. present

i nventPGHO"BRICRI ATI ON OF THE : REFERRED EMBODI MENTS -R eferr;.ng now nore
particularly to Fig.. 1, there is sheawm a cross section of a partially
conpleted integrated circuit device of the preferred enbodi nent. A

sem conduct or subst ratgh 110, D%gghg@?éﬁNcg@saghiggéﬁ&NngnocrvstalIine.siliCc
, is provided.. A pad oxide layer is formed by oxidi zing the silicon
substrate surface. The pad oxide |ayer has a =_'pical thickness of between
about 50 and 200 Angstrons. An -.':ch stop layer 14 is deposited over the
pad oxide layer 12 The edreh ~dcngdativingl AdafiRicf efciidlhg @nMposed of :
silicon nitride and is deposited by chemcal. vapor deposition (CVD) to a
t hi cknesseniabepawenc fibthis D00 ignd BO0Gchngs tioshowes- 00- 157 '

Figs. 1 through 7 schematicalilly illustrate in
cross-sectional represcntation a prazferred ocmbodiment of the

present invention.

)

DESCRIPTION OF THE FREFERRED EMBODIMENTS

ﬁéfer:ing now more particularly to Fig. 1,
there ié shown.a cross section of a partially ccmpiéted
integrated circuit device of the‘preferred_embodiment. A
seﬁiconductor substfatﬁ 10, typically consisting of
mOnoc:ystalline_siliCCﬂ,-is proﬁided. A pad coxide layex 12.
is fofmed by oxidizing the silicon substrate surface. The
pad oxide layer has_a tvpical thickness of between about 50
and 260 Angstroms. An -:ch stop layer 14 is depositad over
-the pad oxide layer 12. The etch stop laver 14 is préferablf '
composed of silicon nitride and is deposited by chemicél
vapor depositidn (CVD) to a thickness of between about 1000
and 3000 Angstroms.



6 The etch stop .layer 14, pad dry‘layer 12, and the sem conductor
substrate 10 are etched to form trenches 15 and 16 for planned shal | ow
trench isolations. For.exanple, a narrow trench 15 having a w dth of
between about 0.2 and 5 p.mand a wide trench 16 having a w dth of

bet weé? 254575 and 100 pm are fornmed, as shown Fig. 2. Optionally, an

oxi dation process forns a |liner oxideg20 wthin the trenches 15 and 16.
Referring nowto Fig. 3, a gap fill laver is deposited within the trenches
15 and 16.. Gap fill j | NGlopde ahiegh 1densgialay ~olsasims AJfdPh 0xi de,
tetraetl hoxysi | ane ?%%%Ef“?{ggﬁﬁéqﬁ §?hdepo§ﬁﬁgd by\suﬁlatnnspheric

chem calg M YemieRARdddiY (Dt daAORRes RheTidd ad edmss (BPSO),
TECS. oxi de, or TEO S-03, for exanple, or any other dielectric |ayer that

i s abl eréfchés | 13 hend redictor Theargeqd fdHdllay eiratith fidds=cidws it renches and
(24) covers the etch stop layer 14 overlying the actiye areas. Referring
now t oF &t gexdmphe ) ay erawfow poterseht i Corh@6ins aepiodinh e cvatrvgemg t he gap
fill oxide 22/24. The polysilicon_ layer is deposited by_jOW/Eressure CvD -

to a t AbeRRe8s2opnBedvid@naRdort WPBROEFRCACND PHGERY osWIERR 00T 157 7

. between about 5 and 1CC um are formed, as shown in Fig. 2.

by ma-

Optionally, an oxidation process forms a liner oxide 20

within the trenches 15 and 16.

Referring now to Fig. 3, a gap.fiil layer is
deposited within the trenches 15 and'lé.. Gap fill oxides’
2include high density rlasma (HDP) oxide, tatraethoxysilane

(TEOS) - ozone (02) deposited by subeatm03§heric chemical"'
vapor deposition (SACVD),.boropheSphOSilicate glass (BPSG),
TEOS oxide, or TEQS-Osz, for example, or anY'other dielectric
1ayer_that is able to f£fill the trench.” The gap £ill layer 22
.fills the trenches and (24) covers the etch-stop:layer.14

overlying the active areas.

Referring now to Fig. 4, a'layer of
polysilicon 26 is deposited overlying the gap £fill oxide
22/24. The polysilicon layer is depositad by low pressure

CVD to a thickness of between about 2000 and 4000 Angstroms.



Ref erring nom1to Fig.. 5, a chem cal nechanical polishing (CW) step is
performed to 'renove the polysilicon |ayer 25 on top of the oxide peaks
24. The gap fill oxide 24 acts -s a polish stop layer. Pol-:silicon 26
remai ps-00-1H® gaps between the oxi de peaks 24. Now, a thermal oxidation of
the polysilicon 26 is perforned. For exanple, the substrate. is heated to
a tenperature of between about 800 and 1100 C. The oxidation reactionis -
as follows: Si (s) + R2-(g) --> SI (s) or: 'Si (s) + HO (g)'--> SIOz (s) -
+ 2H (-g) The thickneBsfefring B¢?itonFﬂ§ox5dealeyem'galmﬁII i 'ncrease
according to the fornula: tst = 0.44 tsioa, where tsiy» = thickness of the

( pol yy&ic PééﬁalaPPéPSb%P“téFﬁ§) —StAPCkReBSTEPTRAE LPOYCRPYEr thexi dation By
contral lin

1 ﬁ ﬁ 0tS| Ea ht ca be det qlne Hence, the
& O TtsRlaaEon, et B0 ok bo B ety OFnae RerER: 24t + HuohBaRoct oxi de
eaks f 15QN cqat ixn n L, ht is
Peachgﬁﬁl ng%%nghr§&so§?dgtPgﬁlﬁgygggnu%ggggCS-8%?f§§§3bgn E%Iq !
- remains’ in the gaps between the oxide peaks 24.

.

Now, a thermal oxidation of the polysilicon
26 is » erformed For examp-_, the substrate is heated to a
temperature of between about 800 and 1100 =C. The oxidation

reaction is as followe

Si (s)_+ 0= (g) --> 8i0= (s) or:

Si (s) + H=20 (g) -=> Si0a2 (s) + 2H (g)

The thickness of the silicon dioxide layer 28 will increase
according to the formula:

tss = 0.44 tsio=z,

where tsi = thickness'of the (poly)silicon
. : - after CMP
ts:102 = thickness of the SiOx after
oxidation
By controlling tsi, the final ts:oz height can be determined.
Hence, the SiO= thickness can grow to approximately the
height of the highest oxide peaks 24. Okidation is continued

until a good planarizaticon height is reached. h_wet or dry

oxidation may be used.



8 Finally, refertsrg to Fig. the. oxide 28 and 24 is polished by CH P
with a polish stop at to etch stop |ayer 14, conpleting formation of
shal [ow trench isolation regions. 22 having. good planarity and no di shng.
Al terpatphyehy¥y the oxide 28 and 24 can hs planarizsd by an etching
process. For exanple, for a CM? process; a polyurethane pad with or

wi thout a subpad may be used. A silicg-based or potassiumbased slurry may
be used. The'pad may have a down force of 3 to 7 psi and the tablejh ad.
speed may be 30 to 1@@naphy, Foefeprehghkdgrpsocessihna dzydet28 wusing an
reactive ion etching (RIE) process or a wet etch using hydrofluoric acid
(FI'F) amgly 2de issgehliBhies bynpMBt wsthabr poaisbnstbot e Shel owh skench

i sol ation regions. The shallow trench isolation has been:formed w thout
dlshlrk?%ﬁﬁihﬁiPFQﬂR%?ﬁHW&néPF@?tééﬁtP@IShaNéOFev€ﬁ§§ 'masR L aéBumy active

areas, and no nitride CZP i used in this process The t her nal
oxi datT RIS Lol RATINE ﬁoéaﬁ B@acéﬁﬁiépﬁe&' s GisRaRS Sexcel | ent ‘planarization

can be, achi eved. \Wilge the . .0 beanqpartlcuLaJLy own and
descri WIN Yerer ﬁ% Q[Xl‘i] gzréroré i e o & HTelte A ierso Ql it will be

nder SLEORY §0986ssK 1Bt ealdhd e, Wdr e affco.léssschamges in formand

det ai |
polyurethane pad with or wztnout a subpcd may be Lsed A

silica-based or potassium—based slurry may be used. The pad
may have a down force of 3 to 7 psi and the tabls/z2ad speed’

may be 30 to 100 rpm. For an étching-p:ocess, a éxv etch

3

using an reactive icn etching (RIE) procass or a wet etc

using hydrofluoric acid (HF)_may be used.

"This completes fabrication of the shallow
trench isolation regions. The sha’léw trench iscliation hé;
heen formed without dishing and with gocd planarity cqntfol.
No reverse mask, no dummy active areas, and no nitride cap
has been used in this.process. ‘The thermal oxidation of

polysilicon can be controlled so that excellent planarization

‘can be achieved. : T

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 various changes in form and details may be



CS-00-157 9 made without departing fromthe' spirit and scope,. of the
invention. Wiat is clainmed is CS-00-157 10 1. A nethod of form ng shall ow
trench isolation regions in the manufacture of an integrated circuit
devi ce goggrising: depositing an etch stop layer on the surface 5 of a
sem conddctdrisdbstrate;. etching a plurality of isolation trenches through
said etch stop layer into said sem condgctor substrate to separate active
areas of said sem conductor substrate; 10 depositing an oxide |ayer over’
said et t r,.and, within said jsolation trenches wherein said oxide
| ayer fﬁ?ﬁ%-ggf§%¥§AFg?FgﬁlFPeﬁEﬁ@stHﬁdseééitiésdsatdpgebchtﬁﬁop | ayer on.
rai d actinvenar@as;. depositing a polysilicon |ayer overNying said-oxide 15
| ayer within said isolation trenches. and said oxide |ayer overlying said
etch stop layer; polishing away said polysilicon layer until said .oxide
| ayer overlying said etch stop | ayer is exposed

What is claimed is:



e e

and said polysilicon |layer remains only overlying said 20 oxide'layer in
said isolation trenches; thereafter oxi'izing said polysilicon |aser
; whereby oxidized said polysilicon | ayer has a height close to the height
of said oxide |ayer overlying said etch stop |layer; and 25 polishing down
said oxidi zed polysilicon . {1~1{11111112{11122{1{IIII1Il 11* CL MS

- 005P5POrES | ayer, said oxide |layeryqoVe.rlying said etch stop layer, and
said oxide layer in said isolati.bn trenches wuntil said etch stop layer is.
reached thereby planarizing said isolation trenches to conplete 30 .

planarized said - haldpwd Efdm d 993450 H2%NS JJ4 Bal q‘t facture of:
said int egrla't e’g circurt ew'cé".g1 }q“%ﬁ'é) meqrhoé: accordi n'é> 0 é’%‘% 1 further
conpri si ng 1grayd Rghria AP G |8Y Sty redidd BHRORdWSAIce SUbstTate
underlying said etch stop laver. 3. The nethod according to Caim1l wherein
said etch edoprisimy: conprises silicon nitride and is deposited by '
chem cal vapor deposition. to a thickness of between
: depositing an etch stop layer on the surfaca
5  of a semiconductor substrate;
etching a plurality of isolation trenches through
said etch stop layer into said semiconductor substrate
to separate-active areas of said semiconductor

substrate;

10 depositing'aﬁ oxide layer over said etch stop layer
and within said isolation treﬁches wherein said oxide.
layer fillsﬁsaid-isflation trehches and overlies said
etch stop léyér"on.ﬁaid active.areasp

depositing a poleiiicdn layer overlying said ﬁxide
15 layer'within said isolation trenches and said oxide
. layer overlying said etch stop laver;

'polishing_awa? said §olysilicon layer until sazid
bxide layer:overlying said etch stop layer is exposed
and said polysilicon layer remains only overlying said

20 oxide'laye; in said isolation trenches; © -

thereéfter oxidizing said polysilicon laver whexeby
oxidized said polysilicon layér has a height close o
the height of said oxide layer overlying said etch stop

layer;.and

25 polishing down said oxidized polysilicon

-

(N L



about 1000 and 3000 Angstrons. 4. The nethod according to Claim1 wherein
said oxi.de layer is selected fromthe group consisting of: ! MP-CVD oxide,
TECS OXI&ﬁ, % 0S- 03, SACVD TECS-03; and BPSG. 5. The nmethod according to

d ai i1~ Whet?7n said polysilicon |layer is deposited by | ow pressure

chem cal vapor deposition to a thickness of between abc4t 2000 and 4000
Angstrom, | 1L Errrtivigiliitiarlilg Cs-00-157 12 6. The net hod

accordi ng Lelai n ¥a) pQ. ayeyp sai d polysilicon
| ayer conp?g-ggz gh%ﬁrgﬁigé léﬁ%nlcd%p%o{?% |%§§?%§g§ 7. DThe met hod -

acc=iing tQaGedi, MeAdWEEi&i Bx5@éU15v€P Oh s&XEdiZbDg:fehd-pehyrési con | ayer
Is a wet or dry oxidation. 8 The nethod according to Caim? wherein
sa.c' | polinghilngaddwetsheptopnpayeesisheaachedniebharbgal polishing (CWP).
9. The nethod according to Claim1l wherein said polishing down step

conpri ses @é@n@ﬁléﬂ?Geﬁéhﬂng=0l@tl¢hetﬁﬁnbba°ateocanpévts Caim1 further

conpr|S|ng
30  planarized said shallow trench isoclat’ .on
regions in said manufacture of sald 1n,egrated circuit

device,.

'2 The method accordﬂrg to Claim 1 further comprlslng
grow1ng a pad oxide lcye* on said semiconductor

- substrate-underlylng said etch stop layer.

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

about 1000 and 2000 Angstroms.

4. The method acrording to Claim 1 wherein said oxide

layer is selected from the group consisting of: HDP-CVD

oxide, TEOS oxide, TEOS-0O=z, SACVD TEOS-0Osx, and BPSG.

5. The methed according to Claim 1 wherein szid
'.polysilicon layer is deposited by low pressure chemical
vapor deposition to a thickness of between abcut 2000

and 4000 Angstroms.

s



fabricating sem conductor device structures in and on said sem conductor
substrate between said isolation trenches. 1.1. A nethod of forning
shallow trench isolation regions in the nmanufacture of an integrated
circuC$~-aevige conprising: oxidizing the surface .of a sem conductor
substrate 5 to forma pad oxide |ayer; .CS-00-157 13 depositing a

i.licon" $itride |ayer overlying said12pad'oxide | ayer; etching a
p7.:x:.:aiity

f isolate_ ion érenc es %hrough sai d siligon_|layer and said
pad'oxide.ska§§F PAEEoL19°5ard8dntRohbteto .W§%5§f?a?%lros§38a?éte active
areas of said. 1.cO tQr.su AP POSL LN Lde ver said.
silicon ni Pﬂ&%qugyggggnggﬁﬁtﬁ§%§$3??8§ﬁig%%%%ig%‘ #gégﬁeggaﬁgéggn said
oxi-de | ayemddiadnd 3al go138hahgoncipgnches and overlies 15 said silicon
nitrf layer on said active areas; depositing a :~0' _ysilicon |ayer

overlying said oxide layer within said isolation trenches ar4 said oxide

| ayer overlying &P.-id silicon nitride |ayer; polishing aw.._ said

pol ysilicorzl ayes metthdd saiatr?ing to Claim 1 wherein said step of
oxidizing said polyrilicon layer is a wet or dr?

nkidation.

8. The method according to Claim I wherein said

polishing down step'cbmpriseé chemical mechanical

polishing  (CMP).

9. The method according'tO'Claim 1 whérein.said

polishing down step compriseé'wét or dry etching.

10. The methecd according to Claim 1 further comprising
fabricating semiconductor device structures in and on.
said.semiéonductor sﬁbstrate_between said'isolation
trenches.

11. A method of forming shallow trench isolation regions
~in the manufacture of an integrated circuit device
comptising: |
oxidizing the surface of a semiconductor substrate

5 to form a pad oxide layer;

S

(A

* C Lo



20 oxide | ayer overlying said silicon nitride |ayer is exposed and said
r-: silicon |ayer remains only overlying said ox=.-'-, layer in said

i solation trenches; thereafter o:idizing said polysilicon |ayer whereby
oxi di zed gaig poly silicon |ayer has a height close to. 25 the height of
sai_'§°69 aé Vayer overlying said silicon: nitride |ayer; and polishing
down said oxidized polysilicon |ayer, 43said oxide |ayer ~verlying said
silicon nitride layer, and said oxide la nar in said isolation trenches

until 30 said _Shlleip%%'it@!nbs'a- de 1k ayari $ri8achagdetheteby vERy0Qatar 14
pl anarizing said .'solatior'trenches to conpletée planarized said V allow

trench i solpald @xidRyil@Yexi;n said me .facture of said Fntegrated circuit
device, .12. The nethod according to Claim1ll wherein said silicon nitride
oyet has a thicletedsingf abgt-wesrlidyoof i@ idmeh 3G chagsthhoomighl3. The
met hod ac--ing to Caim1ll wherein said oxide layer is selec'-.-Y : rom
the group ciaigl stilicaf niHPR<CVDawed dand FRAE @AM cxidFEASYEs, IZACVD
TECS- 03, and BPSG 14. The nethod <-'ording to Caim.J11 wherein said
. 10 _said semiconductor substrate to saparate active areas of
| . said semiconductor substrate;
" depositing a1 oxide layer over séid silicon.nitride
layer and within'naid isolation'trencheS'whe:ein said
oxide layer fills said isolafion trenchés'and overlies
15 said silicon nitr: 7 - léyer on.séid active areas; |
depositing & »olysilicon layér overlyinc said oxide
layer within said isélat;on trenches arnd said okide
© layer overlyiﬁg said éiiiéon ﬁitride léyer:
polishing away.séid polysilicon 1ayér until said
20 oxide layer overlwing said silicon nitride layer is
exposed and said r%lysilicon layer remains only
overlying said ox’".7n~ layer in said isolation tranches;
Ithereafter oridizing said polysilicon layer wheréby
oxidizéd éaid polvsilicon layer has a height close to
25 the height of said oxide layer overlying ¢&aid silicon
nitride layer; and ~
polishing down said oxidized polysilicon layer,
said oxide layer <verlying said silicon nitride layer,

and said oxide lavar in said isolation trenches until

30 said silicon nitride layer is reached thereby




polysilicon laye: is deposited by |ow pressure chem cal vapor deposition
to a thickness of between about 2000 and 4000 Angstror : 15 . The net hod
ra.<,ording to daim1l1l wherein said step of polishing anay .aid
polysilicon | ayer' conprises chemcal nechanic' 1 polishing (CW). 16. The
met ho@S-a@24k%Tng to Caim1l wherein said step of oxidizing sa.r’

polysilicon layer is a wet or dry oxjdation. 14-L S CS-00-157 15 17. The
met hod ac”®_ording (o Claim1ll mhereln s---.id pollshlng down step

G arm 1t vh Sé”ﬁﬁ?'gﬁ%c?%%@. Lo PRLLGRL S IR o 18, T aethod accordi ng to
19. The e a %gédgggdtg.g1f6@1&}én urté@ia§o ristng fabricating

sen conduc & FFEe®8tTuctires i s an sald”sem conductor substrate

bet ween Sa'r%ga%%aahoeajhr ghches +4Pe @;W&Lb&dn@ &e&%agabéhiaw trench

| sol ati on regions In manuf act.ur e an |ntegrate circult device
CO”DFISIUgdev1ce.

12. The method aczording to Claim 11 wherein said -
silicon nitride inyer has a thickness of between about

1000 and 3000 Ancztroms.

13. The method ac¢~"iing to Claim 11 wherein said oxide
layer_is selecﬂti'from the group consisting of: HDP-CVD

oxide, TEOS oxidn, TEOS-Oa, SACVD TEOS-Oz, and BPSG.

14. The method ~--ording to Claim 11 wherein said
polysilicon laye:" is deposited by low pressure chemical
vapof depositior 0 a thickness of between about 2000

and 4000 Angstro-:

15. The method ac ~ording to Claim 11 wherzin said step

of polishing awa: said polysilicon layer domprises

chemical mechani~~1 polishing (CMP).

-16. The method ac-~narding to Claim 11 wherein said step
of oxidizing saif nolysilicon layer is a wet or dry

oxidation.
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oxi di zing the surface of a sem conductor substrate 5 to forma pad oxie
| aver; depositing a silicon nitride |ayer overlying. said pad oxide |ayer;
etching a plurality of isolation trenches through said silicon nitr:-_%?e

| ayer gng ngg pad oxide layer into 10 said sem conductor substrate to
separ% 2% e areas of said sem conductor n-.bstrate wherein at |east one
narrow trench of than 5 microns is fofgmed and at |east one wide tr.:. of
greater than 5 microns is I111JIT11i1llChl112111111111 M S CS-00-157 16

forned; 15;depphibt h@ensa 204 AR AGYES EVRInSEL dysbtigonenidride layer and
Wi thin said isolation trenches wherein said oxide |layer fills said

i sol ati on peenehesgandweVvetsp esomppi desi thenncal tredeaknyel on said active
areas; depositing a polysilicon |ayer overlying said oxide 20 layer within
sai d i sol apodnshiegcli€¥Pand said oxide |aver overlying s;id silicon
nitride |layer; polishing awy said polysilicon laver until said. oxide
| ayer overlying' said silicon nitride |ayer is '
- 18. The method according to Claim 11 wherein said

polishing down step comprises wet oxr dry etching.

16. The method according to Claim 11 further comprising
fabricating semiconductor device structures in and on
said semiconductox subétr;te betwe2n said isslation

trenches.

20. A méthod of fcrming’shallcw trench isolation ragions.
in the manifacture of aﬁ intégraﬁed circuit device_
comprising: |
oxidizing the surface of a éemiconductor substrate
5 to form a pad oxic~ layerf |
depositing & silicon nitride layer overlying said
pad oxide layer; |
etching a plurality of isolation trerrches through
said silicon nitride layer and said pad oxide laﬁer into
1.0 said semiconducto~ substrate to separate active areas of
said semiconductor svbstrate wherein at least one
narrow trench of " ‘3= than 5 microns is formed and at

least one wide tr.. ' of greater than 5 microns is

—_—
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exposed and said polysilicon layer remains only 25 overlying said ox-.de

| ayer in said isolation trenches; thereafter oxidizing said polysilicon

| ayer whereby oxidized said polysilicon |ayer has a height close to the
hei ghtsebosabl?- oxi de | ayer overlying said silicon nitride layer; ant" 30
pol i shing doin said oxidized polysilicon | ayer, said oxide |ayer overlying
said Silicon nitride layer, and sm(ﬁémide | ayer in said isol-.=ion
trenches until said silicon nitride layer is reached thereby planarizi.ng
sai d i sol afedfefrenchs! ~: wi t hout dishing over 35 said at |east one wide

trench to conpl ete pl.anarized id_shal low treng |.ation re ons n
said Ymanuf a(r:r}t)urd@p@%lé:& ::1231 m"é‘d%é’rt SGYEF re\f,fVFF dév EJS'I"CPI"H ”1‘L I I ! |

Y RS St o B, 5

ayer s serecte e grouﬁhcgh & ng of :

Eeth(%/Dacg)(;r | ng %?edoﬁl%qfo-%]q?f g'l:go}'s%}%% polys &% cg‘i}%{ %P‘%Cé M

ayer S dep05|ted

%Olocw Pressif® SHEMlGRIni t42RA HRRASIdH Uil AdiiLkdiess of between about
.depositing 2 polysilicon layer overlying-;aid q;ide
20 layer within said isolatibn trencheé‘and saidhéxide.
layer overlying sﬁid silicon nitride layer;
| _poliShing aﬁﬁy séid polYéilicon laver until said
oxide layerfoveriv;ng said silicon nitride layer is
exposed ahd-said ?olysilicbn-layer remains only
25 overlying said oxide-layer in saidVisoiation 4-*'enches,
" thereafter oxidizing said poiysilicon.layer whereby
oxidized said polysilicon layer has a height close to .
. the height of sai” oxide iayerlGQerlying said silicon
nitride layer; an<
30 polishing dovn said oxidized polysilicon layer,
said oxide layer overlying said silicon nitride layer,
and said oxide larer in said isolation trenches until
said silicon nitride layer is reached thereby
planarizing said isolation trenchz2s without dishing over
35 said at leést one wide trench to complete planarized'
said shallow trenclh isolation regicns in said

manufacture of sa’d integrated circuit device.
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and 4000 Angstrom . 23. The nethod according to Claim20 wherein said step
of polishing away said polysilicon |Iayer conprises. chem cal nechani cal
polishing. (CW). 24. The nethod according to Claim 20 wher-:.,in said step
of ox¢gigpnpseaid polysilicon layer is a wet or dry oxidation. 25. The
met hod according to Caim20 further conprising fF.bricating sem conductor

device structures in-and on sr'id sericonductor substrata between
sai di solation trenches. CL _

21. The method according tb Claim 20 wherein said oxide
_ . :
‘layer is selected from the group consisting of: HDP-CVD

oxide, TEOS oxide, TEOS-Os, SACVD TEQS-O=, and BPSG.

22. The method acrording to Claim 20 wherein said
polysilicon layer is deposited by lcw pressure chemical

vépor deposition to a thickness of batween ébout 2000

and 4000 Angstroms.’

23. The method according'tb Claim 2C¢ wherein s§id step
of polishing away said polysilicon layef com?rises.

chemical mechanical pdliéhing.(CMP).

24. The method according.fo Claim 20 whergin'séid step
of oxidizing said polysilicon layer is a wet or dry

oxidation.

25. The method according to Claim 20 further comprising
frbricating semiconductor device structures in and oh

snid semiconductor substratne between said “isolation

trenches.
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