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19 JAN 2005 A METHOD TO REDUCE TRENCH CONE FORMATI ON I N THE FABRI dagl dANGRI0Y
SHALL'OW TRENCH | SOLATI ONS BACKGROUND OF THE | NVENTI ON (1) Field of the

Ttk

I'nventi‘@n The invention relates to a nmethod of fabricating seni conductor
devices, and nore particularly, to the reduction of trench cones in the
fabrication of trenches in the manufacture of an integrated circuit device.
(2) Description 8f MERBOPrTor RAPUCE TRENG8ecoNESBakMawrbrerghTizgol ati on
(STI) for the formation of integrated circuit isolations has grown in the
art due to the r eHABBACAULONCOFABHALAOW TRENEWEdsbopekegy of STl when
conpared to traditional |ocal oxidation of silicon (LOCOS) schenes. One
problemthat is encountered in the use of STl is the formation of trench
cones during the trench etching process. Referring to Fig. |I,a

cross-section of "a par“BﬂdﬁGRdUNﬁ”d%E¥hé”#§VE§¥i9ﬁPtegrated circuit is

shown. A | sem conductor substrate 10 is shown Silicon dioxide, or

{1) Field of the Invention

" The invention:relates to a method of fabricating
semiconductor devices, and more particularly, to the

reduction of trench cones in the fabrication of trenches in

the manufacture of an integrated circuit device.

(2} Description of the Prior Art.

Tbe use of shallow trench isolation (SéI) for the
formation 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 is encountered

in the use of STI is the formation of trench cones during

the trench etching process.

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

completed prior art integrated circuit is shown. A
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pad oxide, |ayer 14 overlies the semiconductor substrate 10. A si-lli 8odAN 200
nitride layer 18 overlies the silicon dioxide I|ayer 14. The silicon
nitride layer 18 and the silicon dioxide |ayer 14 are patterned to thereby
expose the sem conductor substrate 10-where shallow trench isolations are
pl anned. The silicon nitride layer 18 fornms a hard mask for the subsequent

- trench stmhtogdubbbe shestaatesiduesobnpagsi XessukbagesiBLeHkal 22 overlies
t he sem conductor substrate 10 after the patterning step. This passive

surfacepaat ekiak, 22a0BY 1608PEL$€eSi LheoBpi LHRY Sk} i,oxi de

resi due that renaingaafter t he hgrd naskeﬁs etcﬁgggrlﬁhggggfggn, t he

passi vejgurfagempLerhak [ tiye, oxide.or _anather material.

Referring now to F?g. %,r%ﬁ%h?%@%gHEPo§%F%§l§?ltﬁ? S&LEREF s ide

sem conguctor ,substrate.10. The.trench_, etching process uses the silicon

THEher 195 a0hg fak thiAEng2

nitride Tayér 18 as"§ Rard hRBskE ¥YRE &PcRPAgtPro&ddd oy ench cones
26, alsg, calleﬁ silicon cones 26, are forned. The presence of the passive
sur f aceBE&FFal-2¥8Ti AR BresPalibsrrate tet Ehemghangxpoiser éldg causes t he

formati on of these cones 26. The gases
semiconductor substrate 10-where shallow trench isolations

are planned. The silicon nitride layer 18 forms a hard

mask for the subsequent trench etching.

Note that a residue of passive surface material 22
overlies the semiconductor substrate 10 after the
patterning step. This passive surface material 22 may
comp:ise silicon nitride-ér silicon dioxide residue that
remains after the hard mask is etched. 1In addition, 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 nitfide layer 18 as a hard
mask. - During the etching process, trencﬁ cones 26, also
cailed‘gilicqn 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



2-19 JAN 2005-used-in the dry etching process are not able to removedt bl 2003
" passive surface material 22. The presence of the cones 26 w thin the
trench is detrinental to the isolation performance of the STI. Several
prior art approaches disclose nethods to form shallow trench isolation in
t he seni conduct or substrate U S. Patent 4,534,824 to Chen discloses a
met hod 45°F ofn ERer| Ay 19 Gt veeP ees s aree i nvershba tomuandye Thes
oxi de-nitride-oxide | ayer overlying the substrate is patterned to expose
t he subdATstee wherEace thatrehids 2! dinedorSsopce uatt tRascanesi ppl anted into
t he substrate. - The junctions are laterally diffused beyond the opening

boundar¥itiyimedte treatatents & cleividhtSPaEST 6h&r EsbPsARGRON the
oxi de-nitride-oxide |ayer to narrow t he opening. The substrate is then

et ched gduwfmghande opemmagrihe laterally diffused part of the stop
junctions remains after the trench etch. U S Patent 5,780,353 to

Om d- Zohoor teaches a nethod to form STI with doped sidewalls. The silicon
nitride |l ayer overlying the substrate is patterned

Several prior art approaches disclose methceds to form
shallow trench isolation in the semiconductor substrate.

" U.5. Patent 4,534,824-to Chen discloses a method to form
STI with improved surface inversion immunity. The
oxide~nitride-oxide layer overlying the substrate is
patterned to expose the substrate where a trench is
planned. Stop junctions are implanted into the substrate.
The junctions are laterally diffused beyond the opening
boundary by heat treatment. Sidewall spacers are formed on
the oxlde-nitride-oxide layer to narrow the opening. The
substrate is then etched through the opening. The
laterally diffused part of the stop junctions remains after
the trench etch. U.S. Patent 5,780,353 to Omid-Zohocor
Eeaches a method to form STI with doped sidewalls. The
silicon nitride layer overlying the éubstrate is patterned
to expose the substrate where trenches are planned. _Ions-
are implanted through the opening to form a junction. The
junction‘is laterally diffused beyond the opening boundary

by heat treatment. The trench is etched into the



to expose the substrate where trenches are planned. -lons are inpl é\n@e@AN 20
t hrough the opening to forma junction. The junction is laterally diffused
beyond the openi ng boundary by heat treatnment. The trench is etched into

the 3 19 JAN 2005 substrate. The doped junction rims the top of the trench.

U S. Patent 5,118,636 to Hosaka discloses a nethod to form STlI. The oxide

| ayer Hyi oS t helRubdeped e Yrcpben erites the expase tihe spbstkate. |ons

are imlanted through the opening to forma doped junction. An anneal is
per f or fecf - tRAtenteral 138 0636 use Hdealdopetsdlnsss on heyesd thesopgni ng
boundary. The trench is etched into the substrate through the opening. The

doped jSRCt i 0fh¢ hetbdy BayEOUSESTIHend Opne Ofubhert£ench. 4L S, Pagent
5,268,544 to OGhno teachiﬁya netho% t% forn1STIfrAn |nsu?ato$r$ayer t hat

over | i eso tdreposaibsh& aé@oé&%é?eff&@'&%ﬁ%@ﬁfﬁ@&ﬁ%ﬁ%@ﬁe ihere the

: Is!
trench is planned. lons are Inplanted thro e ope t6"form a doped

Lhe open ma bounaary ™ Shetrantn Pl & Shatraibtoh Theropenrhgtand &

st oppi ng, laterally diffuse the doped junction beyond the opening
boundary. The trench ié gtched into the subsfréte through
the opehing. The doped junction thereby surrounds the top
of the trench. U.S. Patent 5,668,044 to Ohno teaches a
method to form STI. An insulator layer that overlies the
substrate is paéterned to expose the substrate where the
trench is planned. Ions are implanted through the opening
to form a doped junction. An anneal is performed to
laterally-diffuse the junction beyond the openingjboundary.
‘The trench is etched through the opening and a stopping
junction is thereby fo?med surrounding the top of the
trench. U.S. Patent 6,004,864 to Huang et al discloses a
method to form STI. BAn insulator layer that overlies the
;ubstrate is patterned to expose the substrate where the
trench is planned. 1Ions are implantéd through the opening
to form a heavily-doped junction in the substrate. A rapid
thermal anneal (RTA) is‘performed to activate the implanted

ions. An aqueous HF wet etch is performed to etch the

trench. The presence of the heavily-doped junction greatly



. junction is thereby formed surrounding the top of the trench. U. S.{ PajaNt2§03
6, 004,864 to Huang et al discloses a nethod to form STlI. An insul ator
| ayer that overlies the substrate is patterned to expose the substrate -
where the trench is planned. lons are inplanted through the opening to
forma ily-doped junction in the substrate. A rapid thernmal anneal
( RTA) i25%%%%%?%E€h?o&%gt?E%?er%E% Phprhnt 8dbstoake. AnThquheasiby-wet et ch
is perforned to etch the trench. The presence of the heavily-doped
juncti oPPRTRal 1R Y obpsEaatt bhsbest wetvwetceinl take of the
substrate. The heavily- doped junction thereby facilitates wet etching the
subst r at'&$brdee nte hEormenind. £ SEMMRY OF THE | NVENTI ON A princi pal obj ect
of the present invention is to provide an effective and very
manuf act ur abl e net hod of reducing trench cones in the fabrication of
trenches in the manufacture of integrated circuits. A further object of
the present invention is to provide a nethod to reduce the occurrence of
.trench cones

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
reducing trench cones in the fabrication of trenches in the

manufacture of integrated circuits.

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

by damaging the passive\surface materials overlying the

semiconductor substrate.

A yet further object of the present invention is to

-

reduce the occurrence of trench cones by removing the

damaged passive surface materials dufing the trench etch.

Another further object of the present invention is to

provi@g a method to form trenches with fewer trench cones.



by damaging the passive surface materials overlying the -senicondudt®rJAN 2003
substrate. A yet further object of the present invention is to reduce the
occurrence of trench cones by renoving the. damaged passive surface
materials during the trench etch. Another further object of the present
invention is to provide a method to formtrenches with fewer trench cones.
5 19 JAN 20052t hefurtirenerbddrecet ofhe herpseseninienenbhonsi sot 0

provide a nethod to formshallow trench isolations with fewer trench
cones. 9¥p%@¢©r@am©©hmﬁthotﬁermbﬁb&lSo@ftt@héhlﬂygﬂ&tQanawiEﬁ“(”Ethoq of
fabricating shallow trench isolations has been achieved. A silicon dioxide
| ayer i8eder meceyiertyhag. a sem conductor substrate. A silicon nitride
layer is deposited overlying the silicon dioxide layer. The silicon
nitride layer is patterned to expose the sem conductor substrate where
shal l ow trench isolations are planned. lons are inplanted into the exposed

; i i assi ve surface
SergffgﬁgCtOfnsggééfééﬁbe Jb@h'QgéagéﬁQgtgag?ggﬁign¥n8ention, a
ma ]

new method of fabricating shallow trench isolations has

been acﬁigved. A silicon dioxide l;yer is formed overlying.
a semiconductor substrate. A silicon nitride layer is
deposited overlying the silicon dioxide layer. The silicon
nitride layer is patterned to expose the semiconductor
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 exposed
semiconductor substrate is etched down to form trenches.

The daﬁaged passive surface materials are removed during

the etching down to thereby prevent trench cone formation.

A trench filling layer is deposited to fill the trenches.
%he trench fil%ing layer is polished down to complete the
shallow trench isclations in the manﬁfacture of the

integrated circuit device.
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overlying the seniconductor substrate. The exposed seniconductor §ubsifbitZBlh
is.etched dowmn to formtrenches. The danaged passive surface materials are
renoved during the etching down to thereby prevent trench cone formation.
A trench filling layer is deposited to fill the trenches. The trench
filling layer is polished down to conplete the shallow trench isolations
in the manufacture ofF{KE DERCBIPIION. OF FHEt DRAWINES 6 19 JAN 2005 BRI EF
DESCRI PTION. OF THE DRAWNGS I n the acconpanyi ng drawi ngs formng a
material part of this description, there is showmn: Figs. | and 2
schematically illustrate in-cross section a partially conpleted prior art

integrdted cimcti¢ acomgesyifdyJSrawdihds oggﬂnﬁnécgerﬁtﬁéif:%%ypgu:ust rate in
cross sectional representation a preferred enbodi nent of the présent

i nvent i af. t DESGR ST G Qn THE SREFERRED, FHVBODI MENTS The net hod of the
present invention is applied to the
Figs. 1 and 2 schematically illustrate in -cross—

- section. a partially completed prior art integrated circuit

devices.

Figs. 3 through 6 schematically illustrate in cross-
sectional representation a preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of the present invention is applied to the
formation of a shallow trench isolation in a semiconductor
substrate. In should be clear to those experienced in the
art that the presenﬁ inveﬁtioﬁ can Bé aéplied.and e#feﬁéed
without deviating from the scope of the present invention.

Referring now more particularly to Fig. 3, there is

illustrated a cross-section of a partially completed



. sk e - [ty

formation of a shallow trench isolation in a seniconductor substratfe§ JAN 2003
shoul d be clear to those experienced in the art that the present invention
can be applied and extended without deviating fromthe scope of the

present invention. Referring now nore particularly to Fig. 3, there is
illustrated a cross-section of a partially conpleted 7 1 9 JAN 2005

i nt egr ATEFTFERH tCidnide dvidr qf ofter rreck fehoe nadiod nersie Zonduct or
substrate 30 is provided. Preferably, the sem conductor substrate 30

conpr i SEVRashiGistaldubE raid i 30 ghrdwiateatl byrdmdhass, welhe known in the
art. A silicon dioxide layer 34 is fornmed overlying the sem conductor

subst r atemBndite of |dulart ditoxi T dayeri 34 ﬂéhgégggﬁ%#y%%%lled the pad

oxi de layer and is used to inprove the_aqhesign of F seguent{y el
deposi teid isidri by MATd G| GYInoJNE,Si1 | lQride. layer g4 1s typically
foPned by thernallgkidatioﬁlof the seﬁ?%on ucIBrB%qu?r%¥% A silicon

. . K , . X . . . . . . . . 34' The
nitridesd ayeln 36 4.8 AePOAN LB PVEL Y NG (NG, 8 11 con di oxide Tayer
silicon nitride layer 38 ]

semiconductor substrate 30. The silicon dioxide layer 34

is typically called the pad oxide layer and is used td

improve the adhesion of the sdbsequently deposiﬁed silicon

nitride layer. The silicon dioxide layer 34 is typically

formed by thermal oxidation of the semiconductor substrate

30.

A silicon nitride layer 38 is deposited overlying the -
silicon dioxide layer 34. The silicon nitride layer 38
will serve'as a hard mask during 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 silicon nitride layer 38
and the silicon dioxide layer 34 are.patterned to expose
the semiconductor substrate 30 where shallow trench
isolations are planned.A The patterning is accomplished by,
for examﬁle, degositing a phdtoresist layer overlying the

silicon nitride layer 38. The photoresist layer, not
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‘wi |l serve as a hard mask during trench etching. The silicon nitrijdg JAMellQ
' 38 ﬁay be deposited by, for exanple, a |low pressure chem cal vapor
deposition (LPCVD) process. Referring nowto Fig. 4, the silicon nitride
layer 38 and the silicon dioxide |ayer 34 are patterned to expose the

sem conquctor substrate 30 where shallow trench isolations are planned.

The patTEiing'I%-hddiplisirsbdngd foraexanit € igleposikdigh aa phot or esi st

| ayer overlying the silicon nitride |ayer 38. The photoresist |ayer, not 8
1 9 JARSZEIO5 FHUWT, deote kburivert betlexposkedkd® @oti e 1d@ght 34rpugh a mask.
After devel opnent, the silicon nitride |layer 38 is exposed where trenches

are pl axpehedThéreid itnomdtidd ighes JoveleE8 aﬂﬁet%el:?é&% Cr?i‘t,ficgéi de |ayer 34
are then etched through using, for exanple, a plasnma dry €tc¢h process. The

si i conavdy i3 drayetha3& ther&byqa f QF 1. al%ggggsﬂasgrg 8{%%§Et%\%$cg(:h et chi ng

step. Finally, the renmaining photoresist !pFe42 ey ntPﬁ;, as
. , _ i 0
in the t@fx‘cﬁfg[_ll‘firdsfr@”@& et VE, aSLHlfa‘{ian?a Efrelzéich prégesg. The
surface of the :

- silicon nitride layer 38 thereby forms a hard mask for the

trench etching step. Finally, the remaining photoresist is

stripped away.

Note that, as in the prior art egample, passive
surface material 42 is left on the surface of the
semiconductor substrate 30. This passive surface material

- 42 may comprise silicon nitride or silicon dioxide that was
not éompletely 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

analysis, the presence of the passive surface material 42
will likely cause a trench cone to be formed because the
trench etcHing process is not capable of removing the

passive surface material 42.



. semi conduct or substrate 30. This passive surface material 42 may dobpdfNeZlll
silicon nitride or silicon dioxide that was not conpletely etched during
the silicon nitride hard mask etch. Alternatively, the passive surface
material 42 may conprise a native oxide |layer on the substrate surface.
Finally, the ssive surface material nmay conprise sone other passive
mat eri al int?gg%EﬁﬁnﬁnP%wlh% Eiupst Pat @nsumpackeadtir fagtaaaubactyei ng. As
noted in the prior art analysis, the presence of the passive surface

mat er | PFAPEOW 1 PVeRképy tausklastrahed. cobentoabe {apNedibgcayse the
trench etching process is not capable of renoving the passive surface

mat er i alnQ. tige lePpdsdt 20051 Befienct oy BavstaFLU305, @i ppQrtant feature
of the present invention is illustrated. lons are inplanted 42 into the

exposedimphanomuncmonzsu@&&@@getﬁg-pgggibgnsh??gﬁgtagkgpigg dgmages the
passive surface material 42. The structure of the pasSive surface materi al

42 i s briskesrru@tuBder apRE PHLS: vBYshhe, Len opbay dpgnt 42, fhe result
is a weakening of the passieg surface na?egi%?giﬁl?% ?ﬁels Broket,

or made amorphous, by the ion bombardment 42. The result

is a weakening of the passive surface materiai 42 to the

point where it can be removed during tﬁe trench: etching

process.

To optimally damage the structure of the passive
surface material 42, the ion implantation 46 is performed.
It is not the purpose of the ion implantation 42 to create
a doped junction in the semiconductor substrate 30.
Rather, the purpose is only to sufficiently damage any
passive surface material 42 overlying the semiconductor
substrate. Various ion species may be used. The épecies
may include those, such as phosphorous and boron, that can

-

Create either n-type or p-type junctions. However, other
species, such as silicon or argon, that are not donor or

acceptor ions, may be used. 1In addition, the ion

implantation 42 may use a variety of dosages and energies.

10



“point where it can be removed during the trench etching process. To§ JAN.20G%

i i face material 42,
optimal |y danage the structure of the passive sur .
iﬁplanta?ion 46 is perfornmed. It is not the purpose of the ion

i npl antation 42 to create

30.

surface natefPals
speci es,

2

............

the ion

a doped junction in the sem conductor substrate
the_purpose is only to sufficiently damage any passive

o et ﬁ Cg%%rW%@%gC@%eb%eW$@@nuuctbe imphshtateonVapi ous ion

ngf be used. The species may include those, such as phosphorous

€ S

i : j & k However
borthSLttatStaner ite Bit her hsiyPe of Pn:tyPBej SRELLEARS. :
g?ﬁer species, such as silicon or argon, that are not donor or acceptor

ions, neYRHREY ubedprefenadlyioatwede doButi TPkant ahiionod2xaBY USg.a variety

of dosages and energi es.

i npl antEtP bt xosaclsiderSterdly NSt iben PandSt
ezgrgy,is preferably between about 1 KeV and 700

10 19 JAn 2005 lon species that can be uFedtin t he
an

gﬁé@? %%Snygﬁﬁigﬁﬁ dose is

prefer amyolﬁeaw@m@hou@h%x%;; imrgntg\@ioé}pd.qz 13.3(810p1r6€tat onicn2. The ion

inplantation 42 is preferably

eraply

performed at an implantation angle of between about 0
degrees and 45 degrees with respect to tﬂe surface of the
integrated circuit device. As an eﬁample, phosphorous ions
can be implanted at a dose of about 2x10% atom/cm® and an
energy of about 500 KeV. This novel ion bombardment
sufficiently damages the passive-surface material 42 to
facilitate its removal duripg the trench etch and to

thereby reduce the occurrence of trench cones.

Referring now to Fig. 6,‘the exposed semiconductor
substrate 30 is etched down to form treﬁches. The trenches
are etched to the expected profile 50 and trench cones are
eliminated. By damaging the passive surface material 42
érior to the trench etch, the material is easily removed by
the etching prbcesé.—The trench etching process may
comprise, for example, a plasma, dry etching process using
a chlorine—based-or bromine-based chemistry as is well

known in the art.



" degr'e Wth respect to the surface of the integrated circuit device. As
gﬁgéigﬁple, phothorous ions can be inplanted at a dose of about 2x1013
atonfcn2 and an energy of about 500 KeV. This novel ion bonbardnent
sufficiently damages the passive surface material 42 to facilitate its
renmoval duri%@f?ﬁéiﬂgeﬁ@h EDcﬁigndT;othéhsmebgt&aduggepQg occurrence of _
trench cones. Referring nowto Fig. 6, the exposed sem conductor substrate
30 is eteNebedown TbefaihitoenﬁDEEidEhané@ngh?ﬁndaEﬁeegggﬁgohp t he
expected profile 50 and trench cones are elimnated. By damagi ng the

. . - . ol s
ssivedsexideelapter Bal md? pei-etchedt Bealrepchast gh, be pateria
ggsily renoved by the etching process. The trengh etc%|n§ procgss may

| s&n éochexamptepoi PhasgestOpY ChCPLRA AT 96§55, using. a., .
gﬁrgizii?based o?ngrgﬁ$né-basggsch%nistry as 1's me?ﬁnngS%ﬁrlﬁqtﬁé art. 11

i i ) i | eted. The silicon
19 F@f@hémn@eﬁ@@&ﬁ@dFbﬁeriylﬁgetﬁglsé%&ggggﬁgtg§ sﬁgQErate 30 and
nitride layer 38 and the siticon

filling the trenches. The trench filling layer 54

comprises a dielectric material, such as silicon dioxide.

A polish down process, such as a chemical mechanical

polish, is performed to remove excess trench filling layer

54 and to complete the STI in the manufacture of the

integrated circuit device.

Experimental data confirms the capability oﬁ the
method of the present invention to reduce the occurrence of
trench.cones. An integrated circuit wafer was processed
using £he novel method of the present invention. Half of|
the integrated circuit wafer received the ion implantatioﬁ.
A masking layer blocked the implantation from the other
half of the wafer. The ion implantation comprised
phosphorous ions implanted at a doseiof about 25{1013
atom/cm® and an energy of about 500 KeV. A KLA scan of the
integrated .circuit wafer revealed 575 cones on the non-

implanted half of the wafer and only 205 cones on the

implanted.half of the wafer.

12



di oxi de layer 34 may be-etched away or may be retained as an-etchifn§ $AN 2003
' poIfShing stop. Atrench filling layer 54 is then deposited overlying the
sem conductor substrate 30 and filling the trenches. The trench filling
| ayer 54 conprises a dielectric material, such as silicon dioxide. A
polish down process, such as a chem cal nechanical polish, is performed to
remove excess trench filling layer 54 and to conplete the STI in the
manufacture of the integrated circuit device. Experimental data confirns
the capabilityeopdvprtageshod bhet heopesseat th¥epte88nto;ihedueehhe
occurrence of trench cones. An integrated circuit wafer was processed
usi ng tFH@" Y| beeehodevhtetie présent hﬁy@ﬂfééﬁivébb£oeésst?86'ntegrated
circuit wafer received the ion inplantation. A nmasking |ayer bl ocked the

i npl ant a¢denifgonrehehotbre fbahht0bnt HesWBEER. adiEn5 0N, L0p! ant at'i on
cgﬁprised phosphorous ions inplanted at a dose of a%out g§1013 atonif cn?

i - Ci i er
eveal od 575 cones on The non bl ant s haPr B fRe HRFaRCaRacEnly 205
~ cones Oﬂnt@ethén§k96§§d_Q@ﬁic@ﬁdﬁggofagﬁﬁstrate where the trenches

are planned, damages any péssivé surface material overlying

the semiconductor substrate. Third, damaged passive

surface material is easi}y removed during the etching

process to eliminate trench cone fofmation.' Finally, the

elimination of these trench cones improves the trench

profile and the STI performance.

As shown in the preferred embodiment, the present
invention provides a very manufacturable process for
fabricating shallow trencﬁ isolations, with reduced
occurrence of trench cohes, in the manufacture of an

integrated circuit device.

While the invention has been pafticularly 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

13



12 The -advant-ages of the process of the present invention can nowi_bﬂa JAN Zﬂ,[lﬁ,
enunerated. First, an effective process for reducing trench cone fornmation
has been denonstrated. Second, the novel process, utilizing an ion
inplantation into the exposed sem conductor substrate where the trenches
are planned, dapages an assive surface material overlyin t he

sem Eoﬁﬁ%%t s‘lﬁfg‘%lf‘%ﬁ%g’ P d-heladmibpetic pasdi weopesuasfaeléerrgt erial is easily
renoved, during the etching process to elimnate trench cone formation..

Fi nal | ys2¥9f6-2Q31 4 i nati on of these trench cones inproves the trench

profile and the STI performance. As shown in the preferred enbodi nent, the
present invention provides a very manufacturable process for fabricating
shal l ow trench isolations, with reduced occurrence of trench cones, in the
manufacture of an integrated circuit device. Wile the invention has been
particularly shown and described with reference to the preferred

enbodi nents thereof, it will be understood by those skilled in the art

- that various changes in formand details rmay be nade

14
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13 19 JAN 2005 without departing fromthe spirit and scope of the 19 JAN 2003
i nvention. 14 1 9 JAN 2005 What is clained is: 1. A nethod of reducing
trench cone formation in the fabrication of trenches in an integrated
circuit device conprising: providing a silicon nitride |ayer overlying a
- sem-conductor substrate wherein openings are fornmed in said silicon nitride
| ayer to expose said sem conductor substrate where trenches are. -pl anned;
i npl anting ions into said exposed senm conductor. substrate to danmage
passi ve s@hétcésnalaimgHdsisver|ying said semi conductor substrate; and

et chi ng dDpwn aS aie@ hO¥P @I & c3RIBIGRN AUGHIh FHe! Faleatwer ain 3@l d damaged
passive materials are renoved and the occurrence of trench cones is

thereby regugedat2onThe HBEAGH3CEAN dhNOnt Ogkhabd 1 WheE eI Beasalkd
comprising: ' -
providing a Silicon ﬁitride layer oﬁeflying a
semiconductor substrate wheééin openings ére formed in séid.
é%licon-nitfide layer to expose said semiconduétor
substraté where treﬂches argﬁpianned;
implanting ions-into_said exposed éémicqnduétop
éubstraté!tq damage passive surface-matefiais ovérlying_.

said semiconductor substrate; and -

" etching down said exposed semiconductor Substrate
wherein said damaged passive materials are removed and the .

occurrence of trench cones 1s thereby reduced.

2. The method according to Claim 1'whefeinisaid-"7q}
semiconductor substrate comprises monocrystalline silicon.
3. The method according to Claim 1 wherein said step

implanting ions comprises implanting an ion species of the

group containing: Si, Nz, Ar, Ne, Kr,_?, As, B, in.

4. The method according to Claim 1 wherein said step of
implanting ions comprises implanting at a dosage of between,

about 1x10*? atoms/cm? and 1x10'® atoms/cm?.
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. sem-conductor- substrate conprises nonocrystalli ne si licon. 3. _ The 1ed hw\l 2,0_[1
accbrding to daiml wherein said step inplanting ions conprises
inplanting an ion species of the group containing: Si, N2, Ar, Ne, Kr,, P,
As, B, In. 4. The nmethod. according to Claim1l wherein said step of
inplanting ions conprises inplanting at a dosage of between about 1x1012
atons/cn2 and 1X1016 atoms/cnZ. 15 19 JAN 2005 5. The method according to
Claim1l wherein said step of inplanting ions conprises i nplanting at an
ener gy of5'b@bﬂe@ﬁtéﬁéuﬁC$OK@Wnando7©paKmy1 ehebee nmethod aggprging to
CGaiml wherein said step of inplanting ions conprises inplanting at an
angl e of BEpheshingboons0cdegreessanadpdbndaaieas Wt i Gig to the
surface of said integrated circuit device. 7. The nethod-according to
Caim 1 fbertheencebpuicsingevl andi N@oaxekd i con di oxi de | ayer overlying said
sem conduct or substrate prior to said step of providing said silicon
nitride layer. 8 The nethod according to Claim1l. wherein said trenches

6. The method according to Claim 1 wherein said step of
implanting ions comprises implanting at an angle of between
about 0 degfees and 45 degrees with respéct to the surface

of said integrated circuit device.

7. The method according to Claim 1 further comprising
forming a silicon dioxide layer overlying said
semiconductor substrate prior to said step of providing

said silicon nitride layer.

8. The method according to Claim 1 wherein said trenches

comprise trenches for planned shallow trench isolations.

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

integrated circuit device comprising:

forming a silicon dioxide layer overlying a

semiconductor substrate;

depositing a silicon nitride layer overliying said

silicon dioxide layer;
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--conprise trenches-for planned-shallow trench isol-ations. 9. A met hddd o AN 200!
form'ng trenches in the manufacture of an integrated circuit device
conprising: formng a silicon dioxide |ayer overlying a sem conductor
substrate; depositing a silicon nitride |layer overlying said silicon

di oxi de layer; 16 19 JAN 2005 patterning said silicon nitride |ayer and

sai d siliconPadtSEded e 155 légeus e igai idies dr yeon duret ofa isdibst 1 8é @ wher e
trenches,  are planned; inplanting ions into said exposed seni conduct or

subst r ate ¥ Warndye Ipass iarponsg ferdel retreirdaldicover | UK. r 5@ dyiserd conduct or
substrate; and etching down said exposed sem conductor substrate to form
t r enched 5fiEhsisn agai ¢ ldamegsd passive materials are ‘renoved and the
occurrence of trench cones is thereby reduced. 10. The method according to
G ai'm 9 wher gimplsaitd ngs erircondied ¢aisiksidAa Pl dSas,donocrystal line
silicon.

substrate to damage passive surface materials overlying
sald semiconductor substrate; and'

etching'doWnrsaid exposed semiconductor substrate to
form trenches wherein said damaged passive materials are

removed and the occurrence of trench cones is thereby

reduced,

10. The method according to Claim 9 wherein said

semiconductor substrate comprises monocrystalline silicon.

11. The method according to Claim 9 wherein said step
implanting ions comprises ‘implanting an ion species of the

group containing: Si, N, Ar, Ne, Kr, P, As, B, In.

12 The method according to Claim 9 wherein said step of

implanting ions comprises implantihg at a dosage of between

about 1x10 atoms/cm? and 1x10%¢ atoms/cm?.
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-co rises inplanting an ion species of the group containing: Si, N2, Ar,
Ne?pKr, P, XE, B, In. 12 The nmethod according to Claim9 wherein said step
of inplanting ions conprises inplanting at a dosage of between about
1X1012 at 9ns/ anghéﬁ1016 atonms /cn2. 17 19 JAN 2005 13. The net hod

according to O'a m° ePEFRTEANE §Peflofim Prphameing skhdds steppidses

inplanting a& an.energy of between about 1 KeV and 700 KeV. 14. The met hod
accor di ng T8 & 4t 90 Loher 6PRPEARESsiap lent ingphantinngnieads @anpri ses
inplanting at an angle of between about O degrees and 45 degrees with

r espect tgeFH8e§uPP8€§ loKe¥apadi AiPgikat/ed circuit device. 15. The nethod
~according to Claim9 further conprising: depositing a trench filling layer
to fill said trenches; and polishing dowm said trench filling |ayer to
form shallow trench isolations. 16. A nethod of form ng shaIIQM/trench

i sol ati on$4i-nThRemethod according to Claim 9 wherein said step of

implanting ions comprises implanting at an angle of between

about 0 degrees and 45 degrees with respect fo the surface

of said integrated circuit device.

15. The method according to Claim 9 further comprising:
depositing a trench filling layer to fill said

trenches; and

polishing down said trench filling layer to form

shallow trench isolations.

16. A method of forming shallow trench~isolatiqns in the
manufacture of an integrated circuit device comprising:

forming a silicon dioxide layer overlying a
semiconductor substrate;

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

patterning said.silicon nitride layer and said silicon
dioxide layer go expose said semiconductor substrate where

shallow trench isolations are planned;
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-manufacture of an integrated circuit device conprising: forming a di¥i doN 200
di oxi de | ayer overlying a seniconductor substrate; depositing a silicon
nitride |layer overlying said silicon dioxide |ayer; patterning said
silicon nitride layer and said silicon dioxide |ayer to expose said
sem conduct or §MP§EB@EE wher e shgllomatrench isolations are planned; 18 19
JAN 2005 i npl anttng ions into $3F8 ERposedrsssicseadcroductehstrate to
damage pagagggrgggf ce materials gverlying said sem conductor substrate;
etching down sard e Boggﬁagﬁnpéﬁﬁaﬁét6ﬂr§@§§tmaterﬁ@lsf@wmmﬂ@am@hes wher ei n
sai d damaged ,passi.ve materials are renoved and the occurrence of trench

cones is thefeB§™ FRAGEE8ord&pbstrRrig a trench filling layer to fill. said
trenches; and polishing down said trench filling layer to conplete' said
shal | ow trench®FSBLBEI 6AYNI AaiHeenpnekdcEeng cohds@itdr substrate to

form trenches wherein said damaged passive materials are
removed and the occurrence of trench cones is thereby
reduced;

depositing a trench filling layer to fill said
trenches; and

polishing down said trench filling layer to complete”
said shallow trench isolations in the manufacture of said

integrated circuit device.

17. The method according to Claim 16 wherein said step
implanting ions comprises implanting an ion speciesrﬁf the

group containing: Si, N, Ar, Ne, Kr, P, As, B, In.

18. The method according to Claim 16 wherein said step of
implanting ions comprises implanting -at a dosage of between

about 1x10 atoms/cm? and 1x10L® atoms/cm?.

13. The method according to Claim 16 wherein said step of
implanting ions comprises implanting at an eneréy of.

between about 1 KeV and 700 KeV.
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said step inplanting ions conprises inplanting an ion species of the
group containing: Si, N2, Ar, Ne, Kr, P, As, B, In, 18. The nethod
according to Caim16 wherein said step of inplanting ions conprises
i npl anti ng-at a dosage of between about 1x1012 atons/cn2 and 1x 1016
atons/cnR. 19. The nethod according to Caim 16 wherein said step of .
inplantingoio?é cong&i%es i npl anting at an energy of between about 1 KeV
and 700 KeV. 18°1M§-3RN 2665r98n9THe FAEHed lécobedieong tsaid aitapl®avher ei n
said step.,of . inmplanting ions conprises inplanting at an angle of between
about 0 déaPéEEEEHH ABNde GPBEE 1feth 1medpadtingo atthens wrfiee o Ofhetaiddn
integrated circuit device.. 20 '

about 0 degrees and 45 degrees with respect to the surface

of said integrated circuit device.
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