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| 14 MAY 20D4 METHOD OF FORM NG SHALLOW TRENCH | SOLATI ON  BACKGROUND OF THE
JNVENTION (1) Field of the Invention The invention relates to a et WAl 2005
fabricating sem conductor structures, and nore particularly, to a nethod
of formng a shallow trench isolation in the manufacture of .integrated
circuit devices. (2) Description of the Prior Art Shallow trench isolation

(STI) is an inportant ling technol o for processes with device sizes
0.25 nicrons and bel ow. STk g@ﬁ%ﬁm%g§ﬂﬁﬁééﬁéTB@§§HbE%OL$EﬂON<3rnation of

active area isolations with reduced surface area and flatter topol ogy than
with [ocal oxidation of silicon (LOCOS) schemes. Polishing and etch stop

| ayers nust be conpleteI% renoved after the formation of the STI. It is
difficult to renopve these SPXERSUNP t oD EHE rlewENAgoNdef ects in the trench
oxi de of the STI. The present invention. addresses this problem

(1) Field of the Invention

The invention relates to a method of fabricating

semiconductor structures, and more particularly, to a

R

method of forming a shallow trench isolation in the

manufacture of integrated circuit devices.
(2) Description of the Prior Art

Shallow French isolation (STI) is an important
enabling technology for processes with device sizes 0.25
microns and below. STI technology makes possible the

formation of active area isolations with reduced surface

e

area and flatter topology than with local oxidation of
silicon (LOCOS} schemes. Polishing and etch stop layérs
must be completely removed after the formation of the STI.
It is difficult to remove these layers without creating
defects in the trench oxide of the STI. The present

invention addresses this problem.




1" I 14 MAY 2004 Referring nowto Fig. 1, a cross-section of a partially

i i i i i i : hal | ow4tzr By
.conpleted prior art integrated circuit device is shown. A's AW AR Bogy
ingation will be forned using a prior art method. A sem conduct or

substrate 10 is showmn. A pad oxide layer 14 is formed overlying the

i 10. A silicon nitride layer 18 is forned _
sem conductor substrate 18 0ad oxi de

' t he jde |ayer 14. The silicon nitride |ayer
FéséLyHZ? and g%gegéﬁg%éﬁﬁﬁgfb *8ub tr%l%igﬁf‘%%?§lﬁapSé&ﬁgdeiﬁy{ﬁgﬁ}hge

fo . ST]. A trench oxide |ayer i s deposited ove ‘ _
E{F?ggn n?ﬁ??ééﬁiYaﬁ%ﬂp SSh&TEPFI BRY tHeetradech cirReterd¢nirmow to Fig. 2,
the trench,gxide Aa1$r 22 is _polished down. The silicon ﬂIPrlde | ayer 18
acts as a_ poli sHi ng EHSH tﬁ&P&PrFﬁﬁl?EW@ﬁ(YqilgbesﬁOFMQd$m$1ngN§ nitride
layer 18 _and the pad o§£de | ayer 14 are etched away. This etching away
typi cal | yP°iI nvol ¥e's % Wi -efc Rl FARdacetreriubstyagach0 is shown. A

pad oxide layer 14 is formed overlying the semiconductor
substrate 10. A silicon nitride layer 18 is formed
overlying the pad oxide layer 14. The silicon nitride layer

18, pad oxide layer 14, and the semiconductor substrate 10

S

are patterned to form the trench for an STI. A trench
oxide layer 22 is deposited overlying the silicon nitride

layer 18 and filling the trench.

Referring now to Fig. 2, the trench oxide layer 22 is
"polished down. The silicon nitride layer 18 acts as a

polishing stop.

Referring now to Fig. 3, the silicon nitride layer 18
} and the pad oxide layer 14 are etched away. This etching
away typically involves a wet etch using a chemistry such
as diluted hydrofluoric acid (HF). This etching away step
can cause.a grooving 26 of the trench oxide layer 22 along
the top corners of the STI. The groovés 26 can cause
excessive junction leakage for active devices fabricated

adjacent to the grooved STI. 1In addition, MOS devices




‘ ! - - - - e a
i hydrofluoric acid (HF). This etching away step can cause
=3?ogb:g5626 gf the trench oxide layer 22 along the top corners of.tjm:MﬂpgmM
The grooves 26 can cause excessive junction Iggk?ge fokcgcé;xfcggvchs4 VY
icated adjacent to the grooved STI. In addition, _
;ggzlggbricateh adj acent to the grooved STl can experience gateltgx;de
t hi nni ng &hb&h@abegnggggb%ﬁgN{ can reduce %he gat e bre%kgoxg Vﬂm$egch
Several prior art approaches di sCFodE°REY 160 GERETSAREE ova N orm
i sol ati onexideStPAL S §E5§¥3§93 to Ju@;gb et al teaches a prpcess_l_ 0
| ocal oxidation of si?%con CL §1arR KEFbﬁﬁéﬁﬁﬁqthﬁg@a%%Lnguzgt:;?e
itri l.ysi]{con over pad oxi de over the sem conduc . .
?Lérggfiggﬁgﬁfgg#%ebé}é? %ﬂysilicon are etched to form masks pverlylnﬁ
Field oxide is formed by thermal oxidation of the

| anned active areas. i de forr I
geniconductor substrate. The silicon nitride and polysilicon |ayers are

i LOCOS. U. S. Patent 5,811,345 to Yu
stripped to cogg%g%gitg¥%or ST apbroaciaa e 3as to

shallow trench isolations. U.S. Patent 5,804,493 to Juang
et al teaches a process to form local oxidation of silicon

(LOCOS). A stack is formed comprising silicon nitride over

—

polysilicon over pad oxide over the semiconductor
substrate. The silicon nitride and polysilicoﬂ are etchea
to form masks overlying planned active areas. Field oxide
is formed by thermal oxidation of the semiconductor
substrate. The silicon nitride and polysilicon layers are
stripped ﬁo complete the LOCOS. U.S. Patent 5,811,345 to Yu
et al discloses a method to form STI. A stack is formed
comprising polysilicén over nitride over pad oxide over a
semiconductor substrate. A trench is etched. Ozone TEOS

} is deposited to fill the trench. An HF dip is performed to
planarize the trench oxide. A plasma etch removes the
trench oxide down to the polysilicon layer to complete the
STI. U.S. Patent 5,837,612 to Ajuria et al discloses a
method to form STI. A polysilicon layer is deposited over
an oxide layer that overlieé the semiconductor substrate.

A thermal oxidation is performed to form an oxide layer




( di | oses a method to form STI. A stack is formed conprising
'SE)I f/llsi ?: ign over nitride over pad oxide over a sem conductor subst rﬂﬂ_GMAx,Azm
trench is etched. Ozone TECS is deposited to fill the trench. An HF dip Iﬁ
performed to planarize the trench oxide. A plasma etch renoves the trenc
oxi de down to the polysilicon layer to conplete the Sg#i UAS.Oragsrgcon
5,837,612'dwépNt%@igogpsgiiégﬁu§%¥% S @4 Pethod ta fprmnt:ﬁ : %ﬂf %ductor

| ayer is deposited over an oxide IayFr ?hd{t%dﬁilklin oiiZe Igger stor,

. . . e o
VAV 20 over he pory sl T e o (RFSEiRRY £8 T1he e wwreRth. An  oxide fill

MAY 20 over the polysilicon |ayer an

deRes! ' [ h down
[ e Il L trench, A reverse nmask is used to etc
'ltﬁ)e/e(r)x: Ze fil ?ls%uﬁglgge{ét%ee%]?cé)ng .CﬁAd@IVP’ the saridsr fadlt oupelidsh down the

[ [ he oxide over the polysilicon. The polysilicon
?g;gf i;!#ﬁgﬁgé%gﬁﬁéogﬁgéﬁgdﬁsPeﬁ PEREY %o g7l ih0 dewnKehserxide al t eaches a

: i te.
: es are etched into the sem conductor substra
XEthOd tof&?ﬁ”&&”%he ggéﬂg: the oxide over the pclysilicon. The
bolysilicon layer is then etched away. U.S. Patent
4,671,970 to Keiser et al teaches a method to form STT.

Trenches are etched into the semiconductor substrate. A

stack of polysilicon overlying silicon nitride overlying

g

silicon dioxide is formed overlying the substrate and
inside the trenches. A CVD oxide is deposited to fill the
trenches. The oxide is etched éway excepiting corner
fillets in the lower corners of the trenches. A second
oxide 1is érown by thermal process to fill the trenches.
U.S. Patent 5,923,991 to Bronner et al discloses a method
to prevent divot formation in an STT process. A silicon
nitride layer and silicon nitride spacers are used. U.S.
/IE Patent 5,895,254 to Huang et al teaches a method to form
STI. Silicon nitride is formed over pad oxide over the
substrate. An opening is etched through the silicon
nitride. A trench is etched into the substrate using the
silicon nitride as a mask. A liner oxide is formed. A
trench oxide is formed and polished down. The silicon

nitride is etched away. Spacers are formed in the pad




: ' - i ili itride. lying silicon dioxide
ck of polysilicon overlying silicon pltrlde over - .
'?;afornedpovgrlying t he substrate and inside the trenches. A CVD oxﬂdq%§f2m4

i i i i hed away excepting cor
ited to fill the trenches. The oxide is etc _ _
??PFZts in the |l ower corners of the trenches. A second oxide |ngrownrb3ét
thermal process to fill the trenches. U S. Patent 5,923,991 to Bronne

i i i i STl process. A
| disclosesic et hod +LonPreyen, diyot formation in an
2i|icon ni;}ide | ayer an%g£f¥%%§h nﬁgFl83d36§b%§§”hﬂ€ﬂ@§éd.tU.S. Pat ent

Tl. Silicon nitride is

254 teaches a nethod to form S

fb?ﬁga ové%ﬁgg%%%gfgg %é%i the substrate. ﬁn opgn;ngtlsugyﬁge?hghrg???cgge
il nitride. A trench is etched into the substrate | (

ﬁ:i:?gg as a mask. A liner oxide is fornmed. A treth oxide is fogned gn?n

pol i shed down. The silicon nitride is etched away.' Spacers are forne a0

the pad 4 4 MAY 2004 oxide at the trench edges. The pad oxide is renobve

conplete the STI. SUMMARY OF THE INVENTION

A principal object of the bPresent invention is to
provide an effective and very manufacturable method of

fabricating shallow trench isolations in the ménufacture of

L—

integrated circuits.

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

where trench oxide grooving is eliminated.

A still further object of the present inventioﬁ is to |
provide a method to fabricate shallow trench isolations
where trench oxide grooving is eliminated through the
deposition of a polysilicon layer and the thermal oxidation

of the polysilicon layer and the trench interior.

In accordance with the objects of this invention, a

new method of forming shallow trench isolations has been

achieved. A semiconductor substrate is provided. 2 pad




SUMMARY OF THE I NVENTI ON A princi pal object of the present inventi
‘provide an effective and very nmanufacturable nethod of fabricatin

trench isqglations in the manufacture of integrated circuits. A furt
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the present invention is to provide a nmethod to fabricate
shal l ow trench isol ations where trench oxide grooving is elimnated. A
still furtdgr, 09b§8E gg t he reseﬁg invention is to provide a net
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the . deposition of a polysilicon |ayer and the
qx%% ?%gllans%?Y %ﬁ“iéV%FséﬁﬁdtﬁEe¥¥%ﬁﬁhtMﬁtEﬁdo¢x1dﬂ accor dance

IS invention, new nmet hod of form ng shal

ow trench
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polysilicon layer, the pad oxide layer and the

'0Si-t

semiconductor substrate are patterned to form trenches for
planned shallow trench isolations. A liner oxidation layer
is grown overlying the semiconductor substrate, the pad
oxide layer, and the polysilicon layer inside the trenches.
A portion of the polysilicon layer at the trench edge is
oxidized also. A trench oxide layer is deposited overlying
said silicon nitride laver and filling said trenches. The
trench oxide layer is polished down to the silicon nitride
layer. The silicon‘nitride layer is etched away. The |
polysilicon layer is etched away. The pad oxide layer is
etched away. The presence of the oxidized polysilicon
layer together with the liner oxidation layer protects the
trench oxide layer during.the etching of the silicon
nitride layer, the polysilicon layer, and the pad oxide

layer. The integrated circuit is coempleted,

i, de Igger IS g own overlying the sem conductor substrate.




| ayer. A silicon nitride layer is deposited overlying the polysilicon

layer. The silicon nitride layer, the polysilicon |layer, the pad oxigig Y 200
| ayer and the semi conductor substrate are patterned to formtrenches fgw }
pl anned shallow trench isolations. A liner oxidation |ayer is grown
overlying the sem conductor substrate, the pad oxide |layer, and the

pol ysilicon |ayer insidarthe ﬁﬂﬁﬂﬁi' A portion of the polysilicon |ayer
at the trench edge is odeig%% a so.NAOFrgﬂﬁhD%&W¥ﬁﬁqayer is deposited

overlying said silicon nitride layer and filling said trenches. The
trench oxide layer is polished down to the silicon nitride |layer. The
silicon nitrideyl ayer,d tched away. The polysilicon |ayer is etched
away. The pad oxi de I%gégm|§?y1890ﬂﬁ%w%ﬁ&ﬂhfOFWénﬁrés@ﬂtertﬁltﬂurund di zed
polysilicemr ¢} aye ther with the liner oxidation |ayer protects the
trench oxide Ia%eéeéurﬁﬁdophet BERi hYy VO"He silicon nitride |ayer, the
polysilicon |ayer, and the pad oxide |layer. The integrated circuit is
conpleted. 6 14 NAY 2004

Figs. 1 through 3 schematically illustrate in Cross-—

section a partially completed prior art integrated circuit

device.

Figs. 4 through 12 schematically illustrate in cross-

sectional representation the preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiment discloses the application of the
present invention to the formation of shallow trench
isolations in the manufacture of an integrated circuit
device. It should be clear to those experienced in the art
that the present invention éan be applied and extended

without deviating from the scope of the present invention.




BRI EF DESCRI PTI ON OF THE DRAWNGS In the acconpanying drawi ngs fornj!ng a
part of this description, there is shown: Figs. 1 through

4 MAY 25,

mat eri al . . .
‘schematically illustrate in cross- section a partially conpleted prior art
integrated circuit device. Figs. 4 through 12 schematically illustrate in

cross- sectional representation the preferred enbodi nent of the present

i tion. DESGRI | OF _THE PREFERRED EMBODI MENTS The enbodinenp
h?ggroggs t he g%gggégy on BHIPHHE CHPEddnt i ientd orbbeget he Sbewatd on of

shal | ow trgnch 5%%%L%%:§§S in the manufacture of an integrated circuit

devi ce.
pr esent
scope of
Fig. 4,
circuit
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Strate ically consisting of monocrystalline
silicon, is provided. A pad oxide layer 34 is grown
overlying the semiconductor substrate 30. The pad oxide
layer 34 is used to relieve surface stress ih the
semiconductor substrate 30 and to improve the édhesion of
the polysilicon layer 38. The pad oxide layer 34 is

conventionally grown using a thermal oxidation te a

thickness of between about 90 Angstroms and 110 Angstroms.

An important part of the pPresent invention is then
disclosed. A polysilicon layer 38 is deposited overlying

the pad oxide layer 34. As will be seen, the novel use of

the polysilicon layer 38 here will effectively prevent the

grooving problem seen in the prior art. The pelysilicon
layer 38 is conventionally deposited by a low pressure
chemical vapor deposition (LPCVD). The polysilicon layer
38 is deposited to a thickness of between about 400
Angstroms and 600 Angstroms; As an option, the polysilicon
layer 38 may be ion implanted immediately after deposition.
This ion implantation will increase the oxidation rate of

the polysilicon layer 38 so that the polysilicon layer 38

r® tR° TGS YeXpBPH ehe@dintrareéedr tirchat the

Q%%QEEOQfC%H be q&glied and extended w thout deviating fromthe
e

t

e empogaRenby. ARefestidomgunberparti cul arly tod
i i f a partially conpleted integrate
tQ&&p IS shgg@ gyppross section o p y np




device of the preferred enbodi nent. A sem conductor substrate 30,

- typically consisting of nonocrystalline silicon, is provided. A piﬂ4qy“d§m4
| ayer 34 is grown overlying the sem conductor substrate 30. The pad oxide
| ayer 34 is used to relieve surface stress in the sem conductor substrate
30 and to inprove the adhesion of the polysilicon |ayer 38. The pad oxide
| ayer 34 i,8;71+C ronally. grown using a thermal oxidation to a thickness
of betmeeﬁééﬁbggﬁéggﬁnﬁgf?d%%“ﬁﬁdtffﬁ %ﬁ@sF?%#ﬁQndM¢ﬁOmp@pbanrapart of the
present inyention is then disclosed. A polysilicon |ayer 38 is deposited
overlying the pad oxide |layer 34. As wll be seen, the novel use of the
polysilicon layer 38 here will effectively prevent the grooving problem
seen in the prior art. The polysilicon layer 38 is conventionally

deposi ted by aAlomﬁEressure, chem cal vapor deposition (LPCVD). The

pol ysilicon | ayeP* 188" % depSsilpgart 62 als hiedamisedobvbel yeeq ahout 400
Angstronms _and 600 Angstronms. As an option, the polysilicon |ayer 38 may be
i on i npl aRCed StmEaN at @YSF af&-er THepositeom. nithhide ilapeknpbant afion will

increase'th?.o§Ldation rate of
polishing stop for the subsequent polish down step. The

silicon nitride layer 42 is deposited using a low-pressure
chemical vapor depcesition (LPCVD) to a thickness of between

about 1,800 Angstroms and 2,200 Angstroms.

et

Referring now to Fig. 5, the silicon nitride layer 42, the
polysilicon layer 38, and the pad oxide layer 34 are
patterned to form a hard mask for planned shallow trench
isolations. A conventional photolithographic process may
be used to first form a photolithographic mask. A reactive
ion etch (RIE) is performed to etch through each layer. |
The RIE process comprises an etching chemistry of, for

} example, Cl,, HBr, and 02 for etching the semiconductor
substrate 30, pad oxide layer 34, and polysilicon layer 38,
and CHsF, 0., and Ar for etching the silicon nitride layer

42.

Referring now to Fig. 6, the semiconductor substrate

30 is etched through to form trenches for planned shallow




' S ysil i il 38 8 3-4 MAY 4 will
| ysilicon |layer 38 so that the polysilicon |ayer -4 Wi
gQ?dPgeynuch faste¥ than the sem conductor substrate 30. A S|I|con@g%&k+q®#

' : i i i il 38. The sili
42 is deposited overlying the polysilicon |ayer _
Lﬁgf{de | ayer 22 is a polishing stop for the subsequent polish down step.

itri [ [ [ chem cal
ilicon nitride layer 42 is deposited using a | ow pressure
Iggorsheb sition LPCVDg to a thickness of between about 1,800 Angstroms
and 2 ZOOQ%nedls dRELaREPRT r i Mo EWieoRget sy $utes tSidtiec G0 mbt'[![de Iegyteg 42,
’ i.licon |layer 38, and the pad oxide layer 34 are pattern
$2$n1goLg%%x%§§k“Fg Y pf affifEtP sHaNadwrerenthe 1solatdmans. A conventiona
phot ol i t hographi c process may be used to first forma photolithographic
mask. A reactive ion etch (RIE) is perforned to etch through each | ayer

i i i |l e, Cl2, HBr,
RIE process conprises an etching chemstry of, for exanple, ,
;23 02 fgr etcﬁ?ﬁ@g?h@gS@ﬂidmndﬁgtoﬁ, stibstp el ea30 ropad -0xh g L ayer 34, and

pol ysilicon layer 38, o
present invention is illustrated. A liner oxidation layer
46 is grown overlying the semiconductor substrate 30, the
pad oxide layer 34, and the polysilicon layer 38 inside the

trenches. The liner oxidation layer 46 serves two

purposes. First, it improves the roundness of the trench.

ety

This can reduce junction leakage. Second, and more
important for the present invention, the liner oxidation
layer 46 forms a protective oxidation overlying the
polysilicon layer 38 and the pad oxide layer 34. This
protective oxidation will protect the subsequently
deposited trench oxide layer from grooving during the etch
processes used to remove the silicon nitride layer 42, the

polysilicon layer 38, and the pad oxide layer 34. The fact

-y

that the polysilicon layer 38 can be oxidized to form the
liner oxidation layer 46 is important to the pPresent
invention. 1In addition, if.the cptional ien implantation
of the polysilicon layer 38 will cause the polysilicon
layer 38 to oxidize more quickly than the semiconductor
substrate 30 and therefore form a thicker liner oxidation

layer 46 in the polysilicon.

10




| . 02, and Ar for etching the silicon nitride layer 42. Referring
.ﬁg\?\f tG(;BEl g. 6, the sem conductor substrate 30 is etched through to ﬂérmy 2001
trenches for planned shallow 9 i MAY 20u4 trench isol ations. The _

sem conductor substrate 30 is etched using a conventional reactive ion
etch. Referring nowto Fig. 7, an inportant feature of the present
invention is illustrated. A liner oxidation layer 46 is grown overlying
the seniconductor substrate 30, the pad oxide layer 34, and the A
polysilicon layer 38 inside the trenches. The Ilner-OX|dat|on | ayer 4 h
serves two pu%ﬁSS sTeF P%tdation dpyeyedbt he gmmmdnessgoh therhaench. is
can reduce j.unction | eakage. Second, and nore inportant for the present

i nventi on,o’{lﬁétFPHe?t oXi tatResR turay ef Betyermmbpur 6Dectiyeeoxieat i on
overlying the olysilicon |layer 38 and the pad QX|de | ayer 34. Thlﬁ -
protectiv@“@xﬂdgppoﬁeﬁf¢¢sﬁ}dk@bbetheesuﬁ&aﬂu&nhhmutdepgﬁut@@ trench oxide

| ayer from.grooving during the etch
y mlgutes. gThe liner oxidation layer 46 is grown to a

thickness of between about 230 Angstroms and 270 Angstroms.

Referring now to Fig. 8, a trench oxide layer 50 is
:”3 deposited overlying the silicon nitride layer 42 and
filling the trenches. The trench oxide layer 50 preferably
comprises a silicon dioxide that may be deposited by a high
density plasma (HDP) or by & LPCVD. The deposition
temperature.is between about 560 degrees C and 600 degrees
C. The tfench oxide layer 50 is deposited to a thickness

of between about 6,200 Angstroms and 6, 900 Angstroms.

Referring now to Fig. 9, the trench oxide layer 50 is
polished down to the silicon nitride layer 42. The polish
down step is performed using a conventional chemicél
mechanical polish (CMP). The preferable CMP slurry
chemistry removes the trench oxide layer 50 more.rapidly

than the silicon nitride layer 42,

9l




processes used to renove the silicon nitride |ayer 42, the polysiliff
-l ayer 38, and the pad oxide layer 34. The fact that the polysilico® Sy%}2mé
38 can be ,oxidized to formthe |liner oxidation layer 46 is inportant to

the preserit invention. In addition, if the optional ion inplantation of

the polysilicon layer 38 will cause the polysilicon |ayer 38 to.oxidize

nore qui ckly t@%% Ehe sem conductor substrate 30 and therefore forma
thicker liner oxidatiof "?hyer %@ -i A0 nehpotikidarcadtriGe UL The | i ner
oxidationjk@%%r 46 i s gromn using a thermal oxidation at a tenperature of
bet ween abdut "§067 AEFY eesI ke AHESENLE0CHebheem:i@ifzen bet weehi about 8

m nutes and 10 a;nutes. The liner oxidation layer 46 is grown to a

t hi ckness “6¥ BetfiedRdabltitl T80 Ardsetons bawe27F Argstremshe Ref erring now

to Fig. 8, a trench oxide layer 50 is deposited overlying the silicon
nitride I&ﬁ?Pcﬂzoéhﬂe *?Y?#rﬁétQW§iDthbhegauThe thhenehloxbde | ayer 50

referably .  conprises a silicon dioxide that may be deposited by a high
p Y nmp
ltride layer 38 is etched away preferably by a hot

phospheric acid (H3PQO4) etch.

Referring now to Fig. 11, the polysilicon layér 38 is
i etched away. The presence of the oxidized polysilicon
layer 38 and the liner oxide layer 46 again protect the
trench oxidation layer 50 during the polysilicon layer 38
etch. This etch may be performed using a2 conventional wet

etch (such as KOH) or a dry etch.

Referring now to Fig. 12, the pad oxide layer 34 is
etched away, and the integrated circuit is completed. The
pad oxide layer 34 is etched using a conventional wet etch
such as hydrofluoric acid (HF). The presence of the
oxidized polysilicon layer 38 and the liner oxide layer 46
again protect the trench oxidation layer 50 during the

etch.

Now the specific advantages of the present invehtion

compared to the prior art can be listed. First, the novel

12




dénsit' lasma (HDP) or by a LPCVD. The deposition tenperature is ween

.about g68 degregs C?and 600 degrees C. The trench oxide | ayer 50 .3f MAY 2004

deposited to a thickness of between about 6,200 Angstrons and 6, 900

Angstroms. Referring nowto Fig. 9, the trench oxide |ayer 50 is polished

down to the silicon nitride layer 42. The polish down :sI_Lep |sfperL|orrreC'<il/P

using a c ti |, .chenical npechani cal_ palish (CVP). e preferable

slur?y c%gﬁggtééggéﬁ%gyeggyﬁg TF EHEH Bk iWFe gy 4Pt L rQP%Xﬁﬁ%&F?IOthaE t he
ilicon nitride layer-42. 1.1 4 200. Referring. nowto Fig. , the

:: licon n?%¥?%ep{eafé}t33§r09¥l%?c &%.en?ﬁeoﬁF@%e%%Eéelbdet%goxi di zed i
olysilic | ayer 38 and the |iner oxidation |ayer 46 protect the trenc

gxi )(;e I aygge S%t%lfrri%é’ftﬁ & BPehSh ik sdiop @BA Paft prie I%ﬁ}b@;rs:s& is et chted

away prefgrably by a hot hosphoric acid (H3PO4) etch. Referring nowto

Fi gy 21, ?ﬁ%o‘b% y’é’lﬁ FEEHerayer 28 fie aooNédSafaymimhiepridsegescof the

i di ol ysilico
oxi di zed gxiAE thinﬂlng problem seen in the prior art.
The integrated circuit can now be completed as is
conventional in the art. For example, Fig. 13 illustrates

a gate electrode 84 and associated source and drain regilons

=\c,_-" N

92 fabricated in the active region between the STI 50 of
the present invention. An electrical connection is made
between one of the source and drain regions 92 and a

conducting line 100 made through a dielectric layer 96.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for

fabricating shallow trench isolations in an integrated

g

circuit device. The present invention eliminates trench

oxide grooving,

While the invention has been particularly 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




| ayer 38 and the liner oxide |layer 46 again protect the trench oxidation
-layer 50 during the polysilicon |layer 38 etch. This etch may be p%rforned
usi ng a conventional wet etch (such as KOH) or a dry etch. ReferrkﬁbMﬂwwmn
to Fig. 12, the pad oxide layer 34 is etched away, and the integrated
circuit is conpleted. The pad oxide layer 34 is etched using a

conventi omdlkheet etsh, rofluoric acid (HF). The presence of the
oxi di zed polysilicog |%§§fh§§§5E§gtﬁ l¥%%é¥“§i¥ﬁ@eI8§thﬂ6 agai n protect

t he trenchnoxhdatjon layer 50 during the etch. Now the specific advantages
of the present invention conpared to the prior art can be listed. First,
the novel -12 14 'MAY 2004 |iner oxidation |ayer extending up and into the
polysilicon |ayer prevents grooving of the trench oxide |layer during the
etching of the polishing stop and pad oxide' llayers. Second, the prevention
of the grooving elimnates the gate oxide thinning problemseen in the
prior art.

S
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The integrated circuit can now be conpleted as is conventional in1t h@ art.
For exanple, Fig. 13 illustrates a gate electrode 84 and associatéé' Y r280
and drain regions 92 fabricated in the active region between the STl 50 of
the present invention. An electrical connection is made between one of the
source and dr aEDAIéggi ons 92 and a conducting |ine 100 nade through a
dielectric I@yer . Ag shown in the preferred enbodi nents, the present

i nvention provi ded 408 §O nbam sthadriebl &rprot eiseo Hadrionkatini eagi ng shal | ow
trench isolations_in an integrated circuit device. The present invention
el i m nat es tP%ﬂBﬁacB%%é’fgra@o@Pﬁgngd eiteaiitnuent torcdrgs: haen :
particularly shown and described with reference to the preferred

enbodi ments  t herRo?vidingpial pepicomderstmenbbyratese skilled in the art

t hat various changes in formand details may be nmade 13 -" MAY 2004 wi t hout
departing from t HEFRBIYG 1 JaRdratppel bfort Heyeirnueati @img saiqg

5 semiconductor substrate;
ion implanting said pPolysilicon layer to increase the
oxidation rate of said polysilicon layer;
depositing a silicon nitride layer overlying said
} polysilicon layer;

10 patterning said silicon nitride layer, said
polysilicon layer, and said semiconductor substrate to form
trenches for planned shallow trench isolations;

growing a liner oxidation layer overlying said
semiconductor substrate and said polysilicon layer inside

;5 said trenches wherein a portion of said polysilicon layer
adjacent to said inside of said trenches is oxidized;

depositing a trench oxide layer overlying said silicon
nitride layer and filling said trenches;
polishing down said trench oxide layer to said silicon
20 nitride layer;
etching away said silicon nitride layer wherein said
liner oxidation layer and oxidized said polysilicon layer

protect said trench oxide layer during said etching away;

and
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14 14 MAY 2004 CLAIMS |. A nethod to formshallow trench isolations in the
manuf acture of an integrated circuit device conprising: providing a~4hﬂh'am4
sem conductor substrate; depositing a polysilicon |ayer overlying said 5
sem conductor substrate; ion inplanting said polysilicon |layer to increase
the .oxidation rate of said polysilicon |ayer; depositing a silicon
nitride layer overlying said polysilicon layer; 10 patterning said silicon
nitride layer, said polysilicon |ayer, and said sem conductor substrate to
form trenches for planned shallow trench isolations; growing a |iner
oxi dation | ayer overlying said sem conductor substrate and said
pol ysilicon | ayer inside 15 said trenches wherein a portion of said
pol ysilicon | ayéitChidihcsmy seidapdlinsidecnfisped 6 S Qi zed;
depositing a trench oxide layer overlying said silicon

shallow trench isolations in the manufacture of said

i 0 L3 1 [} . r
ntegrated circuit wherein said liner oxidation layer and

Said oxidized polysilicon léyer protect said trench oxide

layer during said etching away.
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nitride | ayer and filling said trenches; polishing down said trench oxide
layer to said silicon 20 nitride |ayer; etching away said silicon nitride
| ayer wherein said liner oxidation |ayer and oxidized sai d pol ysill4 s 2004

| ayer protect said trench oxide |ayer during said etching away; and 15 i
4 MAY 2004 etching away said polysilicon |ayer to conplete said shallow
trench isolations in the manufacture of said integrated circuit wherein
said liner oxidation |ayer and said oxidized polysilicon |ayer protect
said trench oxide layer during said etching away. 15A 14 MAY 2004 2. The
met hod according to Claim1 wherein said polysilicon layer is deposited to
a thickness of between about 400 Angstrons and 600 Angstrons. 3. The

met hod according to Caim1 wherein said silicon

2. The method according to Claim 1 wherein said polysilicon
layer is deposited to a thickness of between about 400

Angstroms and 600 Angstroms.

3. The method according to Claim 1 wherein said silicon
nitride layer is deposited to a thickness of between abéut

1,800 Angstroms and 2,200 Angstroms.

4. The method according to Claim 1 wherein said step of
growing said liner oxidation layer is by a thermal
oxldation at a temperature of between about 900 degrees C
and 1,10Q degrees C for between about 8 minutes and 10 |

5 minutes.
5. The method according to Claim 1 wherein said liner

oxidation layer is grown to a thickness of between about

230 Angstroms and 270 Angstroms.

16




nitride layer is deposited to a thickness of between about 1,800 Angst

rons

and 2,200 Angstroms. 4. The nethod according to Claim| wherein sai g“s}ﬂﬁp 2004

of growing said liner oxidation layer is by a thernmal oxidation at a
- tenperature of between about 900 degrees C and 1,100 degrees C for bet
about 8 mnutes and 10 5 mnutes. 5. The nethod according to Claiml

wher ei n sai d d.i Male mexhdat 40kl &) is~grown . tq a thickness of between
about 230 Angstrons and 270 Anggﬁ grcr’s.cg%ml%f ”ﬁh@f%@o&aesﬁ Trengket hod

ween

accordi ng to@i@bmlby@@eigl%ggg&%efgr %gch ngl de | ayer is deposited to a

t hi ckness of between about ngst fo % 9dobarysenonaout?. The

met hod accor @i, rgot 8,k a) %lﬂpr i;n~said step of polishing down is-by
cheni cal nechani cal r‘l%)l |6sﬁ‘151 . ﬁeg%lgegﬂgﬁt’é%rdi ng to daiml further

conprising: growing a pad oxide |layer overlying said sem conduct or
substrate prior to said step of depositing said polysilicon

7. The method according to Claim 1 wherein said step of

polishing down is by a chemical mechanical polish.
8. The method according to Claim 1 further comprising:
growing a pad ogide layer overlying said semiconductor

substrate prior to said step of depositing said polysilicon

layer; and

etching away said pad oxide layer after said step of

etching away said polysilicon layer.

g, ' A method to form shallow trench isolations in the
manufacture of an integrated circuit device comprising:
providing a semiconductor substrate;

growing a pad oxide layer overlying said semiconductor

substrate;

17
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i .' ’ - - - - hi ng
llayer; and etching away said pad oxide |ayer after said step of etc _
amgy saig ponsiI?con layer. A nmethod to formshallow trench isol at ddngay oo

t he manufacture of an integrated circuit device conprising: providing a

sem conductor ‘substrate; growi ng a pad oxide |ayer overlying said

" sem conductor substrate; 17 14 MAY 2004 depositing a polysilicon |ayer
overlying said pad, oxide |ayer; depositing a silicon nitride |ayer
overlying said pdiSRASitdsA Pa@@l¥§ﬂl1qnﬂ1Mayamngv§fuytﬁ§Igégaugydtrlde

| ayer, said go] silicon | ayer, said pad oxide | ayer, and sai

seni conduct or“% th3e&to formtrenches for pl anned shallow trench

i solations; growing a |iner oxidation |layer overlying sgld 15 sem conduct or
substrate, said pé%*@ﬁﬁ&é“9a§e$%lknﬂm sditdide layer overlying said

polysilicon layer;

10 patterning said silicon nitride layer, said
polysilicon layer, said pad oxide layer, and said
semiconductor substrate to form trenches for prlanned
shallow trench isolations;

growing a liner oxidation layer overlying said

15 semiconductor substrate, said pad oxide layer, and séid

polysilicon layer inside said trenches wherein a portion of

said polysilicon layer adjacent to said inside of said

trenches is oxidized and wherein said growing is by a
thermal oxidation at a temperature of between 900 degrees c
20 and 1,100 degrees C for between 8 minutes and 10 minutes;
depositing a trench oxide layer overlying said silicon
nitride layer and filling said trenches;
polishing down said trench oxide layer to said silicon
nitride layer;
25 etching away said silicon nitride layer wherein said
liner oxidation layer and oxidized said polysilicon layer

protect said trench oxide layer during said etching away;

18




polysilicon layer inside said trenches wherein a portion of said
polysilicon | ayer adjacent to said inside of said trenches is oxif'zed and
wherein said growing is by a thermal oxidation at a tenperature of* M¥wsan
900 degrees C.20 and 1,100 degrees C for between 8 m nutes and 10 m nutes;
depositing a trench oxide layer overlying said silicon nitride |ayer and

filling said trenches; polishing down said trench oxide |ayer to said
silicon nitride layer; 25 etching away said silicon nitride |ayer wherein
said liner oxidation |layer and oxidi zed said polysilicon |ayer protect

said trench oxide |ayer during said etching away; 18 14 MAY 2004 etching
away said polysilicon |ayer wherein said |liner oxidation |ayer protects
said trench oxide | ayer and oxidized said polysilicon |ayer during said
etching away; and etching away said pad oxide |ayer to conplete said

shal ow trench isqolations in the manufacture of said
etching away said polysilicon layer wherein said liner

oxidation layer protects said trench oxide layer and
oxidized said polysilicon layer during said etching away;
and
etching away said pad oxide layer to complete said
shallow trench isolations in the manufacture of said
integrated circuit wherein said liner oxidation
layer and said oxidized polysilicon layer protect said

trench oxide layer during said etching away.

184




integrated circuit wherein said |iner oxidation |ayer and said oxidized
polysilicon |ayer protect said trench oxide |ayer during said etching
away. 1.8A 1 4 MAY 2004 10. The nethod according to Claim 9 wher &k MAXi 2804
polysilicon |ayer is deposited to a thickness of between about 400
Angstrons and 600 Angstronms. 11. The nethod according to Caim9 wherein
said siliicon nitride |layer is deposited to a thickness of between about _
1,800 Angstrons and 2,200 Angstrons. 12. The nethod according to Claim. 9
wherein said liner .oxidation layer is grown to a thickness of between
about 230 Angstrons and 270 Angstroms. 19 3 4 MAy 2004 13. :: The nethod
according to daim' 9 wherein said trench oxide layer is deposited to a
t hi ckness of between about 6,200 Angstrons and 6, 900 Angstromns.

10. The method according to Claim - 5 wherein said

polysilicon layer is deposited to a thickness of between

about 400 Angstroms and 600 Angstroms.

11. The method according to Claim o wherein said silicon -

nitride layer is deposited to a thickness of between about

1,800_Angstroms and 2,200 Angstroms.

12. The method according to Claim - 5 wherein said liner

.oxidation layer is grown to a thickness of between about

230 Angstroms and 270 Angstroms.
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14‘ The.nethod according to GaimsS further conprising ion inp!?ptgzg sai d

oi silicon layer to increase the oxidation rate of said polysili Way @,
Paygr 15. A nmethod to formshallow trench |solaphpns in Lgfcoggﬂgtor

int i i i ising: providing a s
-of an integrated circuit device conpr|S|n? 'ﬁ viding a sem conduct o
substrate; growing a pad oxide |ayer overlyi gI _ o ot e ayer:
; osi rh8 | I averlying s pad
isglrjls} :rgf ght Fﬁg sai d ggﬁréﬂ %é?gﬁrﬁgggf%gd’]]aﬁ& e%@h?ﬁ%ln déidhttirenchat e of

il ' LL il itride layer overlying
i I aysy : .ting a S|!Lpon nitric _
:g:g pggngi:?ggﬁélgﬁ%ﬁﬁzﬁﬁaggggﬁé%ads § ¢ dihickBRsHI of i kRt Wemperposai d

. i i bstrate
L ~ i i.d r, and said sem conductor su
polysilicon leyesg saidRad Qxide é] ePBW t : ions; 20 14 MAY 2004
to formtrenches for planned 255¢ @?I H-F&RER i sol ation
14. The method according to Claim S further comprising ion
implanting said polysilicon layer to increase the oxidation

rate of said polysilicon layer.

} 15. A method to form shallow trench isolations 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 polysilicon layer overlying said pad
oxide layer;

ion implanting said polysilicon layer to increase tﬁe
oxidation rate of said polysilicon layer;

} 10 depositing a silicon nitride layer overlying said

polysilicon layer; |

patterning said silicon nitride layer, said
bolysilicon layer, said péd oxide layer, and said
semiconductor substrate to form trenches for planned

15 shallow trench isolations;
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growi ng a |
‘wherein sa

10 m nut es;

| ayer and filling said trenches;
said silicon

wher ei n sai

polysilicon | ayer wherein said |iner

i ner oxidation |ayer overlying said sem conductor substrate,
sai d pad oxide layer, and said polysilicon |ayer inside said trenches

d growing is by a thernal oxidation at a tenperature _ofJ_beM
about 20 900. degrees C and 1, 100 degrees C for between about 8 minutes a

depositing a trench oxide layer overlying said silicon

nitride

pol i shing down said trench oxide layer to
25 aiomitindea | bieex etichitignadaye s abekSiyirgORAiGt ri de | ayer

d liner oxidation layer and oxidized said polysilicon |ayer
protect sai FeMHawckiuokbdeshayeratdyr isaddsphd 6% Ldd MGy AMAY an@t chiipg away said

pol ysi | i con Ry lpconetsye s airnk iidec 3ol dOXk88ch &Y Qfn JiinN G 23 @] Qrﬁ&fﬁ%ng
away; and etching away said pad oxide |ayer to conplete sal shal T ow

trench isol dts &ns ai hhehea enufdativine a@f asabipe i NBY afred ¢l LEHI L, Wher ein
oxi dation | ayer and 35 oxidized said polysilicon |ayer protect

sai d tréhch 9%%i degrees C and 1,100 degrees C for between about 8

said |iner

25

30

35

minutes and 10 minutes;

depositing a trench oxide layer overlying said silicon
nitride layer and filling said trenches;

polishing down said trench oxide layer to said silicon
nitride layer;

etching away said silicon nitride layer wherein said
liner oxidation layer and oxidized said polysilicon layer

protect said trench oxide layer during sdid etching away;

30 oxidation l'ayer and oxi di zed said

etching away said polysilicon layer wherein said liner

oxidation layer and oxidized said polysilicon layer protect
said trench oxide layer during said etching away; and |
etching away said pad oxide iayer to complete said
shallow trench isolations in the manufacture of said
integrated circuit wherein said liner oxidation layer and
oxidized said polysilicon layer protect said trench oxide

layer during said etching away.

16.' The method according to Claim nywherein said
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layer during said etching away. 16.' The nethod according to Caim

.15 wher.ein said 21 i4 MAY 20b polysilicon layer is deposited to a thickness
‘of between about 400 Angstronms and 600 Angstronms. 17. The net hocﬂﬁwgm@g
..to Caim15 wherein said silicon nitride layer is deposited to a thickness
of between about 1,800 Angstrons and 2,200 Angstrons. 18. The met hod

according to 8 Py 1p; reln.said liner oxidation layer is grown to a
't hi ckness of giétwgben gfl)%}ﬁtleé})%golinagwﬁﬁe%ﬁd’ 276hAREBeP OB X ween

about 400 Angstroms and 600 Angstroms.

17.! The method according to Claim 15; wherein said silicon
nitride layer is deposited to a thickness of between about

1,800 Angstroms and 2,200 Angstroms.

158. The method according te Claim 15 wherein said liner
; oxidation layer is grown to a thickness of between about

230 Angstroms and 270 Angstroms.
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