A NETHOD TO AVOI D DI SHING | FORM NG TRENCHES FOR sHAHBBAR%RARCH
"k SOLATI ON " BACKGROUND OF THE | NVENTI ON g% -FI ELD
OF THE | NVENTI ON - This invention relates to a nethod 3&'%illing
trenches for shallow trench.isolation which avoids dishing at the top of
the trenches. Mre particularly the inveation relates to a nethod of
filling trenches with a dielectric which iyjs_formed at a greater rate

within the trench thanp MgmHOR T AVEID rBISHING IN(POREESER PTI ON OF THE
RELATED ART '

TRENCHES FOR SHALLOW- TREN ISOLATION

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to a method of filling
trenches for shallow trench isolation which avoids dishing
at the top of the trenches. More particularly the invention
relates to a method of'filling trenches with a dielectric
which is formed ai{ a greater rate within the'trench.than

outside of the trench.

(2) DESCRIPTION OF THE RELATED ART

U.S. Pat. No,5,399,389 to Hieber et al. describes
a method of pianarizing $i0, layers deposited on structured
silicon substrates. The method uses differential growth
. rates of Si0, over metallization regions and regions without -

metallization to eventﬁally achieve a step free film.



U S Pat. No, 5,399,389 to Heber et al. describes a nethod of planarizing
Si 2 -FTayers deposited on structured silicon substrates. The nethod uses
differential growh -rates of SiJerr] over netallization regions and
regions without netallization to eventually achieve a step free film

- 2- : US Pat. No. 5,674,783 to Jang et al. describes a nethod of
I nprovi ng the chem cal nechanical polishing —uniformty of insul ator

| ayers. A substrate BiaS.vRatouNo.r 63i6Gds. 7830t dfanchetr aji .odescribes kad
and exposed regions are treated with a plasma capabl e of nodifying the
exposed rmefthod sof t improwéngnthieatchemjcais mechand aale padd shipdn at  a
faster rate. Other regions can be subsequently exposed to affect the

i nsul at or wpbiprmitycofninsndatorgileyers. A substrate haspparigus
5,492,858 to Bose et al. describes a nethod of formng trenches for

shal | ow t rE®@ORS 0| 250BA PR thE degioRs Ak meskaed a&ﬁgteéﬁ’%? LIIPR8 on
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region so that the insulator grows on the treated region at
- a faster rate. Other regions can be subsequently exposed to

affect the insulator growth rate in other regions.

U.S. Pat. No. 5,492,858 to Bose et al. describes a
method of forming trenches for shallow trench isoiation in
which the trenches are coated with a silicon nitride
protective layer before the trenches and active area mesas
are coated with a layer'of silicon oxide. The silicon oxide
is then steam annealed and thé-wafer is etched and polished

down to the tops of the mesas.

U.8. Pat. No. 5,447,884 to Fahey et al. describes
a method of forming trenches for shallow trench isolation

wherein the trenches are lined with a silicon nitride liner.

U.S. Pat. No. 4,576,834 to Sobczak describes a
method of forming_trench isolation structures utilizing the

~conversion of an o:ganosilicon material to silicon oxide.



are bpated with a layer of silicon oxide. The silicon oxide is then steam
anneal ed and the wafer is etched and polished down to the tops of the

nesas. U.S. Pat. No. 5,447,884 to Fahey et al. describes a
met hod of formng trenches for shaIIOM/trench i solation wherein the-
trenches are lined with a silicon nitride liner. U S Pat. No.

4,576,834 to Sobczak describes a nethod of $oaynmng trench isolation

structures utilizing the conSUMMARY OF FTHEoAYNBHILONcon naterial to
silicon oxide. - 3-

SUMVARY OF THE | NVENTI ON As dinmensions in integrated circuit
wafers continue to decrease the use of shallow trench isolation between
circuit segments i ncrBasdimensiensfin inyegratedh ixenity waLegc® used in

shaIIOM/trench jsolation-with dielectric the w%fer% are ofteq %!anarlzed
to provi de gontinue to decrease the use of shal rench isola

between circuit segments increases. After filling the
.shallow trenches used in.shallow trench isolation with
dielectric the wafers are often planarized to provide a
planar surface for subsequent processing-éteps. The f£filling
of the shallow trenches with dielectric and subsequent
planarization step can often lead to dishing at the top of
the trench and loss of plénarity of the surface 6f the
integrated circuit wafer. Fig..la shows a cross section
view of an integrated circuit wafer 10 having a trench 8
formed therein and a IAYer of dielectric 6 formed thereon to
fill the trench. As shown .in Fig. 1B that part of the
dielectric above the plane of the top surface of the wafer
10 is removed using a method such as chemical mechanical
polishing, CMP. If the layer of dielectric 6 is not thick
enough dishing 4 at the top of the trench occurs during the

planarization step and good planarity of the wafer surface

is not achieved.

It is a principle objective of this invention to
provide a method of filling shallow isolation trenches with
" dielectric which will prevent dishing at the top of the

trench during_the planarization step and provide good



planar surface for subsequent processing steps. The filling of the shallow
t¥enches with dielectric and subsequent planarization step can often |ead
to dishing at the top of the trench and | oss of planarity of the surface
of the integrated circuit wafer. Fig. 1A shows a cross section view of an
integrated circuit wafer 10 having a trench 8 fornmed therein-and a | ayer
of dielectric 6 forned thereon to fill-the trench. As shown in Fig. 1B
that part plaideityi fbecthecwalieresulr€ageane of the top surface of the
wafer 10 is renoved using a nmethod such as chem cal nechanical polishing,
CWP. If the layer of dielectric 6 is not thick enough dishing 4 at the top
of the trench occurs during the planarization step and good planarity of
the wafer surface -i%histobiectiwve is achieved by forging s &%qﬁta
objective of this invention to provide a nmethod of filling shall ow

i sol ati on 13¥eEheE silkcon sitxifdec ophithe kop syrdpcn ofi dhengaderne t op
of the trepel iiyed 68°sR1303n 531d2" on P’ MW Yaver? ¥ siticon
nitride and then etching a trench through the first layer of
silicon oxide, the first layer of silicon nitride, and into
the wafer. A layer of thermal oxide liner is then grown on
the sidewalls énd bottom of the trench. A second layer of
silicon nitride is then formed on the wafer covering the
first layer of silicon oxide and the thermal oxide liner on
the sidewélls and bottom of the trench. That part of the
layer 6f silicon nitride over the first layer of silicon

oxide is then removed using chemical mechanical polishing.

A second layer of silicon oxide is then deposited
on the wafer and in the trench using a method, such as sub
atmospheric chemical vapor deposition, SACVD, for which the
rate of deposition of the silicon oxide oﬁ silicon nitride
is grgater_than the formation of silicon oxide on silicon
oxide. This completely fills the trench with silicon oxide
even when the second layér of silicon oxide formed on the
first layer of silicon oxide is relatively thin. After the

~wafer is planarized, using a method such as chemical
mechanical polishing, dishing at the top of the french is

avoided and good wafer planarity is achieved.



-4- planarity for the wafer surface. This objective is

athi eved by forming a first ‘layer of silicon nitride on the top surface of
the wafer, a first layer of silicon oxide on the first layer of silicon
nitride and then etching a trench through the first layer of silicon
oxide, the first layer of silicon nitride, -and into the wafer. A layer of
thermal oxide liner i's then grown on the 8idewalls and bottom of the
trench. A second | ayer BRIEF IDESCRIPTIONICOF STHEDRAWINGS on the wafer
covering the first layer of silicon oxide and the thermal oxide |iner on
the sidewalls and bottom of the trench. That part of the Ilayer of silicon
nitride over the first layer of silicon oxide is then renoved using

chemi cal mechani cal Bugi shbRnghows a cross sactioon®f & aandf of 13 swfexi de
is then deposited on the wafer and in the trench using a nmethod, such as
sub at nodppeing ahereneh fapweddébezednoandsacipyerycfvdieladtaiq ate of
‘deposition of the silicon oxide on silicon nitride ‘1is greater than the
for mat i on ¥A*Med i ERAC®RNele on silicon oxide. This conpletely fills the
trench with silicon oxide even when the second |ayer of silicon oxide
formed on the

Fig. 1B shows a cross section view of the part of

the wafer of Fig. 1A after the wafer has been planarized.

Fig. 2 shows a cross section view of-a wafer
having a layer of pad oxide, a first layer of silicon

nitride, and a first layer of silicon oxide formed thereon.

Fig. 3 shous é cross section view of the wafer of

Fig. 2 having a patterned layer of photoresist formed

thereon.

Fig. 4 shows a cross section view of the wafer of
Fig. 3 after forming a trench pat;ein in the fi;st layer of
silicpn oxide, the first layer of silicon nitride, the layer
of pad oxide, - forming the trench in the wafer, and removing

the photoresist.

Fig. 5 shows é.cross'section view of the wafer of
' Fig. 4 after growing a thermal oxide liner on the sidewalls

and bottom of the trench.



first | ayer of silicon oxide is relatively thin. After the wafer is
pl anari zed, 'using a nethod such as chem cal - nechani cal polishing, dishing
at the top of the trench is avoided and good wafer planarity is achieved.

-5- BRI EF DESCRI PTI ON OF THE DRAW NGS - Fig. 1A
shows a cross section of a part of a wafer having a trench fornmed therein
and a layer of dielectric formed thereon, Fig. I B shows a
Cross section view gizd heg %{éwé)fa éP@sM@ét%anewléfa&erwabarwa er has
been pl anari zed. i shows a cross section view of a wafer
having a Ipayer sofastad: %ﬁﬁslﬁﬁéﬂétséédﬁd péyérlbfoglmcéﬁlﬁftraaé anf i rst
| ayer of silicon oxide fornmed thereon. Fig. 3 shows a cross.

section vithe dfidste Mfe of silicon oxide and the thermal oxide liner

on the sidewalls bottom of the trench.

Fig. 7 shows a cross section view of the wafer of
Fig. 6 after removing that part of the second layer of

silicon nitride from the first layer of silicon oxide.

Fig. 8 shows a cross section view of the wafer of

Fig. 7 after depositing the second layer of silicon oxide.

Fig. 9 shows a cross section view of the wafer of
Fig. 8 after planarizing the wafer using chemical mechanical

polishing.



Fig. 2 having a patterned .layer of photoresist fornmed thereon.
Fig. 4 shows a cross section view of the wafer of Fig. 3 after forming a
trench pattern in the first layer of silicon oxide, the first |ayer of
silicon nitride, the layer of pad oxide, formng the trench in the wafer,
and renoving the photoresist. Fig. 5 shows a cross section
view of the wafer of Fig. 4 after growing a_thermal oxide liner on the
sidewal | s and bott oDESCREPPIONCOFhTHE PREFERRED EMBODIMENTS

- 6- Fig. 6 shows a cross section view of the wafer of Fig. 5
after depositing a second layer of silicon nitride on the first |ayer of
silicon oxide and the thermal oxide liner on the sidewalls bottom of the
trench. Refgr nowhtas Figsn.o2s9sdor én detailed desaription

of the method of forming and filling shallow isolation
trenches of this invention. Fig. 2 shows a cross section
view of a part of a substrate 10, in this example a silicon
integrated circuit'wafer, having a layer of pad oxide 12
formed thereon and a layer of first dielectric 14 formed on
fhe layer of pad oxide 12. The layer of pad oxide 12, shown
in this example, is optional and if it is not use@ the layer
of first dielectric 14 is formed directly on. the

substrate 10. In this example the layer of first dielectric
14 is a layer of silicon nitride and the layer of pad oxide
12, if used, is a layer.of silicon oxide. A layer of second
dielectric 16 is then formed on the layer of first
dielectric 14. 1In this example the layer of second

dielectric 16 is a layer of silicon oxide.

As shown in Fig. 3, a'patterned layer of resist 18
'is.fo;méd on the layer of second dielectric 16. A trench
pattern, having sidewalls 11, is then etched in the lajer of
secdnd dielectric 16, the layer of first dielectric 14, and
the layer of pad oxide 12, if pad oxide is used. A trench,
_having sidewalls 15 and a bottom 17, is etched in the
.substrate 10. The trench pattern and trench are etched

during the same etching step using dry anisotropic etching



Fig. 6 after renoving that part of the second layer of silicon nitride

fromthe first layer of silicon oxide. Fig. 8 shows a cross
section view of the wafer of Fig. 7 after depositing the second |ayer of
silicon oxide. Fig. 9 shows a cross section view of the wafer
of Fig. 8 after planarizing the wafer using chem cal mechani cal

pol i shi ng. . DESCRI'PTI ON O THE PREFERRED EMBODI MENTS
Ref er now iy RS pa-thdida 2LapéR| b0rdsssti 8 @8 aohabh¢ mrheod of form ng
and filling shallow 1solation ™ trenches of this invention. Fig. 2 shows a

Cr oss Secgiaatefﬂﬁvmy@rp@eft;eéi@tsgbsthaheréﬁovéa,tls'ea pignpMe a silicon
integrated circuit wafer, having a layer of pad oxide 12 forned thereon
and a | ayeVexf ds rstiowh eliecFigc S4ahoortdeohinekre2Pajier grbwpagnostihee 12.

The | ayer of pad oxide 12, shown
sidewalls 15 and bottom 17 of the trench formed in the
substrate 10. In this example the oxide liner 20 is silicon
oxide grown using thermal oxidation of the exposed sidewalls

15 and bottom 17 of the trench.

As shown in Fig. 6, a layer of third dielectric 22
is then formed on the substrate 10 covering the top surface
of the patterned layer of second dielectric 16, the
sidewalls 11 of the trench pattern, and the oxide liner 20. -
In this example the layer of third dielectric 22 is a second
layer of silicon nitridé. Then, as shown in Fig. 7, that
part of the layer oﬁlthird dielectric 22 above the plane of
the top surface of tﬁe patteérned layer of second dielectric
16 is removed using a means such as a first chemical
mechanical polishing. This leaves a layer.of third
dielectric 22 on thelsidewalls 11 of the trench pattern
formeé-in the layer of second dielectric 16, the layer of
first dielectxic 14, and the layer of pad oxide 12, if pad
oxide is used. This also leaves a layer of third dielectric
22 on the oxide liner 20 formed on tﬁe sidewalls 15 and
‘bottom 17 of the trench. The first éﬁemical mechanical
.polishipg is stopped wheh'the top surface of the layer of

second dieleétric-lﬁ is reached.



inthis exanple, is optional and if it is not used the layer of first
dieléctric 14 is forned directly on the substrate 10. In this exanple the
| ayer of first dielectric 14 is a layer of silicon nitride and the |ayer
of pad oxide 12, if used, is a layer of silicon oxide. A layer of second
dielectric 16 is then fornmed on the layer of first dielectric 14. In this
exanpl e the | ayer of second dielectric 16g9is a layer of silicon oxide.

As shown in Fig. 3, %?¢tg§n§ﬂoﬁﬁygh ?Egﬂeﬁish.1§yekse%gF§§4ﬁﬁn the | ayer

of second dielectric A trench pattern, havi ng™si de 11, is then
etched in die1ddteic 034 SECHELmEECLAC theCwaer! B8ihgY @ nmeithba Foxdi €l ectric

14, and the layer of pad oxide 12, if pad oxi'de is used. A trench, having

si deval | s wibi @i ctive bedt&nof 7forhatiohedfl thehoustthsdidlecticllza orench
pattern and trench are etched during the sane etching step using dry

ani sotr opithet€ird dielectric 22 is greater than the formatiomid tthee
patterned | ayer of resist 18 as a nmask. The
- fourth dielectric 24 on the second dielectric 16. This

difference between the formation rate of the fourth
dielectric 24 on the third dielectric 22 and the formation
rate of the fourth dielectric 24 on the second dielectric 16
allows the trench to be completely filled even with a
relatively thin layer of fourth dielectric 24 on the layer
of second dielectric 16. In this example the second
dielectric 16 is silicon oxide, the third dielectric 22 is
silicon nitride, and the fourth dielectric 24 is silicon
oxide wherein the silicon oxide fourth dielectric 24 is
deposited using sub atmospheric chemical vapor deposition,
SACVD, from'tetra-ethyl-ortho-silicate and ozone. This
method provides a growth rate of silicon oxide on silicon
nitride which is greaﬁer than the growth rate of silicon

oxide on silicon oxide.

Next, as shown in Fig. 9, that part of the layer
of fourth dielectric 24 and that part of the layer of third
dielectric 22 above the plane of the top surface of the |
layer of first dielectric 14 is removed, using a method such
.as a secand chemical mechanical polishing, thereby leaving

fourth dielectric 24 in the trench and an oxide liner 20 and



patterned | ayer of resist is then renoved, see Fig. 4. Next as shown in
Fig. ’5 an oxide liner 20 i's grown on the sidewalls 15 and bottom 17 of the
trench formed in the substrate 10.. In this exanple the oxide liner 20 is
silicon oxide grown using thermal oxidation of the exposed sidewalls 15
and bottom 17 of the trench. As shown in Fig. 6, a layer of
third dielectric 22 is then formed on thegubstrate 10 covering the top
surface qf Lhfedads ctmped | dyelebtrsecondosli eheckiiewdlfist 18 apadeval I's 11
of the trench pattern, and the oxide liner 20. 1In this exanple the |ayer
of third GotamiriT & theatsenchd fThgesecbndi chemicalt medhanicallen, as
shown in Fig. 7, that part of the layer of third dielectric 22 above the
pl ane of pdiishingnmﬁastopﬁedhwhpatthentdplayefaae ofcthe dayexcofic 16
is removed using a nmeans such as a first chemical mechanical polishing.
This | eavebinst ddelectrierd dpereached.2? Bhetﬁ@egpbemﬁlpgmmge@ﬂIWhe
trench pattern formed in the_|ayer of second dielectric_16, the |ayer of
first dielfck¥ed witth ;feurth ¢&9¥9°§F1§aﬂr9YF§én929°Pﬂ pianagitye 0% used.
This also | eaves a |layer of third dielectric 22 on the oxide liner 20
formed on SYRSEJURRE | PXOgGesaiRg steps.

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.



bottom 17 of the trench. The first chenical nEChanILﬁﬂ——ﬁ%ﬂﬂﬂﬁﬂﬂﬂIT_—~—

st opped when the top surfdce of the layer of second diel
reached. - 9- llmn“\ “ as

shown in Fig. 8, a |ayer of fourth dielectric 24 |s e waf er
usi ng a net hod for which the rate of formation of the fourth dielectric 24
on the thir kgl ectric 22 is greater thanqthe fornation of the fourth

dielectrig %Q:R? ﬂlﬁd%%ﬂiﬁ#ef%ﬁtiﬁn -t'_?éﬁch@‘s g.segslaﬁtgvm t he

formation rate ectric 24 on the dielecCtric 22 and
the formatdiQps 'gte of the fourth dielectric 24 on the second dielectric 16
allows the trench to be conpletely filled even with a relatively thin

| ayer of fourtprbwietigis Qﬂbgﬂrahg,layer of second dielectric 16. I n
this exanple the second dielectric 16 is silicon oxide, the third

dielectric 22 iforming canlayéri of, fardtt Qdelevtricdhavdnpri @ 2bdp s silicon
oxi de wherein the silicon oxide fourth dielectric 24 is deposited using
sub at nosgherfacehem ceaidapubstiepbeit i on, :
forming a layer of second dielectric, having a top
surface, on said top surface of said layer of first
dielectric;
patterning said layer of first dielectric and said
layer of second dielectric thereby forming a trench pattern,
having sidewalls, in said layer of first dielectric and said
layer of second dielectric;
etching a trench, having sidewalls and a bottom, in
said substrate wherein said trench is directly below said
trench pattern in said layer of first dielectric and said
layer of second dielectric;
forming an oxide liner on said sidewalls and said
bottom of said trench; |
forming a layer of third dielectric on said top surface
. of said patterned layer of second dielectric, said sidewalls
| of said trench pattern, and said oxide liner formed on said
sidewalls and hottom'of said trench;
removing that part of said layer of third dielectric
above the blane of said top surface of said layer of second
dielectric theréhy leaving that part of said layer of third

dielectric on said sidewalls of said trench pattern and on



SACVb, fromtetra-ethyl-ortho-silicate and ozone. This nethod provides a

grom’h rate of silicon oxide on-silicon nitride which is greater than the
growth rate of silicon oxide on silicon oxide. [Hlllllmll"ulmlu‘lms shown
in Fig. 9, that part of the layer of fourth dielec part of
the layer of third dielectric 22 above the plane of thé top 'Sur’f ade of the

| ayer of first dielectric 14 is renoved, .ugpng a nethod such

as a second

chem cal MEElad! 6214201 LABENGorkad’ BRY ehq@V §28evhG! Andl ShIG" bottdh dk t he

trench and an oxi

- 10 - a | ayg{gofrdhbrd dielectric 22 on the sidewalls 15 and bottom 17 of
the trench. The second’ chemical nechani cal polishing is stopped when the

top surface of tHermeNgraOlaybir’ oif Fovhadl dielbeétrid oRchkadd tophe trench
is conpletely filled with fourth dielectric providing good planarity for

subsequent gpirfesei 0f shffispatterned layer of second dielectric and on

that part of said layer of third dielectric on said

sidewalls of said trench pattern and on said oxide liner

formed on said sidewalls and said bottom of said trench,

after removing that part of said layer of third dielectric

above the plane of said top surface of said layer of said

second dielectric, using a method wherein the rate of

formation of said fourth dielectric on said third.dielectric

is greater than the rate of formation of said fourth

dielectric on said sgcpnd dielectric, thereby filling said

trench with said fourth dielectric; and

removing that part of said layer of fourth dielectric,

that part of said layer of third dielectric, and that part

of said layer of second dielectric above the plane of said

of said top surface of said layer of first dielectric

leaving said fourth dielectric in said trench.

2. The method of claim 1 whexrein said layer of first

dielectric is a layer of silicon nitride.

. 3. The method of claim 1 wherein said layer of second

dielectric is a layer of silicon oxide.



While the invention has been particularly shown _and described with
reference to the preferred enbodiments thereof, it will be understdod by
those skilled in the art that various changes |l|“l“”ﬂ|ﬂm ﬂ || "5 may be
made wi t hout departing fron1the spirit and scop ﬂ W"

CLAI M5 - 11 - 1. A nethod of *fofm hg ¥sdl ation -
trenches, conprising the steps of: prigvidi ng a substrate;

form ng a l43yeheoimethod of &llacinl il Wherein saidrlayer (&€ ethird said
substrat e; formng a | ayer of second dielectric, having a top
surface, odisdedtirde sy feadaydr saf dsikieon aiifride. diel ectric;
patterning said |ayer of first dielectric and said |ayer of second
dielectric thereby formng a trench pattern, having sidewalls, in said

| ayer of first dielectric and said |ayer of second dielectric;
5. The method of claim 1 wherein said fourth dlelectrlc is

silicon oxide formed using sub atmospherlc chemical vapor

deposition from tetra-ethyl-ortho-silicate and ozone.

6. The method of claim 1 wherein said second dielectric is
silicon oxide, said third dielectric is silicon nitride,
said fouftﬁ dielectric is silicon oxide, and said fourth
dielectric is farmed using sub atmospheric chemical vapor

deposition from tetra-ethyl-ortho-silicate and ozone.

7. The method of claim 1 wherein said substrate is silicon

and said oxide liner is silicon oxide formed by thermal

oxidation of silicon.

8. The method of claim 1 wherein said removing that part of
said layer of third dielectric above'the plane of said top
surface of said layer of said second dielectric is

accomplished using a first chemical mechanical polishing.



etchfng a trench, having sidewalls and a bottom in said substrate wherein
said trench is directly below said trench pattern in said |ayer of first
dielectric and said- |ayer of second dielectric; : ' | jjde
liner on said sidewalls and said bottom of said tremmlfmlﬂmumlm“g a

| ayer of third dielectric on said top surface of said pattlerredsl ayer of
second dielectric, said sidewalls of saidjjrench pattern, and said oxide

i ner formed qhedetnad domatlsiang URLEEIRO6asal YehBOIGE that par®TRF Ng
that part of said layer of third dielectric  above the plane of said top

surface of swaial lapear of Seapel agdepbeetrits thatepurkea¥i sgidhaayear oof
said layer of third dielectric.on said sidewalls of said trench pattern
and on third dielectric, and that part of-said- lsyed ofi seconder f orned
on said sidewalls and said bottomof said trench; formng a | ayer of
fourth di elddetleatwic sabdveo‘bhesplaneeoﬁf saaddoﬁasaeanpl syarface odcond
dielectric and on

said layer of first dlelectric uses a second chemical

mechanical polishing.

10. The method of claim 1 wherein said substrate is a

silicon integrated circuit wafér.

11. The method of claim 1 wherein said etching a trench
having sidewalls and a bottom in said substrate uses

vertical dry anisotropic etching.

12. A method of forming isolation trenches, comprising the
steps of:

providing a substrate;

forming a layer of pad oxide on said substrate;

forming a_layer of first dielectric, having a top

~surface, on said layer of pad oxide;

forming a layer of second dielectric, having a top
surface, on said top surféce of said layer of first
dielectric;

forming a layer of photoresist on said top surface of
said layer of second dielectric;

patterﬁing said layer of photoresist;



that part of said layer of third dielectric on said sidewalls of said
trench pattern and on said oxide liner forned on said sidewalls and said
‘bottom.of said trench, after renoving that part ﬂm u I ﬂﬁluﬂl third
di el ectric above the plane of said top surface J uﬂm lgLi aid
second dielectric, using a.method wherein the rate off forfation of said
fourth dielectric on said third dielectric g{ greater than the rate of

t

formation of sgj &E&fﬂiﬁ% Qafaefa{réf 8e mc asemecéﬁhecsam 16jereby

filling said trench wth said fourth dielectric; and removi ng t hat
part of sajfl deverd didnecthid] chpat shed 1hpak BE' badf oxaidd bavey eaidird
dielectric, and that part of said |ayer of second dielectric above the

pl ane of iifdti:eﬂie&ﬂ&kréﬁpoﬂuphﬁtereéisal dsl aymaskf therebydfereding a

| eaving said fourth dielectric in said trench. 2. The nethod of claim1l
wher ei n sdirkdcly pattefn rsavingesidewatlssin bagdr lafresi bifcdansitt ri de.

3. The nmethod of claiml wherein said | ayer of second dielectric is a

| ayer of $Aielmgtii¢desaid layer of second dielectric, and said layer

of pad oxide;

etching a trench having sidewalls and a bottom in said
substrate using said pétterned layer of ﬁhotoresist as a
mask wherein said trench is directly below said trench
pattern;

removing said patterned layer of photoresist;

forming an oxide liner on said sidewalls and said
bottom of said trench;

forming a layer of third dielectric on said top surface
of said patterned layer of second dieiectric, said sidewalls
of said trench pattern, and said oxide liner formed on said
sidewalls and bottom of said trench;

removing that part of said layer of third dielectric
above the plane of said top surface of said layer of second
dielectric thereby ledving that part of said layer of third
dielectric on said sidewa;lé of said trench pattern and on
said oxide liner formed on said sidewalls and said bottom of
said trench;

forming a layer of fourth dielectric on said top

" surface of said layer of second dielectric, on that part of

said layer of third dielectric formed on said sidewalls of



- 13 - 4. The nethod of claim1 wherein said | ayer ric.

- a llayer of silicon nitride. 5. The nethod of claim.21 fourth
dielectric is silicon oxide fornmed using sub atnosp |\| ﬁvmﬁm por
deposition fromtetra-ethyl-ortho-silicate and ozone od of

claim1l wherein said second dielectric is silicon OXIde said third
dielectric is silicon nitride, said fourthedielectric is silicon oxide,

and sai d fouiinerdhghephtiern; id e $HiR0 odflach 1T Formed) UH EHidapor
deposition fromtetra-ethyl ~ortho-silicate and ozone. 7. The net hod of

claim 1 whgjgbwasdbdanabsbid dotton |0 Waid el @t Ideiivirig silicon
oxide fornmed by thermal oxidation of silicon. 8. The nethod of claim1l

wher ei n satHatepartnoft batidpdrayeaf oseutﬁ.:}damreIﬁcttﬂma Ghtive eitie iplasve
the plane of said top

of said top surface of said layer of said second dlelectrlc,

using a method wherein the rate of formation of said fourth
dielectric on said third dielectric is greater than the rate
of formation of said fourth dielectric on said second
dielectric thereby filling said trench with said fourth
dielectric; and |

| removing that part of éaid layer of fourth dielectric,
that part of said layer of third dielectric, and that part
of said layer of second dielectric above the plane of said
of said top surface of said layer of first dielectric,

leaving said fourth dielectric in said trench.

13. The method of claim 12 wherein said layer of first

dielectric is a layer of silicon nitride.

14. The mefhod of claim 12 wherein said layer of second

dielectric is a layer of silicon oxide.

15. The method of claim 12 wherein said layer of third

dielectric is a layer of silicon nitride.



surface of said |ayer of said second dielectric is acconnlishéa'usLng a
first chem cal nechanical .poli shing.

-14- 9. The nethod of claim1 wherein said renov mlmm sai d
| ayer of fourth dielectric, that part of said Ia)lmm‘f mum ectric,
and that part of said Iayer of second dielectric mbdve'thd pt ane of sald

of said top surface of said layer of firgt_dielectric uses a second
chem cal y@®EchaR odtined i 6hi 6laim 120whébeineshed Eburithi Wwiklwodrio isni d

substrate is a silicon integrated circuit wafer. 11. The met hod of
clai m | wheirkicors axtide chormed tsiénghsubaaitmgspheeial ichemidad yapsm in
sai d substrate uses vertical dry anisotropic etching. . 12. A nmethod of

forn1ng|:ﬂﬂpnsitn¢neﬁnamstetuapethyhgorhho—suépsa@ﬁ and ozone.

17. The method of claim 12 wherein said second dielectric is
silicon oxide, said third dielectric is silicon nitride,
said fourth dielectric is silicon oxide, and said fourth
dielectric is formed using sub atmospheric chemical vapor

deposition from tetra-ethyl-ortho-silicate and ozone.

18. The method of claim 12 wherein said substrate is silicon
and said oxide liner is silicon oxide formed by thermal

oxidation of silicon.

19. The method of claim 12 wherein said removing that part
of said third dielectric above the plane of said top surface
of said layer of second dielectric uses a first chemical

medhanical polishing.

207 _The method of claim 12 wherein said removing that part
of said layer of fourth ﬁiglectric, that part of said layer
of third dielectric, and.fhat part of said layer of second
dielectric above the plané of said of said top surface of
~said layer of first dielectric uses a second chemical

mechanical polishing.



.provi ding a substrate; . formng a | ayer of pad~ﬁﬁffkr1nr1ﬁf7i‘_"

substrat e; formng a layer of first dielectri

surface, on said |ayer of pad oxide; form n \m

dielectric, having a top surface, on said top su Iayer of
first dielectric; formng a | ayer of photore5|st on sald top surface
of said |layer of second dielectric; _ qghatterning said layer of

phot oresi 84, The method of claim 12 wherein said substrdfe is apatterning
sai d | ayer of first dielectric, said | ayer of second dielectric, and said

| ayer of aadlebndemtagratﬁactiﬂ&ﬁiﬁﬁwﬁthayer of photoresist as a mask
thereby forming a trench pattern having sidewalls in said | ayer of first
dielectric, said |layer of second dielectric, and said | ayer of pad oxide;
etching a trench having sidewalls and a bottomin said substrate using
sai d patt @2nrefheayerthud wihtakaim si2 asherein said etching said trench

having sidewalls and a bottom in said substrate uses

vertical dry anisotropic etching.



mask wherein said trench is directly below said trench pattern

"renoving said patterned | ayer of photoresist; formng an oxide |iner
on said sidewalls and said bottom of said trench; formng a | ayer of
third dielectric on said top surface of said patterned.layer of second
dielectric, said sidewalls of said trench pattern, and said oxide |iner
fornmed on said sidewalls and bottom of sgpd trench; renovi ng that

part of said layer of thirdaBseRACTY OF THEODISCLOSWRENe of said top surface
of said |layer of second dielectric thereby leaving that part of said |l ayer

of third AdBTHOE DO AVOID DESHING TIe FORNINGTRENCAES FORCSHALLOWITRENCH 3BOLAFIONSAI d
oxide liner forned on said sidewalls and said-bottomof said trench;

forming a layer of fBumekhodeliecdeiscrdbednifivon &illdmy drensthesiwiitlayer of
second dielectric, on that part of said |layer of third dielectric forned
on sai d sidtebertride for shallow trench isolation which completgly
fills the trench and avoids problems due to dishing at the
top of the trench. A trench is formed in a substrate having
a second dielectric material formed thereon. The trench is
lined with a third dielectric material. Sub atmospheric
chemical vapér deposition, SACVD, of tetra-ethyl-ortho-
silicate and ozone is used to grow a fourth dieleqtric on
the surface 6f the second dielectric material and 'in the
trench lined with the third dielectric material. The growth
rate of fourth dielectric 6n the third dielectric is greater
than the growth rate of.the fourth dielectric on the second
dielectric using SACVD of tetra-ethyl-ortho-silicate and
ozone. The difference in growth rate assures that the
trench is completely filled with fourth. dielectric even for
"relatively thin layers of fourth dielectric grown on the
second dielectric. This provides good planarity for a
planarized substrate and avoids the problem of dishing at

the top of the trench.

.(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



salgd trench pattern, and on said oxide linet fornmed on said sidewalls and
sai ¢ bottomof said trench, after removing -that part of said layer of
third dielectric above the plane of said top surface of said |ayer of said
second dielectric, wusing a nethod wherein the rate of formation of said
fourth dielectric on said third dielectric is greater than the rate of
formation of said fourth dielectric on said second dielectric thereby
filling said trench with said fourth dielectric; and renovi ng-t hat
part of said |layer of fourth dielectric}/3that part of said layer of third
dielectric, and that part of said |ayer of second dielectric above the

pl ane of said of said top surface of said |ayer of first dielectric,

| eaving said fourth dielectric in said trench. 13. The method of claim
12 wherein said |layer of first dielectric is a layer of silicon nitride.
14. The method of claim 12 wherein said | ayer of second dielectric is a

| ayer of silicon oxide. 6 : ; d of cl a4 . in said | ayer of
third dielectric is a layer Tt f
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- 17 - 16. The nethod of claim12 wherein-said fourth dielectric is
_silircon oxi de fornmed using sub atnospheric chenm cal vapor deposi.tion from
tetra-ethyl-ortho-silicate and ozone. 17. The met hod of claim 12 wherein
said second dielectric is silicon oxide, said third dielectric is silicon
nitride, said fourth dielectric is silicon oxide, and said fourth
dielectric is formed using sub atnospheric chemi cal vapor deposition from

tetra-ethyl-ortho-silicate and ozone. }ﬁ1 The nethod of claim 12 wherein
said substrate is silicon and said oxide“liner is silicon oxide fornmed by
thermal oxidation of silicon. 19. The method of claim 12 wherein said

renoving that part of said third dielectric above the plane of said top -
surface of said |ayer of second dielectric uses a first chem cal
mechani cal pol i shing. 11° 11

16 16
14 14
12
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4
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:20. The nethod of claim 12 wherein said renoving that part of said-layer
.of fourth dielectric, that part of said {1ayer of third dielectric,

and. that part of said |layer of second dielectric above the plane of said
of said top surface of said layer of first dielectric uses a second

cthem cal nmechani cal polishing. ) - 18
- 21. The nethod of claim12 wherein said substrate is a silicon
integrated circuit wafer. 22. The nmethod of claim 12 wherein said
etching said trench having sidewalls andjgzbottomin said substrate uses
vertical dry anisotropic etching. :
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