; EFe3e96\." ~66T). HDP SRO LI NER FOR BEYOND 0. 18 um STl GAP- FI LL BACKGROUND
THE | NVENTI ON Field of the Invention *t59159* The invention rel ates
to a method of fammmﬁ@WMMﬂWMMWiconductor structures, and nore particularly,
to a method of fo trench isolation structures w thout |eakage
in the manuf acture of*Ghomkegrated circuit devices. (2) Description of the
Prior Art Shallow trench isolation (STlI) is now commonly used in the art as
an alternative to |l ocal oxidation of silicon (LOCOS) for form ng isolations
bet ween acti vgpde¥yRoerLaNERSFOR BEMONDteAratfd sairr eript p18I of fers the
advant ages of snaller isolation area and better surface planarization when
conpared to LOCOS. Hi gh density plasma chem cal vapor deposition (HDP-CVD)

forms by the reaction Brsecn (i an GO AL g Léaﬂi‘j&ﬂf\\@wmwaﬁl
to 1013 ions/cnB) with simnultaneous Ar or He bonbardnent rng,

the o ng hathi ger F% concentration than thermal oxide. Al gso9%tie quality

of H Xi de, é?% CP5| 9et %y%ﬁEﬂ?Qy of an in-situ undoped silicate gl ass

(USG liner is not sorgeofnhesntiei woflddes tdeermalettoddesi n ternms of wet

etch rate. So, after HDP 8a€-fillin , high tenperature N2 ?r 22 anneal i ng
FEREvero gé

. hi
f ol | ok@PLFaGeAEr §FM1 Tt R '%ﬁ?%ﬁnﬁ%ﬁéFﬁﬁépéﬁﬁéSP érates sone

physi ¢a sdekeebs 8t EBembRYt oM TRSWe Serfh tik1teReh sthesklitkBg i n | eakage
probl ens. On the other hand, since the wet etch rate of as 1 the further

di | ut @ifs)enst leskpeeaéndtpHRINef 2ty Pr dedesratesdusdreiiie recessi ng at

t he t%%ng%ger of the trench, resulting in a physical divot, which may
cause leakage problens in the junctions. It is desired to both inprove the
quality of the liner layer and to minim ze the physical divot at the top
corneQ f the_trench, .Sev I ior art approaches disclose nethods to form

Severa r
shalIoﬁstrencReﬁ§5F8F?8ﬂs9ELE%£ ¥t %S5, 968, 610 to Liu et al and
6, 203,863 to Liu et akhshowwatps€iesSSsdlImmdrch srisi Hiscadwri ch oxi de | ayer
is deposited as a first step in an HDP-CVD gap-filling_process. However,
this iC€™oReYalSGhr tRgthap2FF | 3S RBHRSETIEGNS i59y LRFeh PEHERTE8per at ur es

than ap SThigan f(LbboBY 0868 SFokhihg PASENt BB eh0 adangeet al shows a
thermal oxide liner layer, then a deposited TECS | ayer for gap-filling. 2

SUMVAR¥VEFETRESRRVENTFOR Anpegret ¢l Cionjwdt: ofStlhefgeaseshei nvention is to

provi %%v%?ﬁt%%.(eé%kygmégge}‘eiX?@E‘Péﬁ"cé 20 'E%tt@%‘i ol frahei cating shal | ow

trench isolations in the manufacfure of integrated circuits. A further

obj ectplehatrheaprieserhennvempanadi tso tIOGDDVI degh mensodyt plbabri cat e shal | ow

trench lotelah! oapoRaLpgaR: DhS" (ML) WAPIE b2 BLRYRRh.DOt oM
process for STI trench gap-fill. Since HDP oxide forms by
the reaction between SiH4 and 02 under high density plasma
(1011 to 1013 ions/cm3) with simultaneous Ar or He
bombardment for sputtering, the oxide has higher H2
concentration than thermal oxide. Also the quality of HDP
oxide, especially the quality of an in-situ undoped silicate
glass (USG) liner is not so good as that of the thermal oxide
in terms of wet etch rate. So, after HDP gap-filling, high
temperature N2 or 02 annealing follows, in general. However,
this high temperature anneal generates some physical defects

at the bottom corners of the trench, resulting in leakage

problems. On the other hand, since the wet etch rate of as-



Anot her’ obj ect of the present invention is to provide a nethod to fabricate
shal l.ow trench isol ations while mnimzing the physical divot at the top
corner of the trenches. Yet another object of the invention is to provide a
met hod to fabricate shallow trench isolations having an in-situ
silicon-rich oxide liner layer. In accordance with the objects of this

i nvention, a new nethod of form ng shallow trench isolations is achieved.
An isolation trench is etched into a substrate. A silicon-rich oxide Iiner

| ayer the depobetedibues | yydupfhesithsaiat ¢ Daird wilehnainghprosekagson trench
using a_ hi gh _densit | asma.chem cal vapor deposition process (HDP-CVD).
Then <BHSEs Pricar apere PR R Rttt ‘P 199BTETD 0y BPFy EAGRFRE =i 11 bon- 1 ob

oxi derkisgtihgyen anghfslédnoaths: t nefich hayceapket echrbgecation of a

shal l ow trench isolation region in the manufacture of the integrated

ci r cuPFOReFMEe1nTRBE sTPREHHRRF ch Txilfe d55i&ed &pePOtd SFPEPYR BRIty and
has aqllbgicyebeelb {ahe: Lhareby. e tidtaig,dicvebs LAYERdaduaipg: S

cl eani'ng steps. BRI EF DESCRI'PTI ON OF THE DRAW NGS | n the acconpanyi ng

dr awi agsther pPpgcarner epf athparrersth t hi s description, there is shown: Figs.
1 through 4 schematically illustrate in cross-sectional representation a
preferred enbodi nent of the present invention. Fig. 5 schematically
illustrates in crosssgetévahl prepr esantaaiproachesodpkeledei meegodsed circuit

device fabricated. by the proce of the present i nyventi CRI PTI ON OF
THE PREFERREDS ERBEN MERTR eSS RE | i GACEPEG: e 6B REBRCGuAl ity
l'iner Liayee amndaalise, foR| §&Feso tihiey Pty Hicaholi wobratekBeihopheernner of
shal low trench isolation trenches by formng an insitu silicon-rich oxide

| i ner & &}érCOReF&FRi PHLARDW Fte ardsrafidady agoarifgrst, sERBr & 3%shown a
Cross H@@Pb\l@n?_gf)—ﬁi PRShd abtYc &Pl ai Rl ydi e@haled sChr pih1dgyLegg0f the
present invenfion. A sem'conductor substrate 10, typically consi3sting of
nonocepptailinpreteseonrequl pinwinieah lowsrutampeyastiregokagnoant renches are
to begetc 4 i C ct rate.. JfFor e I pad silicon
dioxigg&lgégrk?igiéggﬁégggl9595?Jﬁﬁu%ﬁgiipﬁgggags%Pa?gggugFagé to a

t hi cks@swsoh bhetweseh akbdd Bihemndlahz2d Angsinr anelepAsfitedt TBOsh stop | ayer 14
is deqosite? overlygng t he sem conductor substrate 10. The first etch stop
| ayer “PX®EcF8Ta92B 5t0p29 for the subsequent etching of the gap fil

| ayer. The first etch stop layer 14 is preferably conposed of silicon
nitride and i s deposited by | ow pressure chem cal vapor deposition (LPCVD).
The first etch stop layer 14 is deposited to a thickness of between about
1500 and 2500 Angstrons. The first etch stop |layer 14 and the sem conduct or
substrate 10 are etched to formtrenches such as 15 for planned shal |l ow
trench isolations. The trenches are etched using a conventional etching

process such as reactive ion etching (RIE). A thermal |iner oxide |ayer 18
is grown within the trench 15 to a thickness of between about 100 and 200
Angstrons. Referring nowto Fig. 2, before the gap-fill process, an in-situ

silicon-rich oxide (SRO layer 20 is formed. The substrate is heated for
about 25 to 60 seconds to a tenperature of between about 300 and 450 oC.
SiH4 and 02 are flowed in a ratio of 02:Si H4 of between about 1.3:1 to
1.7:1 at a tenperature of between about 400 and 650 oC. The hi gher
tenperature results in a denser SRO fil mhaving a | ower wet etch rate.



The reflective index of the SRO layer is controlled to be in the range of
between about 1.50 to 1.70. It is very inportant that the reflective index
(RI') 'be within the specified range. A Rl lower than 1.50 would result in a
high wet etch rate of the SRO. A too high R of nore than about 1.70 may
cause | eakage. The higher the R, the nore silicon-rich the filmand the
nore dense the film Gas flow rates nust be adjusted to achieve the desired
R. 5 Bi as power can be set to be between 0 and 800 watts for SRO
deposition. This nmeanSUMMWaRY SCETEIHER UINVENTION s al | owed during SRO
deposition. The resulting SRO liner |ayer 20 has a thickness of between
about 50 and 500 Angstrons. Referring nowto Fig. 3, the bulk gap-filling
deposi tion 30 of highadenshéypgl assreddHI?) o gecsendepaskehedonverl ying the
HDP SRO liner layer 20 and filling the trench. Now, the HDPCVD oxi de | ayer
30 i s1fl ARaPF2¥4dcudh 5L eyt B Ml Verat MRRivEactpsPPIRi R§ERBIcBRDI ete the
shal | eyt eREMngSEhAT 167 t ASnSAOMbLIdL ifdrd: i%h tHRl RahQFREELES babrication of
the shallow trench isolation region. Now, the substrate is typically

cl eanédtgsiragedHFiraupk@paration for form ng seni conductor device
structures on the substrate. For exanple, gate el ectrodes 40 and source and
drain regions 42 may be fornmed in and on the sem condcut or substrate

adj acent to the STl rikgfiontis 20435t asf shewpriesebitginenfipasssvati on

| ayer 44 _conpl.etes the integrated circyit .device. The F_wet etch ratio of
ho* 5RO PFRGRIF g P bFo nES Ph ARG ahT AP Dot eaeh CRBLARIODR: do | s

bet weeavahgut hidhlgaatidy Obider Thiyfer ald @rievesitgbotieant bykhguer than the
etch rate ratio of a typical HDP USG |liner |ayer as conpared to thermal

oxi de which is about 2.5:1. The wet etch rate ratio of the SRO |liner |ayer
of the present inventiQf:@sr cospedd QN RLnexiidgehs i8MENs! Oner than
that of the HDP bulk film 30 as conpared t0 thermal oxide which is about

1. 4: 1toTRIrsvadand mabkod heo i frkiiqptSREHAldew tapachofi sphatpprsent i nvention
can mhaiLRLze i he. i i.yot t-hat. jmy ap r p.go rs of the
o el e BibIRL PTG CAL ShEl TR VIR RORGRT (8D EOEREEPSEHE o esent

i nventirenchas.been i npl enented and it has been found that using the SRO
liner |ayer of the present invention in the STl process does not lead to
gate | eakage. Wiile the invention has been particularly shown and descri bed

with reference to thevygtedestiosh esRitRH shiehenheehribh Wsl tobe under st ood
by those skilled in the art that variqus changes in formand details may be

made WEPNOHE BePaFEPAGEP rb7h% HeatdiThal lavd teedsd deolRELPRSent i on. 7

having an in-situ silicon-rich oxide liner layer.

In accordance with the objects of this
invention, a new method of forming shallow trench isolations
is achieved. An isolation trench is etched into a substrate.
A silicon-rich oxide liner layer is deposited overlying the
substrate and within the isolation trench using a high
density plasma chemical vapor deposition process (HDP-CVD).
Then, an oxide layer is deposited by HDP-CVD overlying the
silicon-rich oxide liner layer and filling the trench to
complete fabrication of a shallow trench isolation region in
the manufacture of the integrated circuit device. The
silicon-rich oxide liner layer is of high quality and has a

high wet etch rate thereby minimizing divots formed during



What is claimed is: 1. A nethod of formng a shallow trench isolation
region in the manufacture of an integrated circuit device conprising:
etching an isolation trench into a substrate; 5 depositing a silicon-rich
oxide liner layer overlying said substrate and within said isolation trench
using a high density plasma chem cal vapor deposition process (HDP-CVD);
and depositing an oxide |ayer overlying said siliconlO rich oxide |iner

| ayer and filling said trench using said HDP-CVD process to conpl ete

f abri caebonngf ssepd. shal |l ow trench isolation region in said manufacture of
said integrated circuit device. 2. The nethod according to Claim1 before
said step of etching said isolation trench further conprising: growing a

pad oxide |ayer on saprIsmbstsciEITePQS tinkg pRAwWENEE stop | ayer overlying
said pad oxide layer; and patterning said etch stop |layer and said pad
oxide layer to forma mask for said step of etching said isolation trench

3. The met hod accordi pg Eﬁé(gégdmﬁgﬁyyhgh%&agqgggl§bgglg§ogﬁng a thernal
oxide liner |layer within said isolation trench™before said step of

deposimeiagiaai Bast| PEobRs cde s ide idmerthexperd swishhiwn:sai d i sol ati on
trench. 8 4. The nethod according to Caim21 wherein said step of
depositing said silicon-rich oxide | ayer conprises flowng 02 and Si H4
gases in a ratio of ORigs HAl ofhidmigiean saihemtaticadllyandlisZritatia

Engﬁ:%té%eﬁgFng%? e£?§$%%§pég¥aégnj(§¥%fg%re emgodgﬁgggd 90 ordlng to

present invention.

Fig. 5 schematically illustrates in cross-
sectional representation a completed integrated circuit

device fabricated by the process of the present invention.

DESCRIPTICN OF THE PREFERRED EMBODIMENTS

The present invention provides a high quality
liner layer and also minimizes the physical divot at the top
corner of shallow trench isolation trenches by forming an in-
situ silicon-rich oxide liner layer. Referring now more
particularly to Fig. 1, there is shown a cross sgection of a
partially completed integrated circuit device of the present
invention. A semiconductor substrate 10, typically
consisting of monocrystalline silicon, is provided. A
plurality of isolation trenches are to be etched into the
semiconductor substrate. For example, a pad silicon dioxide
layer 12 is thermally grown over the substrate surface to a
thickness of between about 80 and 120 Angstroms. A first
etch stop layer 14 is deposited overlying the semiconductor

substrate 10. The first etch stop layer 14 acts as a stop



rich oxide |layer has a reflective index of between about 1.50 to 1.70. 6.
The nmet hod according to Caim3 wherein said siliconrich oxide |ayer has a
wet etch ratio with respect to said thernmal oxide liner |ayer of between
about 1.05:1 and 1.10:1. 7. The nethod according to Claim1 further
conprising planarizing said shallow trench isolation region. 8 The nethod
according to Claim1l further conprising fabricating sem conductor device
structures in and on said substrate adjacent to said shallow trench
isolation region. 9. A nethod of form ng shallow trench isolation regions

in the manufacture of an jntegrat circuit..devi.ce conprising: growing a
pad ogfﬁétﬁﬁygpgﬁﬁqPﬁgesﬁ#Egiggd?ggjgeéﬁ%%ﬁ?gﬁe}aagﬁbsi&%ﬁg@gﬁsgtch stop
| ayer e@v@r kybpglaged padioxpoerdsarsty bmpaeehiofy sdnicsal atiender ench

t hrough said etch stqp | ayer and sai d pad oxide | ayer intg said substrate;
10 deﬁ@éiﬂ?n&eB°§FF?éoﬁyri%%'E&?%ﬁPW?ré%em%ﬁﬁ%'WEPQFlQﬁﬁﬁséﬁFanubstrate and

W thi nipawe)i solraki eNrkf e8ebn Ust &y Ba i dansidepRligeamrehgm cal vapor
deposi ti on process (HDP-CVE% ; and depositing an oxide | ayer overlying said
si | i c6hiskneer oxi Betveaerabayerlz®d and 12549 daigsteoasch using said HDP- CVD
pProcesg et ¢4 %pkﬁéﬁ E@Bg'f &P f%ﬁ oh S Al Q14 2Re iSelkathea region in
sai d manufacture of sard integrated circuit device.

10 are etched to form trenches such as 15 for planned shallow

trench isolations. The trenches are etched using a

conventional etching process such as reactive ion etching

(RIE). A thermal liner oxide layer 18 is grown within the

trench 15 to a thickness of between about 100 and 200

Angstroms.

Referring now to Fig. 2, before the gap-£fill
process, an in-situ silicon-rich oxide (SRO) layer 20 is
formed. The substrate is heated for about 25 to 60 seconds
to a temperature of between about 300 and 450 oC. SiH4 and
02 are flowed in a ratio of 02:SiH4 of between about 1.3:1 to
1.7:1 at a temperature of between about 400 and 650 oC. The
higher temperature results in a denser SRO film having a

lower wet etch rate.

The reflective index of the SRO layer is
controlled to be in the range of between about 1.50 to 1.70.
It is very important that the reflective index (RI) be within
the specified range. A RI lower than 1.50 would result in a
high wet etch rate of the SRO. A too high RI of more than
about 1.70 may cause leakage. The higher the RI, the more
silicon-rich the film and the more dense the film. Gas flow

rates must be adjusted to achieve the desired RI.



10. The nethod according to Caim9 further conprising growi ng a thernal
oxide liner layer within said isolation trench before said step of
depositing said silicon-rich oxide liner layer within said isolation
trench. 11. The nmethod according to Claim9 wherein said step of depositing
said silicon-rich oxide |layer conprises flowing 02 and SiH4 gases in a
ratio of 02:Si H4 of between about 1.3:1 and 1.7:1 at a tenperature of

bet ween about 400 and 650 oC. 12. The nethod according to Caim9 wherein
said silicon-rich oxiBiEas gyerethasara beefdegctiovieei bdexcoh beétméedo@bout 1. 50
to 1.70, 13. The npethod according to Clain1£g wherein sajd silicon-rich

oxi de"PhYEr ERhsSRO vdEPRF L Gkt | i NSRESp&CA Tt ORI BPERETHERI 0%F de 1 ner

| ayer a0f oRelVeeridd sr@@bodi 0%l anthel rE@uicihd. skbe1mpéhodapseording to
Claim9 further conprising fabricating sem conductor device structures in
and oROsBR8 3ubBteaReSadphaderiivass shRtsREl Pod PPENBRIFEEPEE: on regi on. 15.
A nethod of formng shallow trench isolation regions in the manufacture of
an integrated circuit device conprising: growi ng a pad oxide |ayer on the
surface of a 5 substrieferdiompsiaw ng &liget 8h shepbhayegapvéilying said pad

OXIdedgggggﬁion 30 of high density plasma (HDP) oxide is deposited

overlying the HDP SRO liner layer 20 and filling the trench.

Now, the HDPCVD oxide layer 30 is planarized
such as by chemical mechanical polishing to complete the
shallow trench isolation, as shown in Fig. 4. This completes
fabrication of the shallow trench isoclation region. Now, the
substrate is typically cleaned using DHF in preparation for
forming semiconductor device structures on the substrate.

For example, gate electrodes 40 and source and drain regions
42 may be formed in and on the semicondcutor substrate
adjacent to the STI region 18/20/30, as shown in Fig. 5. A

passivation layer 44 completes the integrated circuit device.

The DHF wet etch ratio of the SRO liner layer
of the invention as compared to thermal oxide is between
about 1.1:1 and 1.05:1. This ratio is significantly lower
than the etch rate ratio of a typical HDP USG liner layer as
compared to thermal oxide which is about 2.5:1. The wet etch
rate ratio of the SRO liner layer of the present invention as
compared to thermal oxide is even lower than that of the HDP
bulk film 30 as compared to thermal oxide which is about
1.4:1. This meansg that the in-situ SRO liner layer of the
present invention can minimize the physical divot that may
appear at the top corners of the STI region during DHF

cleaning processes.



etching an isolation trench through said etch stop | ayer and said pad oxide
| ayer into said substrate; 10 growing a thermal oxide liner |ayer within
said isolation trench; depositing a silicon-rich oxide liner |ayer
overlying said substrate and within said isolation trench overlying said
thermal oxide layer using a high 15 density plasma chem cal vapor
deposition process (HDPCVD ) ; and depositing an oxide |ayer overlying said
siliconrich oxide liner layer and filling said trench using said HDP-CVD
process to conplete fabrication of said 20 shallow trench isolation region
in said manufacture of, said integrated circuit device. 16, The nethod
according to O aim 15 ARPEPTF RGN St B3 SH&bodTYERG L8R B28i PPERN- 11 ch

oxi de ipyemefoBnr h68sif | waé NGedl? RthdSidhtdaseng Bha Babl 0ipkr02: Si H4 of

bet ween about 1.3:1 and 1.7:1 at, a tenperature of 11 bet ween about 400
and 636YSE Rft hRBi BECPPNer IR 1P g0 Whdt 5T PFOCPRE HEERoBCACcording to

G ai miggwher ghPesalgkshei con-rich oxide layer has a reflective index of
bet ween about "1.50 to 1770.

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
made without departing from the spirit and scope of the

invention.



18. The net hod according to Caim 15 wherein said silicon-rich oxide |ayer
has a wet etch ratio with respect to said thermal oxide liner |ayer of

bet ween about 1.05:1 and 1.10:1. 19. The nethod according to Caim 15
further conprising planarizing said shallow trench isolation region. 20.
The met hod according to Caim15 further conprising fabricating

sem conduct or device structures in and on said substrate adjacent to said
shal l ow trench isolation region. 12
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109%8S& ()- o+ . =!'110%& I 109& 910%& () 10m 10m 10
VLOome: () - FREBVRIREESES S0 B Smtsa i 10 LrG IR L F I TOSRERR () -y
10%&' () - high density plasma chemical vapor deposition process
(HDP-CVD) ; and
depositing an oxide layer overlying said silicon-
10 rich oxide liner layer and filling said trench using
said HDP-CVD process to complete fabrication of said
shallow trench isolation region in said manufacture of

said integrated circuit device.

2. The method according to Claim 1 before said step of
etching said isolation trench further comprising:
growing a pad oxide layer on said substrate;
depositing an etch stop layer overlying said pad
oxide layer; and
patterning said etch stop layer and said pad oxide
layer to form a mask for said step of etching said

isolation trench.

3. The method according to Claim 1 further comprising
growing a thermal oxide liner layer within said

isolation trench before said step of depositing said
silicon-rich oxide liner layer within said isolation

trench.



10 10 10, ; s10% ()- PRSTUe{\=! S109%G& ()-10%G& ()- 10G 10G 10G ;
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4. The method according to Claim 1 wherein said step of
depositing said silicon-rich oxide layer comprises
flowing 02 and SiH4 gases in a ratio of 02:SiH4 of
between about 1.3:1 and 1.7:1 at a temperature of

between about 400 and 650 oC.

5. The method according to Claim 1 wherein said silicon-
rich oxide layer has a reflective index of between about

1.50 to 1.70.

6. The method according to Claim 3 wherein said silicon-
rich oxide layer has a wet etch ratio with respect to
said thermal oxide liner layer of between about 1.05:1

and 1.10:1.

7. The method according to Claim 1 further comprising

planarizing said shallow trench isolation region.

8. The method according to Claim 1 further comprising
fabricating semiconductor device structures in and on
said substrate adjacent to said shallow trench isolation

region.

9. A method of forming shallow trench isolation regions
in the manufacture of an integrated circuit device
comprising:
growing a pad oxide layer on the surface of a
5 substrate;
depositing an etch stop layer overlying said pad

oxide layer;



10968 () -f!!110%6&& ()-f 10Z 10Z 10Z, ;

S109%Z& ()-!& 1 109%ZZ&' () - d$o$qPr $s$t $$$% @ 10G ! fs! 109%&' ()-10% h&' ()- ,F 10%
h& ()- 10G 10G 10G ; s10%& () - FT109%& ()-% %W&' ' ' zX9b@ 10 910% &' () -

I C&$- 109& ()-"10% h& ()-!yfs!10%

& ()-IMs!H109%& ()-!yfs!109% ()-'(((()))))aVK@ 10G 10 h 10 h 10 h,; 10%

h& ()- @10% h& ()-2-10% h& ()-s-&10% h& ()-!(910% h h& ()-

)) +*d*r *#+Y+dEVK@ 10G 10! 10% h&' () - P10% h& () - NF10% h& ()-10% h& () -+10%

h& ()-10% & () - ¥t¢ehing, andC@tion trench through said etch stop

layer and said pad oxide layer into said substrate;

10 depositing a silicon-rich oxide liner layer overlying
said substrate and within said isolation trench using a
high density plasma chemical vapor deposition process
(HDP-CVD) ; and

depositing an oxide layer overlying said silicon-

15 rich oxide liner layer and filling said trench using
said HDP-CVD process to complete fabrication of said
shallow trench isolation region in said manufacture of

said integrated circuit device.

10. The method according to Claim 9 further comprising
growing a thermal oxide liner layer within said
isolation trench before gaid step of depositing said
silicon-rich oxide liner layer within said isolation

trench.

11. The method according to Claim 9 wherein said step of
depositing said silicon-rich oxide layer comprises
flowing 02 and SiH4 gases in a ratio of 02:8SiH4 of
between about 1.3:1 and 1.7:1 at a temperature of

between about 400 and 650 oC.

12. The method according to Claim 9 wherein said
silicon-rich oxide layer has a reflective index of

between about 1.50 to 1.70.

13. The method according to Claim 10 wherein said
silicon-rich oxide layer has a wet etch ratio with

respect to said thermal oxide liner layer of between

10
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14. The method according to Claim 9 further comprising

fabricating semiconductor device structures in and on

said substrate adjacent to said shallow trench isolation

region.

15. A method of forming shallow trench isolation regions

in the manufacture of an integrated circuit device

comprising:

growing a pad oxide layer on the surface of a

5 substrate;

depositing an etch stop layer overlying said pad

oxide layer;

etching an isolation trench through said etch stop

layer and said pad oxide layer into said substrate;

10 growing a thermal oxide liner layer within said

isolation trench;

depositing a silicon-rich oxide liner layer

overlying said substrate and within said isolation

trench overlying said thermal oxide layer using a high

15 density plasma chemical vapor deposition process (HDP-

CvD); and

depositing an oxide layer overlying said silicon-

rich oxide liner layer and filling said trench using

said HDP-CVD procesgss to complete fabrication of said

20 shallow trench isolation region in said manufacture of

said integrated circuit device.

16. The method according to Claim 15 wherein said step

of depositing said silicon-rich oxide layer comprises

flowing 02 and SiH4 gases in a ratio of 02:SiH4 of

between about 1.3:1 and 1.7:1 at a temperature of

11

10

10

Y



"10% h& ()-! Cl0%h& ()-S10% h& ()-! MLOYhh&' ()-zMLO% K& () -2z" 5956\ 666. 7z[ <7/
10 @10% h& ()-510% h& ()-z310% h& ()-!9L*f 10%h& ()- !'L*f 10%h& ()-
IH&S$yY 10%h& ()-f.717273747mit 777bC 10

f$10%m8 ()-10%& ()-10%& ()-,10%r& ()- 10 h 10 h 10 h,;10%

h& ()-7788999dEbC 10 @

10%&' ()-10%& ()-110%r& ()-&10%r& ()-10%r& ()-9gl0%m& ()- Normal" "Headi ng
13]c" "Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Headi ng
63] c" " HeattehyedB] abolitieddd ngn@33 0 dHeddind i poetrDeffaal toPaoagr aph

Font TL: s! & *' [ 346: <>@DFHILNP ] +69) * +, - 0K6

d$% ) Y+, - 9&’a§§S5. 779./0123456789: ;: <=>?@A\B6Ti nes New RomanAri al Couri er New'h
Root Ent r yWor dDocunent I"#$UR' () *+, -./0123456789: ; <=>?@\BCD

17. The method according to Claim 15 wherein said
silicon-rich oxide layer has a reflective index of

between about 1.50 to 1.70.

18. The method according to Claim 15 wherein said
silicon-rich oxide layer has a wet etch ratio with
respect to said thermal oxide liner layer of between

about 1.05:1 and 1.10:1.

19. The method according to Claim 15 further comprising

planarizing said shallow trench isolation region.

20. The method according to Claim 15 further comprising
fabricating semiconductor device structures in and on
said substrate adjacent to said shallow trench isolation

region.
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