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(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to a
method of forming shallow trench isolation structures in

the manufacture of integrated circuit devices.

(2) Description of the Prior Art

Shallow trench isolation (STI) is now commonly used in
the art as an alternative to local oxidation of silicon
(LOCOS) fbr forming isolations between active device.areas
in the integrated circuit. STI offers the advantages of
smaller isolation area and better surface planarization

when compared to LOCOS.

Fig. 1 illustrates an integrated circuit device of the
prior art. A semiconductor substrate 10 is shown. A
polish stop layer 14 is formed overlying the semiconductor

substrate 10. The polish stop layer 14 is typically



‘Erior art. A sem conductor substrate 10 is showmn. A polish stop |ayer 14
is formed overlying the sem conductor substrate 10. The polish stop |ayer

14 is typically conprised of silicon nitride. Trenches for
shal l ow trench isolations have been etched through the polish stop | ayer
14 and into the sem conductor substrate 10. Referring now to Fig.

2, agap fill layer 18 is deposited overlying the polish stop | ayer and
filling tlkemptieadhes.siTiecgapifiide.l ayeendBed Fox0BREL 366 ©fcrith
non-conductive dielectric material. In thiis exanple, a high density plasm

oxi de (HDRsexa€ednsé shaiep@sihed:cldy EthrHQBhOKﬂaéi%&i%QSE{:B%glayFeﬂe process
si mul taneously deposits and etches the oxide material. ing this oxide

results ing khe YeEy @ROGehkbbn@hACRbssLLES, 1BUCh as no voids in the
oxide in the trenches. In addition, the HDP oxi de deposits to near 45

degree angle topologies at trench corners. In the art, the gap fill I|ayer
18 woul d be deposited to a depth that will allow it to exceed the height

of the etch  gpeferring now to Fig. 2, a gap fill layer 18 is
deposited overlying the polish stop layer and filling the
trenches. The gap fill layer 18 is comprised of a |
non-conductive dielectric material. 1In thié example, a
high density plasma oxide (HDP oxide) is deposited. 1In a
HDP oxide deposition, the process simultaneously deposits
and etches the oxide material. Using this oxide results in
the very good fill characteristics, such as no voids in the
oxide in the trenches. In addition, the HDP oxide deposits

to near 45 degree angle topologies at trench corners. In

the art, the gap fill layer 18 would be depositéd to a
depth that will allow it to exceed the height of the etch
stop layer 14 that borders the trenches by a safe amount

Ll.

Referring now to Fig. 3, a photoresist layer 22 is
deposited overlying the gap £ill layer 18. A
photolithographic step is required here because it is
desirable to remove the excess gap fill layer 18 in the

areas outside of the trenches (that is, the active areas).
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stop layer 14 that borders the trenches by a safe amount L1.
Referring nowto Fig. 3, a photoresist layer 22 is deposited overlying the

gap fill layer 18. A photolithographic step is required here because it is
desirabl e to renove the excess gap fill layer 18 in the areas outside of
the trenches (that is, the active areas). 2

The photoresist layer 18 is exposed (typically as an oversized reverse
mask of tHehe hedleaspiahdlakerell8péd ¢expodetr ntybicagirlyt est e mask shown.

Referring now to Fig. 4, excess gap fill layer 18 is etched down. The
phot or esi stvdrpiged22everse mamkedfanay tA«wicdhen) nand lievetlebed to
Referring nowto Fig. 5 the gap fill layer 18 is polished dowmm to the top

surface offdrire tétecprotoptiwyeraskdshown.

Referring now to Fig. 4, excess gap fill layer 18 is
etched down. The photoresist layer 22 is stripped away

following the etch.

Referring now to Fig. 5, the gap fill layer 18 is
polished down to the top surface of the etch stop layer 14

to complete the STI strudtures.

There are three problems with the prior art technique.
First, a photolithographic step is required. This mask .
step adds processing cost. Second, the gap fill layer 18
is over polished over the trenches. It is necessary to
polish all of the oxide off the etch stop layer 14. To
insure a complete polish, some over polishing always
occurs. In the prior art case, because of the over polish,
dishing 26 occurs. 'This dishing occurs primarily over wide
trench areas and Can cause excessive device leakage in some
cases. Third, the final thickness L2 of the gap fill layer
18 is difficult to control. The way the process is

constructed, the thickness will depend on a complex



to conplete the STl structures.

prior art technique. First, a photolithographic step is required.
mask «, step adds processing cost. Second, the gap fill layer 18 is over
pol i shed over the trenches. It is necessary to polish all of the oxide off
the etch stop layer 14. To insure a conplete polish, sonme over polishing

al ways

occurs. In the prior art case, because of the over polish,

There are three problens with the

Thi s

di shi ng

26 occurs.furtdodi siii dgposicheds gppi fihrl | jayevrel 8 Wilthecknfels@pcbtaneas and can
cause excessive device | eakage in sone cases. Third, the final thickness

L2 of the gayp flidyler] ayethidikhdss,dthé i amduntt efcendn downle way he process
Is constructed, the thickness will depend on a conpl ex

3
| ayer

£iflunclyeen10f sepPosirigdi 8RR ithe bayesnidy tddvekpessesst ch
14 thickness, the amount of etch down of the gap fill |ayer

variation in the polishing down process.

Several prior art approaches disclose methods to form
and planarize shallow trench isolations. U.S. Patent
5,665;202 to Subramanian et al discloses an STI process.
Trenches are formed with silicon nitride etch stops
bordering. Silicon dioxide is deposited to fill the
trenches above the top of the silicon nitride etch stops.
A second silicon nitfide layer is deposited overlying the
silicon dioxide £fill layer. A first polish down is

performed to exposed the silicon dioxide layer. In one

. embodiment, a second polish down is performed to remove the

exposed silicon dioxide layer down to the top surface of
the first silicon nitride etch stop. In a second
embodiment, the second polish down removes the silicon
dioxide only down to near the top of the first silicon
nitride layer. Variation in pad pressure is used to control
selectivity in the chemical mechanical polish (CMP)
operation. U.S. Patent 5,817,567 to Jang et al teaches a
STI process. After an oxide fill of the trench, a silicon
nitride layer is deposited overlying the oxide layer. A

CMP is performed to remove the silicon nitride and the

st op
18, and



Sever al prior art approaches disclose nethods to form and planarize
shal l ow trench isolations. U S. Patent 5,665,202 to Subramani an et al
di scl,oses an STI process. Trenches are formed with silicon nitride etch

stops bordering. Silicon dioxide is deposited to fill the trenches above
the top of the silicon nitride etch stops. A second silicon nitride |ayer
I s deposited overlying the silicon dioxide fill Iayer. A first polish down

is perforged qr%@@%edrw@ &id ke0p1 ghadide thayespolldyonea enbodi nent, a
second polish down is performed to renove the exposed silicon dioxide

| ayer dovms:ﬁrggfehpettcﬁp1§Uﬁ§é‘@etc9fremt)]9§ BBl ngl Eéxﬁé’{hzﬁigt fgﬁﬁc%ch stop. In a

second enb ment, the second polish down renoves t 't con dioxide

only down 40: 68 e al BB-0fod N thESkypdd | C%nse?%ﬁcﬁ'zﬁf?mﬁy%r gvariation in

pad pressure Is use control ectivity in cal” rmechani ca

pol i sh_(ChEY ego%esrhat&ogﬂ phe R 891 e 8lcp 0Ll 0 IANG R Bepbfinches a ST

process an oxi t he renc con “mtTi 88 | ayer is

deposited 0 erIy| xi d I er performed to r ve t he
silicon ni% %ise and th gente5,la7 ,439'6%0%11 et ai teanc%gs ano%ggr

STI process. A polysilicon layer is deposited overlying
the oxide fill layer. A CMP is performed to remove a
portion of the polysilicon layer, leaving the layer
o&erlying the oxide over the trenches. An anisotropic etch
is performed to etch down the oxide layer where not covered
by the polysilicon. A second CMP is performed.to polish
down the remaining polysilicon and the oxide layer to the
top of the trench. U.S. Patent 5,880,007 to Varian et al
discloses another process to form STI. An HDP oxide is .
deposited to completely fill the trenches. A polysilicon
layer is deposited overlying the oxide layer. The
polysilicon is deposited so that the top surface of the
polysilicon overlying the trenches is higher than the top
surface of the oxide layer over the non-trench (higher)
areas. A CMP is performed to expose the oxide. The
exposed oxide is etched down. The polysilicon is etched
away. A second CMP is performed to polish down the oxide
to the top of the trenches. U.S. Patent 5,792,707 to Chung

teaches a process to planarize interlevel dielectrics. A



oxide in peak areas and to planarize the topology. A single etch is used
to renove both the remaining silicon nitride and a portion of the oxide. A
second CWP is used to polish down the oxide to the top surface of the
trench edges. U S. Patent 5,173,439 to Dash et al teaches another ST
process. A polysilicon layer is deposited overlying the oxide fill |ayer.
A CW is performed to remove a portion of the polysilicon layer, |eaving

the layer p h%\t%nhxhegr&ﬂe%%egelgwe&% EE?.’[‘H@eacreaénwﬁgiééo% é)p' ¢ etch is

performed to etch do e oxide | ayer where not covere

pol ysi | i cqmeR18662NGx AP mqlps&fgfctr%%ttetaoﬁ%xk “dreriagnahie ferm n ng

polysilicon and the oxide |ayer to U. S. Patent

5,880,007 4R han o8 palleht! 9585 Al @SfGQ R OGRS Vaver

e
oxide is eposi t to conp etely’ the trenc es. yS| | ayer

IS dep05|t§a¢e9%§r5¥kn%¥é{%$§g§|de | ayer. The ponS|I|con is deposited so

that the top surface pol ysilicon overlying the trenches is higher
than the top surface of the oxide |layer over the non-trench (higher)

areas. A CWP is performed to expose the oxide. The exposed oxide is etched
down. The polysilicon is etched away. A second CMP is perforned to pollsh
down t he oxide

SUMMARY OF THE INVENTION

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

integrated circuits.

A further object of the present invention is to
provide a method to fabricate shallow trench isolations
where no masking step is requiied in the planarization

sequence.

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

where oxide dishing is eliminated.

Yet another further object of the present invention is

to provide a method to fabricate shallow trench isolations



~

to the top of the trenches. U S. Patent 5,792,707 to Chung teaches a
process to planarize interlevel dielectrics. A

5 . photol it hography step is used to define areas where the

i“nterl evel oxide will be protected frometching and polishing. U S. Patent
5,498,565 to Gocho et al discloses several STl processes.

SUWWARY OF THE | NVENTI ON A principal object of the present

i nvent i on Wheneo ther Sinak HWrickbeset ¢ cchend reacly omimiel dst betibée met hod of

fabricating shallow trench isolations in the manufacture of integrated
circuits. controlled.further object of the present invention is to provide
a nethod to fabricate shallow trench isolations where no nasking step is
required in the planarization
In accordance with the objects of this invention, a

new method of forming shallow trench isolations has been

achieved. A semiconductor substrate is provided. A first

etch stop layer is deposited overlying the semiconductor

substrate. The first etch stop layer and the semiconductor

substrate are etched to form trenches for planned shallow

trench isolations. A gap fill layer of high dénsity plasma

oxide is deposited overlying the first etch stop layer and

filling the trenches. The deposition of the gap f£ill layer

is stopped before the planar top surface of the gap fill

layer overlying the trenches reaches the level of the top

surface of the first etch stop layer bordering the

trenches. The gap fill layer is etched so that the gap

fill layer overlying the trenches does not contact the gap

fill layer overlying the first etch stop layer. A second

etch stop layer is deposited overlying the gap fill layer

and the first etch stop layer. The deposition of the

second etch stop layer is stopped before the planar top

surface of the secbnd etch stop layer overlying the

trenches reaches the level of the top surface of the first

etch stop layer. The second etch stop layer is polished



sequence. Anot her further object of the present invention is to
provi.de a nethod to fabricate shallow trench isolations where oxide

di shirng is elimnated. Yet anot her further object of the present
Fnvention is to provide a nethod to fabricate shallow trench isol ations
6 where the final thickness of the trench oxide is better

controll ed. In accordance with the objects of this invention, a

new net hodlawin ftor seAgectihvglyowxpreacthd geipatibhsldvey Boaenreashheved. A
sem conductor substrate is provided. Afirst etch stop |ayer is deposited
over | yi ng avez lydmgc dbhduttenchesubsThatexpobled fap sftildt clrystropsl ayer and the
sem conductor substrate are etched to formtrenches for planned shall ow
trench i sodtathesnawagik. gaphd iddcondyetchhfsthipglagensand/ theasimst etch

stop layer are etched away, and the integrated circuit

device is completed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 through 5 schematically illustrate in cross-
.. section a partially completed prior art integrated circuit

device.

Figs. 6 through 12 schematically illustrate in cross-
sectional representation the preferred embodiment of the

present invention.



oxide is deposited overlying the first etch stop layer and filling the

trenches. The deposition of the gap fill layer is stopped before the

pl anar top surface of the gap fill |ayer overlying the trenches reaches
tthe | evel of the top surface of the first etch stop |ayer bordering the
trenches. The gap fill layer is etched so that the gap fill |ayer
overlying the trenches does not contact the gap fill |ayer overlying the
first etch stop | ayBFSCRNEEONNAF Bk PREFEPRERMBADIMBNEESsi t ed overlying the
gap fill layer and the first etch stop |layer. The deposition of the

second etch stop layer is stopped before the planar top surface of the
second etch stop | ayer overlying the trenches reaches the |level of the top
surface of theTherenbogimgntstddpclasesy thEhapﬁbmmHuioatoﬁ shep | ayer is

pol i shed down to selectively
expose t hergapnti Lhvéstysrn ito aheaﬁonmttlonvefl shaigldwherenenches. The exposed
gap fill layer is etched away. The second etch stop |layer and the first

etch stopsoagedonar et eichetsawayt stighlidheei 8l €gf afcedhekecui t
experienced in the art that the present invention can be
applied and extended without deviating from the scope of

the present invention.

Referring now particularly to Fig. 6, there is shown a
cross section of a paftially completed integrated circuit
device of the preferred embodiment. A semiconductor
substrate 30, typically consisting of monocrystalline
silicon, is provided. A first etch stop layer 34 is
deposited overlying the semiconductor substrate 30. The
first etch stop layer 34 acts as a stop for the subsequent
etching of the gap fill layer. The first etch stop layer
34 is preferably comprised of silicon nitride deposited by
low-pressure chemical vapor deposition (LPCVD). The first
etch stop layer 34 is deposited to a thickness of between

about 1,500 Angstroms and 2,500 Angstroms.

The first etch stop layer 34 and the semiconductor

substrate 30 are etched to form trenches for planned



device is conpl et ed.

BRI EF DESCRI PTI ON OF THE DRAW NGS

In the acconpanying drawings formng a material part of this description,
there, is shown: Figs. 1 through 5 schematically illustrate in

Cr 0ss-
Fi gs.

section a partially conpleted prior art integrated circuit
6 through 12 schematically illustrate in cross- sectional

representation the preferred enbodi nent of the present invention.
DESCRI PTI GXa0ko¥WHEr PREFERREBt EMBOD| NEINT $renches arEhetehbadusing adi scl oses
the application of the present invention to the formation of shall ow

trench

conventional etching process such as reactive ion etching

(RIE) .

Referring now to Fig. 7, an important aspect of the
present invention is shown. A gap fill layer 38 of high
density plasma (HDP) oxide is deposited overlying the first
etch stop layer 34 and filling the trenches. HDP oxide is
used because of the excellent gap filling propérties of
this process. In an HDP plasma process, the silicon
dioxide material is deposited and etched simultaneously in
the same reaction. This process causes the silicon dioxide

to be deposited very densely and with no voids. 1In

. addition, the etching process causes the HDP oxide to

assume the near 45 degree angle profile at trench corners
as shown in the illustration. 1In addition, a densification
step is performed. The gap fill layer is deposited to a
thickness §f between about 3,000 Angstroms and 5,000

Angstroms.

Note especially, that, in the present invention, the
deposition of the gap fill layer 38 is stopped before the
planar top surface of the gap fill layer 38 overlying the

trenches reaches the level of the tdp surface of the first

10

devi ce.



i solation structures. It should be clear to those experienced in the art
that the present invention can be applied and extended w thout deviating
f,rom-t he scope of the present invention. Ref erri ng now
particularly to Fig. 6, there is shown a cross section of a partially
conpleted integrated circuit device of the preferred enbodi ment. A

sem conduct or substrate 30, typically consisting of nonocrystalline
silicon, ietq etopedaydrfis soreeehngt e ltayachdd, | Thedppesatedopverlyi ng
t he sem conductor substrate 30. The first etch stop |layer 34 acts as a

stop for thermadesequent g&t ciilnglefet hes gapobiddh diyeop sherheest etch stop
| ayer 34 is preferably conprised of silicon nitride deposited by

| ow pressuge whemieak ¥eporsidppasiytiony (Hf2a¥Ping M ftiresibhegt s stop | ayer
34 is deposited to a thickness of between about 1,500 Angstrons and 2, 500

Angstrons.13 which ikhBefwde&d adlouh 50@9AA§§H¥6m§4aﬁH“ﬁt§U® sem conduct or
substrate 30 are etched to formtrenches for planned

9 Angstroms. This is a key feature of the present invention

because it allows the highest topography of the gap fill
layer 38 to be planarized without effecting the gap fill

layer 38 in the lower topography.

Referring now to Fig. 8, another important feature of
the present invention is shown. The gap fill layer 38 is
etched such that the gap £ill layer 38 overlying the
trenches does not contact the gap fill layer 38 overlying
the first etch stop layer 34. This is important because.
the processing on the gap fill layer 38 above the first
etch stop layer 34 can be separated from the processing of
the gap fill layer 38 overlying the trenches. The gap fill
layer 38 is etched using a short hydrofluoric acid (HF)
dip. This etch exposes the edges 42 of the etch stop layer
34 bordering the trenches. Because this is a relatively
short etch, it is very controllable and removes only a
small amount of the gap f£ill layer 38 overlying the

trenches.



shal l ow trench isol ations. The trenches are etched using a conventional

et ching process such as reactive ion etching (R E). Referring now
to Fi-g. 7, an inportant aspect of the present invention is shown. A gap
fill layer 38 of high density plasma (HDP) oxide is deposited overlying
the first etch stop layer 34 and filling the trenches. HDP oxide is wused
because of the excellent gap filling properties of this process. In an HDP
pl asma processReféeriig irvon todFbyi d mabenénlinpprdepesiégthand et ched
sinmultaneously in the sane reaction. This process causes the silicon

di oxi de thebprdsposiimtntdoy densedwr.and yeddhdet¥ai §6op ! Nayéddi tion, the
et ching process causes the HDP oxide to assune the near 45 degree angle

profile atiet 1eNaBpEOIIR] HveddySHOWhd Fabheiil | §leiakOoAng! haddi tion, a
densification step is perfornmed. The gap fill l'ayer is deposited to a

thi ckness ffrsbebveENsEdPUlaydr088, Angt HARBoS GO +HR0scABAG LOW5-

Note especially, that, in the present invention, the deposition of the gap
Fill Tayers+3g hayetopped Ref BLEtLEE the gap £il1 layer 38 overlying

the trenches. The second etch stop layer 46 preferably

comprises silicon nitride deposited using a low-pressure
chemical vapor deposition (LPCVD). The second.etch stop
layer 46 is deposited to a thickness of between about 250

Angstroms and 750 Angstroms.

In addition, the deposition of the second etch stop
layer 46 is stopped before the planar top surface of the
» second etch stop layer 46 overlying the trenches reaches
the level of the top surface of the first etch stop layer
34. By keeping the top surface of the second etch stop
Tayer 46 below the top surface of the first etch stop layer
34, the gap fill layer 38 in the trenches can be isolated
from the planarization processing for the gap fill layer 38
overlying the first etch stop layer 34. Typically, the top
surface of the second etch stop iayer 46 is below the top
surface of the first etch stop layer 34 by L4 which is

between about 200 Angstroms and 1,500 Angstroms.

12



ﬁlanar top surface of the gap fill layer 38 overlying the trenches reaches

the level of the top surface of the first 10
etch-stop layer 34 bordering the trenches. The planar top surface of the
gap fill layer 38 is below the top surface of the first etch stop |ayer 34

bordering the trenches by L3 which is between about 500 Angstrons and
1,500 Angstrons. This is a ke%,feature of the present invention because
it allows the Re§RESLNY opIYrt@pEYIofl@hangiperiimpontapsr f88tere af pl anari zed

wi thout effecting the gap fill Jlayer 38 in the | ower topography.

Ref er ri ng thewpPErgsERg. igventiemhés shport afhef eacend affch shep plawent

I nvention is shown. The gap fill layer 38 is etched such that the gap
fill |ayerd@8soperighag ddmn tor eatéesiwdys erposeditteactapt iélyap fill |ayer

38 overlying the first etch stop layer 34. This is inportant because the
processi nglayent 38 gapafedd redyeweBByafpwhet heefichiad asetshbwatbp | ayer 34 can
be separated fromthe processing of

50. The polish down is performed by a conventional

chemical mechanical polish (CMP) that is short and is

optimized to break through the second etch stop layer 46.

Referring now to Fig. 11, the exposed gap fill layer
38 is etched away. The second etch stop layer 46 protects
the gap fill layer 38 in the trenches during the etch of
the gap fill layer 38. The etch is performed using an

hydrofluoric acid (HF) dip.

Referring now to Fig. 12, the second etch stop layer
.46 and the first etch stop layer 34 are etched away, and
the integrated circuit device is completed. This etching
step i1s preferably performed using a hot phosphoric acid
{H3PO4) that will remove the first etch stop layer 34 and
the second etch stop layer 46 without etching the gap fill
layer 38. The etching step leaves the gap fill layer formed
to a well-controlled thickness L5. In addition no dishing
54 of the gap fill layer below the substrate 30 top surface

occurs.

13



t he gap fill layer 38 overlying the trenches. The gap fill layer 38 is
etched using a short hydrofluoric acid (HF) dip. This etch exposes the
edges- 42 of the etch stop layer 34 bordering the trenches. Because this is
a relatively short etch, it is very controllable and renbves only a snal
anount of the gap fill layer 38 overlying the trenches.
Referring nowto Fig. 9, another inportant feature of the present
invention is shown. A second etch stop |layer 46 is deposited overlying the
gap fill layer 38 and the first etch stop |ayer 34. The purpose of the
second etch sNepy thyeadwatpges obridieesreshet gapyenitibn) ayken 38 overl yi ng
the trenches. The second etch stop |layer 46 preferably conprises silicon
nitride depopered tRithe PHiow pressiur dorchsangld, Wigoer Sdeposilté on (LPCVD).
The second etch stop layer 46 is deposited to a thickness of between about
250 Angstdeowsstndt&60 Ahgstisbasg 54 of gapl Aibddiayiexn 38t he skegrosi ti on of
the second etch stop

in the large isolation areas following the CMP step. In

addition, the height of the remaining gap fill layer 38 is

well controlled as shown by L5. This dimension L5 is not

dependent upon the STI oxide CMP process. Finally, the

novel approach of the present invention eliminates the need

for a masking step and etch back step (refer to Fig. 3 and

Fig. 4, respectively, of the prior art analysis). The

elimination of the masking step and the etch back step

simplifies the process significantly.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for
fabricating shallow trench isolation in an integrated

circuit device.

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

14
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| ayer 46 is stopped before the planar top surface of the second etch stop
| ayer 46 overlying the trenches reaches the |evel of the top surface of
the first etch stop layer 34. By keeping the top surface of the second
efch stop layer 46 below the top surface of the first etch stop layer 34,
the gap fill layer 38 in the trenches can be isolated fromthe

pl anari zation processing for the gap fill layer 38 overlying the first
etch stop Yayutsgdepaypieal faom tthe spiritsumnbaseosd dihengecond etch stop

| ayer 46 is below the top surface of the first etch stop layer 34 by L4
which is Weemda®enabout 200 Angstrons and 1, 500 Angstrons.

12 Referring nowto Fig. 10, another inportant feature of
the present invention is shown. The second etch stop layer 46 is polished
down to selectively expose the gap fill layer 38 in areas not overlying

the trenches as shown by 50. The polish down is perforned by a
conventional chem cal nechanical polish (CW) that is short and is

IS5



opt|n1zed to break through the second etch sto “&M“\ Ref erring
now to Fig. 11, the exposed gap fill |ayer ‘@ m\m“l The second
.etch. stop layer 46 protects the gap fill Iaye cin the frehches during
the etch of the gap fill layer 38. The etch is perforned using an

hydrof luoric acid (HF) dip. Referring now to Fig. 12, the second
etch stop | a§@8IMS 46 and the first etch stop |ayer 34 are etched away, and
the integratedAcinethd tefiabeitcste @hpllévwdtrdivbs isbdhthgns sirepthies
preferably perfornmed using a hot phosphoric acid (H3POJerr]) that wll
renove the mamsfactucie sfoan | tegradedndirduie secdoe aindristiag:| ayer 46

w thout etching the gap fill layer 38. The etching step | eaves the gap
fill layer fornmgtovidiagwel semimvnootted duvstkkaess L5. In addition no

dishing 54 of the gap fill layer below the substrate 30 top surface
occurs. depositing a first etch stled layer overlying said

5 semiconductor substrate;

etching said first etch stop layer and said
semiconductor substrate to form trenches for planned said
shallow trench isolations in the semicondﬁctor_substrate;

depositing a gap fill layer overlying said first etch

10 stop layer and filling,said trenches wherein said
depositing is stopped before the planar top surface of said
gap £ill layer overlying said trenches reaches the level of
the top surface of said first etch stop layer bordering

.+ said trenches;

15 etching said gap fill layer so that said gap fill
layer overlying said trenches does not contact said gap
fill layer overlying said first etch stop layer:

depositing a second etch stop layer overlying said gap
fill layer and said first etch stop layer wherein said

20 depositing is stopped before the planar top surface of said
second etch stop layer overlying said trenches reaches the
level of said top surface of said first etch stop layer;

polishing down said second etch stop layer to

selectively expose said gap fill layer in areas not

16



Now t he advantages of the present invention, when conpared to the prior
art of, for exanple, Fig. 5 can be denonstrated. No dishing 54 of gap
fill-layer 38 is seen in the large isolation areas foltfowng the CVP step.
IFn addition, the height of the renaining gap jiyale il s | wel |
controll ed as shown by L5. This dinension L5 |,gm€tﬂtlﬁmﬁg§§%ui' upon the STI
oxi de CMP process. Finally, the novel approach o e i nvention

el i mi ndPes erRryitiaw spaf trenshieisng step and etch back step (refer to Fig. 3
and Fig. 4, respectively, of the prior art analysis). The elimnation of
t he maski ng st eptaidnghavay cridhekposed gap Mplif iagenhandr ocess
significantly. As shown in the preferred enbodi nents, the present

i nvention provi deschdngeayayresuifdaceooad| et qir etepsléwsr dnabsiaddt i ng shal | ow
trench isolation in an integrated circuit device. Wil e the

i nventi on hébrdteetghastbpul aydry toheump et fikdsdebbish Wi ariaf erence to the
preferred enbodi nents thereof, it will be understood by those skilled in
the art thsltaMoow Gienehaigeationkoim ane rdetuEakbsur@yo Hearade

30 integrated circuit device.

2. The method according to Claim 1 wherein said first etch

stop layer comprises silicon nitride.

3. The method according to Claim 1 wherein said first etch
stop layer is deposited to a thickness of between about

1,500 Angstroms and 2,500 Angstroms.

4. The method according to Claim 1 wherein said gap fill

layer comprises high density plasma (HDP) oxide.

5. The method according to Claim 1 wherein said gap fill
layer is deposited to a thickness of between about 3,000

Angstroms and 5,000 Angstroms.

6. The method according to Claim 1 wherein said top surface

of said gap fill layer overlying said trenches is between

17
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W t hout departing fromthe spirit and scope of the invention

about 500 Angstroms and 1,500 Angstroms below the level of

Ay

7. The method according to Claim 1 wherein said second etch

stop layer comprises silicon nitride.

8. The method according to Claim 1 wherein said second etch
stop layer is deposited to a thickness of between about 250

Angstroms and 750 Angstroms.

9. The method according to Claim 1 wherein said planar top
surface of said second etch stop layer overlying said

trenches is between about 200 Angstroms and 1,500 Angstroms
below the level of said top surface of said first etch stop

layer.

10. The method according to Claim 1 wherein said step of
polishing down said second etch stop layer to selectively

expose said gap fill layer is by chemical mechanical

polishing.

11. A method to fabricate shallow trench isolations in the

manufacture of an integrated circuit device comprising:

18



15 CLAI M5 1. A nmethod to fabricate shallow trench

i solations in the manuf acture of an integrated cjéf%ﬂjpjkﬂdix%———’“

,conpri si ng: provi di ng a sem conduct or substTtate;

deposi ti ng a first etch stop layer overlying said 5 ‘)m“

substrat e; etching said first etch stop Iay “ﬂwc““gl“ﬁ“‘\

sem conduct or substrate to formtrenches for planned said ¢
providing a semiconductor substrate;
depositing a first etch stop layer overlying said

5 semiconductor substrate wherein said first etch stop layer

comprises silicon nitride;

etching said first etch stop layer and said
semiconductor substrate to form trenches for planned said
shallow trench isolations in the semiconductor substrate;

10 depositing a gap fill layer overlying said first etch
stop layer and filling said trenches wherein said
depositing is stopped before the planar top surface of said
gap fill layer overlying said trenches reaches the level of
the top surface of said first etch stop layer bordering

15 said trepches and wherein said gap £fill layer comprises
high density plasma (HDP) oxide;

etching said gap fill léyer so that said gap fill
layer overlying said trenches does not contact said gap
fill layer overlying said first etch stop layer;

20 depositing a second etch stop layer overlying said gap
fill layer and said first etch stop layer wherein said
depositing is stopped before the planar top surface of said
second etch stop layer éverlyiné said trenches reaches the
level of said top'surface of said first etch stop layer

25 wherein said second etch stop layer comprises silicon

nitride;

19
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shal l ow trench isolations in the sem conductor substrate;

depositing a gap fill layer overlying said first etch 10 stop |l ayer and
filling said trenches wherein said depositing is stopped before the
pfanar top surface of said gap fill layer overlying said trenches
reaches the | evel of the top surface of said first etch stop |ayer
bor deri ng sai d trenches; 15 etching said gap fill layer so
that sai d gap fiR911shing dewrnesaddepegontl efgihd stepnkarer does not cont act
said gap fill layer overlying said first etch stop |ayer;

deposi ti ng selsstdivelet expesemaidy gap okl Viaygrsandagsgs not  fill |ayer and
said first etch stop |ayer wherein said 20 depositing is stopped before
t he pl anar ewgrigtimigaceidftuaiahes; second etch stop layer overlying said
trenches reaches the | evel of said top surface of said first etch
stop | @Qer; etchingpavagsaig depossdighsaddandleyety singp | ayer to

sel ectively expose said gap fill layer in areas not -

16 25 etobveg| yvang ssdidd steemd hetssh stop layer and said

first etch stop layer to complete fabrication of said

shallow trench isolations in the manufacture of said

AN

12. The method according to Claim 11 wherein said first
etch stop layer is deposited to a thickness of between

about 1,500 Angstroms and 2,500 Angstroms.

13. The method according to Claim 11 wherein said gap
fill layer is deposited to a thickness of between about

3,000 Angstroms and 5,000 Angstroms.

14. The method according to Claim 11 wherein said £op
surface of said gap fill layer overlying said trenches is
between about 500 Angstroms and 1,500 Angstroms below the
level of the top surface of said first etch stop layer

5 bordering said trenches.

20



etching away said exposed gap fill layer; and etching away said
second etch stop | ayer and said first etch stop layer to conplete
fabrication of said shal l ow trench isolations in the manufacture of
said 30 integrated circuit device. 2. The nmethod according to
Claim1 wherein said first etch stop layer conprises silicon nitride.
3. The nmethod according to Claim1 wherein said first etch stop | ayer
i s depositerbto a@hehimekhedsacfodddhygees @bt 11 wherdirbGRiMngseteads and
2,500 Angstrons. 4. The nethod according to Claim1 wherein said

gap fill  etchlsygy 1698Prisategisihedersid rkaaass (DD twekde.
The nmet hod according to Caim1 wherein said gap filt |ayer |s

deposited tgpdut msdma?st@&m&eédaeeBoaﬂ%t&n%OO p 000
Angstrons. he met hod according to Cla|n11 [

surface of said gap fill layer overlying said} tren
17

16. The method according to Claim 11 wherein said planar
top surface of said second etch stop layer overlying said
trenches is between about 200 Angstroms and 1,500 Angstroms

below the level of said top surface of said first etch stop

5 layer.

17. A method to fabricate shallow trench isolations in the
manufacture of an integrated circuit device comprising:
providing a semiconductor substrate;
depositing a first etch stop layer overlying said -.
5 semiconductor substrate wherein said first etcﬁ stop layer
comprises silicon nitride;
etching said first etch stop layer and said
semiconductor substrate to form trenches for planned said
shallow trench isolations in the semiconductor substrate;
10 depositing a gap £fill laye; overlying said first etch
stop layer and filling said trenches wherein said
depositing forms the planar top surface of said gap fill
layer overlying said trenches between about 500 Angstroms

and 1,500 Angstroms below the level of the top surface of

21



about 500 Angstrons and 1,500 Angstrons bel ow the | evel of the top
surface of said first etch stop |ayer bordering 5 sai d trenches.

./. The nethod according to Caim1l wherein said second etch stop | ayer
eonprises silicon nitride. 8. The met hod according to Caim1l
wherein said second etch stop layer is deposited to a thickness of

bet ween about 250 Angstrons and 750 Angstrons. 9. The net hod

accordiTg t gaQidaifirstweetieistopal dydt astddelr9fy said T4ehasesoéngai d second
etch stop | ayer overlying said trenches is between about 200 Angstrons

and 1,500 AQgelicQWBsaia gdie!aWit heyéLV&npeh saai }jSc}rplae%'éﬁft%cﬁ_19§m§ai d first
etch stop 5 | ayer. . 10. T%e nmet hod according to aim1l wherein

said step ofiypp) oRekkshing down said second etch stop layer to selectively
expose said gap fill layer is by chem cal mechani cal

etching said gap fill layer so that said gap fill
layer overlying said trenches does not contact said gap
20 fill layer overlying said first etch stop layer;
depositing a second etch stop layer overlying said gap
£ill layer and said first etch stop layer wherein said
depositing is forms the planar top surface of said second
etch stop layer overlying said treénches between about 200
25 Bngstroms and 1,500 Angstroms below the level of said top
surface of said first etch stop layer wherein said second
etch stop layer comprises silicon nitride;
o polishing down said second etch stop layer to
selectively expose said gap fill layer in areas not
30 overlying said trenches;
etching away said exposed gap fill layer; and
etching away said second etch stop layer and said
first etch stop layer to complete fabrication of said

shallow trench isoclations in the manufacture of said

A

35 integrated circuit device.
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5olishing. 11. A method to fabricate shallow trench isolations in

t he manuf acture of an integrated circuit device conprising:

provi di mg a sem conduct or substrate; depositing a first etch stop
layer overlying said 5 sem conductor substrate wherein said first etch
stop | ayer conprises silicon nitride; ' etching said first
etch stop layer and said sem conduct or substrate to formtrenches for
pl anned sai d 18. sHht¢|rmethodeachordiolqtticoftaim Thethegrinosaidtiirst
substrate; 10 depositing a gap fill layer overlying said first etch
stop layer and e&tkhi sgosalayey dnclgsosihtedetn satlickness dépostwadry i S

st opped before the planar top surface of said gap fill layer

overlying said abenthetsSteaohesrthe drevel, 500 Angstrdne top surface of said
first etch stop layer bordering 15 said trenches and wherein said gap
fill layer conprises hi gh density plasma (HDP) oxi de;
etching said gap fill layer so that said gap fil
19. The method according to Claim 17 wherein said gap fill
layer is deposited to a thickness of between about 3,000

‘Angstroms and 5,000 Angstroms.

20. The method accoiding to Claim 11 wherein said second

etch stop layer is deposited to a thickness of between

R

about 250 Angstroms ahd 750 Angstroms.
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| ayer overlying said trenches does not contact said gap fill layer
overlying said first etch stop l|ayer; 20 depositing a second etch
stop | ayer overlying said gap fill layer and said first etch stop

| ayer wherein said depositing is stopped before the planar top
surface of said second etch stop |ayer overlying said trenches
reaches the | evel of said top surface of said first etch stop | ayer
25 wherein said second etch stop | ayBBSTRNOIr i ses silicon nitride;
19 pol i shing down said second etch stop layer to

sel ectively expose sai d IMEROVED [SBALLGY JRENGH ESOBALIONFROCESS  oyer|ying said
trenches; 30 et ching away said exposed gap fill |ayer; and

etching away sai daseewnebteloahost Dpriiaeishalfo®aixbnech isofd¥SdnLtEly stop

| ayer to conplete fabrication of said shal l ow trench isolations in

the manufact yegnohchféfed. A sehDESHAHRY SubStHdtdlaW BBovided. A
first etch stop layer is deposited. The first etch stop
layer and the semiconductor substrate are etched to form
trenches. A gap fill layer of high density plasma oxide is
deposited overlying the first etch stop layer and filling
the trenches. The deposition of the gap fill layer is
stopped before the planar top surface of the gap fill layer
overlying the trenches reaches the level of the top surface
of the first etch stop layer bordering the trenches. The
gap fill layer is etched so that the gap fill layer

' overlying the trenches does not contact the gap fill layer

overlying the first etch stop layer. A second etch stop
layer is deposited. The deposition of the second etch stop
layer is stopped before the planar top surface of the second
etch stop layer overlying the trenches reaches the level of
the top surface of the first etch stop layer. The second
etch stop layer is polished down to selectively expose the
gap fill layer in areas not overlying the trenches. The
exposed gap fili layer is etched away. The second etch stop
layer and the first etch stop layer are etched away to

complete the STI.
(FIGURE 6 IS SUGGESTED FOR PUBLICATION)
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12. The nethod according to Claim1l1l wherein said first etch stop
| ayer is deposited to a thickness of between about 1,500 Angstrons
and 2,500 Angstrons. 13. The method according to Claim 11l wherein
sai d gap fill layer is deposited to a thickness of between about
3,000 Angstronms and 5, 000 Angstrons. 14. The method according to
Claim1ll wherein said top surface of said gap fill layer overlying
said trenches is bet ween about 500 Angstrons and 1,500 Angstrons
betow t-he l evel of the top surfgpe of said first etch stop layer 5
bordering said trenches. 20

15. The nmet hod according to Caim11l wherein said second etch stop
| ayer is deposited to a thickness of between about 250 Angstronms and
750 Angstrons.

e
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FIG. 1 Prior Art
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FIG. 2 Prior Art




16. The method according to Claim 11l wherein said planar top surface
of said second etch stop |ayer overlying said trenches i s between
about 200 Angstronms and 1,500 Angstrons bel ow the | evel of said top
surface of said first etch stop 5 | ayer. 17. A method to
fabricate shallow trench isolations in the manuf acture of an
integrated circuit device conprising: provi ding a sem conduct or
substrat e; depositing a first etch stop | ayer overlying said 5
seni'corrduct or substrate wherein said $jgst etch stop layer conpri ses
silicon nitride; etching said first etch stop layer and said
sem conduct or substrate to formtrenches for planned said shal | ow
trench isolations in the sem conductor substrate; 10 depositing a
gap fill layer overlying said first etch stop layer and filling said
trenches wherein said depositing forns the pl.anar top surface of said
gap fill | ayer overlying said trenches between about 500 Angstrons

and 1, 500 Angsyfomns ow phe Tgret—gob—theAop surface of
21 .
22W .
18

2

) 10
FIG. 3 Prior Art
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FIG. 4 Prior Art




15 said first etch stop | ayer bordering said trenches and wherein

said gap fill layer conprises high density plasna (HDP) oxi de;
etching said gap fill layer so that said gap fill | ayer overlying
said trenches does not contact said gap 20 fill layer overlying said
first etch stop | ayer; depositing a second etch stop | ayer
overlying said gap fill layer and said first etch stop |ayer wherein
sai d depositing is forms the planar top surface of said second
et eh st-op | ayer overlying said trench$g;betmeen about 200 25 Angstrons
and 1,500 Angstrons below the | evel of said top surface of said first
etch stop layer wherein said second etch stop layer conprises silicon
nitride; pol i shing down said second etch stop layer to
sel ectively expose said gap fill layer in areas not 30 overlying said
trenches; 26t ching away said exposed gap fill layer; and
et ching away sai dlsecond etch stop | ayer apdqgaid - first etch stop
| ayer to conpletelfabrication of said shal l ow trench isolations in
t he manufacture ofgsaid 35 Ttey ctt—tevee-
A ;é» 14
112
) /é\ 10
FIG. 5 Prior Art |
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22 18. The method according to Claim17 wherein said first etch
stop layer is deposited to a thickness of between about 1,500 Angstrons
and 2,500 Angstrons. 19. The method according to Claim17 wherein said
gap fill layer is deposited to a thickness of between about 3,000
Angstrons and 5, 000 Angstrons. 20. The nethod according to Caim1ll
wherein said second etch stop layer is deposited to a thickness of between
about 250 Angstronms and 750 Angstrons.
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