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A METHOD TO FORM SHALLOW TRENCH ISOLATION STRUCTURES

WITH IMPROVED ISOLATION FILL AND SURFACE PLANARITY
BACKGROUND OF THE INVENTION

(1) Field of the InVéntion_

The invention relaﬁes to é method of fabricating
semiconductor st;uctures,'énd more-particularly,-to the
formétion'of shallow trénch iSolatién structures with

improvéd isolation £fill and surface planarity.

(2) Descrlptlon of the Prlor Art

As integrated circuit- feature sizes continue to
shrink, one of the limiting:féctdrs in this sizelreduction
is ﬁhe technique for active area isolation. Traditionally
in the art,.active areas have'been isolated from each other
'through the fo;matioﬁ of localjoxidafiqﬁ of silicon, or
LOCQS,Isfructu;es. LOCOS struétures prbvide good
electricaliisblétion of active areas_such-as t:ansiStor
source and dfain'regiohs. Howevér, LOCOS structures |
consume substantial aﬁounts of si;idon surface area. Thié.
'meané fhat the:available area_férlactive dévices such'as
transistors is reduced. Further, the ﬁOCOS structure is

three—dimensiOnal.ahd'createé a non-planar surface topology
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that adversely-affects the process yield'and'qomplexity of

the. processing steps that come after the LOCOS. formation.

To reducé.the silicon area uséd'for-isdlatipn regions
and to imprbve the plaharity of these regions, a'néw
:technique, called shalloﬁ.trench isoiation, or STI, haé
been developed. In STI, trenches or grqoveslére etéhed
into the top surfaée of ﬁhe.silicon wafer. These gfoovés
ére.then fiiled'with:én.isolating diélectric such as
silicon oxide. fThiS isolatiné dielect;ic is then made
planar to the surface qf_the sﬁbstrate by etching or
chemical.mechanical_polishing;(CMP). STI structures'madé
in:this way can be'madglsubstanti;lly smailer.than-
cpmparable LOC@S strﬁctures.  Therefore léssfof,the silicon
surface is used for isolatiéh and mqfe is évaiiable for
aétivéAdevices,’ Since fhe STI structures are.made planar,
the prqce$sihg.problems'presented'by the LOCOS surface

topology are solved.

Even ﬁith i£s advantages when compared to LOCOS}_prior
art-STI'structurés do have séveral problems associated with

the.integrity'and-planarity of the isoléting.dielectric.-
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The first problem is that} under certain conditions,

voids can form in.the isolating dielectric that fills the

trench. A cross-sectional view of a partially completed

STI structure is shown in Fig. 1. A'semiconductor -

. substrate 11 is shown; Layers of pad oxide 12 and silicon

nitride 13 have been deposited on the surface of the

.substrate 1I. A trench has been etched through the silicon

nitride 13_and pad oxide 12 and partially into the
substrate 11. An isolation dielectric 14 such as silicon
oxide is deposited over the silicon'wafer to £fill the STI

trench.

As can be seen in.the illustration} a void has formed
in the isolation dielectric 14. The likelihood of this
void.forming increases as the ‘aspect ratio of the trench

increases. The aspect ratio'is the ratio between the depth

of the trench L1 and the width of the trench L2. It is

observed 1n the art that 1f the aspect ratlo (L1: L2) is

greater than 1:1, then v01ds will form in the isolation
d1electr1c-14. Unfortunately, aspect ratios exceeding 1:1

and even approaching 1.5:1 are needed as integrated circuit

device geometry continues to decrease. Further, if such a

. void forms, then, when the surface conductive layers are

later_deposited,.residue-from'these_conductive materials
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can be trapped-in this void. These trapped conductive

residues can then cause electrical short paths between

leyer elements.that-werefsupposed to be electrically

isolated.

The second problem is that the edges of the top
surface of the 1solatlon dlelectrlc of the STI are

typlcally recessed at the corners of substrate actlve area._

pFlg. 2 1llustrates thls problem. After the STI trench is
. formed in the substrate 21 and filled with the 1solatlon_

- dielectric 22, the wéfer-islsubjected to chemical

meChanical polishing, orZCMP,'cleaning,”and:etching_
processes to'renove excess-oxide and nitride material. In
STI structures typical in the-art;'the anisotropic
component of'the.oxide—etching step will cause the
rece581on of the isolation dielectric surface 23 near the
edges of the STI trench Unfortunately, such edge recession
exposes the corners of the silicon substrate 21‘in_the |
active area. This.ceuses sub-threshold leakage currents

and reduction in gate:oxide_dielectric breakdown for the

active device formed in this area adjacent to the STI. .

The third problem is that the top corners 24 of the

'STI trench are relatively sharp, as seen in Fig. 2. This
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topology causes the STI structure to'bé-susceptible to

parasitic corner transistor formation.

- Several prior art approaches_attempt to reduce-the'

likelihood or severity of isolation dielectric voids,

exposure of the substrate active area due to edge

recession, and to improve the roundness of the top corners.

‘of the STI structure. U.S. Patent 5,747,866 to Ho et al

shows a process-wﬁich'éan round the corners of the STI
interface with the éctivé area thréﬁgh the formation of an
oxide liner. U.S; Patent-5,719,085 to Moon et al_teaches.
the STI process thét undéfcufs the ﬁad oxidé 1ayef witﬁ an’
HF etch and forms an bkidé-liner'that rounds the active
area corner. U.S. Patent 4,839,306'£o Wakamatsu shows ;n

isolation method that uses etching'to_make the active area

‘corners rounded.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an efféctive”and-very manufacturable method of

fabricating a STI structure.
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A further object of the present invention is to

provide a manufacturing method that gréatly'reduées the

likelihood of vpids'forming in the isolation dielectric of

'the STI structure,

Yet a further object of the present invention is to

‘provide a manufacturing method that greatly reduces the"

likelihood of exposure of the substrate active area due to

_edge recession of the STI structure.

Still yet a further objéct_of'the present invention is_"
to proﬁide a manufactufing method_that improves__the=
elqctridal iSOIation of the STI structure by rounding the

top edge corners.

In accordance with the objects of this invention, a

new method of fabricating thé STI structure has been

achieved. This STI structure has an improvéd,topology that
greatly reduces the likelihood both of isolation dielectric

voids as well as exposure of the substrate active area due

to edge recession while improving'the roundness of the

active area corners. A semiconductor. substrate is

_uprovided. A pad oxide layer is provided over the surface

of the substrate. A silicon nitride layer is deposited
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overlying the pad oxide layer.. A thin oxide layer is

deposited overlying the nitride layer. Isolatidn trenches

' é:e etched through the thin oxide layer, silicon nitride

layer, and pad oxide layer. The isoiation trench is

further etched into the'semiconductqr substrate. The

. silicon nitride layer is etched laterally to undercut the

_thin oxide layer. The thin oxide layer is removed. A

layer of liner oxide is growﬁ on the exposed silicon of the

trench. A layer of isolation dielectric is deposited

- overlying the silicon nitride and the'trench. The

isolation dielectric is polished down to the top surface of

the silicon-nitride;_ The silicon nitride is iemoved.

~ Isolation dielectric extending above the surface and

remaining thin oxide layer is stripped. This completes the
formation of shallow trench isolations. in the fabrication

of the integrated circuit device.-
BRIEF DESCRIPTIONlOF THE DRAWiNGS'

In the éccompanyihg_drawingé forming a material part

of this description, there is shown:
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Fig. 1 schematically illustrates in cross-section a

partially completed prior art STI structure'shOWing a void

formed in the isolation dielectric,'

Fig. 2 schematically illustrates in cross-section a

prior art STI structure showing recession of the isolation

dielectric at the ¢ornets of the.substrate'active é:ea.'

Figs. 3 through 12.schematically illustrate in cross-

sectional representation a preferred embodiment of the

- present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 3, there is_
illustrated a portion of a partially completed STI

structure. Seﬁiconductorfsubstrate'31 is preferably

_composed of mbnocrystalline'silicon; A thiﬁ.layer of

silicon'bxide,.called pad oxide 32, is grown on the'surfaCe
of the substrate 31 to a thickness of betwéen about IQO and .
200 AngStroms.-_A silicoﬁ nitride layer 33 is deposited

over the pad oxide 32 to a-thiékness of between about 1500 o

_and 2500 Angstroms. A second silicon oxide layer, called
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thin oxide 34, is.dépdsited'over the silicon nitride 33 to

a thickness of between about 100 and 200 Angstidms,

'Référrihg.now to Fig. 4, sﬁallow tfenches 35 are
etched throﬁgh the thin oxide 34, silicon nitride 33, and
. pad oxide 32. _Further,_these'trenChes are etched into the
'substrate.31. Thé trenches 35 may bé as smali aslabQut
0.25 microns in width and aré etched to a.depth of between

about 2000 and 3500 Angstroms.

Réferring to Fig. 5,.a key featﬁre.of thé present
invéntion is_desc;ibgd.'.Using preferably hdt-H3P04,.the
siiicon nitride.$3 is etéhéd.  Because of the configuration
of the pad oxide 32 beiow:and the thin oxide 34 above, the
~etch laterally reﬁbves a sectién of ﬁhé éilicon nitride.33
sufficient'tO'undercut the thin oxiae 34 opening an a?ea-36
'as shown ih'Fig. 5. 'Note that a dry isotropic etch
technique could also be used in this sﬁép. A key parameter
in this processlstep is to time the etch such that the |
undercut dimension L3 is greaté:'thaﬂ or equal to the :
thickness dimension L4 of the silicon nitride 33. In the
prgferred-embodiment;5the hot Hsroq_etqh is timed tq.bétween
.about 20 ahd_40 ﬁinutes. The undercut”dimensionlLB'is

between about 1500 and 2500 Angstroms.
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Fig. 6 Shoﬁs“the STI structﬁfe'aftér it is éubjected
fd a buffered HF dip prbquS.  The thin oxide layer 34 énd_
the exposéd sectibns oﬁ ﬁhe pad oxidé 1ayer_3é are renoved.

The structure revealed shows a stair step profile that is a

' key feature of this STI method.

_ _Refer:ing now £o.Fig. 7, another key feature of the
présept invention is illustrated._ A silicon oxide layer,
called liner oxide 37, is thermally grown to a thickness of
between abéut'ZOO and 300fAngstfoms. As.this 1iner.6xide
37 grows iﬁtq_and'oﬁt of tﬁg exposgd'éilicon sﬁrfaces, it
cauées a ioundinglof the trench at the active cornér 38;-

Further, since the liner OXide.37_growth is morelintensive

at the active corner 38,'this-cause§ thé'underlyiﬁg surface

of the substratélsl'to.fecede a greater distance as. shown

in area 39.

As shown in fig; 8, now that the trench of the STI
structure ﬁgs_been prepared wiﬁh a preferable topoiogy,.an
isolation'diélectric_40_is_debosite@-to a thickness of .
bEtween about SbOQ and'BbOO.Angstroms. The-isolatiéﬁ“

dielectiic 40 is préfgrably silicon oxide deposited by
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chemical vapor deposition, CVD. However, other materials

and deposition techniques could be used.

']Referfing.now to Fig. 9,-t$e isdlétion dieiectfic 40
is now.removed.to'the'levél ofjthe'surféce of the silicon
nitride 33. A chemiéél_mechanical polish,.CMP, ié
performed on the wafer. .The silicon-nitride 33 acts as a

stop layer for the CMP process.

.Eig. 10 shows £he STI structuré aftef the silicon
nitride 33 is removed by a selective etch process. Yet
another key featgre §f the'preferred émbodimént is thatja
covering of isolétion'dielectric'golremains above the
surface level of the éubstrate 31 ovérlapping the active

edges 38.

Finaliy;'referriné to Fié, 11, a chémical cleaning and
an oxide sﬁrié are pefformed on the wafer usihg buffered:“
QF; ‘This etch-step has £o be7timed-to.provide exact.
removal of the residuéllpad oxide left after the chemical

cleaning. The time fequired for the etch depehds"on the

" particular buffered HF to be used. This time requires very

_careful tunihg'depending on silicon nitride removal}.

¢ : :

cleaning, and even the kihd of chemical bath in use. In’
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the preferred.embodimeht, an HF :H20 sblution-in a 1:100

ratio is'used yielding an etch time of between about 650
and 750 seconds. After this process step, the STI

structure is complete.

Processing continues as is conventional in the art to

fabricate semiconductor devices in and on the substrate in

the active regions'separated by the STI regions_of the

.present invention. - For example, as illustrated in Fig. 12,

Qate electrodes 50 and source and drain regions 52 have

-been fabricated in and on the semiCOnductor substrate 31.

Patterned conducting lines 58 have been formed in contact
openings through inéulating layer 56 to complete electrical
connections. Passivation layer 60 completes the integrated"

circuit device.

It can ﬁow.be:dembnstrated how ‘the process features
p051t1vely 1mpact the performance and manufacturablllty of e
the STI structure.'_Elrst, compare the cross-section of the_-=
partially completed STI structure of the preferred

embodiment depicted in Fig. 8 with that of thehprior-art

‘topology. shdwn in Fig. 1. Note how the key feature'of

undercutting the 3111con nltrlde edges, that is deplcted in

Fig. 5 and Flg. 6, has glven the remaining. trench a stair
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step profile. Because of this topoibgy; the trench of fhe.
preférred’embodiment can exhibit.an-éffective'aspeqt'ratio
of 1:1 during isolation.dieleCt#ic deposifion.even though
the'étéhed trench aspect ratio is actually 1.5:1. The
lower effective aspect fatio méans that the isolétion

dielectric material more easily and completely fills the

trench during deposition. Thus, it is much less likely

that voids will form in the isolation material.

Sécond, compare the cross-sectional view of the STI

structure of the preferred embodiment illustrated in Fig.

11 with the prior art croSé—section shown .in Fig. 2. The

edge recesses of the surface of'ﬁhe isolation dielectric -
have been eliminated. This is directly due to the key
feature of the embodiment, illuétréted-in Fig.-lO,_where_'

the isolation dielectric overlaps the active corners prior

"to the final oxide strip. This overlap eliminates the

formation of the local recess_during the oxide strip.
Because of the elimination fothe isolation dielectric
recession at the actiﬁé_area corners, problems such as sub-

threshold_leakage currents and reduction in gate oxide

'dielectric breakdown are elimihated.
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Third, the key silicon nitride undercut step that is

depicted'in-Eig; 5 and Fig. 6 and the key liner oxide step
depicted in Fig. 7 cause a rounding of the corners of the
top edges oflfhe tfénch, This rounding is accompanied by
mo¥e intensive recession of the silicorn substrate due to :
the fhermal liner oxide Q:OWth. Because of this profiie,
the finished STI structﬁre is lesé sgsceptiblé to ﬁéxasitic

corner transistor formation. .

The process of the present invention'provides a'very.
manufacturable process for'forming'STi-structures'with_

improved isolation fill énd sﬁ:face plaﬁarity.

While the invention has been particularly shown and
described with feferénce to.the preferred émbodiménts
theredf, it_wili_be-undérstood by those skilled in the ért
that'various'changés in form énd-détails may be made
without departiné ﬁrom thé spirit and.sqope'éf-the_

invention.
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' CLAIMS e 15 |
1. A method of fabrication of an integrated. circuit

device comprising:

 providing a pad oxide layer over the_surfaée of a

. semiconductor substrate;

depositing a silicon nitride layer overlying said

" pad oxide layer;

depositing a thin oxide layer oﬁerlying.said
silicon nifride layer;
| etchiﬁd an isoiatiﬁn tren¢h'through said thin
Qxide la&ef, said ni;ride_layer,'and said pad oxide
layer and iﬁto said semiconduqtdr substrate;
etching said silicon nitridé layer exposed within
said trench to form a laterai undercﬁt leaving a
projection of said thin oxide layer énd-exposing.a
pértion of uhderlying said padIOXide layér;
| etching away séid thin oxide layer and the
exposéd.porﬁionfof said pad oxide layer and thereby
exposing'portiéns Qf said'surféqe'of said
semiCQnductor subst:ate;j
| growing'a liner oxide dﬁ said exposed bortibns of
said semicondudtor:substrate.within'said isolation
trench and on said surface of said semiéonductor'.
substrate; o |

depositing a layer.of isolation dielectric
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overlying said liner oxide and said silicon nitride

" and filling said isolatibn_trench;

polishing away said isolation dielectric stopping

‘at said silicon nitride layer;

etching away_reﬁaining said silicon nitride;

etching awa& said isolation dielectric and said
péd.oxide.from'said'sufface of said semiconductor
substrate léavin§ séid isoiatidn dielectric oniy[
within'said.isolatiqn trench; aﬂd-

cbmpletihg said fabricatipn_of said integrated

circuit device.

2. The method,accordihg,tb Claim 1 wherein said pad

oxide'layer is formed to a thickness of between about -

100 and 200 Angstroms.

3. The methbd acéording to Claim 1 wherein said silicon

“nitridé_layer is deposited to a thickness of between

about 1500 and 2500 Angstroms.

4. The method according to Claim 1 wherein said silicon

" nitride layer is etched such that said lateral

undercut depth is not less than the thickness of said

silicon nitride layer.
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5. The method according to Claim 1 wherein said liner

" oxide layer is grown to a thickness of_betweén about

200 and 300 Angstroms.

6. The method according to. Claim 1 wherein said silicon
nitride is used as a polishihg stop for said polishing

away of said isolating dielectric.

" 7. The methbd'acco;ding to'Claim 1 wherein said
'isolation'dieléctri; o&e;laps the edges of the active
area corners of said-trench immédiately prior to said
etching away of said isolation dielectric and

 said pad.oxidé from said surface.of_said semidonduc;or _

substrate.

8.'The method according to Claim 1 wherein said =
polishing away of sald isolation dielectric is done by

chemical mechanical polishing.’

9. The method according to Claim 1 wherein said
isolation dieléctriq'is deposited to a thickness of

 between about 5000 and 8000 Angstroms.
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10. A method of fabrication of shallow trench

" isolation in the manufacture of an integrated circuit

device éomprising: o

| -providing.a pad oxide layer over the surface -of a

semiconductor Substréte; | |
depésiting a silicon nitride layer overlying'said..

pad oxide layer;

depositing a thin oxide layer overlying said.

~silicon nitride layer;

etching-én isolation.trench through said thin

oxide layer, said nitride layer, énd.said pad oxide

" layer and into said semiconductor substrate;

etching said silidon.nitride layér exposed within -
said'trench to' form a lateral undercut leaving a
projection of said thin oxide layer and exposing a
portiqn of undefiyiﬁg said pad oxide layer;

-etéhiﬁg away. said thin oxide layer and said

'éxposed pértion of said pad oxide 1ayer'thereby .
' exposing pdrtions of said surface. of said

- semiconductor substrate;

growing. a liner oxide on'said exposed portions of

said semiconductor substrate within said isolation

trenches and on said surface of said semiconductor

éubstrate:
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depositing a layer of isolation dielectric

~overlying said liner oxide and said silicon nitride

and.filling said isolation trench;

polishing away_said isolation dielectric stppping

" at said silicon nitride layer;

etching away remaining said silicon nitride
whereby said isolation dielectric overlaps_the edges
of the active area corners of said trench;

etching away saidIisolation'dielectric and said

' pad oxide from said surface of said semiconductor

substrate wherein said isolation dielectric

overlapping said active area corners of said isolation

" trench prevents exposure of said active area corners

during said etching éway; and
- completing said fabrication of said shallow

trench isolation in said manufacture of said

j integrated circuit device.

o ~11. The methodfaccording to Claim 10 wherein said pad

~ oxide layer is formed to a thickness of between about

100 and 200 Angstroms.
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12. The method according-to_Cléim 10 wherein said
 silicon nitride layer is deposited to a thickness of

between about 1500 and 2500 Angstroms.

13. The method according to Claim.10 wherein said
"silicon nitride layer is etched such that said lateral:
undercut depth is not less than the thickness of said

silicon nitride layet.

14. The method according to Claim 10 wherein said
liner oxide layer is grown to a thickness of between

" about 200 and 300 Angstroms.

© 15. The method according to Claim 10 wherein said
silicon nitride is used as a polishing stop for said

polishing away 6f said isolating dielectric.

'16. The method according to Claim 10 wherein said
pdlishing.away of said isolation dielectric is-done by

- chemical mechani¢a1 polishing.

 17. The method according to Claim 10 wherein said’
isolation dielectric is deposited_to a thickness of

‘between about 5000 andﬁ8000 Angstroms.
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18. A method of fabrication of an integrated circuit

“device comprising:

providing a pad 6xide layer over the surféce'of a .

- semiconductor substrate;

depdsiting a'siiicon?niﬁridé layer oﬁerlying said
pad oxide layer} |
| “depositing a'thiﬁ oxide layer overlying said
si;icon nitride layér; |
etéhihg an isolation trench through said thin
oxide layer, said nitride layer, and said pad oxide
layer and into said semiconductor substrate;r
etching said silicon'nitride laye:'exposed within
said'tfeﬁch to fdrm'a_lateral undercut sﬁch that séid'
lateral.undercut'aepth is notiless than the thickﬁess o
of.said silicon nitride 1ayer and_leaving a.projéction':
of said. thin oxide layer and exppsing_a portion of i
underlying éaid'pad oxide layer; |
..etching away said thin oxide layer and the
exposed bortioh'of séid pad oxide layer;
| depositing é layér of isblation_dielectrié

overlying said silicon nitride and filling said

isolation trench;

polishing away said isolatiOn_dielectric:stqpping

‘at said silicon nitride layer;
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etching away remaining said silicon nitride

' whereby said isolation'die;ectric overlaps the edges

of the active area corners . of said:trenches;

| etching away said-isplatioh dielectric and said
pad oxide from said surface 6f;sa;d semicoﬁductor |
substrate wherein said isolation dielectric

overlapping said active area corners’ of said isolation

trenches prevents exposure of said active area corners

during said etching away; and.
completing_séid fabrication of said integrated

circuit device.

19. The method according to Claim 18 further

' comprising growing a liner oxide on 'said exposed

portion of said semiconductor substrate within said

isolation trench before said step of depositing said

hY

layer of isolation dielectric.

20.. The method acéording to Claim 18 wherein said

polishing away of said isolation dielectric is done by

| chemicallmechanical‘polishing.'



