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A METHOD TO REDUCE TRENCH CONE FORMATION IN THE

.FABRICATION OF SHALLOW TRENCH ISOLATIONS

BACKGROUND OF THE INVENTION

(1) Field of the Invention
_ -
' The invention.relates to-a method of fabricating
semlconductor dev1ces, and mpre partlcularly, to the -
reductlon of trench cones in the fabrlcatlon of trenches ln

the manufacture of an integrated circuit device.
(2) ‘Description of the Priqr Art-

‘The use of shallow trench isolation (STI) for the
formaticon of integrated circuit isolations has grown in the
art due to' the reduced surface area and improved topology

of STI when compared to traditional local oxidation of

-

silicon (LOCOS) schemes. = One problem that lS encountered

in the use of STI is the formatlon of trench cones durlng

. the trench etching process.

- .

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

completed prior art integrated circuit is shown. A



semiconductor substrate 10 is shown. A silicon dioxide, or
pad oxide, layer 14 overlies the semiconductor substrate
10. A silicon nitride layer 18 overlies the silicon dioxide

layer 14. The silicon nitride layer 18 and the silicon

dioxide layer 14 are patterned to thereby expcose the

»

semiconductor substrate 10-where shallow trench isolations” -

are planned. The'siliqon nitride-laye: 18 forms a hard

mask for'thé subsequent trench etching.

- &oﬁe thét{aireéidue'of“péssive su£face matefial 22
éverlies thé semiconductorhsubstrate 10 after the
patternipg ;fep.__This p;séive surface material 22 may.
cémprfse éiiicon nitride or-éilicop dioxidé residue that
femains'aftef the hard mask is etched. 1In additiqn, the
passive surface material 22 may comprise native ‘oxide or

~another material.

-

Referring now to Fig. 2, the trench for the STI is

etched into the semiconductor substrate 10. The trench

etching process uses the silicon nitride layer 18 as a hard
mask. During the etching process, trench cones 26,'aléo

called silicon cones 26, are formed. The presence of the

passive surface material 22 inhibits substrate etching and

thereby causes the formation of these cones 26. The gases
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passive surface material 22. The presence of

used in the dry etching process are not able to remove this

the cones 26

within the trench. is detrimental to the isolation

- performance of the STI.

-Several prior-art approaches disclose methods to form

shallow trench isolation in the Semiconductor_substrate.

U.S. Patent 4,534,824 to Chen discloses a method to'form.h_H

- STI with improved surface inversion:immunity, The

oxidefnitrideeoxide layer oyerlYing'the.substrate'is

patterned to expose the substrate where a trench is

-~

planned. | Stop-junctions'are.implanted.into'the-substrate.
The junctlons are laterally diffused beyond the open1no
boundary by heat treatment. Sldewall.spacers_are formed on
the ox1de n1tr1de-ox1de layer to narrow the openlng 'The

-substrate is then etched.through the openlng - The

laterally-dlffused part of the stop.]unctlonS'remains after

the trench etch. U.S. Patent 5, 780,353 to Omid-Zohoor -

v

teaches a method to form STI w1th doped SLdewalls. The

- [
- e - R
—

51llcon nltrlde layer overlylng the substrate is patterned

to expose the substrate where trenches are planned. Ions

are 1mplanted through the openlng to form a ]unctlon ;_lhe__

]unctlon is laterally dlffused beyond ‘the opening boundary

by heat treatment. The trench is etched into the
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substrate.

J.S. PRate

STI. - The

to expose

opening t

The doped junction rims the top of the trench.
nt 5,118,636 to Hosaka discloses a method to form
oxide layer overlying the substrate is pat tte rned

the substrate. Ions are implanted through the

o form a doped junction. An anneal is performed

Iy

to laterally'diffuserthe doped junction beyond the dpeninge

toundary.

_the openi

The trench is etched into the substrate through

ng. The'ddped junctionﬂthereby surrounds the top

- of the trench ;U'S. Patent 5, 668 044 to OChno teaches a

' ‘method to form STI. An,;nsulator layer that overlles the

substrate is patterned to expose the substrate where the

_'trencnlls

planned. Ions are lmplanted'throughtthe opening

"to form a doped.junction; An anneal is'perfcrmed to

laterally-diffuse. the junctlon beyond the onenlng oonndary

]unctlon

trench.

-

" The trench lS etched throddh the openﬂng and a stopplng

is thereby formed surrounding the top of £he

U:Sﬂ Patent:6;004,864~to Huang-et.al discloses a

method to form STI. An insulator layer that overlies the

substrate is patterned to expose the substrate where the

NS . - -

trench'ls planned. Ions are lmplanted through the opening

ions. An

trench.

to form a heavily-doped junction in the substrate. A rapid

aqueocus HF wet etch is performed to etch the |

-

The presence of the heavily-doped junction greatly

thermal anneal (RTA) is performed to-activate the;}mplanted_
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increases the wet etch rate of the substrate. The heavily-
doped junction thereby facilitates wet etching the

' substrate to form the trench.

S SUMMARY OF THE INVENTION S

A prrncrpal ob]ect of the present lnventlon is to
provxde an effectlve and wery manufacturable method of
E reducrng trench cones in the fabrlcatlon of trenches ln the-

manufacture of lnteqrated circuits.

A further object of the present invention is to
provide-a method to reduce the occurrence_of trench cones

. by’ damaglng the. pa331ve surface materlals over ly ng the

' semiconductor substrate.

A.yet further object of the present invention is to

-

reduce the occurrence of trench cones by removing the

) damaged pa551ve surface materlals durlng the trench etch.

Another further object of the present lnventlon lS to

prov1de a method to form trenches with fewer trench cones.
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Another further object of the present invention is to _'

provide a method to form shallow trench isolations with

fewer trench cones. ' | -

In accordance with the'ob*ects-of this invention, a

new method of fabrlcatlng shallow trench - 'olations has

been achleved A srllcon dlox1de layer is formed o¢er1ylng

a semiconductor substratel A-silicon nitride layer is

dep051ted overlylng the srllcon ledee 1ayer. The silicon -

nltrlde layer is patterned to expose the semlconductor

substrate where shallow trench isolations are planned. Ions

are implanted into the exposed semiconductor substrate.

The implanting damages any passive surface materials -

- overlying the semiconductor substrate. The exposedo

semicondﬁctor'eﬁhgtratemlgAetched'down'tomforn trenchee.
The damaged passive eurface materials are removed during
the etchind-down'to thereby prevent'trench cone formation.
A.trench filling layer is depoéited to £ill the trenches.
The trench fllllng layer is pollshed down to complete the

shallow trench lsolatlons in the manufacture of the

integrated circuit device.



BRIEF DESCRIPTION OF THE DRAWINGS

- In the accompanying drawings forming a material car:

of this description, there is shown:

Figs. 1 and 2 schematically illustrate in -cross-

' section a partially completed prior art integrated circuit

devices.

Figs, 3 thfough'}ischematically-iliustrateiinfctéss~
sectional répresentation a preferred embodiment of the

present invention.

_~ " DESCRIPTION OF THE PREFERRED EMBODIMENTS

The:method of the present invention is appliéd to the

formation of a shallow trench isolatién in a semiconducteor

-
-

- - - - [
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substrate} In should be clear to those experienced in the

P IR
-—

' ﬂéffwtﬂaéméﬁe bresent invention can be applied and extended

without deviating from the scope of the present invention.

- ! - ae WY e T e

Referring now more particularly to Fig. 3, there is

illustrated a cross-section of a partially completed

e



integrated circuit device'df the preferred embodiment. A
semiconductor substrate 30 is prcvided,.Preferably, the
semlconductor substrate 30 comprlses.monocrystal-li
silicon fabricated by methods well known in the art. A
Siliccn'dioxide layer 34 islformed_overlyihg the“
semiconductor substrate 30: The siliconydicxide layer 34
is typically called theepad,oxide'layer'and is used to
lmprove the adhe31on of the subsequently dGPOSlLEd SLllcon

nitride layer._ The srllcon dlox1de layer 34 lS typlcally |

formed by thermal oxrdatlon;of.the-semlconductor substrate

30.

A silicon nitride layer 38 is depOSLted over -ylng the

silicon dioxide layer 34.- The srlicon nltrlde layer 38

"'ﬁill“serye'as_a'hard_aasktduring;trench etching. The

: silicon nitride layer'38 may be deposited by, for example,

a low-pressure-chemical‘vapor deposition (LPCVD) process.

Referring now to Fig. 4 the smllcon nltrlde layer 38'

Mand the srlrcon dlox1de layer 34 are patterned to expose

the semiconductor substrate 30 where shallow trench

lsolatlons are planned The patterninq is accomplished by,

for example, deposltlng a photoresist layer overlylng the

31llcon nitride layer 38. The photoresrst layer, not



shown, would then be exposed to actinic iight.through~a
mask. After devélopment,;the silicon nitride laver 38

‘exposed Where trénches are planned.‘ The sili?on.ﬁiﬁride
layer 38 and the'silicbn dioXide iayei 34 aie then etci
"through using, ﬁor-example,_a‘plasmé dry etch process. Tﬁé'
silicon nitride layer 38 theréby forms a.hard:mask'for-the

trench_etching step. Finally, the remaining:photoreSist is

- - .stripped away.

Note that, as in thé.p£iof art é%émplé, paésiye:'h
_surface:ﬁaté:ial'42_i;.léft on-ﬁhe suiface of £he
semicon&uctdr.substrate;BO. Thisléaésive-surface material
42 may qomprise_siliconfﬁiﬁride'or silicon diokide-that was

- not completely etched-during_the silicon'nitride'hard mask

-etch.”” Alternatively, the passive surface material 42 may
comprise a native oxide layer on the substrate surface.
 Finally, the passive surface material may comprise some

other passive material introduced onto the substrate

-

‘surface during manufacturing. As noted in'the'prior art
-éhéiysis, the presence of the passive surface material 42

will likely cause a t;ench cone to be formed because the

3trenqh etching process is not capable of removing the -

passive surface material 42.



-Rather, the purpose is~only to-sufficiently damage any

~'species, ‘such as silicon or argon, that are not

_implantétion 42 may use a variety of dosages and energies.

Referring now to Fig. 5, an'iﬁportant featuie of the
present inveﬁtion is illustrated. Ions are implanted 42
into the eprSed semicondu¢tor sﬁbsﬁréte 30. fﬂe ion.
implantation 42 daﬁageé the passiﬁe surface méterial'42]
The structure éf the p&#sivg-surfacé:materialféz is broken,
'or.made amoiphous; by thé ion_bombarament 421 Thé'rgsult
i§-a weakehing of the pa;sive éurféce material 42 ﬁo the -
poiﬁt where iﬁ can bé rgmoved &qring the ;renchﬁetchiné
proceés. o _-'. . |

. _ e

To ogtimally.damagé:fﬁe'strﬁctu;g of the paésive'
surﬁace'material.424 thelién impléhtation 46 is performed.
It is not the purpose of the i§n_implanta£ion-42 ﬁo.create

a.doped junction in the semiconductor substrate 30.

passive surface material 42 overlying the semiconductor

substrate. Various ion species may be used. The species

may include those, such as phosphorous and boron, that can

-

create either n-type or p-type junctions. However, other

donor or

acceptor ions, may be used. In addition, the ion

10
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Ion species that can be used in the implantation 42

include Si, Ar, Ne, Kr, P, As;~B, ocr In. The implant
. energy is preferably between about 1 KeV ‘and 700 KeV. The

implant dose is preferab1y between about’ 1x10%? oﬂ/cn and

1x10%*® atom/cm?. The ion implantation 42 is pre ferab‘
.performed at'an'implantation angle of between about 0
degrees and 45 degrees with respect to tne surfacewof'the
integrated.circuit.device; As an example,.phOSphorous ionsz
can be lmplanted at a dose of about 2x1013 atom/cm and an
.energy of about. 500 KeV This- novel ion bombardment o
suffrcrently damages the passive surface materlaT 42 to
'racrlrtate its removal durlng the trench etch and to-

thereby reduce the occurrence.of trench cones;

~Referring now to Fig. 6, the exposed semiconductor

}'substrate-BO is etched down to'form trenches. The trenches

are etchedgto_the expected profile SO'and.trench cones are
eliminated. ‘By damaging the passive surface material 42

prlor to the trench etch, the materlal is easrly removed by

o v e e e e o b T

“"the etchlng process. The trench etchlng process may
comprise,. for example, a plasma,-dry etChing process using'

a2 chlorine-based or bromine-based chemistxry as is well

known in the art.



comprises a dielectric material,

- trench cones. An'integrated;circuit_Wafer was processed.

"ﬁEbépHSféGé”ioﬂs'iﬁéi;ﬁféd'at a dose of about 2x10%3

Referring now to Fig. 7, the STI structure is

- completed. The silicon nitride layer 38 and the siliicon

dioxide layer 34 may be'etched away or may be retained as

an etchlng or pollshlng stop. A trench filling 1 r 54

‘then dep051ted overlylng the semlconductor substrats 20 and

£illing the treuches. The trench filling layer 54
such as silicon dioxide.
A polish down process, such as a*chemical mechanical

pollsh, is performed to remove excess trench fllllng layer

_54 and to complete the STI in the manufacture of the

integrated circuit device.

Experimental data confirms the capability of the

method of the present .invention to reduce the occurrence of

-~

using the novel method of the present 1nventlon Half of

the 1ntegrated c1rcu1t wafer: recelved the ion lmplantatlon.

A masking layer blocked. the 1mplantatlon from the other

half of the wafer. The ion-implantatien comprised

atom/cm? and an energy of about 500 KeVl A KLA scan of the

" integrated .circuit wafer revealed 573 cones on the non-

. 1mplanted half of the wafer and only 205 cones on the

implanted half of the wafer.

12



The advantaées'of the process of the Present invention

can now be enumerated. First, an effectlve process for

P

~reduc1ng trench cone formatlon has been demons rated.

=

Second the novel process, utllizing an ion lvpla.-at*on

into the exposed_semicondnctor Substrate_where the trenches

are planned, damages any passive'surface material overlying

the semiconductor_substrate._ Thlrd damaged pa551ve

.surface materlal lS easlly removed durlng the etching’ |

5process to ellmlnate trench .cone formatlon Flnally,.the

ellmlnatlon of these trench cones 1mproves the trench

'proflle and the STI perrormance

~

As shown ln the preferred embodiment, the present

_1nventlon prov1des a very manufacturable process for

-fabrlcatlng shallow trench isolations,'With reduced

occurrence of - trench cones, in the-manufacture.of an

lntegrated circuit devxce.'

-

"Whlle the 1nventlon has been ' partlcularly shown and

descrlbed with reference to the preferred embodlments

thereof it will be understood by those skllled in the art

" that various changes in form and detalls may be made

13



without departing from the spirit and scope of the

invention.

What is claimed is:

14
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u”group contalnlnq Sl, Nz, Ar, Ne, Kr, P As, B, In.

Th1s Sheet Has Been Replaced

A

1. A method of reducing-trehch'cone'formation in the

fabrication 4f trenches in an integrated circuit device
comprising: ' . _ : : _

providing a silicon nitride layer overlying a

semiconductor substrate-wherein openings are formed in said-

'silicon nitride layer to expose said semiconducter T

substrate where trenches are planned;
implanting iors into said exposed Semiconductot
substrate to damage passive surface materials overlying. K

said semiconductor substrate; and -

etching downfsaid_exposed.semiconductor substrate

wherein said damaged passive materials are removed and.the

occurrence of trench cones is thereby reduced.

' 32;~The-methodlaccording'to”CIaim 1 wherein said

- semiconductor substrate comprises monocrystalline silicon.

3. The method according to Claim 1 wherein said step

_melantlng 1ons comprises lmplantlng an ion spec1es of the

4. Thé mefhod_according to ClaimFl_wherein said step of

imbiéhtihg—ibns comprises implanting at a dosage of between

about 1x101 atoms/cm? and 1x10'® atoms/cm?.

15

. I




5. The method accordlng to Clalm 1 whereln_said Step of

- 1mplant1ng ions comprlses lmplantlng at an snergy of

' betWeen"about 1 KeV and 700 KevV.

6 The method accord1ng to Clalm i whereln said step of

lmplantlng ions comprlses lmplantlng at an angle of between

about O degrees and 45 degrees with respect to the surface

of sald lntegrated c1rcu1t devmce.

7. The method according to'Claim 1 further‘comprising
forming a silicon dioxide layer overlying said

semlconductor substrate prlor to.said step of providing

said silicon nltrlde layer.

8. The method accordlng to Claim I whereln said trenChes_'

comprise- trenches for planned shallow trench isolations.

9. A method of formlng trenches in the manufacture of an

"lntegrated c1rcu1t dev1ce comprrsrng

forming a silicon dioxide layer overlying a -

semiconductor substrate;

o dep051t1ng a silicon nltrlde layer overlylng said

silicon dioxide layer,

g LR B



patterning said silicon nitride layer and said silicon
dlox1de layer to expose said semlconductor substrate where-
trenches are planned i

implanting ions into said exposed semiconductor

substrate to- damage passive surface materials cverlying

said semiconductor substrate; and

etchlng down ‘said exposed semrconducror subscrate to '

form trenches whereln sald damaged passrve materlals are

removed and the occurrence of trench cones is thereby '

reduced.

10. The method accordlng to Claim 9 wherein said -

semlconductor substrate comprlses monocrystall1ne SLllcon

- 1I. The-method'according to'ClaiM"Q'Wherein said step

implanting ions comprises 1mplant1ng an ion species of the

group contalnlng si, Nz, Ar, Ne, Kr, P, As, B, In.

© 12 The method accordlng to Claim 9 whereln sald step of

implanting ions comprlses'imPlantlng at a dosage of between

about 1x10%? atoms/cm? and 1x10'® atoms/cm?.

" R R
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13. The method according to Claim 9 whereln said step of
1mplantlng ions comprises: lmplantlng at an enelgy of

between about 1 KeV and 700 Kev.

14. The method according to Claim 9 wherein said step of
iﬁplanting ions comprises implantwng at an angle of between-
- about 0 degrees. and 45 degrees w1th respect to the surrace

of sald 1ntegrated circuit dev1ce.

15 The method accordlng to Clalm 9 further comprlslng

dep051t1ng a trench fllllng layer to fill said

trenches, and

pollshlng down said trench fllllng layer to form -

shallow trench isolations. -

16. A'method of'forming shallow trench isolations in the
manufacture of an lntegrated circuit device comprising:

formlng a silicon. ledee layer overlying a

semiconductor substrate;

- - e
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“depositing a silicon nitride layer overlying said
silicon dioxide layer;

patternlng said srllcon nitride layer and sald srllcon '

'dlox1de layer to expose sald semlconductor substrate whers

shallow trench isolations are planned,

-

w A
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implanting.ions into said ekposed semiconductor
substrate to damage passive surface materwals overly1ng
_sald semlconductor substrate, T _ : .i

etchlng down said exposed semlconduCtor substrate to
form trenches whereln sald damaged passive ﬂaterra1s ‘are

removed and the occurrence of trench cones tis the eby

_reduced,

dep031t1ng a. trench fllllng layer to flll said.
trenches, and .

pollshlng down sald trench fllllngllayer to complete
-sald shallow trench lsolatlons in the manufacture of said

lntegrated c1rcu1t dev1ce.

17. The method according to Claim 16 wherein said ‘Step
lmplantlng ions comprlses 1mplant1ng an ion species of the

group contalnlng Si, Nz, Ar, Ne, Kr, P, As, B, In.

18. The method_according to Ciaim 16 wherein said step of

implanting ions comprlses 1mplant1ng at a dosage of between

" about” lxlb12 atoms/cm. ‘and 1x10% atoms/cm

19. The method accordlng to Clalm 16 whereln said step of

'lmplantlng ions comprlses lmplantlng at an energy of

between about 1 KeV and 700 KeV.

® O] OO O
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20. The method according:to Claim 16 wherein said step of
implanting ions comprises 1mplant1ng at an angle of between-

about 0 degrees and 45 degrees with resoec; to the surface

of said integrated_circuit device.

20
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