1—1- METHOD FOR FORM NG AN | NTEGRATED CIRCUI T Field of the Invention The
present invention relates to integrated circuit |cat|on and nore
Aspemfl cally to a nethod for planarizing a | ayeﬂ@& in an
integrated circuit. Background of the Invention 25 processes, and
nore specifically chem cal - nechani cal pollshlngfggbc y s, have been used
in the semi conductor industry to prefare both single crystal substrates and
silicon on insulator substrates. In addition, chen cal -mechanical polishing
processes have al so been used to planarize various conductive and
i nsul ating | ayers subsequently deposited on these substrates, during the
Integrated circuit fabrication process. For exanple, chem cal- nechani cal
pol i shing has been used to planarize interlevel dielectric layers that lie
in between two different |levels of netal interconnect. Planarizing the
interl evel MEEIOD-FORFORMING ANHNTEGRATEDCIRCUIT: | evel of
I nterconnect, is highly desirable because it allows the next |evel of
i nterconnect to be subsequently patterned and etched without the fornation

of conductive netal. stri ngef'rleldW?tﬁ Ig’lan H
e Invention

The present invention relates to integrated circuit fabrication,
and more specifically to a method for planarizing a layer of material

in an integrated circuit.
Background of the Invention

Polishing processes, and more specifically chemical-mechanical
polishing processes, have been used in the semiconductor industry to
prepare both single crystal substrates and silicon on insulator
substrates. In addition, chemical-mechanical polishing processes
have also been used to planarize various conductive and insulating
layers subsequently deposited on these substrates, during the
integrated circuit fabrication process. For example, chemical-
mechanical polishing has been used to planarize interlevel dielectric
layers that lie in between two different levels of metal interconnect.

.Planarizing the interlevel dielectric layer, prior to the formation of
the next level of interconnect, is highly desirable because it allows the
next level of interconnect to be subsequently patterned and etched

without the formation of conductive metal stringers, which can
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-2- electrically short adjacent netal |lines, and without the formation of
t hi nned or notched netal |ines, which can adversely effect device
!reliability. Simlarly, chem cal -nechani cal polishing has been used to
“pl anari ze conductive materials, such as tungsten, copper, and alum num to
form planar contact plugs, via plugs, and interconnects. In addition,
chem cal - mechani cal polishing has aﬁ%b been used to formtrench isol ation
In this process, trenches are fornmed and then subsequently filled with a
deposited dielectric |ayer, such as silicon dioxide. The dielectric |ayer
I's then polished back to formdielectric filled isolation trenches, which
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these Rgdotui@ets 2Me4d8itlof] ER€mical-mechanical polishing has also
been used to form trench isolation. In this process, trenches are
formed and then subsequently filled with a deposited dielectric layer,
such as silicon dioxide. The dielectric layer is then polished back to
form dielectric filled isolation trenches, which are nearly planar with
the adjacent active regions. In addition to being planaf, the resulting
trench isolation is also desirable because it allows the space
separating adjacent active regions to be minimized, and thus allows
integrated circuits with high device packing densities to be
fabricated.
Unfortunately, it is difficult to accurately and reproducibly
polish semiconductor substrates, and the materials subsequently
deposited on them. One of the main reasons for is that it is very
difficult to accurately and reproducibly determine when a selected
thickness of material has been removed by a given polishing process.
.As aresult, the materials being polished may be either under-
polished or over-polished. Both of these results may adversely effect
the functionality of an integrated circuit. For example, if the

interlevel dielectric layer lying between two levels of metal
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the functionality of an integrated circuit. For exanple, if the interlevel

ng between two | evel s of netal -3- interconnect is
its thickness may be insufficient to prevent the two

of interconnect frombeing electrically shorted to one another. On
her hand, if the interlayer dwﬁlectric | ayer is under-polished, then

the formation of electrically open

Simlarly, under-polishing and over-polishing may al so adversely
effect the trench isolation process, as well as netallization processes
where a sel ected thickness of material is to be reproducibly renoved by a
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formation of electrically open vias. Similarly, under-polishing and

over-polishing may also adversely effect the trench isolation process,

as well as metallization processes where a selected thickness of

material is to be reproducibly removed by a polishing process.

Moreover, operating conditions that effect the polishing rate, such

as the roughness of the polishing surface, may also change during

the polishing process. Therefore, the inability to accurately and

reproducibly determine when a selected thickness of material has

been removed by a given polishing process may be further

compounded by polishing rates that vary with time.

Accordingly, a need exists for a polishing process that can

accurately and reproducibly remove a selected thickness of material.

Brief Description of the Drawings

The present invention may be more fully understood by a

description of certain preferred embodiments in conjunction with the

attached drawings in which:



The present invention may be nore fully understood by a description of
certain preferred enbodi nents in conjunction with the attached drawi ngs in
~whi ch: -4- FIGs. 1-8 illustrate,. in cross-section, process steps in
“*accordance w th one enbodi nent of the present invention. Detailed
Description of a Preferred Enbodi nent The present invention provides a
met hod for formng an integrated circuit, wherein a first |layer of materi al
is polished to expose an underlying second |ayer of material, which differs
fromthe first |layer of material. Exposure of the underlying | ayer of
material is used to determne the polishing rate of the first |ayer of

materi al. Thi o]ishing rate is then used to determ ne_ at | east one

pol i shi ng ngﬁﬁl"glif@ ﬁi‘l&‘i%a*ée:%‘eﬁmﬁﬁ'wm@ﬂ, progessistepseinof material that
underlies the second |ayer of terial.,..and whi (ih al sg, differs fromthe
second 4CEPEHagYCe Wi Pé’ie.eﬁﬁ?@ﬁxlsnmféheﬂqsm AGVEBHRS on al | ows t he

third layer of material to be planarized with inproved repeatability. FIG
1 through FIG 8 illustrate, in cross-section, process steps in accordance

with one enbodi 501, Rlq DS HSRBN of 3Bl fefed 1hBoliment

The present invention provides a method for forming an
integrated circuit, wherein a first layer of material is polished to
expose an underlying second layer of material, which differs from
the first layer of material. Exposure of the underlying laYer of
material is used to determine the polishing rate of the first layer of
material. This polishing rate is then used to determine at least one
polishing condition that is used to polish a third layer of material
that underlies the second layer of material, and which also differs
from the second layer of material. The determined polishing
condition allows the third layer of material to be planarized with

improved repeatability.

FIG. 1 through FIG. 8 illustrate, in cross-section, process steps
in accordance with one embodiment of the present invention wherein
a trench isolation structure is formed in an integrated circuit. Shown
in FIG. 1, is a portion 2 of an integrated circuit structure comprising
a semiconductor substrate 4, a buffer layer 6, a protective layer 8,
and a photoresist mask 10. Semiconductor substrate 4 is preferably a

monocrystalline silicon substrate. Alternatively, semiconductor
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a trench isolation structure is formed in an integrated circuit. Shown in
FIG 1, is a portion 2 of an integrated circuit structure conprising a
sem conductor substrate 4, a buffer |ayer 6, a protective |layer 8, and a

®*phot oresi st mask 10. Semiconductor substrate 4 is preferably a
nmonocrystalline silicon substrate. ternatively, sem conductor - 5-
substrate 4 may be a silicon-on-insttator (SO) substrate, a silicon-
on-sapphire (SOS) substrate, a silicon-germani um substrate, or the |ike.
Buffer layer 6 typically has a thickness ranging from5 to 100 nanoneters,
and is preferably a thernal oxi de layer which is fornmed by thermally
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Alternatively, buffer layer 6 may be a chemical vapor deposited

silicon oxide layer. Following the formation of buffer layer 6,
protective layer 8 is formed overlying buffer layer 6. Protective layer
8 typically has a thickness ranging from 50 to 200 nanometers, and is
preferably a silicon nitride layer. Alternatively, protective layer 8
may be a boronitride layer, a silicon oxynitride, or the like.
Photoresist mask 10, which overlies a portion of protective layer 8 is

formed using standard photolithographic patterning prbcesses.

In FIG. 2, photoresist mask 10 is used to etch protective layer 8
- and underlying buffer layer 6, and form a patterned trench mask 12,
comprising a remaiﬁing portion of protective layer 8 and a
remaining portion of buffer Iayer 6, that overlies a portion of
semiconductor substrate 4. In addition, semiconductor substrate 4 is
etched in regions not covered by patterned trench mask 12 to form
trenches 14 in semiconductor substrate 4. Trenches 14 and patterned
trench mask 12 are formed using conventional etching techniques. In
addition, it should be appreciated that photoresist mask 10 may be



and underlying buffer layer 6, and forma patterned trench mask 12,
conprising a renmaining portion of protective |layer 8.and a renaining
portion of buffer |ayer 6, that overlies a portion of sem conductor
*substrate 4. In addition, sem conductor substrate 4 is etched in regions
not covered by patterned trench mask 12 to formtrenches 14 in

semi conduct or substrate 4. Trenches &4 and patterned trench mask 12 are
formed using conventional etching techniques. In addition, it should be
appreci ated that photoresist mask 10 may be -6- renoved using
conventional photoresist stripping techniques, either before or after
trenches 14 have peen fornmed. In FIG 3, a dielectric layer 16 is then
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patter e% trench naa% 12 and JlJjes withip trenches 14, such that it

subst a @W?P??fﬁeé' eRcReed4have beerytoarmaeded enbodi ment, dielectric
|l ayer 16 is a |l ayer of plasnma oxide, which is fornmed using a commercially
avai |l abl e high density plasna deposition system In an alternative
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sour ce QgifcondhciiPstiBstiate 4. Dielectric layer 16 overlies patterned
trench mask 12 and lies within trenches 14, such that it substantially
fills trenches 14 . In a preferred embodiment, dielectric layer 16 is a
layer of plasma oxide, which is formed using a commercially
available high density plasma deposition system. In an alternative
embodiment, dielectric layer 16 is a layer of chemically vapor
deposited oxide, which is deposited using ozone and
tetraethylorthosilicate (TEOS) as source gases. It should be
appreciated that dielectric layer 16 may also be formed using other
dielectric materials, such as germanium oxide, boro-phosphate-
silicate-glaSs (BPSG), phosphate-silicate-glass (PSG), boro-silicate-
glass (BSG), spin-on-glass, or the like, and that it may be may be
formed using other techniques such, electron cyclotron resonance
deposition, spin-on deposition, or the like. In addition, it should also
be appreciated that a trench liner (not shown) may also be formed
within trenches 14 prior to forming dielectric layer 16. For example,
a portion of semiconductor substrate 4 may be thermally oxidized to
form a thermal oxide layer along the sidewall and bottom of
trenches 14 prior to depositing dielectric layer 16. Note, the trench
liner will have a thickness which is insufficient to fill trenches 14.
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appreciated that dielectric layer 16 may al so be fornmed using ot her
dielectric materials, such as gernmani um oxi de, boro-phosphat e-
silicate-glass (BPSG, phosphate-silicate-glass (PSG, boro-silicate- glass
“(BSG, spin-on-glass, or the like, and that it nmay be may be forned using
ot her techni ques such, electron cycl9tron resonance deposition, spin-on
deposition, or the like. In addition/ it should al so be appreciated that a
trench liner (not shown) may al so be formed within trenches 14 prior to
formng dielectric layer 16. For exanple, a portion of sem conductor
substrate 4 may be thermally oxidized to forma thermal oxide |ayer along
the sidewal | and bottom of trenches 14 prior to depositing dielectric |ayer

16. Note, the trench liner will have a thickness mhlch is insufficient to
fill trench - In FI.G 4 atter l. N er 18 is then
formed over ﬁs} ﬁ%%&PPﬁﬁmﬁdﬁ@ﬁk@sqe}’ﬁs ls1 ﬁ.‘algmﬁ used to etch a
portion_of lectric la 6. . Typical erned | ayer 18 is
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elevation than other portions of dielectric layer 16. For example,

patterned masking layer 18 may be formed over wide trenches, but
not over wide portions of the patterned trench mask. Note, etching
of dielectric layer 16 reduces the amount of time required to
planarize dielectric layer 16 because less material has to be removed
during polishing. In one embodiment, patterned masking layer 18 is
formed using the reverse image of photoresist mask 10. Dielectric
layer 16 may be etched using a wet or a dry etch process, or a

combination thereof. .

In FIG. 5, patterned masking layer 18 is then removed using
conventional strippihg techniques, and an intermediate polishing
layer 20 is formed overlying dielectric layer 16. A dielectric layer 22 is
then formed overlying intermediate polishing layer 20. Intermediate
polishing layer 20 is formed using a material that is different from

‘that of dielectric layer 16 and dielectric layer 22, and typically has a
thickness ranging from 5 to 50 nanometers. In one embodiment,
intermediate polishing layer 20 is a layer of material which polishes

at a faster rate than dielectric layer 16 and dielectric layer 22, such as



of dielectric |ayer 16 reduces the anount of tine required to planarize
dielectric layer 16 because |l ess material has to be renoved during
polishing. In one enbodi ment, patterned nasking |layer 18 is formed using

"t he reverse i mage of photoresist mask 10. Dielectric |ayer 16 nay be etched

using a wet or a dry etch process, of a conbination thereof. In FIG 5,
patterned masking | ayer 18 is then rénoved using conventional stripping
techni ques, and an intermediate polishing |ayer 20 is formed overlying
dielectric layer 16. A dielectric layer 22 is then fornmed overlying

i ntermedi ate polishing |ayer 20. Internediate polishing layer 20 is forned
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(BPSG), phosphate-silicate-glass (PSG), boro-silicate-glass (BSG),

spin-on-glass, or the like. In a preferred embodiment, dielectric layer

22 is a layer of plasma oxide, which is formed using a commercially
available high density plasma deposition system. In an alternative
embodiment, dielectric layer 22 is a layer of chemically vapor
deposited oxide, which is deposited using ozone and
tetraethylorthosilicate (TEOS) as source gases. It should be
appreciated that dielectric layer 22 may also be formed using other
dielectric materials, such as germanium oxide, boro-phosphate-
silicate-glass (BPSG), pﬁosphate-silicate-glass (PSG), boro-silicate-
glass (BSG), spin-on-glass, or the like, and that it may be may be
formed using other techniques such, electron cyclotron resonance
deposition, spin-on deposition, or the like. Dielectric layer 22 has a
thickness which is less than dielectric layer 16, and typically has a
thickness ranging from 50 to 100 nanometers.

In FIG. 6, dielectric layer 22 is polished to expose a portion of
intermediate polishing layer 20, and to determine the polishing rate
of dielectric layer 22. In one embodiment, dielectric layer 22 and



(BPSG, phosphate-silicate-glass (PSG, boro-silicate-glass (BSG,
spin-on-glass, or the like. In a preferred enbodi nent, dielectric |ayer 22
is a layer of plasm oxide, which is forned using a commercially avail abl e
"hi gh density plasnma deposition system In an alternative enbodi nent,
dielectric layer 22 is a layer of chem cally vapor deposited oxide, which

I s deposited using ozone and tet raet‘?ryl orthosilicate (TECS) as source
gases. It should be appreciated that dielectric layer 22 may al so be forned
using other dielectric materials, such as gernmani um oxi de, boro-phosphat e-
silicate-glass (BPSG, phosphate-silicate-glass (PSG, boro-silicate- gl ass
(BSG, spin-on-glass, or the like, and that it may be may be fornmed using
ot her tintémnedéate polishingdayen 20yatepobishedstnform aspbstansiallyzpi n- on
deposition, or the like. Di.electric |ayer 22 has.a,thickness ich is |less
than diplreersuriagg€omprising ary gxpesed pastian:of diglestie ayeRd6 rom 50 to
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polishing rate can be determined by measuring the time required to

remove dielectric layer 22 and expose intermediate polishing layer

20. In one embodiment, the time required to expose a portion of

intermediate polishing layer 20 is determined using an endpoint

detection system that monitors the current draw of the motor used to

rotate semiconductor substrate 4 during polishing, as is described in

U.S. patent 5,036,015 or U. S. patent 5,846,882. The subject matter of

U.S. patent 5,036,015 and U. S. patent 5,846,882 is expressly

incorporated herein by reference. In an alternative embodiment, the

time required to expose a portion of intermediate polishing layer 20

is determined using an optical endpoint detection system, such as

~ that described in U.S. patent 5,433,650. The subject matter of U.S.
| patent 5,433,650 is expressly incorporated herein by reference.

The calculated polishiﬁg rate for dielectric layer 22 is then used
to determine at least one polishing condition which is subsequently
used to polish dielectric layer 16. In one embodiment, the calculated

-polishing rate for dielectric layer 22 is used to determine a polishing
time for dielectric layer 16. In an alternative embodiment, the
polishing rate of dielectric layer 22 is used as feedback to adjust a
polishing condition that changes the subsequent polishing rate of



w

pl anar surface conprising an exposed portion of dielectric |layer 16 and an
-exposed portion of internediate polishing |ayer 20, as showm in FIG 6.
Since the initial thickness of dielectric layer 22 is known, its polishing
‘rate can be deternined by neasuring the tinme required to renove dielectric
| ayer 22 and expose internediate polﬂfhing | ayer 20. I n one enbodi nent, the
time required to expose a portion of*i'nternediate polishing layer 20 is
determ ned using an endpoi nt detection systemthat nonitors the current
draw of the notor used to rotate sem conductor substrate 4 during
polishing, as is described in U S. patent 5,036,015 or U S. patent

. Th ubj e tter of _U S. patent 5,036,015 and U. S. patent
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used as fee k to adjust I shing condition that changes

subsequéke, whlerstielectd¢ Eapér 16 is polished.

In FIG. 7, dielectric layer 16 is then polished using the
previously determined polishing condition. In one embodiment
dielectric layer 16 is polished, using a polishing time that was
calculated from the polishing rate of dielectric layer 22, to éxpose a
portion of patterned trench mask 12, as shown in FIG. 7. It should be
appreciated that the remaining portion of intermediate polishing
layer 20 may be removed either prior to polishing dielectric layer 16,
or at the same time that dielectric layer 16 is polished. For example,
if intermediate polishing layer 20 is made of a material which
polishes faster than dielectric layer 16, then it is preferably polished
with dielectric layer 16 and removed. However, if intermediate
polishing layer 20 polishes at a slower rate than dielectric layer 16,
then it is preferably removed prior to polishing dielectric layer 16.

In FIG. 8, patterned trench mask 12 is then removed to define
active regions 24 and trench isolation regions 26 within



-10- dielectric layer 16. For exanple, it may be used to determ ne whet her
or not the surface of the polishing pad needs to be conditioned prior to
~polishing dielectric layer 16, or it may be used to adjust the slurry flow
“rate, the angul ar speed of the carrier and the sem conductor substrate, the
angul ar speed of the polishing pad, .the polishing down force applied to the
sem conduct or substrate, or the Iik@#'mhen dielectric layer 16 is polished.
In FIG 7, dielectric layer 16 is then polished using the previously
determ ned polishing condition. In one enbodi nent dielectric layer 16 is
polished, using a polishing tine that was cal cul ated fromthe polishing

rate of dielectric |ayer 22, tqQ expose ,a portion_of patterned trench mask
12, as ngnépﬁ% SLé?StF@tes‘ﬂ\oEiQﬁ@'@%mmk hdmayebe enai ni ng portion
of internediate polishing |layer 2 be renoved eit.her, prior to. polishing
di el ectrMIOYagardifg & 3vefor & dre alehiiaceshedt & Cpatinatidm Beract. <
polished. For exanple, if internediate polishing |ayer 20 is nade of a '
mat eri al which polishes faster than dielectric layer 16, then it is
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layer Hscribed with respect to the formation of a trench isolation

structure it is not intended that the present invention be limited to
such an embodiment. It should be appreciated that the present
invention may also be used to planarize a dielectric layer that
overlies a patterned conductive layer. For example, it may be used
to planarize a dielectric layer overlying transistor gate electrodes or
metal interconnects to form a planarized interlevel dielectric layer.
Moreover, the present invention may also be used to planarize a
conductive layer that overlies a patterned dielectric layer. For
example, it may be used to planarize a metal layer overlying a
patterned dielectric layer to form contact plugs, a via plugs, or inlaid

"~ metal interconnects.

Thus it is apparent that there has been provided, in accordance
with the present invention, a method for planarizing a layer of
material in an integrated circuit that fully meets the need and

.advantages set forth previously. Although the invention has been
described and illustrated with reference to specific embodiments
thereof, it is not intended that the invention be limited to these

illustrative embodiments. Those skilled in the art will recognize that



then it is preferably renoved prior to polishing dielectric layer 16. In
FIG 8, patterned trench mask 12 is then renoved to define active regions
24 and trench isolation regions 26 within sem conduct or substrate 4.
“Patterned trench mask 12 nay be renoved using a wet or a dry etch process,
or a conbi nation thereof. Although the present invention has been
illustrated and described with resﬁ@@t to the formation of a trench
isolation structure it is not intended that the present invention be
limted to such an enbodinent. It should be appreciated that the present
invention may al so be used to planarize a dielectric |ayer that overlies a
patterned conductive |ayer,. For exanple, it may be used to planarize a

di el ecinpéifigasions andyyajationsscan be made wﬁﬁowd&paﬂmgtfaom

i ntercopnects,to.forma planarjzed jnterlevel dielectric | ayer. Moreover,

the prdbempiritehiheinwentions Iheretare, ibisiniended that isuct i ve | ayer t hat
overlies a patterned dielectric |layer,.. For exanplg, it, may b sed to
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cont act u a_ Vi leygs, or imlgid metal interconnects. Thus it is
appareHyﬂiﬁaﬁhﬁﬁgFg%ﬁEg%ﬁgéPHﬁQdkaéﬂ?upﬁ'accordance with the present

invention, a nethod for planarizing a | ayer of
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material in an integrated-circuit that fully neets the need and advant ages
set forth previously. Al though the invention has been described and
illustrated with reference to specific enbodinents thereof, it is not

*intended that the invention be Iimted to these ill ti ve enbodi nents.
Those skilled in the art will recognize that - 1ZZM I”ﬂ”,ml d

vari ations can be nmade w t hout depar]ﬁ'ng fromthe spk g’]’ﬁmt I on.
Therefore, it is intended that this invention enconpass al'l duch variations

and nodifications as fall wthin the scope of the appended cl ai ns. -13-
Clains A nethod for formng an integrated circuit conprising the steps of:
providing a substrate; formng a patterned trench mask overlying the
substrate; etching the substrate tGldionsn a trench in the substrate;
1. A method for forming an integrated circuit comprising the
steps of:
providing a substfate;
forming a patterned trench mask overlying the substrate;
etching the substrate to form a trench in the substrate;
forming a first dielectric layer overlying the substrate, wherein
the first dielectric layer overlies the patterned trench
mask and lies within the trench;
forming a patterned masking layer overlying the first dielectric
layer;
using the patterned masking layer to etch a portion of the first
dielectric layer; |
removing the patterned masking layer;
forming an intermediate polishing layer overlying the first
dielectric layer, after the patterned masking layer has
been removed;
forming a second dielectric layer overlying the intermediate
polishing layer;
polishing the second dielectric layer to expose a portion of the
intermediate polishing layer, and to determine a polish
rate for the second dielectric layer;
using the polish rate for the second dielectric layer to determine

a polish time for the first dielectric layer; and



“for ni ng a first dielectric |ayer overlying the substrate, wherein the first
dielectric layer overlies the patterned trench mask and lies within the
trench; formng a patterned nasking | ayer overlyi ng the first -diel ectric

°| ayer; using the patterned masking layer to ‘ﬁort on_of th;"
|after

di el ectric layer; renoving the patterned ITB.SkI ng ﬂ I““IH}“!
i ntermedi ate polishing |ayer overlyirHg the first

t he patterned nmasking | ayer has been renoved; form ng a second diel ectric

| ayer overlying the internmediate polishing | ayer; polishing the second
dielectric layer to expose a portion of the internedi ate polishing | ayer,
and to determne a polish rate for the second dielectric |ayer; using the
polish rate pohshhegsthecfmﬂ;tdilellmtlrm laytenyfer the pelishriime iaopndpasle time for
the first dielectric |ayer; and polishing the first dielectric |ayer for
the polish time tthepptternedetnemdhernask.t rench mask.

2.  The method of claim 1, wherein the first dielectric layer is

further characterized as a first silicon oxide layer.

3. The method of claim 2, wherein the second dielectric layer is

further characterized as a second silicon oxide layer.

4.  The method of claim 1, wherein the intermediate polishing

layer is further characterized as a silicon layer.

5.  The method of claim 1, wherein the patterned masking layer is

further characterized as a patterned resist layer.

6. The method of claim 1, wherein the patterned trench mask

comprises a patterned silicon nitride layer.

7.  The method of claim 1, wherein the patterned trench mask

comprises a patterned silicon oxide layer.



2. The nethod of claim1, wherein the first dielectric layer is further
characterized as a first silicon oxide |ayer. 3. The nmethod of claim 2,
wherein the second dielectric layer is further characterized as~a second
“silicon oxide |ayer. 4. The method of claim1, wh | ' di ate
polishing layer is further characterized as a sili tgﬂi‘ BEEWMU}"WE

L *

met hod of claim1, wherein the pattérshed maski ng | c

characterized as a patterned resist |ayer. 6. The nethod of claim1,
wherein the patterned trench mask conprises a patterned silicon nitride
| ayer. 7. The met hod of claim1, wherein the patterned trench mask
conprises a patterned silicon oxide |ayer. -15- 8. A net hod for

forming an integrated circuit conprising the steps of: providing a
substrate; form ng atferned trench mask qver|ying the suhstrate; etching
t he sul&:tratém@ﬁﬂ ané)Qi aﬁlﬂﬁ%gﬁtﬁéﬁl&ﬂé}t‘f@%\ﬁm% @st dielectric
| ayer overlyin E,C;E substrate, wherein the first dielectric |ayer overlies
the pattern&d€P?Hen

providing a substrate;

forming a patterned trench mask overlying the substrate;

etching the substrate to form a trench in the substrate;

forming a first dielectric layer overlying the substrate, wherein
the first dielectric layer overlies the patterned trench
mask and lies within the trench;

forming an intermediate polishing layer overlying the first

| dielectric layer;

forming a second dielectric layer overlying the intermediate
polishing layer; |

polishing the second dielectric layer to form an exposed portion
of the intermediate polishing layer, and to determine a
polish rate for the second dielectric layer;

using the polish rate for the second dielectric layer to determine
a polish time for the first dielectric layer; and

polishing the first dielectric layer for the polish time to expose
the patterned trench mask.

9.  Themethod of claim 8, wherein the first dielectric layer is

further characterized as a first silicon oxide layer.



mask and lies within the trench; formng an internediate polishing |ayer
overlying the first dielectric layer; formng a second dielectric |ayer
overlying the internediate polishing |ayer; polishing the second dielectric
Fayer to form an exposed portion of the internediate polishing |ayer, and
to determine a polish rate for the second diel ectr mﬂﬁ‘ he
polish rate for the second dielectridélayer to det%‘mmﬁu‘l i me for
=0l e

the first dielectric layer; and polishing the firs ect M c 5 ayer for

the polish time to expose the patterned trench nask. 9. The net hod of
claim8, wherein the first dielectric layer is further characterized as a
first silicon oxide |ayer. -16- 10. The nethod of claim9, wherein the

second qigel eqihé enefied dfclaithtg)avhebdirpiieseésddadicdedietOtyé s con oxi de

| ayer. 11. The net hod of claim$é, wherein the internediate ol i shing | ayer

is further clfgrfisérechaesctesized abixsecdrnd $ilicda-oXidke hppdrod of claim 8,

wherein the patterned trench mask

11. The method of claim 8, wherein the intermediate polishing

layer is further characterized as a silicon layer.

12. The method of claim 8, wherein the patterned trench mask

comprises a patterned silicon nitride layer.

13. The method of claim 8, wherein the patterned trench mask

comprises a patterned silicon oxide layer.

14. The method of claim 8, further comprising the step of removing
the exposed portion of the intermediate polishing layer prior to
polishing the first dielectric layer.



conprises a patterned silicon nitride layer. 13. The nmethod of claimS8,
wherein the patterned trench mask conprises a patterned silicon oxide

| ayer. 14. The nethod of claim8, further conprising the step of renoving
"t he exposed portion of the internediate polishing |ayer prior.tao .polishing
the first dielectric |ayer. -17- -17 15. A nmethod for form ng an

integrated circuit conprising the st®ps of: provi I | form ng
a patterned |layer overlying the substrate; form nﬂ nmm"E“ lfwﬂnmf

mat eri al overlying the patterned |layer; forming a Second | dyer of materi al
overlying the first layer of material, wherein the second | ayer of material
is different fromthe first layer of material; formng a third | ayer of

material overlying t he second |l ayer of material, wherein the third | ayer of
trrﬁlt re;ll ?]L@;;f ;Hé@&t g; t he secondgl{g c&];m[r’caéglrtt{ﬁl.llsn{ogol’cﬁes:hl ng the
steps of:
providing a substrate;
forming a patterned layer overlying the substrate; |
forming a first layer of material overlying the patterned layer;
forming a second layer of material overlying the first layer of
material, wherein the second layer of material is
different from the first layer of material;
forming a third layer of material overlying the second layer of
material, wherein the third layer of material is different
from the second layer of material;
polishing the third layer of material to form an exposed
portion of the second layer of material, and to determine
a polish rate for the third layer of material;
using the polishing rate for the third layer of material to
determine a polishing condition for the first layer of
material; and
polishing the first layer of material using the polishing

condition to form a planarized surface.

16. The method of claim 15, wherein the first layer of material is

further characterized as a first dielectric layer.



-

portion of the second |ayer of material, and to determ ne a polish rate for
the third |l ayer of material; using the polishing rate for the third | ayer
of material to determne a polishing condition for the first |ayer of
*material; and polishing the first |ayer of material using the polishing
condition to forma planarized surfﬁg 16. The method of claim 15, wherein
the first layer of material is furth€f charact eummimuﬂmﬂ dielectric
| ayer. -18- 17. The method of claim 15, wher m,ﬂwer of
material is further characterized as a second dié&l ettrlic™ ayer* 18. The

met hod of cI ai m 15, \/\herel n the patterned | ayer is further characterized as

a patter electr er. . The pethod. of _claim 15, wherein the

patter eﬂé@mgﬂfﬂ cvaxeredy gtbllfﬁiii@}ém’l reaterial is e | ayer .

20. The rret od,.of c m15 rther co the step of renoving the
exposed por tHEHNEF C a%t@&?rﬁiflaﬁﬁﬁew "&#l@h@&%f@)@rto pol i shing the |
first layer of material. The nmet hod of claim 15, wherein the polishing

condition is
18. The method of claim 15, wherein the patterned layer is further

characterized as a patterned dielectric layer.

19. The method of claim 15, wherein the patterned layer is further

characterized as a patterned conductive layer.

20. The method of claim 15, further comprising the step of
removing the exposed portion of the second layer of material

prior to polishing the first layer of material.

21. The method of claim 15, wherein the polishing condition is
further characterized as a polishing time.

22. The method of claim 15, wherein the polishing condition is

further characterized as an angular speed of the substrate.

23. The method of claim 15, wherein the polishing condition is

further characterized as a down force applied to the substrate.

24. The method of claim 15, wherein the polishing condition is

further characterized as a slurry flow rate.



further characterized as a polishing tine. 22. The nethod of claim 15,
wherein the polishing condition is further characterized as an angul ar
speed of the substrate. 23. The nmethod of claim 15, wherein the polishing
‘condition is further characterized as a down force applied to the
substrate. 24. The nethod of claim.15, wherein the polishing condition is

further characterized as a slurry fTl rate.

25 of claim15,
wherein the polishing condition is further chaum“ ﬁl Bﬂga angul ar
speed of a polishing pad. 26. The net hod of cl L =t he polishing

condition is further characterized as a conditioned polishing pad surface.

25. The method of claim 15, wherein the polishing condition is
further characterized as an angular speed of a polishing pad.

26. The method of claim 15, wherein the polishing condition is
further characterized as a conditioned polishing pad surface.



