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% 9-6f MAR A METHCD TO FORM SHALLOW TRENCH | SOLATI ONS W TH ROUNDED CORNERS
+AND REDUCED TRENCH OXI DE RECESS BACKGROUND OF THE | NVENTI ON (HEEEM§Iﬂm@f
the Invention The invention relates to a nethod of fabricating

sem conductor structures, and nore particularly, . to the  fabrication of
shal l ow trench isolations in the manufacture of integrated circuit

devi ces. (2) Descri pt MaEnHOD Ther®®N GHAATOWSHRENOW I s@nEHT orxgolvatinons ( STI)
are a nethod used to provide insulated isol ations between active device
areas in .the serbowDEinctorNERIbaNDaREDUTRIE TIE®ICH OSTbehascipereased in
recent years in the art of integrated circuit manufacturing. Fornerly,

| ocal oxidation of silicon (LOCOS) was the dom nant technique used to
provide substrate isolation. STI has a nuch flatter topology than LOCCS.
I n addi tion, STl structures@d&crotNe 6AL egPerBieoNy bird s beak structures
that can cause reliability and. electrical performance problenms. 1 12.6
MAR '

]

(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to the
fabrication of shallow trench isclations in the manufacture

of integrated circuit devices.
(2) _Description of the Prior Art

Shallow trench isclations (STI) are a method used to
provide insulated isolations between active device areas in
.the semiconductor substrate. The use of STI has increased

} in recent years in the art of integrated circuit -

—

P

manufacturing. Formerly, local oxidation of silicon
(LOCCS) was the dominént technique used to provide
substrate isolation. STI has a much flatter topology than
LOCOS. 1In éddition, STI structures do not create perimeter
bird’s beak stfuctures that can cause reliability and,

electrical performance problems. -




Referying to Fig. 1, a cross-section of a partially conpleted prior art

Shal |'ow trench isolation is shown. A seniconductor substrate 10 @8
is showmn. A pad oxide layer 14 is grown overlying the sem conducto

il ¢

"substrate 10. A silicon nitride layer 18 is deposited overlying the pad

oxi de | ayer

are patterned to forma hard mask. The openings in the hard nask are

created to

pl anned. Ref erriggrd:a-fig@to2ribl enchesc A68s adhadn BEO: thersen

14. The silicon nitride layer 18 and the pad oxide |ayer

expose the sem conductor substrate 10 where the trenches

substrate 10. Referring to Fig- 3, an oxide trench liner layer 20 is

é@@ﬁ%ﬁ@é&”ﬂ?ﬁ%&ohrﬁugﬁ%%?&@ £0en AN S A% d8n 1588684 1 ne( |ayer 20

overlying t

serves several purposes. First,
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will be seen in Fig. 5. After the oxide trench liner layer

s&gg%gaggiﬁf d%P%%EEEQnogggéfgémhayer 18 is deposited
overlying the pad oxide layer 14. The silicon nitride
layer 18 and the pad oxide layer 14 are patterned to form a
ha;d mask. The openings in the hard mask are created to
expose the semiconductor substrate 10 where the trenches

are planned.

Referring to Fig. 2, trenches are etched into the

semiconductor substrate 10.

Referring to Fig. 3, an oxide trench liner layer 20 is
grown overlying the semiconductor substrate 10. This oxide
trench liner layer 20 serves several purposes. First, it
reduces stress_in the semiconductor substrate 10 induced by
the etch. Second, it provides some minimal rounding of the
trench corners. Third, the oﬁide trench liner layer 20

provides some minimal protection against oxide recess, as




“the silicon nitride | ayer 18 and filling the trenches. Referring to Fig. 4,

t'he trench fill layer 22 is first polished down to the top surfa@&ﬁq@mﬁgﬁq

silicon nitride |layer 18. Next, the silicon nitride |layer 18 is‘etched
“away. Referring nowto Fig. 5 the trench fill layer 22 is agai-n polished

down. Once the trench fill layer 22 and pad oxide |ayer 14 are polished

down to thegsykf geswdf &heresen condugher substraddided Reexhiglilhgw trench
isolation device is conpleted. W noté two potential problens w th the

prior art cghakhow-bhenchris0! aljan 19t Lyt ¥i 81 i @d-dftrfdeg. 5. First,
the relatively sharp corners 30 of the STI structure can cause el ectrical

paranetric problenms in MOS devices fabricated adjacent to the structure.
For exanple, a subthreshold "Vt-kink" can be seen in MOS transistors

adj acent to a S'E(%gépﬂn@??irﬁgqti4velt¥]§@%90ﬁ0fpﬂ sla}%erco&d,ist r%el final

pol i sh down of tren | ayer can“cause a recessi on 6f “the oxi de
34 -at the cotners-of the 3 26 MAR 2004 STI. _This problemresults in high
Punct i on- | ERAGREdeilera e MOR RETRaCE ot ( he el PP s

layer 18. ©Next, the silicon nitride layer 18 is etched

away.

Referring now to Fig. 5, the trench fill layer 22 is-
"~ again polished down. Once the trench fill layer 22 and pad
oxidé layer 14 aré polished down to the surface of the
semiconductor substrate 10, the shallow trench isclation

device 1s completed.

We note two potential problems with the prior art
shallow trench isolation structure completed in Fig. 5.
‘First, the relatively sharp-éorners 30 ¢of the STI structure
{:} can cause electrical parametric problems in M0OS devices
- fabricated adjacent to the structure. For example, a
~subthreshold “V.-kink” can be seen in MOS transistors
adjacent to a STI.that has relétively sharp corners;
Second, the,final polish ddwn of the.trench fill layer 22

can cause a recession of the oxide 34 at the corners.of the



‘Sevef:al prior art approaches disclose nmethods to form trenches in the
Substrate in the fabrication of integrated circuits. U S Patent @Ffﬁ&Rgo
to Yu et al discloses a process to formshallow trench isol ation, 04

" rounded corners. Polyner spacers are forned to cause a widening of the
silicon nitride nmask above the shallow trenches. After the polynmer spacers
are renovedrIia tfaipeproxiee tes@rrewin hoghi pentheot renches, This approach
has the di sadvant ages of possible carbon contam nation due to the polyner
and the digkbeeuhtyyof rcems raddideg ftactihiigkpgssc ofed he pol yner  sidewal | s.
U S. Patent 5,866,435 to Park teaches a nethod to formshallow trenches
where a first mask is formed exposing the substrate where trenches are

pl anned. A second masking | ayer, of polysilicon or anorphous silicon, 1is
deposi ted overl| gbogrgmepmlstaf@%p%%che% aasge%ge AUbsldake, (e second
masking layer is etched anisotropically down. Wen exposed, the substrate.

is sinul t%@%%ﬁle)é ehched dawn With ithheyseegnd; ARSKL NG, # Ayl ra\éégn the

second mask | ayer is etched away, the shallow trench iIs conp

Patent 4,837,447, L0 Kanamsie ol SCleRsesed PLOGESS: 9 TGRS 3 trench for

a trench 4

process to form shallow_trench isolation with rounded
corners. Polymer spacefs are formed to cause a widening of
i? the silicon nitride mask above the shallow trenches. After
the polymer spacers are removed, a thermal oxide is grown
to line the trenches. This approach has the disadvantages
of possible carbon contamination due to the polymer and the
difficulty of controlling the thickness of the polymer
‘sidewalls. G.S. Patent 5,866,435 to Park teachés a method
to form shallow trenches where a first mask is forﬁeds
exposing the substrate where trenches are planned. A
second masking layer, of polysilicon or amorphous silicon,
%:} is deposited overlying the first mask and the exposéd
substrate. The second masking layer is etched |
anisotropically down. - When eﬁposed, the substrate is
simultaneously etched down with the second masking layer.
When the second mask layer is etched away, the shallow
trench is completed. U.S. Patent 4,85?,477 to Kanamori

discloses a process to fabricate a trench for a trench



'capaci tor, An oxide mask overlying the substrate is etched to form
openi ngs for trenches. A second oxide layer is deposited and forﬁéﬂhﬁmmgmu
oxi de spacers on the sidewalls of the openings. The trenches are etched
“down into the substrate. The spacers are renoved. The trenches are dry
etched to round the edges. An insulator filmis formed Ilining the
trenches. FRamdditoronducbixideeheskrodesl army ther metdstnstelei 4 her diraenches.
U S. Patent 4,707,218 to Gammarco et al teaches a process to nmake nask

openi ngs  st@wl f@rm tdmmipigacitoeat rbycipdo! ol A tdwmagnapbyidd phpioresi st | ayer
is patterned. Sidewall spacers are forned to reduce the dinensions of the

mask openi ngspodd ted RPateforhel74ntfdSoxide Hpfierd ofi 88L0SESew PIHGESS tO
formtrenches with rounded corners. Silicon nitride overlying pad oxide is

patterned tgd asgBOReNH NgShkok rEhehES enedias:crid RRIWYSEht§0fhe Or anor phous
silicon layer, is deposited. The polysilicon layer is etched down

ani sot ropi cald ¥ rathe,  tieNGRake -8t shedrdmdRed he widbst-eatgesi i taneously
with the polysilicon layer. U S. Patent 4,495,025 to Haskell teaches a

process that, & deNAl cABACEESS 10 Gf eal& dUenehen of ditfgient depths
~in a silicon substrate. 5 -12W 0" MAR 2004 _
lining the trenches. Finally, conductive electrecdes are
formed inside the trenches. U.S. Patent 4,707,218 to
Giammarco et al teaches a process to make mask openings
smaller than practica; by photolithography. .A photoresiét
layer is patternéd. Sidewall spacers are formed to reduce
the dimensions of the mask openings. VU.S. Patent 5,674,775
to Ho et al discloses a process to form trenches with
'roﬁnded corners. Silicdn nitride overlying pad oxide is
patterned to form openings for the trenches. A
polysilicon, or amorphous.silicon layer, is deposited. The
polysilicon layer is etched down anisotropically. The
{;} - trench is etched into the substrate simultaneously with the
polysilicon layer. U.S. Patent 4,495,025 to Haskell

teaches a process that uses sidewall spacers to create

trenches of different'dépths in a silicon substrate.




'SUMVARY OF THE | NVENTI ON A princi pal object of the present inventi isto
provi de an effective and very manufacturabl e nmethod of fabricatingdeﬁ!ﬂmw
trench isolations in the manufacture of integrated circuits. A further

" object of the present invention is to provide a nethod to fabricate

shal l ow trench isolations wth reduced oxide recession at the edges of the
structures through use of sPASMARY GhHaddy SNYENERENtrench nmask. Anot her
further object of the present invention is to provide a nethod to
fabricate shallow trench isolations wth rounded trench corners through
use of sidewall s pacers on the trench mask and sputter etching the

shal | ow trench. rAnotimer phiir thescobpBcthofprtdienpr eseattidvend itgn is to
provide a nmethod to fabricate shallow trench isolations wth rounded

trench cor nersride eungkfiset Hfe shsewad ty spacdastueabl dendttent sk and
hydrogen annealing the shallow trench. 6 In accordance with the objects

of this invemiiontiag sewl el hogendn fadyitatdneg: shahd oty e dsrati ons
has been achieved. A seni conductor substrate is provided. A pad oxide

layer is grgwegpeerldyicAgchies sem conduct or

A further object of the present invention is to
provide a method to fabricate shallow trench isolations
with reduced oxide recession at the edges of the structures

through use of sidewall spacers on the trench mask.

Another further object of the present invention is to
provide a method to fabricate shallow trench isolations
with rounded trench corners through use cf sidewall spacers

on the trench mask and sputter etching the shallow trench.

{:} | Another further object of the present invention is to
provide a methpd to fabricate shallow trench isolatioﬁs
with rounded trench corners through use of sidewall spacers
on the trench mask and hydrogeh annealing the shallow’

trench.




‘substorate.. Asilicon nitride |ayer is deposited overlying the pad oxi de
| ayer. The silicon nitride layer and the pad oxide |ayer are patt Bq&ﬂ;@&m
forma hard mask. The openings in the hard mask correspond to pl'anne
“trenches in the sem conductor substrate. A silicon dioxide |ayer is
deposited overlying the silicon nitride |layer and the sem conductor
substrate. The dinl iscerrdieogedelthyiee igpientissofr opiealhyertdied @0 form
sidewal | spacers on the inside of the openings of the hard nask. The
sem conductroevw rsihetr atfe fabréteheng t ohdloraw tthrenthehshest idhe siddewal |
spacers are etched away. The sem conductor substrate is sputter etched to
round the dmerersshdkeveke tReasehisondnctoxistdstrenehisiprogidayer As grown
overlying the sem conductor substrate. A trench fill layer is deposited
overlying thel sidiideon agetr i degrayeroagnd titgy axiedeeint eastuctoni ng | ayer and
filling the trenches. The trench fill layer is polished down to the top

surface of dlstsidtiecona Bitikbge hayelde The s lilkcaBpbiitbdect@yeyirs et ched
away. The trench fill |ayer and the pad oxide | ayer are polished down to

the top surfiaceQf okh@eserieonduehors sulsdy altl%r&eehw&@% ©aRiRi e the
“shallow trench isolation, and the integrated

oxide layer are patterned to form a hard mask. The
openings in the hard mask correspond to planned trenches in
the semiconductor substrate. A silicon dioxide layer is
deposited overlying the silicon nitride layer and the
semiconductor subétrate. The silicon dioxide layer is
anisotropically etched to form sidewall spacers on the
inside of thé openings of the hard mask. The semiconductor
'suﬁstrate is etched to form the trenches. The sidewall
Spacers are etched away . The semiconductor substrate is
sputter etched to round the-corners ¢f the trenches. An
oxide trench lining layer ié grown overlying the
{j} semiconductor substrate. A trench f£ill layer is deposited
overlying the silicon nitride layer and the oxide trench
lining'layef and filling the trenches. The trench fill
layer is polished down to the top sﬁrface cf the silicon
nitride'layef. Thé silicon_nitride‘layer is etched away;
The trench fili layer and the pad oxide layer are polished

down to the top surface of the Semicopductor substrate to




‘circuit device is conpleted. BRI EF DESCRI PTION OF THE DRAWNGS In the
acconpanying drawings formng a material part of this descri ptlﬁrsmm Iﬁ
_is shown: Figs. 1 through 5 schematically illustrate in cross- section
partially conpleted prior art integrated circuit device. A process to
fabricate shallow trench isolations is depicted. Figs. 6 through 17
schemat i calcloypilkltestthat ehihley ossendedtsiodndl cnepaed ematiroregrapedf er r ed
enbodi ment of the present invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTGiFhkiud tenteodaent dimelearses t he application of the present
invention to the formation of shallow trench isolations in the fabrication
of an integrated circuit 8 6 MAR 2004 device. It should be clear to those
skilled in the art that the present invention could be extended or applied
to related areas without deviating fromthe uni que aspects of the
invention. Referring now particularly to Fig. 6, there is shown a cross

section of a partially coplrebedcrnbegnated ©iF GHATINGS

In the accompanying drawings forming a material part

of this description, there is shown:

|
i

Figs. 1 through 5 schematically illustrate in cross-
section a partially completed prior art integrated circuit
device. A process to fabricate shallow trench isclations

is depicted.

Figs. 6 through 17 schematically illustrate in cross-
sectional representation a preferred embcdiment of the

present invention.

DESCRIPTION.- OF THE PREFERRED EMBODIMENTS

This embodiment discloses the application of the
present invention to the formation of shaliow trench

isolations in the fabrication of an integrated circuit



‘devi ce of. the preferred enbodi nent. A sem conductor. substrate 40 is
provi ded. The sem conductor substrate 40 typically conprises @MR 2004
~nonocrystalline silicon. A pad oxide I|ayer 44 is grown overlying the
sem conductor substrate 40. The purpose of the pad oxide |ayer 44 is to
provi de a good adhesion |ayer faor the silicon nitride layer 48 and to
reduce ‘sur Eécgrreg Pﬁo?ﬁi1§%ﬁﬂéﬁﬁdﬁ@t6b0§ab§kikﬁaﬁ¢ﬂm th®herpad oxi de
| ayer 44 is thermally grown to a thickness of between about 100 Angstrons
and 300 AndSEfofBeuBFRECAt HHIRAHOToFe1gr beesst erfdet sid iappd init kbde | ayer
48 is deposited overlying the pad oxide |ayer 44. The silicon nitride
| ayer 48 wireflafgenrrfes harthariskdefvdrting Subsetuentnicetechispecet bhe shal | ow
trenches. The silicon nitride layer is deposited using a |ow pressure
cheni cal v&pér igeggbsienon (LPCVD) process to a thickness of between about
1,000 Angstrons and 3,000 Angstrons. 9 2 a MAR 2W Referring now to Fig.
7, the silicon nitride |layer 48 and the pad oxide |ayer 44 are patterned
to forma hard mask. The openings in the hard mask correspond to pl anned
trenches in theRséarcongusiwpasttistilatey4fo Fhe, pat t@engs ke PRI for med
"using a conventional photolithographic process
cross section of a partially completed integrated circuit

device of the preferred embodiment. A semiconductor
;"E substrate 40 is provided. The semiconducfor substrate 40
~typically comprises monocrystalline silicon. & pad oxide.
layer 44 is grown“overlyipg the semiconductor substrate 40.
The purpose of the pad oxide layer 44 is to provide a good
adhesipn layei for the silicon nitride layer 48 and to
redﬁce surface stress in the semiconductor substrate 40.
The pad oxide layer 44 is thermally grown to a thickness of
between about 100 Angstroms and 300 Angstroms using a

conventional process. The silicon nitride layer 48 is

o,
-

deposited overlying the pad oxide layer 44. The silicon
nitride layer 48 will form the hard mask for the subsequent
‘etching of the shallow.trenches. The silicon nitride layer
is deposited using a low pressure chemical vapor deposition
(LPCVD} process to a thickness of beﬁween about 1,000

Angstroms and 3,000 Angstroms.



‘wher & photoresi st is coated, exposed, and developed to reveal portions of
‘the silicon nitride layer 48 that will be etched away. Referrin BW%
Fig. 8 a silicon dioxide |layer 52 is deposited overlying the silic ¢
“nitride layer 48 and the semi conductor substrate 40. The silicon dioxide
| ayer 52 is conventionally deposited using a LPCVD process. The purpose
of the silicon dFEtPEEINGYRPW 50 Big.0 Ter 6htesibidevalilt ripacengeindghe
subsequent processing step. The silicon dioxide |ayer 52 is deposited to a
t hi ckness ofndpehgebadapoide SDOyeAndist rows pahtledn & cAfBgst BORErdRef erri ng
nowto Fig. 9, an inportant aspect of the present invention is shown. The
silicon di orbde.| a§be S2enimsgmnirsatveopiacal hys Bt ehaet foanbotm @Qﬁ%\@h'
spacers 52 on the inside of the openings of the hard nask. The etching

process is prefiehabl ynacik ys@iidbridtidterasahent std Y OC.OWBHeSbQQtQEé' m%HFB’
and Ar. 10 O MAR 2004 Followi ng the etch, the sidewall spacers. y) or med

have a wi dt hsopebebween uabopta 3RS AT RO 11,00 ARG S g?H‘éesJ he
sidewal | spacers 52 are inportant to the present 1nvention because, when
they are regpyed phofotéd®t is coated, exposed, and developed to

reveal portions of the silicon nitride layer 48 that will

be etched away.

Referring now to Fig. 8, a silicon dioxide layer 52-is
deposited overlying the silicon.nitride layer 48 and the
semiconductor substrate 40. The silicon dioxide layer 52
is conventioﬁally deposited using a LPCVD process. The
pufpose of the silicon dioxide layer 52 is to create
sidewall spacers in thg subsequent processing step. The
silicon dioxide layer 52 is deposited to a thickness of

between about 500 Angstroms and 1,500 Angstroms. .

e

Referring:now to Fig. 9, an important aspect of the
present invention is shown. The silicon dioxide layer 52
is anisotropically etched to férm sidewall spacers 52 on
the inside of the openings of the hafd mask. The etching
‘process is preferably a dry etch using a chemistry

comprising CF,;, CHF3;, and Ar.

10




‘st ep‘,-vth'e, area of the substrate that has been reserved by the sidewall
spacers 52 will be used to inprove the surface characteristics of the

shal l ow trench and of the conpleted STlI. Referring nowto Fig. tf;&B hﬁ%
" sem conductor substrate 40 is etched to formthe trenches. The arhcq rras%,

conposed now of the silicon nitride layer 48 and the silicon dioxide
sidewal | spacers 52, focuses the etch on the exposed sem conductor
substrate 40. A canventional dry etching process is used to create the

trenches. The dfy ety Fhengrfat riheotiglavedd Apaceps TFafomuet CHF3.
Typically, the trenches are etched to a depth of between about 1,500
Angst roms dHRY <3 560 by St BREvaeRprbREf 300 Agonbwens Fiq.1,1000 t he si dewal |
spacers are etched away. A wet etch conprising HF may be used. '
Al t ernati véiEStE @Sy et }éﬁemﬁ@ﬁe@:m, THRErsand Arenbypdetantused.tikl ~  MAR
2004 Referring nowto Fig. 12, an optional but inportant part of the
present i n\EGRSiest 1S Vehswan Theasse odreduchey asabsémabed 40 i:5 15t er
etched to round the corners of the trenches 56. This step is perfornmed to
reduce the step, the area of the substrate that has been reserved by

the sidewall spacers 52 will be used to improve the surface

characteristics of the shallow trench and of the completed

STI.

Referring now to Fig. 10, the semiconductor substrate
40 is etched to form the.trenches. The hard mask, composed
now of the silicon nitride layer 48 and the silicon dioxide
sidéwall spacers 52, focuses the etch on fhe exposed
- semiconductor éubstrate.40. A conventional dry efching
process is used to create the trenches. The dry etching
chemistry comprises Ar, O., CF4, and CHFi:. Typically, the
fi} trenches are etched to a depth of between about 1,500

. Bngstroms and 3,500 Angstroms deep.

Referring now to Fig. 11, the sidewall spacers are
etched away. A wet etch_cdmprising HF may be used.
Alternatively, a dry etch with CFs, CHF3, and Ar may be

used.

1



‘shar pness-of the corners and to elininate the MOS paranetric prggle
experienced with the prior art exanple. The sputter etching ste3§£HMMszg

_performed using a plasma etching process with a chem stry conprising Cl2i
BC13, CClq, CHF3, CF4, and a conbination of HBr, Cl2, and 02. Note that
addi ti onal sem conductor substrate 40 surface area was exposed because of
the presence of the sidewall spacers in the earlier etch. This additional
area allows gently sloping top corners to be created by the sputter etch
process. The rourelfenyriofg rive trefith. cb? nexrs @epiockédbin Hhgortlht can al so
be acconplished through use of a hydrogen anneal. In a hydrogen anneal

st ep, et ch pawduced tgta geeeenitnithent sem tomtusior Fhbsseat eort: @re
relieved. Sharp edges are softened by densification. The hydrogen anneal
used here wsdmprises:étarnisHApanbeenttahdd o trepelr aher €oplic PEtyEaiheabout
800 degrees C and 1,200 degrees C for between about 15 mnutes and 60

m nut es. Hltgfbrtc&imra'ﬂ ur enasneakpngs IZe 2€b MR 2804calbowshdn crostructure
transformation that mnimzes surface energy by form ng a rounded corner.
Referring nenwaignhddg.ofl3nheancoxkde dfench diiiingtbayrs mos

parametric problems experienced with the prior art example.
The sputter etching step is performed using a plasma

etching process with a chemistry comprising Cl,, BClz, CCl,,

-

.CHFs, CF4, and a combination of HBr, Cl,, and O;. Note that
additional Semicdnductor substrate 40 surface area was
exposed because of the presence of the sidewall spacers in
the earlier etch. This additional area allows gently
slbping fop corners to be créated by the sputter etch

process.

The rounding of the trench corners depicted in Fig. 12
{i} can also be accomplished through use of a hydrogen.anneal.
In a hydrogen -anneal step, etch induced stresses in the
semiconductor substrate 40 are relieved. Sharp edges are
softened by densification. Thé hydrogen anneal used here
comprises: én H; ambient with a temperature of between about
:800 degrees C and 1,200 degrees C for between about 15

minutes and 60 minutes. High temperature annealing

12




'60 i s grown overlying the seniconductor substrate 40. The purpose of the
oxide trench lining layer 60 is to enhance the protection of thejﬂhﬂ?ﬁ%ﬁ#
T nirhg

trench isol ation agai nst oxide recess. In addition, the

oxi de trench

"layer 60 relieves etch induced stress in the senmiconductor substrate 40.

The oxide t | o sH I 0.] her mal | rown using a conventional
R P e b O ARG BHBL R S00L 7RGt r o,

process to a thickness o et ween

step has

Not e that f e _sidewal | spacers in the early etching
ér{&gﬁé%ﬁgﬁcﬁlpﬁnﬁnﬁwﬁ?@& G -grow vertically at the very

al | oned t he oxi

top corners of the trench. This is inportant, because this oxide trench

l.ining | ayer 60 will be present at the end of the STI
buffer layer to uce the effect of any over polishing

process to provide a
t hat m ght occur

r _ ,
Referring now t GFCGE1T4, "a9t Fenkhe £ 113, laayexife tsendeposiiey lever yi ng

t he silico% nitride |layer 48 and the oxide trench lini
filling th

ng | ayer 60 and

O FEnGREY™ FHET1yiRAcH S 3amilceyencedri sulpstefarabicy. cameosed of

silicon 13 .2003 dioxide that is deposited using a LPCVD or high density
pl asma ( HDPPIpPSEe8S. thReopifpdsrensth theingenehetitd 1aWeY enhance

the protection of the shallow trench isolation

against

oxide recess. 1In addition, the oxide trench lining layer

60 relieves etch induced stress in the semiconductoer

- substrate 40. The oxide trench lining laver 60 is

thermally grown using a conventional process to a thickness

of between about 100 Angstroms and 300 Angstroms. Note

that the use of the sidewall spacers in the early etching

step has allowed the oxide trench lining layer

60 to grow

vertically at the very top corners of the trench. This is

important, because this oxide trench lining layer 60 will

be present at the end of the STI process to provide a

3 :
{Q} buffer layer to reduce the effect of any over polishing

that might occur.

Referring now to Fig. 14, a trench fill layer 64 is

deposited overlying the silicon nitride layer 48 and the

oxide trench lining layer 60 and filling the trenches. The

trench fill layer 64 is preferably composed of

13

silicon




64 isto provide an insulating fill for the shallow trench isola}@ﬂhﬂﬁ?@mé
trench fill layer 64 is deposited to a thickness of between about 5,000
_Angstronms and 9,000 Angstronms. Referring nowto Fig. 15, the trench fil

| ayer 64 is polished down to the top surface of the silicon nitride |ayer

48. The polishij d step,.s perfornmed using a conventional chem cal
nmechani cal po%%gﬁe(%ﬁ%f.agb %??%#ﬁf#&ﬂﬁ%ﬂ? Piégcﬁ%,ofrhiQﬁIdam@at@itride

| ayer 48 i tche y. A typical hot phosphoric acid (H3P04) wet etch
is used to é%§®3 gﬁgggiPFSBﬁgﬁitr?ﬁﬁaH%f@@ﬁe48fmim¢unnenqh(ﬂﬂlnglhpersiIicon
~ di oxi de Iay%rs.on the wafer. Following the renoval of the silicon nitride
layer 48, acpld§ 6P PREVIEReRRhiAsUlatiagefisd bxt erits sthauew heesunf ace of
the wafer. Referring nowto Fig. 17, the trench fill |ayer 64 and the pad
oxi de | ayer *3213Fé°Pol i Shedt tfg lilhéavep S4ir fsackepdfitdae tseqi conduct or
substrate to conplete the shallow trench isolation. A conventional- CW
process is G8éakPEBS2401 ObMAFR0GPaUENEY 600 hRngxicass @xiaddesopds shown in the

illustration, a slight anbunt of over polishing 68 may occur. This does
Angstroms.

Referring now to Fig. 15, the trench fill layer 64 is

i
o

polished down to the top surface of the silicon nitride
layer 48. The polishing down step is performed using a

conventional chemical mechanical polish (CMP).

Referring now to Fig. 16, the silicon nitride layer 48
is etched away. A typical hot phosphoric acid (H3PQ,) wet
etch is used to remove the silicon nitride layer 48 Qithout
etching the silicon dioxide‘layers on the wafer. Following
the removal of the silicon nitride layer 48, a plug of the

ft} .
L _ trench £ill layer 64 extends above the surface of the

wafer.

Referring now to Fig. 17, the trench fill layer 64 and
the pad oxide layer 44 are polished down to the top surface
of the semiconductor substrate to complete the shallow

trench isolation. A conventional CMP process is used to

i4



net cause'a probl em because of the presence of the oxide trench éﬁl}’ll ng
| ayer 60 overlying the top edges of the trenches. Again, the reaéshMARezs
_oxide trench lining layer 60 is present at these locations is due to the

of fsets created by the sidewall spacers The probl em of oxide 'recession
is therefor e sha referred enbodinent, the present
i nvention p?%r\%il)%éensﬂgé v%? yé%Snsanu \é\%lsl]ra P e’ %P"Hbé‘é’b ther iliubt Fattomg shal | ow
trench isolafj Jﬁ@ nufactuie of integrated circuit devices.

Probl ens cause % (RN PO ARIRT % mAY wicsared Byisodees roundi ng
t echni ques. Cgher robI ens caused by oxide recession due to over polishing
are also elinina Léae t%rp&r;&'}eﬂb(?eﬁﬁusgl%mq ppsecacs bfi the @ticdd ng step.
Wil e the Hﬂyentl n._has heen particularly shown and described with
reference to Tha' prjé}ler?gr G Yerb6li AERt Ly inthereoftopi eduks | oberwmder st ood by
those skilled in the art , that various changes in formand details nmay be
nmade vmtruﬁﬁen%hﬁﬁﬂt|ﬁﬂjlproﬁﬁ?hée%%ﬁﬁ|ﬁhanﬂxmﬁeopeenéhtI&hlﬂg“MHy@ron 15

2004 CLAI Ms
60 is present at these locations is due to the offsets

created by the sidewall spacers. The problem of oxide

recession is therefore eliminated.

p— /

As shown in the preferred embodiment, the present
invention provideé a very manufacturable process for
fabricating shallow trench isolations in the manﬁfacture of
integrated circuit devices. Problems caused by sharp
trénch corners are elimiﬁated by corner rounding
techniques. Other problems caused by oxide recession due
to over polishing are also eliminated through use of
sidewall spacers in the etcﬁing step.

L

While the invention has been particularly shown and
described with reference to the preferred embodiﬁents
thereof, it will be undérstood by those skilled in the art
that wvarious changes in form and details may be made
without departlng from the spirit and scope of the

invention.
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1. A nethod for fabricating shallow trench isolations in the manufacture

of an integrated circuit device conprising: roviding a sem cond@g
g nmp g: p g QC%HRR a0

substrate; growing a pad oxide |layer overlying said sem conductor -
subst r at %ﬁ&? iting a sjilicon nitride |ayer overlying said pad oxide

| ayer ; p§t€% dsdod Spbriemting rehed.loay brenod SebIhtpiashs axi dad ayer to
forma hard mask wherein openings in said 10 hard mask correspond to

pl anned FRRREREEUrecpbsin ilngegrsatbilconrdibidie iloay ebmpyes ki ygng sai d
silicon nitride |ayer and said sem conductor substrate; anisotropically

et chi ng sai d Bi¢Vvidbimglizosieddcbagectdp fasdasitdewal | spacers on the inside
of said openings in 15 said hard mask;. thereafter etching said

seni conduct orgsuhigty at @atiooxtdenspéd dvanches; shhar gg,g_{gg @gpg, ng away
said sidewal | spacers; thereafter rounding corners o sard tFenches by

spuiter silphimgtesai d sem conductor substrate or by annealing said
sem conduct or substrate w th hydrogen; thereafter growi ng an oxide trench

-lining. |ayefef2Gioden 4i Bg15abs! AR ANAUGES oSUPSLI A %aid pad
oxide layer;
patterning said siliéon nitride layer and said pad
oxide layer to form a hard ﬁask wherein openings in said
10 hard mask correspond to planned trenches;
depositing a silican dioxide layer overlying said
silicon nitride layer and said semiconductor substrate;
anisotropically etching said silicon dioxide laver to
| form sidewall spacers on the inside of said openings in
15 said hard mask; . | |
thereafter etching said semiconductor substrate to
form said trenches:;

(:) _ thereafter etching away said sidewall spacers;

thereafter rounding corners of said trenches by sputter etching said
semiconductor substrate or by amnealing said semiconductor substrate

with hydrogen;

thergafter growing an oxide tfench-linihgﬁléyer'“_
20 | overlying said semiconductor subétrate; -
depositing a trench fill'laﬁer overlying said silicon
nitride layer and said oxidé‘trench lihing layer and
 £illing said trenches; o |

polishing down said trench fill layer to the top

16




" “depositing a trench fill layer overlying said silicon nitride |ayer and
said oxide trench lining layer and filling said trenches; p0|isn2g9@ﬁf3@
said trench fill layer to the top 16 26 MAR 2004 25 surface of sal Keélbn
nitride |layer; etching away said silicon nitride |layer; polishing down

sai dokrenghrthtd bayesi and ;sai g, QX yer to the top surface of said
sem conduct or substré%e to céhpﬁggglggigsg%glIom1trench i sol ations; and 30

conpl eting sai di Lt egr i.rcuyi.t .device. 2 The method according to Caim
1 wherein said silié%ﬁﬂﬁﬁgf% g? é;éggPsn%ﬁﬁﬁﬂﬁ H@&eﬁo a thickness of between

about 1, 000 AnEgg {%“ﬁl%“é ggggég?%égn%snd he nmet hod according to Caim

| wherein said ‘silTcon OXi &t @89t §249t BA€kness of

bet ween a st.rQ and 1,500 gstrons. 4 The nmethod according to
Claim1 %#%ﬁrfg)?%Tgé Qﬁgﬁpp EPARERTS AF SFHiGr ReRiconduGEEEh of bet ween

about 300 _mcrons .and 1,000 m crqns.
: substrate to complete said shallow trench isolations; and

30 completing said integrated circuit device,

2 . The method according to Claim 1 wherein said silicon
nitride layer is dépositéd to a thickness of between about

1,000 Angstroms and 2,000 Angstroms.
3., The method' according to Claim 1 wherein said silicon

17



5. The method according to Claim1 wherein said trench fill |ayer
conprises silicon dioxide deposited to a thickness of between abo@ﬁﬁmﬁ §

~Angstroms and 9,000 Angstrons. 6. The nethod according to Claim 1l wherein
said oxide trench lining layer is deposited to a thickness of between

about 100,.Angstr and 300 Angstrons. 1, A nethod for fabricating shall ow
ggﬁﬁ t gﬁﬁ?ﬁg%eé{ (% 2ot h

trench i SOICAtT 6N t hE ARknet e gp atkat weEarc eiboudevi ce

conpri sing:.. providing a sem ductor substrate; growi ng a pad oxide | ayer
over | yi ng%ga?‘(ﬁ‘g?éﬁlog‘gnaﬂatg}rg&g MgsireEfe; depositing a silicon nitride

| ayer overlying said pad oxide |layer; patterning said silicon nitride

| ayer and said pad oxide layer to forma hard mask wherein openings in
said 18 12- -a M AR 2W 10 hard nask correspond to pl anned trenches;
deposi tiftlg Al&i PEEBRIARBRPEEL IR CBém| ¥i myesminl said isciaewailtlr i de | ayer
and said sem conductor substrate; anisotropically etching said silicon

di oxi de FRPERTE0FBr APETRGVED |2 spsiEar 9fohetheen miale: GfoGsaiidtropeni ngs in

and 1,000 microns.

5. The method according to Claim 1 wherein said trench £ill
Ty layer comprises silicon dioxide deposited to a thickness of

between about 5,000 Angstroms and 9,000 Angstroms.

6. The method according to Claim 1 wherein said oxide
trench lining layer is deposited to a thickness of between .

about 100 Angstroms and 300 Angstroms.

7, A method for fabricating shallow trench isclations in the
manufacture of an integrated circuit device comprising:
{:} providing a semiconductor substrate;
growing a pad oxide layer overlying said semiconductor
5 substrate;

depositing a silicon nitride'layer overlying said pad
oxide laver; |

patterning said silicon nitride layer and said pad

oxide layer to form a hard mask wherein openings in said




{15 sai d hard nask; thereafter etching said sem conductor substratg.to form
said trenches; thereafter etching away said sidewall spacers; t dﬁﬁ%@mg

_sputter etching said sem conductor 20 substrate to thereby round the
corners of said trenches; thereafter growing an oxide trench lining |ayer
overlyin | d_sem tor. substrate; .depositing a trench fill layer
-oveﬂfginguiég %ﬁﬂ?@ﬁ%ﬁggﬁPﬁﬁiH% ﬁlﬁﬂﬂeqéﬁgegﬁﬁﬂsbxide trench lining |ayer
and 25 filling, said trenchesi.$oliiﬂg|1 down said trench fill layer to the
top surface OF FSEIGIER FeBh! HiRTH iU E\Per aYEE cAY Pl wikey Ssdidd sil i con
nitride |ayer; polishing dow said trench fill l|ayer and said pad 30 oxide
| ayer to Stlﬁe“%%g NUrfEEe By S AN SBHid SeadePBAUCkebstukata ate ;conpl et e sai d
shal |l ow trench isol ations; and conpleting said integrated. circuit device.
19 2 6 MAR 2064 1PRE TRBERBYL A RTINSy SEd AOsAll Arahed &6 nidmildysid itoon di oxi de

| ayer is deposited to a thickness of between about 500 Angstrons and 1, 500
Angstrongprm sidewall spacers on the inside of said openings in

15 sald hard mask;
thereafter etching said semiconductor substrate to
form said trenches;
thereafter etching away said sidewall spacers;
thereafter sputter etching said semiconductor
20 substrate to therebf'roﬁnd the corners of said trenches;
thereafter growing an oxide trench lining layer
overlyi@g said semiconductor substrate;
-depositing a trench fill layer overlying said silicon
nitride layer and said oxide trench lining léfer and
25. filling said trenches;
polishing down said trench fill layer to the top
{:} surface of said silicon nitride layer;
etching away said silicon nitride layer;
polishing down said trench fill layer and said pad
30 oxide layer to the top surface of said semiconductoxr |
substrate to cémplete said shallow tréﬁch isolations; and

completing said integrated circuit device.




"9 The met hod according to Claim.7 wherein said sidewall spacers are
formed to a width of between about 300 mcrons and 1, 000 nicronsuggq@ﬁ?%
- method according to Claim.7 wherein said trench fill |ayer conprise 004
“silicon dioxide deposited to a thickness of between about 5,000 Angstrons
and 9, 000 Angftrons. %% The nmet hod according to Claim?2 wherein said oxide
trench 1imng Fa§efeROYSTEEEAT bCa LRI Bk Aed S mERMEeA1AB6AR 100
Angstroms and 300 Angstronms. 12 The method according to Claim7 wherein
sai d st epdoPx1dput 2 ¥9T et Kflampsidied Senipcbhdickreors subsetaeeni sbbyta pl asma
etching process with a chem stry conprising Cl2, BCl3, CCl4, CHF3, CF4,
and a conbPhabir@ht BINHBMA @, 200aRd902:¢8SA net hod for fabricating shallow
trench isolations in the manufacture of an integrated circuit device
conprising: 20 26 MAR 2004 providing a sem conductor substrate; grow ng a
pad oxide | ayer overlying said sem conductor 5 substrate; depositing a
silicon ni%riTee | mytdrod\wedoridiggsabdCpatin dxitderdiayersid sidewall

spacers are formed to a width of between about 300 microns

~and 1,000 microns.

10 The method according to Claim .7 wherein said trench
fill layer comprises silicon dioxide depeosited to a
thickness of pbetween about 5,000 Angstroms and 9,000

Angstroms.

11 The method according to Claim 2 wherein said oxide
trench lining layer is deposited to a thickness of between

about 100 Angstroms and 300 Angstroms.

’:,M‘lﬁ‘»
S

12 The method according to Claim 7 wherein said step of
sputter etching said semiconductor substrate is by a plasma
etching process with a chemistry comprising Clz, BCli, CClg,

CHF3;, CFs, and a combination of HBr, Cl,, and O,.

13 A method for fabricating shallow trench isolations in

the manufacture of an integrated circuit device comprising:
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"patterning said silicon nitride |ayer and said pad oxide |ayer &3 forma
hard mask wherein openings in said 10 hard mask correspond to R 200%
trenches; depositing a silicon dioxide |ayer overlying said silicon

“nitride layer and said sem conductor substrate; anisotropically etching

said silicon djoxide. | ayer to formsidewall spacers on the inside of said
openi ngs in gépétéﬁi FHSﬁ&%ﬁ?n?ﬂgfﬁﬁf%ﬁbSQﬁQHﬁ’ng sai d sem conduct or

substrate to formsaid trenchgs; thereafter etching away said sidewall
spacers: ther&afTet9 shbddl PAdISal @Y SEn? Wndiicoraddhseracendietor 20
hydrogen to thereby round the corners of said trenches; thereafter grow ng
an oki de TYRACHY$hing layer overlying said sem conductor substrate;
depositing a trench fill layer over|lying said silicon nitride |ayer and
said oxide tré N9y & gyéicandr Er4e |Jawgrs aiveé rivénghesid 21adAR 2004
polishing down said trench fill layer to the top surface of said silicon
nitride e A¥Hing away said silicon nitride |ayer;

patterning said silicon nitride layer and said pad
oxide layer to form a hard mask wherein openings in said
10 hard mask correspond to planned trenches;
depositing a silicon dioxide layer oveflying said
silicon nitride layer and said semiconductor substrate;
anisotropicaliy etéhing saild silicon dioxide layer to
form sidewall spacers on the inside of said openings in
15 said hard mask;
fhereafter etching said semiconductor substrate to
form said trenches;
thereafter etching away said sidewall spacers;
thereafter annealing said semiconductor substrate with
€:§ 20 hydrogen to thereby round the corners of séid trenches;
thereafter growing an oxide trench lining layer
overlying said semiconductor substrate:
depositing a trench fill 1ayer overlying said silicon
nitride layer and said oxide trench.lining layer and

25 filling said trenches;

|




;polishing down said trench fill layer and said pad 30 oxide layer to the
top surface of said sem conductor substrate to conplete said qpe%gﬁq#ﬂk

trench isolations; and conpleting said integrated circuit devi.ce
“method according to Claim13 wherein said silicon dioxide |layer is
deposited to a thickness of between about 500 Angstrons and 1, 500
Angstrons. 1. PotRéDFBEhEe aceddithenay EidlnldySe whertdien tsai d si dewal |
spacers are formed to a width of between about 300 m crons and 1,000

m crons. SHEfHse méEt Reddastbidbmgitorideailayad; wherein said trench fill

| ayer conprises silicon dioxide deposited to a thickness of between about
5,000 Angstromrschndg9z089 sAngsiirlamen hitThes neifwed; according to Caim 13
wherein said oxide trench lining |layer is deposited to a thickness of

bet ween. abowbl16BiAngsowoN®a AN d BHGHATGSE T DaPer 20L& MR 2004 18, The
met hod according to Caim 13 wherein said step of annealing said

- sem3®onduetioe Sabstr adbetid ttopydnager be shberehyi Jnddre corners of said
trenches conprises: an H2 anbient with a tenperature of between about 800
degrees Gubstrate to complete said shallow trench isolations; and

completing said integrated circuit devicé.

;'E ~ 14 The method according to Claim 13 wherein said silicon
dioxide layer is deposited to a thickness of between about

500 Angstroms and 1,500 Angstroms.

15 The method according to Claim 13 wherein said sidewall
spacers are formed to a width of between about 300 microns

and 1,000 microns.

16~ The method according to Claim 13 wherein said trench
{;} fill layer comprises silicon dioxide deposited to a
thickness of between about 5,000 Angstroms and 9,000

Angstroms.

17 The method according to Claim 13 wherein said oxide
~ trench lining layer is deposited to a thickness of between_

about 100 Angstroms and 300 Angstroms.

22




7;5 and 1, 200 degrees C for between about 15 m nutes and 60 mnutes. 23

- 25 MAR 2008

"i8. The method according to Claim 13 wherein said step of
”éﬁnealing said semiconductor substrate with hydrogen to
thereby round the corners of said trenches comprises: an H;
ambient with a temperature of between about 800 degrees C
5 and 1,200 degrees C for between about 15 minutes and 60

minutes.
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