‘NETHODS FOR SHALLOW TRENCH | SOLATI ON BACKGROUNIRGM P
| NVENTI ON (1) FIELD OF THE I NVENTION . 7 : The-present
invention relates to the fabrication of integrated circuit devices,QZ&ﬁ
nmore particularly, to a method of forming high quality oxide shallow
trench isolation in the fabrication of integrated circuits. - (2)
DESCRI PTI ON OF THE PRI OR ART Shal | ow trench isolation (STI)
is gaining substantial interest inilnfegrated circuit manufacturing. Most
STl uses ozone- TECS (tetraethoxEFilane) for gaE-fillin , then resist

et chback and cheni cal WEEHSRScEPRp §HALEOWy T ISQLAJTMr i zati on.

The conventi onal approach using ozone-TECS for gap-filling has the problem
of not conpletely filling the trenches. Keyholes or weak seans formin the
center of the trenches. Th ' uality is also relatively poor conpared
with thermally grown oxideBgcgéggﬁgﬂ ﬁFbgﬁgwgﬁyﬁﬁmgcﬁkide di shing during
CWP which will expose narrow i solated active regions.

(1) FIELD OF THE INVENTION

. The present invention relates to the
fabrication of integrated circuit devices, and more
particularly, to a method of forming high quality oxide
shallow trench isolation in the fabrication of integrated

circuits.

(2) DESCRIPTION OF THE PRIOR ART

Shallow ﬁrench isolation (STI) is gaining
substantial iaterest in integrated circuit hanufacturing.
Most STI uses ozone-TEOS (tetraethoxysilane) for gap-filling,
then resist etchback and chemical mechanical polishing (CMP)

for planarization.

The conventional approach using ozone-TEOS for
gap-filling has the problem of not completely filling the
trenches. Keyholes or weak seams form in the center of the
trenches. The oxide quality is also relatively poor compared

- with thermally grown oxide. Another problem is the oxide |
dishing during CMP which will expdée'narrow isolated active

regions.



é -

.- Spi n-on- gl ass has al so been used for trench fill as
I n

US Patent 5,312,512 to Allman et al. However, spin-on-glass cannot be .

used for shallowtrench isolation. Theée spin-on-glass cannot be |eft inside
the trench for isolation because of its properties; i.e., its high-

noi sture absorption and intolerance for the high tenperature annealing
processing required for fabrication of transistors. Some
wor kers have begun to use high density- plasma (HDP) oxide for gap filling.
HDP oxide is a nore stable filmthan ozone-TEGCS and can fill a narrow

trench without any wealsgEgpich-diadatey fsPbddd usedafor ugeentP oxi de
to fill gaps, followed by depositing a TECS or doped oxide which is then

pl anari z€d1By aSVEn USowatmnt t8hi3nBIhtto izl ¥nan tde aht erHowéaexrgi el ectric
appl i cation. SUMVARY OF THE | NVENTI ON
Accor di ngbjn-oeglaissarcanmsitedie afsedhefort mhatlon tsenchpiselatianprocess
for formng planarized shallow trench isolation in the fabrication of
i nt egr at ¥he Spitvionsglass cannot be lef{) ingideerthdtcench for invention
is to provide a process for formng high quality oxi de shall ow
isolation because of its properties; i.e., its high moisture
absorption and intolerance for the high temperature annealing

processing required for fabrication of transistors.

Some workers have begun to use high density
plasma (HDP) oxide for gap filling. HDP oxide is a more
stable film than ozone-TEOS and can fill a narrow trench’
without any weak spots. US Patent 5,494,854 to Jain uses HDP
oxide to fill gaps, followed by depositing a TEOS or doped

- oxide which is then planarized by CMP. However, this patent

is for the inter-metal dielectric application.

SUMMARY OF THE INVENTION

Accordingly, the primary object of the
invention is to provide a process for forming planarized
shallow trench isolation in the fabrication of integrated

circuits.

A further object of ‘the invention is to

provide a process for forming high quality oxide shallow



" - 3 - trench isolation. Yet anot her object is to reduce
dishing in wde trenches in formng shallow trench isolation

Yet another object is to prevent the exposure of narrow isolated active
regions in formng shallow trench isolation. I n
accordance with the objects of the invention, a nethod for formng

pl anari zed high quality oxide shallow trench isolation is achieved. A pad
oxi de layer is provided over the swface of a sem conductor substrate. A
nitride |layer is deposited overlying the pad oxide layer. A plurality of
_i sol at i ofreneicHeolatiqmrched through the nitride and pad oxide layers into
t he sem conductor substrate wherein there is at |east one first wde
nitride region between two of the isolation trenches and at Ieast one
second narrow nitride region b tmee another two of the_isolatioq

trenches. A high densit¥€pl ?%Em&s|§°d€%@§??eﬁlﬁpéPgtH§ nitride
| ayer and in the isolation tre erein the h density plasma
oxi de | a?’é‘\rgef rﬁqesncc iy TRTRARY r%?%%%e’r%‘?%a 'énhl gh density

pl asma oxi de deposits nore thickly in the first region over the w de
nitride |ayer and

Yet another object is to prevent the exposure
of narrow isolated active regions in forming shallow trench

isolation.

In accordance with the objecfs of the
invention, é method for forming planarized high quality oxide
shallow trench isolation is achieved. A pad oxide layer
is provided over the sufface of a semicondﬁctor substrate. A~
nitride layer is déposited overlying the pad oxide layer. A
plurality of isolation trenches is etched through the nitride
and pad oxide layers into the semiconductor substrate wherein
there is at least one first wide nitride region between two
of the isolation trenches and at least one second narrow
nitride region between another two of the isolation trenches.
A high density plasma oxide layer is deposited over the
nitride layer and within ﬁhe isolation trenches wherein the
high density plasma oxide layer fills the isolation trenches
_and wherein the high density plasma oxide deposits more
thickly in the first region over the wide nitride layer and

deposits more thinly in the second region over the narrow



. deposits nore thinly in the second regi on over the narrow .

- 4 --nitride layer and wherein the difference in step heights of the high
density plasma oxi de between the first region and a region overlying an
isolation trench is a first height. A |layer of spin-on-glass is coated
over the high density plasma oxide |ayer wherein the difference in step
hei ghts of the spin-on-glass naterial between the first region and the
region overlying an isolation trench is a second height smaller than the
first height. The spin-on-glass |ayer and portions of the high density

pl asma omiteideyéeayer @nd fhextein dlieodififerendedmetep Tesighpis-ofi- gl ass
| ayer and high density plasm oxide |ayer renmaining are polished away
wher ei n the gégbt density plasma oxddeThetween dhe diingt tegiopard @ircuit
device is conpl et ed. . BRIEF DESCRI PTI ON OF THE DRAW NGS

In the aEegAPBNPVeFliyiag #s isedAtiem tnemcly iif Ppfirst heighllescdiption
there i s_shown: Figs. 1 throEgP 9 are cross-sectional

r epr esent @¥PENS Lo FPANGOR-GLASE dib SR oFen Hdre trihdensi ey piasma

oxide layer wherein the difference in step heights of the
spin-on-glass material between the first region and the
region overlying an isolation trench is a second height
smaller than the first height. The spin-on-glass layer and
portions of the high density plasma oxide layer in the first
region are etched away. The spin-on-glass layer and high
density plasma oxide layer remaining are polished away
wherein the substrate is planarized. The fabrication of

integrated circuit device is completed.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 9 are cross-sectional
representations of a preferred embodiment of the present

invention.

Fig. 10 is a cross-sectional representation of

a completed integrated circuit device fabricated by the



,Fig: 10 is a cross-sectional representation of a conpleted integrated

circuit device fabricated by the . - 5 -
process of the present invention. DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS Referring now nore particularly to

Fig. 1, there is showm a sem conductor substrate 10. A layer of pad
silicon oxide 12 is grown on the surface of the sem conductor substrate to
a thickness of between about 50 and 300 Angstrons. A layer of silicon
nitride 14 is deposited over the pad oxide |ayer 12 to a thickness of

bet ween ghrmdeddOof atlte 2pP8sénysinventidhe silicon nitride thickness is

| ess than the conventional thickness of between about 1500 and 3000
Angstronms. The use of spin-on-glass for planarization in the process of

the invention allows for a thinner silicon nitride |layer. This will allow
for a smaller step NREZERIBRAEON| QEsTHEr PREFERRER EMBODIMENASI ght, | eadi ng
to better planarization. Referring nowto Fig. 2,

shall ow trenches are etched into the silicon substrate using conventional
phot ol i t hography and etching techniques. The shallow _trenches 16 are
etched to a depth of betReEArEbBYt ROYONCERIPASHAGUARF I @5 Fildt-0 Mvhe

sem condugt or substrate.
éﬁere is shown a semiconductor substrate 10. A layer of pad

silicon oxide 12 is grown on the surface of the semiconductor
substrate to a thickness of between abbut 50 and 300
Angstroms. A layer of silicon nitri@e 14 is deposited over
the pad oxide layer 12 to a thickness of between about 500
and 2000 Angstroms. The silicon nitride thickness is less.
than the conventional thickness of petween about 1500 and
3000 Angstroms. The use of spin-on-glass for planarization
in the process of the invention allows for a thinner silicon
nitride layer. This will allow for a smaller step height and
less variation in the step height, leading to better |

planarization.

Referring now to Fig. 2, shallow trenches are
etched into the silicon substrate using conventional
photolithography and etching techniques. The shallow
trenches 16 are etched to a depth of between about 2000 and

. 6000 Angstroms into the semiconductor substrate.



.- 6 - Referring nowto Fig. 3, a layer of high density

pl asma oxide (HDP) 18 is deposited by chem cal vapor deposition (CVD) t.o a
t hi ckness of between about 6000 and 10,000 Angstrons over the surface of
the substrate and filling the trenches. The HDP oxide is deposited using a
SiHerr], Qerr], and Ar chem stry and an inductively coupl ed pl asna

source to generate a high density plasnma. Ozone-TECS is poorer in quality
t han HDP oxi de because it is deposited with the strong oxidizer ozone

whi ch enhances the reaction. HDP ofide is deposited with SiH err] and

gerr] ; the hi gh e_nergyR:bqggr_ﬂ{gl how! £9 m@e t3r;eaf il|d§é¥)l’(ﬁ )
HDP oxide is deposited with sinultaneous sputtering of SiJerr] at the

corner, aeasitiynpgiaBma 6Rlider J(HDPeN®d i sOefdsiteld by cHignisdull twipdat e

over the narrow areas is (reater than the sputter rate over the w de
areas. Tdeposhieioht $CUD)a e @attdhidkiiesisn@Fs beftvwiden HFOwXiglo®Vvaid W de

areas than over narrow areas. : There is a difference in
st ep hei 30} 000t Angstramsa okeav dhea strdacie aid theeaubshrmertea andle silicon
nitride area of between about 4000 and 8000 Angstrons, depending upon the
trench déplhing the trenches. The HDP oxide is deposited using a
SiH4, Oz, and Ar chemistry and an inductively coupled plasma
source to generate a high density plasma. Ozone-TEOQOS is
poorer in quality than HDP oxide because it is deposited with.
the strong oxidizer ozone which enhances the reaction. HDP

oxide is deposited with SiH4 and O=z; the high energy iomns

will also make the film more dense.

HDP oxide is deposited with simultaneous
. sputtering of S$iO= at the corner, resultihg in a 45< faceted
oxide profile. The sputter rate over the narrow areas is
greater than the sputter rate over the wide areas. This
results in a greater thidkness.of the HDP oxide over wide

areas than over narrow areas.

There is a difference in step height between
area A over a trench and area B over a wide silicon nitride
area of between about 4000 and 8000 Angstroms, depending

upon the trench depth.



» Referring nowto Fig. 4, a layer of spin-on- glass 20 is coated over the
HDP oxi de | ayer 18. The spin-on- glass material may be a‘silicate or a
sil oxane material. The spin-on-glass material suspended in a vehicle or
. solvent is deposited onto the sem conductor wafer surface and uniformy -
spread thereover by the action of spinning the wafer. The material fills
the“indentations in the integrated circuit wafer surface. Mst of the
vehicle or solvent is driven off by a how tenperature baking step.

Optionally, the spin-on-gl ass.can. be coated _using a rotary cup. By using a
rotary cup with cap, the g?%”bﬁl’f‘“&vﬁ%oﬁ’a?edgnu%h ﬂ%?% 9%0%}&‘8“&1 | ow

t he spin- -ql a t.og fill, the. |lo l,ons better. Henge, fin
step ﬁei ght %I'lg%r%%ﬁ) r]'es‘ducé)ea(}:.ed.| OJeWhé P oxmeﬁlef%%?’ﬁ-ggi gl ggg it glr- OB

i s deposite | f V§¥iﬁ t . -4000, 0 : LQITE.
After P depoélﬁggﬁmﬁlﬁﬁgﬁfoﬁg% ass (%)%I,o%h% %?ggx%glggﬂéeggﬁ%?er er?glg'
between A agd iB-Ras I %Fﬁga NGy 3 St L0NS.
The spin-on%%ﬁggs_an %ﬁ%ﬁ oxli de éﬁgmgﬁi ed gg%ﬁaggéﬁggéét?ﬁéggg?c théie
the etch se sited Inttdithe Minilt@ddudorWapet dSuiBade landNntiFerRAGK

Is tinmed so that
spread thereover by the action of spinning the wafer. The
material fills the‘indentations in the integrated circuit
wafer surface. Most of the vehicle or solvent is driven off

by a low temperature baking step.

Optionally, the spin-on-glass can be coated
using a rotary cup. By using a rotary cup with cap, the
solvent will evaporatéd much more slowly to allow the spin-

- _on-glass to fill the lower regions better. Hence, the final

step height is much reduced.

The spin-on-glass material is deposited to a
thickness of between about 4000 and 8000 Angstroms. After
deposition of the spin-on-glass layer, the step height
difference between A and B has been reduced to between about
1000 and 3000 Angstroms.

The spin-on-glass and HDP oxide are etched
back usingla timed etch where the etch selectivity of spin-

on-glass to HDP oxide is 1:1. The etchback is timed so that



s bet ween about 2000 and 3000 Angstrons of HDP oxide is left on the w de
silicon nitride areas. Fig. 5 illustrates the wafer after etchback.
ptionally, the renai-ning spin-on-glass material and HDP oxi de overlying
the silicon nitride areas may be polished away usi ng chem cal nechani cal
polishing (CWP) with a polish stop at the silicon nitride |ayer,
resulting in the planarized shallow trench isolation illustrated in Flg
6. Ref erri ng nom/to.Fbgr 7, the silicon nitride 14 is
etched away and the pad oxide 12 is renpbved. (This step is optional.) A

sacrifici albekween| a ent22009 gnén3008y Angskaons fofc SIDF axide imtleft, ons

illustrated in Fi .. _The thlckness of the_| ayer 22 I s between about 500
to 3000 AnkR ?rUng silicon nitride aregg.safig-i & dilingtaates they

away usi ng n anlsogﬁ c plasma etch with sone overetch. The anlsotropic
pl asma etch® E%H eke gas chem stry. The step height between the

active areas 28 and the isolation areas 18 is reduced. .The corners of the
HDP oxi de isolation areas 18 are al so etched away and becone rounded, as

'ITustrated in Fig. 9. Theqo4ynded 1607 1S AUhdiidg Ysin-Bh-glass
material and HDP oxide overlying the silicon nitride areas
may be polished away using chemical mechanical polishing
(CMP) with a polish stop at the silicon nitride layer,
restlting in the planarized shallow trench isolation

illustrated in Fig. 6.

Referring now to Fig. 7, the silicon nitride

14 is etched away and'the pad oxide 12 is removed. (This

- .step is optional.) A sacrificial oxide layef 22 is grown
over the surface of the substrate, as illustrated in Fig. 8.

The thickness of the layer 22 is between about 500 to 3000

Angstroms.

The sacrificial oxide 22 is etched away using
an anisotropic plasma etch with some overetch. The
anisotropic plasma etch-used CHF3/CFa gas chemistry. The
step height between the activé areas 28 and the isolation
areas 18 is reduced. The corners of the HDP oxide isolation:
areas 18 are also etched away and bécome rounded, as

illustrated in Fig. 9. The rounded corners on the isolation



- 9 - areas are required for subsequent polysilicon gate etching. The
round active silicon corner will reduce electric field crowding.

Fig. 10 illustrates a conpleted integrated circuit device fabricated
according to the process of the invention. After the trench isolation
areas 18 have been caonpleted, as shown in Fig. 9, gate el ectrodes 32 and
source and drain regions 34 are fabricated in and on the sem conductor
substrate. A thick dielectric |ayer, su®h~as borophosphosilicate gl ass
(BPSG layer 36, is deposited over the gate el ectrodes 32 Cont

openi.ngs ar eaR@d8 aEeoLgAUirRd §P€I§BPPPEUFH$6P°§€ é;ﬂ ing.
connections are desired. A conguctln | ayer q 03|Hgd ta f% J}
contact opentREsTARRApaFEiVRedildCOBNPEPET: W &IE cEaeleS S e i

t he |ntegrated ci.rcuit device, as shown in Fig. 10. : The
process of tFEOBRALREnt invention results in the formation of planarized
shal  ow trench isolation using HDP oxide. HDP oxide is a high quality

oxi de having a low wet chemi cal etching rate, better noisture resistance,

and fewer problens in subsg.g_ en gPf qcl?x%%f%%e%[ P tdE iy etdenal

STI material. The use of spin-on- glass mat er
circuit device fabricated according to the process of the

invention. After the trench isolation areas 18 have been
completed, as shown in Fig. 9, gate electrodes 32 and source
and drain regions 34 are fabricated in and on the
semiconductor substrate. A thick dielectric layer, such as
borophosphosilicate glass (BPSG) layer 36, is deposited over
the gate electrodes 32. Contact openihgs are made through
the dielectric 1ayer'36 where electrical connections are
desired. A conducting layer 38 is deposited to fill the
contact openings and'patterned to complete the electrical
connections in the integrated circuit device, as shown in

Fig. 10.

The process of the present invention resulté
in the formation of planarized shallow trench isolation using
HDP oxide. HDP oxide is a high quality oxide having a low--
wet chemical etching rate, better moisturé resistance, and
fewer problems in subsequent processing steps than the
conventional STI material. The use of spin-on-glass material

to planarize the surface in forming the trench isolation



.to planarize the surface in formng the trench isolation ,

- 10 - allows better process control, less dishing, and | ess of a chance
of exposing the narrow active areas during CVW conpared to direct CMP of
HDP oxi de. The spin-on-glass allows for a smaller step height. After

spi n-on-gl ass etchback, the amount of oxide to be polished using CWP is

| ess than w t hout spin-on-glass etchback. A thinner silicon -nitride |ayer
can be used because | ess overpolishingJs required.

Wil e the invention has been particulafﬂy shown and described with

{hose. ski | PRRORE, BEREY BrarEis, S0 bn At 44784 A obear I SEogy bb

G Ng | ehaiteTde WppEiRd e Moo R SiAT R ad Mar B T o1t oo

cireull  depnparedid Yitkcr cvp ¥ WF e PRI S IRIGPYEE e
allows for a smaller step height. _After spin-on-glass
etchback, the amount of oxide to be polished using CMP is
less than without spin-on-glass etchback. A thinner silicon

nitride layer can be used because less overpolishing is

required.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understoocd 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.



.seni conduct or substrat e; " depositing a ni t“lm llmmllll Uml ng said
pad oxide |ayer; etching a plurality of VI8 vLome s t hrough

said nitride and said pad oxide layers into said seniconductor substrate
wherein there is at |least one first wide nitride region between two of
said isolation trenches and at | east one second narrow nitride region
bet ween another two of said isolation trenches; depositing a high.
density pl agggmexi de | ayer over ~d&id nitride layer and within said

soraton LEene gaptiocs! Bandrdcbuolodeas teclbasBhaotidadyer 1115 sa

rern sail I"'asma ™ "oxI de deposits

- more thickl Yo éaFgm?kgggngggion over said wide nitride |ayer and
deposits nore tﬁln y Tn sal second region over said narrow nitride |ayer

and wherein thepgb{i@iAGCA pRASbRRABELEPEE BbeFaitthe RAGEaRNYL Yo Pl asma
oxi de between sard first region and a third region overlying an isolation

trench i s asémiebndietgkt substrate@ating a | ayer of spin-on-glass over said
high density plasm oxide |layer wherein the difference in
- 12 - step hei gieposttiagdaspitradeglayernmaverilglingeisahch pead doxifde st
region and said third region is a second height smaller than said first
hei ght ; layer;
etching a plurality of isolation trenches through
said nitride and said pad oxide layers into said
semiconductor substrate wherein there is at least one
first wide nitride region between two of said isolation
trenches-and at least one second narrow nitride region
between another two of said isolation trenches;
depositing a . high density plasma oxide iayer over
said nitride layer and within said isolation trenches
wherein said high density plasma oxide layer fills said
isolation trenches and wherein said high density plasma
oxide deposits more thickly in said first region over
said wide nitride layer and deposits more thinly in said
second region over said narrow nitride layer and
wherein the difference in step heights of said
high density plasma oxide between said first region and
a third region overlying an isolation trench is a first
height;
coating a layer of spin-en-glass over said high

density plasma oxide layer wherein the difference in



et chi ng back said spi n-on-gl ass layer and said Hmm m"wﬂmﬂﬁ' hi gh
density plasna oxide layer in said first regio g away said
spi n-on-gl ass layer and said high density plasné o%ide Iayer renalnlng
wherein said substrate is planarized;, and conpl eting the fabr.ication
-of said integrated circuit device. 2. The nmethod according to Claiml
wherein said silicon nitride |ayer has-a .thickness of between about 500
and 2000 Angstrons. 3. The nethedi2zaecording to Claim1 wherein said

* high density plasma oxide |a er |s deposited to a thickness of between

- .about 6000 ande@Poékﬁlm&ﬁ d spinmgnEkafs BREFHrRhgoeBwera; ﬁaad
‘wherein said first hei IS betmeen about 4000 and 8000 Angstro )
The met hod accdridisty ’hl%dlﬁﬁr?é}'é?m%dal@g’ﬁﬂ ﬂ%@&%%@&a@%%gﬁg coat ed

to a thickness of - 13 - about 4000

and 8000 Angst S Shalle 1¥M¥%an said first height;

etching back said spin-on-glass layer and said
portions of said high density plasma oxide layer in
said first region;

polishing away said spin-on-glass layer and said
high density plasma oxide'layer remaining wherein said
substrate is plaﬁarized; and

completing the fabrication of said integrated

circuit device.

- 2. The method according to Claim 1 wherein said silicon -
nitride layer has a thickness. of between about 500 and

2000 Angstroms.

3. The method according to Claim 1 wherein said high
density plasma oxide layer is deposited to a thickness

of between about 6000 and 10,000 Angstroms.

4. The method according to Claim 1 wherein said first

height is between about 4000 and 8000 Angstroms.

5. The method according to Claim 1 wherein said

spin-on-glass layer is coated to a thickness of between



. 6. The nethod according to Caim1l wherein said secon mum \“M“Fen
about 1000 and 3000 Angstrons. 7. The nethod accor l IH

wherein said etching back is performed with an etch setectivity of

spin-on- glass to high density plasnma oxide of 1:1. 8. The net hod

~according to Qaim1l wherein said polishing is done by chem cal nechani cal
pol i shi ng. 9. The nethod according,to Caim1l wherein said conpleting
fabrication of said integrated circuit device conprises: et chi ng
away said silicon nitri I rempvi ng said pad oxide |ayer

.wher eby said tggﬁgﬁ 408, |§¥Eygﬁ§¥%§gnﬁgaggm§ ‘above the surface of said

sem conductor substrate wherein said trench isolation areas above said
surface of said sem conductor substrate have sharp corners;

deposi ting a S%C“I'fh'ecgngth% Sedoting (@ I0fidith SBivvhe dféﬂ‘xaééi)& LLegrges and

sai d sem conduct or etching away said sacrificial oxide
| ayer whereby hedightShad BN adutsaigbd réiiE'BOW'ﬁé@ﬂr&ﬁQas are

- 14 - etched away and wherein said trench isolation areas
7. The method according to Claim 1 wherein said etching
back is performed with an etch selectivity of spin-on-

glass to high density plasma oxide of 1:1.

8. The method according to Claim 1 wherein said

polishing is done by chemical mechanical polishing.

9. The method according to Claim 1 wherein said
completing fabrication of said integrated circuit device
comprises:

‘etching away said silicon nitride layer;

removing said pad oxide layer whereby said trench
isolation areas extend above the surface of said
semiconductor substrate wherein said trench isolation
areas above said surface of said semiconductor
substrate have sharp corners;

depositing a sacrificial oxide layer overlying said
isblation trenches and said-semiconductdr substrate; "

etching away said sacrificial oxide layer whereby

said sharp corners of said trench isolation areas are



.above said surface of said sem conductor substrate now

corners; and fabricating sem conductor device str uﬂmmemml“lgm “ |m
sai d sem conductor substrate between said isolation trenehes. v M0S5 The -
met hod according to Claim9 wherein said semniconductor device structures
~include gate el ectrodes and source and drain regions and el ectrical

connections between said gate el ectrodes and said source and drain

regi ons. 11. A method of manufacturd rng an integrated circuit device
conpri si ng: provi ding a pad oxide |ayer over the surface of a

sem conduct or %ltl&ferdata%ay and WS g @ tidddrla dAVeEiqy edteddg said
pad oxide |ayer; etching a plurality of isolation trenches through

said nitride aphovel Gaidl swdfifd Bfeishidiserfiichd et bt tits ubsw r at e
wherein there is at |least one first wide nitride region between two of

sai d i sol ati onhaves nourslehccoarindrasgstanahe second narrow nitride region

bet ween another two of said isolation trenches;

- 15 - fabricating semiconductor device structures in and
on said semiconductor substrate between said isolation

trenches.

10. The method according to Claim.9 wherein said .

semiconductor device structures include gate electrodes
and source and drain regions and electrical connections
between said gate electrodes and said source and drain

regions.

1i. A method of manufacturing an integrated circuit
de?ice comprising:

providing a pad oxide layer over the surface of a'
semiconductor substrate;

depositing a nitride layer overlying said pad oxide
layer;

etching a plurality of isolation trenches through
said nitride and said pad oxide layers into said
semiconductor substrate wherein there is at least one
first wide nitride region between two of said 1solat10n
trenches and at least one second narrow nitride region

between another two of said isolation trenches;



depositing a high density plasnma oxide | ayer over ﬁlﬂlwmmunﬁmHmm and
within said isolation trenches wherein said high de

layer fills said isolation trenches and wherein sai d*high 'defsi fy pl asma
.oxi de deposits nore thickly in said first region over said wide nitride
| ayer and deposits nore thinly in said second region over said narrow
nitride |ayer and wherein the difference . in step heights of said high
density plasma oxide between saidjfi+st region and a third region
overlying an isolation trench is a first height; coating a | ayer of

spi n-on-gl ass ovedepakdtingha @eGHi Hlén&h%%”ﬁl@éhﬁe AN 1MRLE Iy d e

difference in step heights of said spin-on-glass materi al “between said

first regionsand adtgidbi ldyeeghfd wStAinecand H%bgﬁkldﬁﬂﬂﬂéﬂbHQEan sai d
first height; et chi ng back said spin-on-glass |ayer and said

portions of whedehngbaddnhngh deasttyopildembhaykiden 13%ed fHillly d=8G On;
pol i shing away said spin-on-glass layer and said high density plasma oxide
| ayer remai niaglatdeni treactessabdt wherein phidahighddensity gllelimeg away
said silicon nitride |ayer; removi ng said pad oxide | ayer whereby
sai d trench Okigpafiepasitsamoret thickByyant seidufizst afegiaind over

sem conduct or substrate wherein said trench isolation
said wide nitride layer and deposits more thinly in said

- second region over said narrow nitride layer and wherein
the difference in step heights of said high density
plasma oxide between Said first region and a third
region overlying an isolation trench is a first height;

coating a layer of spin-on-glass over said high
density élasma oxide 1ayer wherein the difference in
step heights of said spin-on-glass material between said
first region and said third region is a second height
smaller than said first height; |

etching back said spin—on-glaés layer and said
portions of said high density plasma oxide layer in said
first region;

polishipg away said spin-on-glass layer and said

“high density plasma oxide.layer remaining wherein said

substrate is planarized;

etching away said silicon nitride layer;

removing said pad oxide layer whefeby said treneh
isolation -areas extend above'fhe surface of said

semiconductor substrate wherein said trench isolation



- 16 - areas above said surface of said senicondu ave sharp
cor ners; depositing a sacrificial oxide Iayl “'"Hu M IE&“
i solation trenches and sai-d sem conductor substrate; ¢ v ®tochli ng away

said sacrificial oxide |layer whereby said sharp corners of said trench

I solation areas are etched away and wherein said trench isolation areas
above said surface of said sem conductor. substrate now have rounded
corners; and fabricating sem conductor device structures in and on
sai d semnmi conductor substrate betweén said isolation trenches. 12. The
met hod accor diaxgdsd Baranddidihsuetfaceaof ssidi semiocohdudeokagabsitrata

t hi ckness of between about 500 and 2000 Angstrons. 13. The net hod
accordi ng to Gaaienshianghezaarmessi d hi gh density plasnma oxide | ayer is
deposited to a thickness of between about 6000 and 10, 000 Angstrons.

14. The nethod acccepositing aisaqnifiheial oxide layer owerdiings seddreen
about 4000 and 8000 Angstrons. o . - 17 - 15.
The met hod acd@didldan trenchas pdreid ssemigpprductor substrate;

etching away said sacrificial oxide layer whereby
. said sharp corners of said trench isolation areas are
etched away and wherein said trench isolation areas
above said surface of said semiconductor substrate noﬁ
have rounded corners; and |
fabricating semiconductor device structures in and
on said semiconductor substrate between said isolation

trenches.

12. The method according to Claim 11 wherein said
silicon nitride layer has a thickness of between about

500 and 2000 Angstroms.

13. The method according to Claim 11 wherein said high
density plasma oxide layer is deposited to a thickness

of between about 6000 and 10,000 Angstroms.

14. The method according to Claim 11 wherein said first

height is between about 4000 and 8000 Angstroms. "



.on-glass layer is coated to a thickness of between mmoo
Angst r ons. 16. The nmet hod according to Caim1ll \?ﬂ“{“““@ﬂ“ﬂu qind .
hei ght is between about 1000 and 3000 Angstrons. 17. Thé mdt héd *
according to.Caim1l wherein said etching back is perforned with an etch
selectivity of spin-on-glass to high density plasma oxi de of 1:1. 18.
The nmet hod according to aim11l wherein said polishing is done by

chem cal mechanical polishing. - I®.- The nmethod according-to Claim1l
wherein said sem conductor device structures include gate el ectrodes and

source and di®| NThEGheBBodndcebedingCeb COAARCHLIOMheRAN\RRIE aphigat e
el ectrodes and said source and drain regions. 20. A method of formng

shal | ow tr ersf-grasat Lapernisheoatellr toati thicknass rife etivasbrci dsout

devi ce conpri si ng: provi ding a pad oxide |ayer over the surface of a
sem conduct 0¥0@@handa86D0 AngstaepsSsiting a nltrlde | ayer overlying-said
pad oxi de _ - 18

16. The method according to Claim 11 wherein said second

height is between about 1000 and 3000 Angstroms.

17. The method according to Claim 11 wherein said
etching back is performed with an etch selectivity of

spin-on-glass-to high density plasma oxide of 1:1.

18. The method according to Claim 11 wherein said

polishing is done by chemical mechanical polishing.

19. The method according to Claim 11 wherein said

semiconductor device structﬁres include gate electrodes
and source and drain regions and electrical connections
between said gate electrodes and said source and drain

regions.

20. A method of forming shallow trench isolation in the
fabrication of an integrated circuit device comprlslng°

providing a pad oxide layer over the surface of a
semiconductor substrate;

depositing a nitride layer overlying said pad oxide



_layer; etching a plurality of isolation tre llumﬁlll”‘mld
nitride and said pad oxide layers into.said sem gmmun e

wherein there is at least one first wide nitride regi‘n‘befwetn two of

said isolation trenches and at |east one second narrow nitride region

bet ween another two of said isolation trenches; depositing a high

density plasma oxide |ayer over said nitride layer and within said

i sol ation trenches wherein said high density plasma oxide |layer fills said

i sol ation trenches and wherein satd hi gh density plasma oxi de deposits

nor e thickl¥a§€ said first region over said wide nitride |ayer and
deposits nore ﬁfnly in said second region over said narrow nitride |ayer

and wherein theafLbERECUoR Lt Ttk BY IS s P kU i8I dugn Pl as

oxi de between sal giron and a thir region overlying anm i1sol ation

trench is aghi§5hi8e i8B! and said*pad Bxide fex® RIS -Midl ass over said
high density plasna oxide | ayer wherein the difference in step heights of

sai d spi n- ogefii 868 dARLeL SubBeiraten whkirdir ithdrd &g et ABhSRichd hird
region is a second height smaller than said first height; and

et chi ng backigsatdwifennitrgdes yelodysy battheddi twd @i isHisd afsekithidn gh
density plasma oxide layer in said first region conpleting the formation
of sai d shatremches and at least one second narrow nitride region
between another two of said isciation trenches;
depositing a high density plasma oxide-layer over
said nitride layer and within said isolation trenches
wherein said high density plasma oxide layer fills said
isolation trenches and whérein said high density plasma
oxide deposits more thickly in said first region over
said wide nitride layer and deposits more.thinly in said
second region over said narrow nitride layer and wherein
the difference in step heights of said high density
plasma oxide between said first region and a third
region overlying an isolation trench is a first height;
coating a layer of spin-on-glass over said high
density plasma oxide layer wherein the difference in
step heights of said spin-on-glass material between said
first region and said third region is a second height
smaller than said first height; and
etching back said spin-on-glass layer and said
portions of said high density'plasma oxide layer in said

first region completing the formation of said shallow



_trench isolation in the fabrication of said int ml‘mmm,“‘“ “H“l devi ce.
21. The nethod according to Caim20 further co ol i shing
away sai d spin-on-glass |ayer and said high density pTa§ha oxi de | ayer
remai ning wherein said substrate is planarized, etching away said
silicon nitride |ayer; renovi ng said pad oxi de | ayer whereby said

trench isolation areas extend above the surface of said sem conductor
substrate wherein said trench isolation areas above said surface of said

seni conductor substrate have shar p°corners; depositing a sacrificial
oxi de |ayer tQ\é?x@m"l%l%gdl%n 1130 |1ald Fady LR ESn 0 Said Peragradagt or
substrate; and etching away said sacrificial oxide |ayer whereby

sai d sharp eqrflit @evsiddd trench isolation areas are etched away and
wherein said trench isolation areas above said surface of said
sem conduct or substrate now have rounded corners.

21. The method according to Claim 20 furthér comprising:

polishing away said spin-on-glass layer and said
high density plasma oxide layer remaining wherein said
substrate is planarized; “

etching away said silicon nitride layer; -

removing said pad oxide layer whereby said trench
isolation areas extend above the surface of said
semiconductor substrate wherein said trench isolation
areas above said surface of said semiconductor substrate
have sharp corners;

depositing a sacrificial oxide layer overlying said
isolation trenches and said semiconductor substrate; and

etching away said sacrificial oxide layer whereby
said sharp corners of said trench isolation areas are
etched away and wherein said trench isolation areas
above said surface of said semiconductor substrate now

have rounded corners.



