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A METHOD TO FORM'NARROW AND WIDE SHALLOW TRENCH

ISOLATIONS.WITH DIFFERENT TRENCH DEPTHS TO ELIMINATE.

" ISOLATION OXIDE DISHING 
BACKGROUND OF THE. INVENTION
(1) Field'of'the Invention

The invention relapgs_to.a method of fabricating - e
silicon structures, and more particularly, to the formétion
- of narrow and wide shallow trench isolations with different

depths to eliminate isolation oxide dishing problems.
(2) Description of the Prior Art

The ﬁse of shallow trench isolation'(STI) for the
formation of integrated circuit isolations has groﬁn.in the
art due to the reduced surface area and improved topology

- of STI when compared.to'traditiona; local oxidation of
-silicon (LOCOS) schemes. One problémlthat_is encountered
in the use of STI is oxide dishing. Oxide dishing occurs,
in part, due to pad deformation in the chemical mechanical
pé&iSh (CMP) process uéed to planaiize ﬁhe STI structures.

It is called dishing because the STI isolation oxide takes



on the shape of a dish as the oxide in the trench is

thinned by the CMP process. Dishing is especially

pfonounced on large of wide STI.structures because the
isolation ogide ovef these trenches is_tybicaliy'thinner
than the oxide déposited over narrow trgnches dﬁe_tp
topblogical effects. Narrower STI'strucfures demonstrate

little or no dishing.

Referring to Fig. 1, a cross-section of a partially..

completed prior art integrated circuit is shown. A silicon

. substrate 10 is shown. A pad oxide layer.19 overlies the

silicon-sqbs;rate 10. A silicon nitride.layer 20 overlies
the pad oxide layer 19 as a poiishing st§p. Two narrow
trenches 14 and one wide trench 18 have been etched into
through the pad oxide layer 19 and the silicon nitride -~
layer 20 and into the surface of the ‘silicon substrate 10.
The trenches have a common depth of L1 because all‘were

formed by the same reactive ion etch (RIE) process.

: Réferring to Fig. 2, an isolation oxide layer 22 has
béen deposited ove;lyiﬁg the silicon nitride layer 20.and.
filling the tren;hesf Note hqw the topology 6f the
trenches affects the tépology of the isolatidn oxide layer

22. Where the isolation oxide layer 22 overlies the narrow
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trenches 14, it is relatively thick. Conversely, the

'~ isolation oxide layer 22 is relatively thin overlying the

| wide trench 18.

| Referring to Fig. 3, the result of the chemical

mechanical polish. (CMP) is shown. The isolation oxide

-layer-22 has been polished down to the top surface of the

silicon nitride layer 20 to complete the shallow trench

isolations. Following the'polish, however, significant

dishing 24 is seen over the wide trench 18. This dishing

24 can cause increased current leakage and decreased gate
oxide voltage breakdown. These problems at the active area

interface reduce device yield.

Several ptior art approaches disclose methods to

create trenches having different depths into the substrate.

- U.S. Patent 5,776,817 to Liang teaches a method to form

trenches of different depths comprising: forming

'sacrificial-refrgcto:y metal layers of different thickness,

annealing the metal layers to create metal silicide layers
of different depths into the underlyiné silicon substrate,
and then rémoving.the fefractofy metal and silicide layers
to réveal trenches of different depths. U.S. Patént

5,814,547 to Chang discloses a proceSS to etch trenches



using a microloading effect to cause the trenches fo be
etched-tdldifferentldepths.' U.S. Patent 5,851,928 to Cripe'
et al discloses é.procesé tquegch features of different
depths in a single.wet isotropic etching'step by using a
mask layer with different sized openings. U.S. Patent
5,157,003 to Tsuji ét al teaches a process to etch trenches
of different dépths}; Selective exposure of phén6l'resin.
pbsitive photoresist is used to define etéhing areas. Two
etching_sﬁeps are peqformeqngo erm_shallow trenches of-tﬁo

different depths.

'SUMMARY OF THE INVENTION

A principal object of the present invention is to "
provide an effective and very manufacturable method of
fabricating shallow trench isolations in the manufacture of

integrated circuits.

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

which isolation oxide dishing is eliminated.



A yet further object of the present invention is to

eliminate. isolation oxide dishihg in shallow trench

isolations by forming wide trenéhes of lesser depth than

narrow trenches.

Another object of the present invention is to provide

-a.method to fabricate shallow trenches of different depths

in the same etghing step.-

In accordance with the objects of this invention, a
new method ofufabricating-shallow;trench isolations has
been.achieved. A silicon substrate is.prpvided. A péd
oxide ‘layer is formed overlying the silicén substrate. A
polishing stop layer is formed oveflying the pad oxide -
layer. An oxide laye: is -deposited overlying the polishing
stop layer. The oxide layer, polishing stop layer, and pad
oxide layer are etched thrbugh to the top surface of the

silicon substrate to form openings for planned first

‘trenches. A polysilicon layer is deposited overlying the

oxide layer and filling the openings for the planned first

trenches. The polysilicon layer is polished down to the

top surface of the oxide layer such that the polysilicon

. layer remains only in the openings of the planned first

trenches. The oxide layer, polishing-stop layer, and pad



oxide layer are etched through to the top surface of the
silicon substréte to form openings for planned second
trencﬁes. The polyéilicon 1ayér and the silicpn-substrate
are etched simulatanéously to complete:the first trenches
and the second trenches where the second trenches are |
etéhed deeper.than the first trenches and.whe;e'the oxide
layér acts éé an efching mask. An isolation oxide layer is
deposited overiying tﬁe oxide layer and filling the first
Mtrenches and.the_second trenches. The isolation oxide .
lajer'and the oxide layer are polished down to the top
.surfaée of the.polishing stop layer to complete the shallow
trench isolations, and the 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 3 schematically illustrate in cross-
section partially completed brior art shallow trehch

isolations in an integrated circuit device.



Figs. 4 through 11 schematically illustrate in cross-
sectional-representatioﬁ a preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS '

Referring now more particularly to Fig. 4, there is
illust:ated a cross section of a paftially completed
integrated circuit device. The silicon substraté 30 is
preferably cdmposed of monocrystalline silicpﬁ; A pad
oxide layer 31 is grown overLying the silicon substrate 30.
The pad oxide layer 31 comprises siliCon'dioxide.gr0wn by
thermal oxidatibn of the siiicon substrate 30; A polishing
stbp layer 32.is deposited overlying the pad oxide layer
31. The polishing stop layer 32 comprisés silicon nitride
deposited by CVD. An oxide layer 34 is deposited overlying'
the polishing stop layer 32. The oxide layer 34 is silicon

dioxide déposited by a CVD process.

The thickness L2 of the combined stack of the pad
oxide layer 31, polish stopping layer 32, and the oxidé
layer-34 is an important feature of the present invention.

It is a goal of the present invention to create shallow



trenches of different depths. More particularly, narrow
width trenches will be formed to a greater depth than wide
width_trenches.‘ By making the“narrow trenches déeper, the
present “invention wili'eliminate isolation oxide thinning
over the wide trenches. 1In this way, the dishing-problém
over the wide trenches will also be eliminated.  As wili be
seen, the thickness'LZ of the combined stack directly
controls thé difference in depth between fhe narrow and
wide trgnches; This is advantageous because the.thickneSSE"

of the combined stack of pad oxide layer 31, polishing stop

. layer 32,.and oxide layer 34 can be controlled precisely

using conventional proceSses. In the preferred embodiment,
the pad oxide.layer 31 is depoéited_to a thickneés of.
betweén about 100 Angstrdms and.200 Angstroms. The
polishing stop layer 32 is deposited to a thickness of -
between aboét 1060 Angétroms-énd Zbob.ﬁngstroms. ihe oxide
1ayer 34 is debosited to a thickness bf between aboﬁt 1,000

Angstroms and 3,000 Angstroms.

Typically, wide trenches'are between about 1 micron
and 100 microns wide. ﬁarrow trenches are between about
0.24 microns énd_O.S.microns wide. The depth.of the narrow
trenches can_?ary depending on the procéss sef up.. The

overall.thicknéss of the composite stack} made up of the



. pad oxide layer 31, the pélishing stop layer 32, and the
oxide layer 34, will dééend directly on the depth of the
narrow trenches.: In the ﬁreferred émbddimeﬁt, the
thickness of the composite stack is between about s and %

of the depth of the narrow trenches.

Referfing now to Fig. 5, the oxide layer 34, the
poliéhing stop layer'32,'and the pad oxide 1ayefl31 are
etched tprough~ﬁher§~got_protected 5Y'a'mask, thét is not
shown, to the top surface of the silicon substrate 30'£o
forﬁ openings 38 for planned wide trenches._-The oxide etch
step ‘is performed using conventional reactive ion etching

(RIE) or plasma dry etching.

Referring now.to Eig. 6, a polysilicon layer 42 is .
deposited overlying the oxide layer 34 aﬁd filling the
openings 38 for the_plénned_wide tfenches. The polysilicon
layer 42 is preferably depoéited_using a conventional low
'pressure éhemicai vapor deposition (LPCVD) process. The
‘polysilicon layer is deposited to.a thickness of between
about 2,000 Angst;oms aﬁd-4,000 Angstroms. Thé thickness
of the polysilicon layer 42 depénds on the thickness of the
composite stack of the pad oxide layer 31, the polishing

stop layer 32; and the oxide layer 34.
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Referring now té Fig. 7, another important'aspect of
tﬁe present invention is shown;' The polysilicon layer 42
is polisﬁed down to.the‘top surface of the oxide layer 34
such that the.poiysiliéon léyer 42 remains only in the
opehings 38 of the planned wide trenches. This step is .
perfdrmed'using a conventionai-chemiéal.mechanical |
poliéhing (CMP).step that selectively poliéhe§ away"
polysilicon while stoping at silicon_oxide. As can be

seen, the combined thickness of the oxide layer 34, the

”polishing stop iayer 32, and the pad bxide layer 31

establishes the thickness of the polysilicon layer 42

follpwing the CMP step.

Referring now to Fig. 8, the oxide layer 34, the
polishing layer 32, and the péd oxide layer 31 are etched.
through, where hot protected by a mask that is not shown,

to the top surface of the silicon substrate 30 to form

openings 46 for planned narrow trenches. This etching step

is performed using a conventional RIE oxide etch or a

plasma dry etch.

Referring now to Fig. 9, another important aspect of

. the present invention is shown. The poiysilicon layer 42
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is etched through and the silicon substrate 30 is etched.
The oxide layer 34 acts as a hard mésk. ‘This etching step .
completes the wide trenches and the narrow t;enches. The.
polysilicon layer 42 is completely etched away. The narrow
trenéhes are etched deeper inté thglsilicon-substrate 30;

than the wide trenches.

The preferréd reactive ion etch (RIE) process fof the
trench etch_uses a cdnventiénal etching chemistry |
comprising HBr, Cl; and 62.' With this chemistry, the.étch
rate'fof the éilicon substrate 30 and the po;ysiliﬁon layer
42 are nearly the same. .Therefore, the difference in the
deéth L4 of the narrow.trenches and the depth-L3 of the
wide trenches is simply'the thicknéés L2 of the polysilicon
layer'42. As wés shown earlier, the poiysilicon laYer-42
was polished déwn to fhe same thickness as the composite ‘
stack. Therefore, the difference in trench thickness is
controlled by the thickness L2 of the combined oxide layer
:34, polishing stép layer532, and pad oxide layer 3i; Foxr
- example, the narrow_t;enchés may be bétween about 3,000
Angétroms and 5,000 Angstroms_deep and the'wide trenches
may be between abéﬁt 1,000 Angsttoms and - 3,000 Angstroms

- deep.
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" Referring now to Fig. 10, an isolation oxide léyer'SO
is deposited overlying the oxide layer 34, the silicon
substrate 30 and-filling the wiaé trenches and the narfow
trenches. The isolation oxide layer 50 is preferably
deposited by cheﬁical vapor deposition QCVD). The
isolation oxide layer is deposited to a thickqgss of
betwéen about 5)000 Angétromsland 10;000 Angstroms. The

importance of the different trench depths can now be seen.

'compafed to the na;rgw.trenches, little or no isolation
.oxide layer 50 thinning'is seen the region overlying wide
trench 54. By eliminating thinning of the isolation oxide

layer 50, dishing is also eliminated.

_ Rgfer:ing now to Fig. 11, the isolation oxide 1ayér'50_
and the oxide layef 34 ére poiished down to the tqp surface
of polishing stop_layer 32 to complété the shallow-£rench
isolations. The polishing step is completed using a
chemical mechanical polishing operation. The integrated
cirduif'device is thén completed as is conventional in the
a;t._ Signifiééntly, néidishing iS'séen overlying the wide
trench region 58. Elimination of dishing wili also

eliminate the'dishing-ihduced problems of increased current

12
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leakage, decreased gate oxide voltage breakdown, and

'~ reduced device yield.

As shown in the preferred embodiment, the present -

invention provides a very manufacturable process'for

fabricating shallow trench isolations of different depths

‘that eliminate isolation oxide diShing in the manufacture

of integrated circuit devices.

While the invention has been:pértiCularly shown and
describéd With reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in'form and details'ﬁay be made
without departihg-ffom the spirit and scope of the

invention.

13
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NURE )
CLAIMS

1. A method of forming trenches having two_different depths -
into a silicon substréte in the_fabrication of an
integrated circuit-device compriéing:. |

providing a'silicén;substrate;

depositing an oxide layef overlYing_said.siliéon
substrate; |

etching thfough'sﬁid-oxide'layer to the top surface of
said silicon subétrate to form opénings for plénned first
trenches; :

'"'depositing a pqusiliconxlayér overlying said oxide

" layer and filling said openings for said planned first

trenches;

polishing down said polysilicon layer to the top

- surface of said oxide-layer such that said polysilicon

layer remains only in said openings of said planned first
trenches;
thereafter etching throﬁgh said oxide layer to the top

surface of said silicon substrate to form openings for

" planned second trenches;

etching simultaneously said silicon substrate and said
polysilicon to complete said first trenches and said second
trenches, wherein_said etching'forms sald second trénches

deeper than said first trenches and wherein said oxide

layer acts as a hard mask; and

14
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completing the fabricétion of the integrated circuit

device.

2. The method according to Claim 1 wherein said oxide layer

is déposited to a thickness of between about 1,000

Angstrdms and 3,000 Angstroms.

3..The method according to Claim 1 wherein said

'polysilicon layer is deposited to a thickness .of .between

about 2,000 Angstroms and 4;000-Angétroms.

4. The method according to Claim 1 wherein said first

trenches are wider than said second trenches.

5. The method according to Claim 1 wherein said Step.

. of polishing down said polysilicon layer is by chemical

mechanical polishing,'

6. The method. according to Claim 1 wherein said step
of etching simultaneously said silicon substrate and said
polysilicon layer is by a reactive ion etch'using etching

1

chemistry comprising HBr, Clz; and Oj.

15
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7. A method of forming shallow trench isolations in'the
fabrication of an integrated circuit device comprising:
providing a silicon substrate;

growing a pad okide layer overlying said siiicon

~substrate;

depositing a polishin§ stop layer overlying said pad
o#ide layer; |

depositing é oxide'layer oVerlYing said polishing stop
lqyer; | _ oL e |
' "~ -etching througy.said oxide.layer, said polishing stop.
layer, and'said.pad oxide léyer to the top surface of said

silicon substrate to form openings for_planned first

_trenches;

depositing a poleiligon,layer ovérlying said oxide
iéyér and filling said openings for said planned first
trencheé: | |

polishing dbwn said polysilicon layer to the toﬁ
surface of said oxide layer such that said polysilicon
layer remains only in said openings of said planned first
trenches;

thereafter etching fhrough saidxoxide'layer, said
polishing stqp.laygr, and said pad oxide layer fo the top

surface of said silicon substrate to form openings for .

planned second trenches;

16
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etching simultaneously said silicon substrate ahd said

‘polysilicon layer to complete said first trenches and said

second trenches wherein said etching forms said second
trenches deeper than said first trenches and wherein said
oxide layer acts as a hard mask;

depositing an isolation oxide layer 6verlying said

oxide layer and said silicon substrate and filling said

first trenches and said second trénches;

polishing down said isolation oxide layer and said

'. oxide layer to said~pqli$hing stop layer to complete the

.shallow trench isolations; and

completing the fabrication of the integrated circuit

device.

8. The method according to Claim 7 wherein said pad dxide
layer is grown to a thickness of between about 100

Angstroms and 200 Angstroms.

9. The method according to Claim'7 wherein said polishing
stop layer comprlses silicon n1tr1de dep051ted to a
thickness of between about 1,000 Angstroms and 2 000

Angstroms.

17
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10. The method according to Claim 7 wherein said oxide
layer is deposited to a thickness of between about 1,000

Angstfoms and 3,000'Angstroms.

11. The method according tb Claim 7 wherein said
polysilicon layer is_deposited_tb a thickness of between

about 2,000 Angstroms and 4,000 Angstroms.

12. The method according to Claim 7 wherein said first

trenches-are wider than said second trenches. '

13. The method according to Claim 7 wherein said step of
polishing down Said polysilicon layer is by chemical

mechanical polishihg.

14. The method according to Claim 7 wherein said step of
etching simultaneduély said silicon substrate and said
. polysilicon layer is by a reactive ion etch using etching

Chemistry comprising HBr, Cl, and O,.

15. The method according to Claim 7 wherein said
isolation oxide'layer'is deposited by'chémical vapor
'depositipn to ‘a thickness of between. about 5,000 Angstroms'

and 10,000 Angstroms.

18
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16. The method according to Claim 7 wherein said step
of polishing down said isolation oxide layer is by chemical

mechanical polishing.

17. A methéd of forming shallow trench isolations in the
fébricéfion of an integrated cirbﬁit device comprising:
providing a silicon.substrate}. |
. growing a-pad oxide layer overlying said silicon
subétrate;m'. | B
depositing a polishing stop layer df-silicon nitride
overlying said pad_oxide layer;

depositing'an'oxide_layer overlying said polishing

" stop layer;

etching through said oxide layer, said polishihg stop

'layer, and said pad oxide layer to the top surface of said

silicon substrate to form openings for plannéd.wide'

" trenches;

depositihg a-polysiliéon_layer overlying said oxide
Iayer and filling said openings for said planned wide
trenches;

polishing down said polysilicon layer to the top

surface of said okide layer such that said polysilicon

layer remains only in said openings of said planned wide

19
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trenches wherein said poliShing down is by chemical

.mechanical pblishing;

thereafter eétching through said oxide layer, said

polishing stop layer, and said pad oxide layer to the top

 surface of said silicon substrate to form openings for

planned narrow trenches;
etching simultaneously said silicon substréte and said
polysilicon layer to complete said wide trenches and said

narrow-trenches wherein said etching forms said narrow

. trenches deeper than said widé trenches and wherein said

oxide layer acts as a hard mask;

depositing an isolation oxide layer overlying said
oxide layer -and said silicon substrate and filling said
wide trenches and said narrow trenches;

polishing down said iso1ation oxidé layer and said |

oxide layer to said polishing stop layer to complete the -

shallow trench isolations wherein said polishing down is by

chemical mechanical polishing; and

completing the fabrication of the integrated circuit

device.

18. The method according to Claim 17 wherein said polishing

stop layer is-gfown to a thickness qf'between-about 1,000

Angstroms and 2,000 Angstroms.
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19. The method according to Claim 17 wherein said. oxide
layer is grown to a thickness of between about 1,000

AngSt;oms'éﬁd 3,000 Angstroms.

20, The method according to Claim 17 wherein said step of
etching simultaneously said silicon substraté and said
polysilicon layer is by a reactive ion etch using etching

- chemistry comprising HBr; Cl, and 0.
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