MULTI - STEP PLANARI ZI NG AND POLI SHI NG METHOD BACKGROUND OF THE | NVENTI ON 5
Field of Invention [0001] The present invention relates to a nethod for
fabricating a sem conductor device. Mre particularly, the present
invention relates to a nethod for planarizing and polishing a

sem conductor wafer. 10 Description of Related Art [0001] In the
fabrication of advanmEHALSTEHPBARARIZING ANDPGIIEHING MBTROEN necessary to
polish a surface of a layer or a structure, such as a sem conductor wafer,
to remove topographic irregularities and surface defects including
scratches or enbedded debris and particles. For exanple, a dielectric

| ayer may formover a previously patterned 15 layer. The dielectric |ayer
may be used to forman interlevel dielectric or shallow trench isolation
The surface fluctuations and the excessive anmount of the deposited
dielectric layer may be reROECHYUNIHOETHE INVENTIONocess known as

chem cal nechanical polishing (CMP). It is well aware in the art that
provi dihg Picddheringentioaces facilitates the formation of the subsequent

| ayers. And as the |l evel of integration 20 increases and the feature sizes
of sem confgdipr Teypesdmtdavéntionqute thefufthodPforabliditing ! aadtosdkiorces
becone increasingly inportant since a non-planar topography may result
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to pl anariﬁgisﬁﬂl%aﬁ%nhﬁaog‘gg}egonduct or topography. Typically, CW is
ef fected throughi placing a

10 Description of Related Art
[0001]  In the fabrication of advanced integrated circuits (ICs), it is often necessary to
polish a surface of a layer or a structure, such as a semiconductor wafer, to remove
topographic irregularities and surface defects including scratches or embedded debris
- and particles.  For example, a dielectric layer may form over a previously patterned
15  layer. The dielectric layer may be used to form an interlevel dielectric or shallow
trench isolation. The surface fluctuations and the excessive amount of the deposited
dielectric layer may be removed by a planarization process known as chemical
mechanical polishing (CMP). It is well aware in the art that providing planar surfaces
facilitates the formation of the subsequent layers. And as the level of integration
20  1increases and the feature sizes of semiconductor devices continuously reduce, providing
planar surfaces become increasingly important since a non-planar topography may
result with photo-printing difficulties and problems in etching and step coverage of
openings. |

[0002]  As mentioned above, CMP is a technique commonly used to planarize and



sem conductor wafer on a wafer carrier, pressing the sem conductor wafer
against a polishing pad, and introducing an abrasive, chemcal slurry into
t he space between the polishing pad and the wafer surface while the wafer
and the polishing pad rotate relative 5 to each other. The slurry is an
aqueous suspension of abrasive particles, for exanple, silica. The

chemi cal dolish hemSddnbistor eaisdgsapih! N THGcAN f@aP HBERL LR ﬂi?@d%hgpﬁeihgs(@ed,
whil e the abrasive particles, due to the novenent of the polishing pad and
t he waf erg. ' StIl terial .fromth fer. .[0003]
Hovever . TN ater 2L Rt odHHEd HROlNE e BB Tin Halt® s 4o
exanpl e, duri.ng the fabrication of shallow.trench .isolation (STl), a CVD
(cheni caIpoa‘ltsllngPa(g’eaﬂlgslf’{rP‘i‘fﬁn%% %éra§1§e,(finsx&qa{ é’%ﬁnﬁoﬁge sPRsE eleEn ARy i s
subsequently planarized by CMP. The substrate, which is already forned
with treetghing Red andqthe vwelen sygfeemwhiletheyaferandithe polishinigtnad detatstrelatiee op

| ayer on the surface before formng the CVD oxide. To ensure a conplete
renoval a6 eadieottD Jhiedbiinistdneaquesuspaspaasioncdmbidsive pagiobds, fartexhmpled
necessary to over polish the high pattern density region. The over

pol i shi ngilicaowele rchemfBay il @d! kturdyNreaéts Skt Ghe QlrfidembteRMCHeiRX ipdBstRAd
"erosion" of the adjacent silicon nitride. Dishing is the formation of a

concave GaARIARSaBfshi r%%hfn‘cilést Eﬂ@'&f el HEve i log rth%?@?fﬁe}%q%q%ndﬁg "&Eﬁe’ en

renoval of the adjace tride layer. Anoth

encount er e Si‘i:%rﬂgf;sgl%? éﬁg%&ﬁﬁf?egrﬁﬁﬁ%ggliﬁa&?ﬁlé%%@di ng effect” in which an

i rregul af S Fshed structure due to a def or ned

pol i shi ng @O%I(jl i{0004 One cor% ntional solution to these problens_in the
ovP procd¥W3ls Hewever, pranyaproblees are pwspeiated. withethenSMP torhniqas.er Eet t one

mask havi ng openings that expose the active regions is fornmed over the
t r end®- f ickumpleogdivdieg they Bbricatii of gotloivotrensh isbhoomX§Thed @XDdEhtmigelr Wit hi n
t he openings is etched back. CWP is subsequently used
vapor deposition) oxide is deposited on the substrate and is subsequently planarized by
CMP. The substrate, which is already formed with trenches therein, is also covered by
a silicon nitride etch-stop layer on the surface before forming the CVD oxide. To
ensure a complete removal of the CVD oxide in the low pattern density region, it is
15 necessary to over polish the high pattern density region. The over polishing, however,
may result in “dishing” of the trench oxide and “erosion” of the adjacent silicon nitride.
Dishing is the formation of a concave depression in the trench oxide, while “erosion” is
an uneven removal of the adjacent nitride layer. Another problem that may be
encountered in the CMP process is the “loading effect” in which an irregular surface is
20 formed on the polished structure due to a deformed polishing pad.
f0004] One chventional solution to these problems in the CMP process is the
application of a reverse-tone mask. The reverse-tone mask having openings that

expose the active regions is formed over the trench-filled oxide layer, and a portion of

. the exposed oxide layer within the openings is etched back. CMP is subsequently used



2 to planarize the oxide |ayer remaining on the active regions and the
trench regions. The reverse nasking, however, adds an additional

| it hography and etching process. Therefore, the cost is increased and the
cycle tinme is prolonged. Mreover, reverse masking still suffers from poor
uniformty problens. 5 [0005] O her approach to resolve the abovenentioned

probl ens foSplyarBATRhE Ykt Iaf/érxl%ﬁ)aﬁﬁﬁdg%thﬁe RRfve tdeing MhamENRrRA QEE8Rs. | N
whi ch abrasive material is enbedded into the palishing pad. PolTshing by
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associated with this approach, such as drop of the renoval rate. The
renoval ragskmgstill miesyom peertpiformity grablerat.i on of the local step height;
for exanple, the renoval rate of the up area is fast, while the renoval
rate 6f t{Re0Howdthereaprapgehotacteedlve e¢ho abbvanptiohéd/ prathendAs GyRmplogagss may
cone to a halt before the topography of the entire wafer is conpletely 15

pl anar i zefikeddbtdsiRipally (FA)NR adiMP peicetd) en WhIMR\Blas[AlRatbrfd §SehBedled B _
t hroughput. Moreover, since a polishing process using FA pads operates in
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i ncom ng wa ternati high selectivity slurry
Lo m t1 garact fad dby ERLh B ok o tircit  cRBtRevevod plersy g’ °
suffers fromrenoval rate drop and renoval rate deviation, which ultimtely
i npacts d1PIEHES tmfiouéﬁfmgl.nglé(s Aot Micls pltativeiinglprasiemestypagranhys endden
proposed to address the above-nentioned problens. The two-step polishing
procd8s magviiling| glgbalauniformity. However, there are also issues associated with this
approach, such as drop of the removal rate. The removal rate of a FA-CMP process is
a function of the local step height; for example, the removal rate of the up area is fast,
while the removal rate of the down area approaches zero. Frequently, the FA-CMP
process may come to a halt before the topography of the entire wafer is completely
15  planarized. Ultimately, the drop of the removal rate leads to a low throughput.
Moreover, since a polishing process using FA pads operates in a time mode basis,
overpolishing due to a thickness varjation of the incoming wafers is often resulted.
Alternatively, high selectivity shury (HSS) has been employed to maximize the
oxide-to-nitride selectivity and to mitigate the effects of erosion and dishing, However,
20 HSS also suffers from removal rate drop and removal rate deviation, which ultimately
| impacts on the throughput. A two-step polishing process has also been proposed to
address the above-mentioned problems. The two-step polishing process may include a

_ first polishing step to remove the topography on a substrate sutface by polishing with an

~ abrasive-containing polishing composition, for example, containing silica abrasives, and



first polishing step to renove the topography on a substrate surface by
polishing with an abrasive-containing polishing conposition, for exanple,
containing silica abrasives, and 3 an abrasive-free polishing pad, and
t hen polishing the substrate with a fixed abrasive (FA) polishing pad.
However, even conbining a "regular” polishing step using silica abrasives
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within-die wuniformty remains undesirable. Further, the thickness

hi n formty able.” Further, the | .
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is still resulted 00086] her .t wo-step polishin rocess _nmay. .i.ncl ude a
hi gh sel Fhesye Wiy %EOSVEI]“@%QUSH%%H%’B L hes, e&togﬁgf&?fﬁﬁ’ét g Wisupgic
polishing step. Since polishing with HSS typically results with high
renoval MRHEITEE iremaiaf undpdrahie erﬁwﬁ%\dfl@rthwﬁmsérdﬁwa}donsoﬁﬁi% Hyesingbl e.
Moreover, the thickness deviation of the incomng wafers entering the FA
based3 polwadérs egtesingghe FAhpatshinghsiep isobighmiletefonee opeipbldhimg as eominalya gr eat
concern. Further, both the HSS based and the FA based polishing processes

exhi bi t  weomwa in hatishinghh a FAQdLHE@UEREd. i s ul timately resul ted. [0007]
Yet anot her two-step polishing process may include a "typical" polishing

step  1510qig)9 Silowa ARS-ash %ﬁsmag;pr@%%a&memeaa RANPRAGRY K S1 Ty

(HSS) based polishing step. Howev Iing a p Ing p s wth a

HSS b i shi;ng,.st [ desi r. abl [ th S b l'i shi
brocess. SHRPLPES ROUTHEset SR ERbRE bt st Farbiuf T re Sa e
Furt her, gl.obal uniformty can not be attained. [0008] In summary, .the
convent | &YPAf Jan@sgfsewlfg]rhlgb«ﬂ@%%% 13E ety the W&J@Ptar%afﬂz@nﬁ%tﬁ%@l& 0

concurrently achieve global uniformty, local planarity and high
t hr ol hpundesirable. Moreover, the thickness deviation of the incoming wafers entering the FA

based polishing step is high, the problem of overpolishing remains a great concern.

Further, both the HSS based and the FA based polishing processes exhibit removal rate

drop; low throughput is ultimately resulted.

[0007]  Yet another two-step polishing process may include a “typical” polishing step
15  using silica abrasives, for example, and a high selectivity shurry (HSS) based polishing

step. However, completing a polishing process with a HSS based polishing step

remains undesirable since the HSS based polishing process exhibits high removal rate

deviation and removal rate drop.  Further, global uniformity can not be attained.

[0008] In summary, the convenﬁonal one step or two-step polishing methods are

20 unable to concurrently achieve global uniformity, local planarity and high throughput.

SUMMARY OF THE INVENTION
[0009] In view of the deficiencies of the conventional approaches for forming a

planarized and polished surface, the present invention provides a multi-step planarizing



SUMVARY COF THE | NVENTI ON [0009] In view of the deficiencies of the
conventional approaches for formng a planarized and polished surface, the
present invention provides a nulti-step planarizing 4 and polishing

met hod, wherein the throughput is optimzed. [0010] The present invention
al so provides a nulti-step planarizing and polishing nethod, wherein |ocal

pl anar i t yar@rblishih hitHddewHerefroh8tiryudipt isprimyad: [0011] The present
invention also provides a multi-step planarizing and polishing 5 mnethod,

uher efn lonRY 4B RER e TBB YRiab0R YL TRG BRASEM, WY SAflgR, Ut her

provides a multi-step planarizing and po
probl em of overpoli.shing .and. underpolishing that is often occurred in a
polishindngﬁgie ‘ﬂﬂgmﬁﬁp@aWFﬁgamgﬁﬁﬁgT@Euf&%?“g&ﬁeeﬂwmﬁggprecIuded. [0013]
According to one_aspect of the nulti-step planarizing and polishing nethod
10 for rdfBlAIng The pogieah Hy ertigthalkio sEavidend yelbrstapapleparizing ped pebishing
invention, a first polishing step is performed with a first polishing pad
and a>3f i meethed, wheyein glopalsirtifoomity istingrewafdt er, a second polishing step is
performed with a second polishing pad and a second slurry conposition. In
this aspgo0iz)f he praawerihi@itiontfighdriprédided Afuti-SepPReatiziap andPylidhaed ude at
| east silica abrasives, and the second slurry conposition may include at 15
| east  CRGRCAB, AN thefpbbIBRN of oy BrrBAGRREIANE tdetholidf dnBeMiPn. the
t hi ckness devi ation O#Hmafers a?q?he é%d 0 tﬁ?lseggﬁgﬁggﬁ?sq¥hg step is
controll : . thir 0l i shi tep.,is rfqrmed using a
fixed-abﬁggﬁggﬁ%ﬁg&%ﬁ%ﬁf%ﬁgFﬁbggégpﬁgﬁzggﬂ%%ﬂﬁﬁgegggﬁgkgbf the i nvention,
t he secoEﬁ ﬁﬁliégin .step is controlled by an endpoint. detection
mechani si0%d, COFRing to one aspect of the multi-step planarizing and polishing method
10  for removing topography from a semiconductor wafer of the present invention, a first
polishing step is performed with a first polishing pad and a first slurry composition,
Thereafter, a second polishing step is performed with a second polishing pad and a
second slurry composition. In this aspect of the invention, the first slurry composition
may include at least silica abrasives, and the second shury composition may include at
15 least CeO, abrasives. Further, in accordance to the present in\}ention, the thickness
deviation of wafers at the end of the second polishing step is controlled. Thereafter, a
third polishing step is performed using a fixed-abrasive pad.
0014} In accordance to this aspect of the invention, the second polishing step is
controlled by an endpoint detection mechanism, for example.
20 [0015] In accordance to this aspect of the invention, the first and second polishing
- pads are “standard” pad without embedded abrasive particles.
[0016] In accordance to this aspect of the invention, the bulk of a material layer is

removed in the first polishing step using silica abrasives based slurry. Accordingly, the

polishing rate of the first polishing step is high and the throughput of the overall process



20 [0015] In accordance to this aspect of the invention, the first and
second polishing pads are "standard" pad w thout enbedded abrasive
particles. [0016] In accordance to this aspect of the invention, the bulk
of a material layer is renoved in the first polishing step using silica
abrasives based slurry. Accordingly, the polishing rate of the first

pol i shi ngsﬂdﬁgvé gs high and the throughput of the overall process 5 is

i mproved 017] Further, the second polishing step of thi s aspect of the

inventio S r e uniformty can
be achie e@lﬂ) gp{d%}}egﬁta IS%QOH% ?1&1 ?‘ e Q%p ? ?lclzf@\?is}%ﬁ o\#t%? IWP 7% GF?E%I I
controll y,the end_of the sec nd poll hing 5 step.. Accord ngly not only
the issu aB’(?é‘r‘*’E%n r%fet fhgrvifingie Wy %@eﬁ%g e ppiigvada Asditfoshling st ep
can be ObVI ated, global uniformty is achieved. [0018] According to another
aspect of @tﬂh@kﬁiﬂstdwl@tl@lpoﬁwafﬁﬁr tszwﬂbcqmllpdlbwm eyl ofithetseeoridopolishimgyi ng

t opography from a sem conductor wafer of the present invention, a first

pol i shi ngtept eAcamdinglys actoomdy plod issi oljoskedishing thﬂsip@@hhmbmqﬁeimfm?ﬂed with
a first 10 slurry conmposition and a second slurry conposition. In

accor dangglighthg dkéScarReBYia0dd, glbhﬁdnms dmrhchitebé‘d.first slurry conposition
may i ncl ude at | east CeQ2 abraswes the second slurry conposition may

i ncl ude as a F e s r i N |6 s the
pol i shed rrat Er |% C%Huh%ato 8{0 &?ﬁet és‘%rg%némé%lgﬁghﬁ%% and %‘Fﬁﬁé
controlled ereafter olishing step i.s rforrre usin
¥ xed. abPsliogddopteovimg fopprepty foBcumuctusion el o T BEreno M ERGoh
i nvention, the_second polishing step is controlled b an endpoi nt
det ect i of fgdelishingstep and éﬁ@ﬁwg polistonpsep pre raméﬁawéym@f@@e@nv@ adipéct of
the invention, the first and second polishing

10 sharry composition and a second slurry composition. In accordance to this aspect of

the invention, the first slurry composition may include at least CeO, abrasives, and the
second slurry composition may include at least silica abrasives. Further, the remaining
thickness the po_lished material at the end of the second polishing step is well controlied.
Thereafter, a third polishing step is performed using a fixed-abrasive pad.
15 [0019] In accordance to this aspect of the invention, the second polishing step is
controlled by an endpoint detection mechanism, for example.
[0020] In accordance to this aspect of the invention, the first and second polishing
steps employ, for example, “standard” pads without embedded abrasive particles.
{0021] In accordance to this aspect of the invention, the first and second polishing
20  steps include polishing with CeO, abrasives which can provide excellent within-die
uniformity, and polishing with silica abrasives which can provide high removal rate.
Thus, subsequent to the first two polishing steps, not only the througﬁput of the overall
process is high, the within-die uniformity is also improved. Further, since the second

'polishing step is - controlled by means of an end point detection mechanism, the



steps enpl oy, for exanple, "standard" pads w t hout enbedded abrasive
particles. [0021] In accordance to this aspect of the invention, the first
and second polishing 20 steps include polishing with CeQ2 abrasives which
can provide excellent within-die wuniformty, and polishing with silica
abr asi ves which can provide high renoval rate. Thus, subsequent to the

First twogpglnesNiRGatRineo the #ﬁ??§¥3% k %ERRHQﬁ&ﬁh§QL%%Bﬁ%§§ﬁ§§#éﬁ&:rocess

is high, the wthin-die unif SO | nprove urt ce the

second pgQl.ishi tep.is _control.l ed by ans of_.an d pqint detection
mechani shivithd TECERITERE Rl o Thaetost: hERat ¢ HPRart e
entering the third polishing ste si.ng a fixed-abrasive pad_is mnimzed.
Ther ef or e&'af At offeBptoafioated et il@h‘ﬁfﬁgg nrpcess jcan die apvialshs MoHE etlobdl a FA
pol i shing process can be obviated, while global wuniformty is achieved. 5
[ 0022] Actwifariony is echi¢nedrrul ti - st ep pl anarizing and polishing nethod of the
present invention, inproved throughput, good |ocal planarizity and gl obal
uni f orim t 002N beccoadihg v dek. mpRBAG] plahardifing and polishiiey sikthod dfhia peeédd t he
foregoi ng general description and the follow ng detailed description are

exenpl ar yinvahithna i@ptded nﬁ&%ggl& t PESV Bealf Mok P8BSty 2hE ﬁ&pﬁ LRy ehn bhe
invention as clained. BRI E SCRI PTI ON 'OF THE DRAW NGS [ 0024]" The

acconpanyj e drawi ngs are included to provide a further understanding of
the invention, and are incorporated in and constitute a part of this

specificatjon The 15 draw n i1 lustrate. enbodi nents of the invention
and, togZﬁoﬁgﬁ wilt i f%ge&@?@isrﬂ%?i bt bt 9ef°fe@0%ssp$egﬁwftdﬁ%°ﬂmﬂ 18§ of the
i nvention,

following detailed description are exemplary, and are intended to provide further

10  explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings are included to provide a fufther understanding

of the invention, and are incorporated in and constitute a part of this specification. The
15  drawings illustrate embodiments of the invention and, together with the description,

serve to explain the principles of the invention.

[0025] Figures 1A to 1D are schematic, cross-sectional views showing selected steps

for fabrication of a semiconductor structure having patterned features according to a

first embodiment of the multi-step planarizing and polishing method of the present
20 invention.

[0026] Fig. 2 is a flow chart of exemplary process steps of the multi-step planarizing

and polishing method according to the first embodiment of the present invention.

[0027] Fig. 3 is a flow chart of exemplary process steps of the multi-step

planarizing and polishing method according to the second embodiment of the present



[0025] Figures 1A to 1D are schematic, cross-sectional views show ng

sel ected steps for fabrication of a sem conductor structure having
patterned features according to a first enbodi nent of the nulti-step

pl anari zing and polishing nmethod of the present 20 invention. [0026] Fig.
2 is aflow chart of exenplary process steps of the nulti-step planarizing
and pol i skeftghnret hod according to the first enbodi nent of the present
invention. [0027] Fig. 3 is a flow chart of exenplary process steps of the
multi-step planarizing and polishing nmethod according to the second
enbodi nent of the present 7 invention. DESCRI PTI ON OF THE PREFERRED

cross. sect fonal | viRhe I RCE AR PR ERRIT EMHOR BRI Trg e

sem condyct structure having patterned features according to a first
enmbodi fﬂg%m¥ﬂ8nﬁﬁlti-step pl anari zi ng and polishing method of the
present invention. |In one aspect of the invention, the patterned features
may iSncli9de8la thigmnenlAte U€tare echematicosrpssetectonal viesmseshowing seleatedtstapst ur e.
For illustration purposes, the present invention is 10 described herein

Wi t h r esfoedibricatisg & senibndictercittiktire having pan@hed faatdrésenebrdigotond Fies
structure. However, it is appreciated that the application of the

pl anar i zinwshdanent dTthd ShitgepBlaheeih D i PIIERHNRLRIof fie g%eﬁtqﬁwdﬁsﬁ.ed in
the fabrication of a trench structure or a trench 1solation structure.

00251 TR VRl R e B e TR o
layer 1ocAc'>n%arc]:te sr;t%%:rt]tirefo(r)lal \gg\%‘gucp re. For illustration purposes, the present invention is
10 described herein with respect to a trench structure, for example, a trench isolation
structure. However, it is appreciated that the application of the planarizing and
polishing method introduced herein is not restricted in the fabrication of a trench
structure or a trench isolation structure.
10029] Referring to Figure 1A, a substrate 100 is defined into active regions by first
15  forming a pad layer 102 and a barrier/polishing stop layer 104 thereon, followed by
performing a photolithograph and etching process to form a plurality of trenches 106 in
the substrate 100.  The pad layer 102 is, for example, a silicon oxide layer, while the
barrier/polishing stop layer 104 is a silicon nitride layer, for example. Alternatively,
other suitable pad layers or stop layers can be used in accordance with the invention.
20 A material layer 108 is then blanket deposited over the substrate 100 to a thickness of
about 6000 A to 7000 A, for example, filling the trenches 106. The material layer 108,
typically a thick oxide layer, may form by performing a high density plasma chemical

vapor deposition (HDPCVD), followed by an annealing process at about 1100°C for

densification purposes. The deposited material layer 108 generally has an excessive



perform ng a photolithograph and etching process to forma plurality of
trenches 106 in the substrate 100. The pad |ayer 102 is, for exanple, a
silicon oxide |ayer, while the barrier/polishing stop layer 104 is a
silicon nitride layer, for exanple. Alternatively, other suitable pad

| ayers or stop layers can be used in accordance with the invention. 20 A
materi al éoayRirddOBith 8 nbh-enifbing Bkiéiccdanresiphgd over the substrate 100 to a
t hi ckness of about 6000 A to 7000 A, for exanple, filling the trenches

106. The pget@r i A cchii, | m by
perform nﬂgaa@hl ghccdenlgf’:l){ ;ao gﬁ%@%ﬁ%ﬁg&mpggiﬁnﬁggﬁs %Eggst}e?%‘&foml%%&/m)é
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materlal | ayer 108. In this enbodl ment of the invention, the nulti-step

pl anadi ziwgdegier isor thaesplgtenwolishing Appanetus far eampde. thy dwvpoin Emed Bst eps,
whi ch may be 5 conducted in a three-platen polishing apparatus, for

exanpl e. ths fsitoep bh a Rhgarseeplidishirghgrotéss 9 psifepneal toardniovecths tegpespioki shi ng
process is perfornmed to renove the excessive overburden of the naterial

| ayer 10&veAredundifMbe ht@AL18B8D00K. rrqmcoﬂimg hﬁoﬁere{ﬁwchﬁem oﬁtﬁ@nﬁﬂeﬁﬁ&n step of

the nulti-step pollshlng process enpl oys a slurry conposition an

l'i shi h
BSL: 23: Eghﬁ?ﬂjg %’f[ﬁ*) 3 ﬁ%’ﬁglllf ﬁ%o%%d%oﬁlbﬁf mn?n hisie tngﬁgagd A
st andar al i shi.n ica surfa ut, enbedde
abr asi ve HOUFEPE AL g:Fﬁ% rofigihy Dot s Hﬁﬁ@iﬂlﬁaﬂmﬁe&fﬁ peh 51fﬂgaﬁtsp. 2i ng
and poI i shing step may con%ﬁ for example silica abrasives, such as
Cabot! Oss ipgjudesplput ot dimitedotons‘stndard] pekishing pad. Cab Sstandard” polishing pad

typically has a durable surface, without embedded abrasive particles. The slurry

composition used in the first planarizing and polishing step may comprise, for example
silica abrasives, such as Cabot SS-25, which is a commercial shury from Cabot
Corporation. The first planarizing and polishing step is performed to remove
15  substantially the bulk of the material layer 108 with a relatively high polishing rate.
Ultimately, the first step of the multi-step planarizing and polishing method ensures a
high throughput for the overall process.
[0031] Contimiing to Figure 1C, the second step of the three-step polishing process is
performed. According to the one embodiment of the invention, the second step of the
20 three-step polishing process is performed using a polishing pad and a slurry
composition. The polishing pad used in the second polishing step includes but not
limited to a “standard” polishing pad. In the secénd polishing step, the slurry
composition comprises at least CeO, (Cerium Oxide) abrasives, for example. In one

aspect of the invention, high selectivity slurry comprising CeQ,, such as Cabot HSS or



Corporation. The first planarizing and polishing step is perforned to
renove 15 substantially the bulk of the material |layer 108 with a
relatively high polishing rate. Utinmately, the first step of the

mul ti-step planarizing and polishing nmethod ensures a high throughput for
the overall process. [0031] Continuing to Figure 1C, the second step of the

t hr ee- st Apalp H$Hhinig bErRE@S SAL@rdiRetd AhdTEiekt ofifoaiHeM bt the ihenahe @abodi ment
of the invention, the second step of the 20 three-step polishing process

i s perfogdaBal PsiidthoPt8P1s| RBlrPedAd e itlal ARG LA | i'shing
pad used in tﬁe segg%ﬁpSolpgﬁg%g step ?nc %ﬁ%%xgﬁt notv&%lnlfe ?gﬂa
"standarg" j shi ad., In e.second | i shing st the slurr
conpositg'ﬁp@%%%?%ggéag?lﬁ@3§bgt§%ﬁm F$3Wf%k? por gﬁ?@ﬂﬁ%%ﬁ”?% exanpl e.

I n one gt of the inventjon, high selectivity slurry conprising CeQ2,
such as ’@% iclngss g fh@gns&gealﬁi 1%@3,105@9111@81&35@@? tﬁ%é@bsma%gl%wrﬁ@eﬂﬁrst
enbodi nent of the invention, the second polishing step is controlled to

t er ninat eontreled thebouit @ td 460A bérvexemplce Thetrelishing padyesed i08hastonfie st op

| ayer 104, for exanple, by an end point detection apparatus. The thickness
of the npdlBhinglstdpayiey bt @e sanmona diffeaserpolibidng phd Lsal @ thOFirgolislkiegi S 5
controlled to about 0 to 100th, for exanple. The polishing pad used in the

second @@l ishing step may be the sanme or a different polishing pad used in
the first ‘polishing step. [0032] Thereafter, the third step of the

three- 55@89%’]0' iﬁ@ie’&ﬁe - HRC B é BE gh%gér%g%tépf%olggfgigj{q%%gg isgl?egfcjrr?lien% mat eri al

| ayer 1 forma pranari zed -sur ructures as

pol | ohi PUSAARS STBhiphy BB e 08 16 for a HEGHPG SEpSST Rensais or  may
not l%e structures as shown in Figure 1D. In the third polishing step, a fixed abrasive (FA)
polishing pad is employed. Further, a third slurry composition may or may not be
included in this polishing step.
[0033] Fig. 2 summarizes the exemplary process steps of the multi-step planarizing
and polishing method according to the first embodiment of the present invention. As
15  shown in Figure 2, the multi-step polishing method of the invention is commenced by
polishing with a “standard” polishing pad and silica abrasives containing slurry as in
step 201. In step 202, a “standard” polishing pad and CeO, abrasives containing shurry
are used to perform the second polishing step. Thereafter, in step 203, a fixed abrasive
polishing pad is used perform the third polishing step. In step 203, a slumry
20 composition is optional.
[0034] In accordance to the first exemplary embodiment of the multi-step planarizing
and polishing method of the present invention, the bulk of the material layer is first

removed in the silica abrasives based polishing step, in which the removal rate is high,

- followed by a CeO, abrasives based polishing step. Therefore, the overall polishing

10



included in this polishing step. [0033] Fig. 2 sunmarizes the exenplary
process steps of the multi-step planarizing and polishing nmethod according
to the first enbodi nent of the present invention. As 15 shown in Figure 2,
the multi-step polishing nmethod of the invention is commenced by polishing
with a "standard" polishing pad and silica abrasives containing slurry as

in step RAfbe debshFIRhed? efectivt POAMiA: tiRRLT SPhrRtk: R daPhckn(REGmARKIAS] Ves

containing slurry are used to performthe second polishing step.

Ther eaf t ' : . i: Lye 1.Shi i . form
(ho. i rqrBlReR ERngd e pblifity S362CLN o ViR eL Bl By ioftn B
optional. [0034] I.n accqrdance to the fi.rst exenpla enbodi nen f the

il - ot SPBTERG (ERG ieh Ao eIyt i€ o PHBTHECYR, PPLA on. t he
bul k of the material layer is first renoved in the silica abrasives based
pol i shi ngh@ugpputjoff thgprdsall peocessmg\iagh.rthe avithan-giegeiformgy ipwkse ipprevede cp

abr asi ves based polishing step. Therefore, the overall polishing 10 can be
acconpl i Jheidiei, sined thestdond pobithishstep it ¢omelled-by tivens ofian dnd pobe dateddtrer mi ned
by the present invention that polishing with CeQ2 abrasi ves provi des

excel | entmewhbubtsn, fe ehickiitkd @dviation oftteaeaferaéitaiing fhe tEaMpblBhingtdfusidye first
two polishing steps, not only the throughput of the overall process is
high, thg Mefd_rubfasweg,gu%ﬁ B Mihifniyal al et FREANE %ob'%erﬁgf%gl olishiftat he

second polishing st is controlled by neans of "an en ection

mechani s he. thi 2S evi.at.ion of the.waters .enteri the.third
ol 1oni ng- haEhBoRENSEE FRO R bE Bt BERORER B RhAF KB Mookt Ror e, ¢ e
probl em of, overpoljishing that is often confronted in a FA pol.ishing
process CSHEWRE: obvicsPriine fhithe maltiigr plinpdsing (apd; rolishing; @W@@.d 9@@& ding to
the nulti-step planarizing and polishing nethod of the

10 present invention, improved throughput, good local planarity and global uniformity are

ot

achieved.
[0035] It is worthy to note that the benefits provided by this invention can not be
achieved by any conventional two-step polishing method. As mentioned above, a
two-step polishing method may include a “typical” polishing step using silica abrasives,
15  for example, with a polishing stép using a FA pad. Although the overall polishing rate
may be improved by the “typical” polishing step, the thickness deviation of the
incoming wafers entering the polishing step using a FA pad is high. Therefore, the
problem of overpolishing or underpolishing may still occur. Further, the within-in die
uniformity has not improved. Other two-step polishing method may include a high
20 .- selectivity slurry (HSS) based polishing step and a FA pad based polishing step. Since
polishing with HSS typically results with high removal rate deviation, the
wafer-to-wafer uniformity is thus undesirablé. Further, the thickness deviation of the
incoming wafers entering the FA based polishing step is high, and overpolishing or

underpolishing is still a serious problem. Additionally, both HSS based polishing and

i1



10 present invention, inproved throughput, good |ocal planarity and gl obal
uniformty are achieved. [0035] It is worthy to note that the benefits
provi ded by this invention can not be achieved by any conventi onal
two-step polishing nethod. As nentioned above, a two-step polishing nethod
may include a "typical" polishing step using silica abrasives, 15 for

exanpl e, FA bhsed pslishBipi ReStRBvAIShRIdRpHAoBREs, Ml ph&f Meesalall

polishing rate nay be inproved by the " yplcai" polishing step, the

thi cknessygext at il Shaldioie NCATLAY YHHSEG, BORAIhalde RAY! BliaY P eP

using a pad 1s erefore, em of~ over po hi'ng or

under pol i.shi.ng,, still occur... Further, .the wthin-i | nifqrmty has
ot | v o Gt PR e PGS S SRERGC ST OaA e FisrkCasef PGl
selectivity slurry (HSS) based poljshing step and_a FA pad based polishing
step. SiredP- FAYESKE PRl etingHapalishing aprogess ewilh tas HiiSt hasgdl groliskingvHer r at e
deviation, the wafer-to-wafer uniformty is thus undesirable. Further, the
t hi ckides genieins atridesirable sinee thadiSH bgsedapdishingnpmecessghashieiglrAetnasddrapo! | shi ng

step is high, and overpolishing or underpolishing is still a serious
probl em diedtibh ONBhirther, MObd) di8Shig ed npohdtsdiied indndcalikdd BAhhasp@dbRaAl i shi ng
have renoval rate drop problens, the throughput of the overall process is

t hus undggig@bl e. Another two-step polishing nmethod may include a '
"typical" polishing step using silica abrasives, for exanple, and a HSS

based pol},shi;ng tep. However, conpleting a polishi I Qcess th a HSS
based p0|[Ib§ |]ngIts SeﬁPsg Wé’% nts? Hﬁtgggﬂafath? goeglle téeplio%drégslgy gg%erau%{léﬁt?ps hi ng
process has high repoval rate deviation. Further, global uniformty is not
achi eved F%‘gafﬂ?‘gg’élﬁﬁhl%ilﬁ?jh‘ﬁjr &b o mycatipy can noq be achieve %Y any

10 combination or sequence of the polishing steps.  For example, since a polishing step
using a FA pad gradually decelerates and results in a drop of the removal rate, FA
polishing is not preferred as a first polishing step. Instead, since FA polishing can
provide excellent global uniformity, completing the multi-step polishing process is
preferable as long as the thickness variation of the wafer is well controlled before

15  entering the FA polishing step. Further, although a “typical” polishing step using, for
example, silica abrasives may provide a high throughput, completing the multi-step
polishing process with a “typical” polishing step will result in poor local and global
uniformities. Even a HSS polishing step using CeO, abrasives may also provide a
desirable oxide-to-nitride selectivity, a high removal rate deviation and a high removal

20 rate drop suffered in a HSS polishing step render the HSS polishing step unsuitable for
completing the multi-step polishing process. However, it has been demonstrated that
CeO; abrasives can provide with-die uniformity, a high selectivity slurry comprising
CeO, abrasives is adopted for the multi-step planarizing and polishing method.

Accordingly, in the above embodiment of the multi-step planarizing and polishing

12



[0036] It is also worthy to note that the benefits provided by the
multi-step planarizing and polishing nethod of this invention can not be
achi eved by any 10 conbination or sequence of the polishing steps. For
exanpl e, since a polishing step using a FA pad gradually decel erates and
results in a drop of the renoval rate, FA polishing is not preferred as a
first polhahbdgf Heepresdnbsiv@aton, S PEPickR RMshmBi AP G, 10F exdriifle L3K& | ent

gl obal uniformty, conpleting the nulti-step polishing process is

pref er abl,gr 2% el QEtOol{dgd E&é&%—??@z%%{aﬁtth@ﬂ IﬂJut Bpﬁle\égéct% séirféll%fédlb

controll ed before 15 entering th pol 1 shi ng “st ep. a thahgh a

"typical"” i shing ste sing, for. exa e,..Siljca abrasjves .may provide
2 WP g RSy Rl S8 Rl i i 38Rafnidand SnAghas b atuTited 2
"typical" l.ishing step will result in poor |ocal and gl obal . )
uni f or ni Wﬁ&ln@é‘weﬁs Wég D5 RAvshigE steh tau 3¢y ecbeplesirida globals unEymEY.s o
provide a desirable oxide-to-nitride selectivity, a high renoval rate
devi ab i ofutthet, shehmgfertemmfer wdrmiy caforopensaringethe FA polishii@Sstoplis stellng st ep
render the HSS polishing step unsuitable for conpleting the nulti-step
pol i shi ngopraizdds, méidseifan end olnt deleCivh slecmnihl RtaPotdal in thepBlishbipasi ves
can provide with-die uniformty, a high selectivity slurry conprising CeQ2
abr asi vesieh heRRO Rt %&Eshmgestéw kid probRh @ﬂ@v%%du%mﬁg (3% PRl Stlley et hod.
Accordingly, in the above embodi ment of the I'ti-Step planarizing and
polishin 3 : r.ese Fnventi.on "typical” polishing step
usi ng, fg#péoégln%};‘lég%g%?oﬁ‘%%gd’gﬁﬂzeﬁ %’/%aslulmsowlfyle agl?’l%‘(ﬁ\éded to enhance the
overal |l throughput of the process, followed by a HSS polishing step to
furnish a with-in die uniformty and conpleting the nulti-step polishing
process wth a FA polishing step to achieve the desired global uniformty.
5 FulQ heS?anldé*:mefﬁgmﬁlﬁto- wafer uniformty before entering the FA polishing
step is well

{0037]  The multi-step planarizing and polishing method of the present invention may

also be conducted alternatively according to a second embodiment of the invention.
Referring to Figure 3, Figure 3 is a flow chart of exemplary steps of the multi-step
planarizing and polishing method according to the second embodiment of the present
15 invention. As shown in step 301, the multi-step planarizing and polishing method of
the second embodiment of the invention is initiated by performing the first polishing
step using a polishing pad and a slurry composition to remove and polish a portion of
the overburden of the material layer 108. The polishing pad used in the first polishing
step 310 in this embodiment includes but not limited to a “standard” polishing pad.
20 Furthér, the slurry composition used in the first polishing step comprises at least CeO;
abrasives, for example. In one aspect of the invention, high selectivity slurry
comprising CeO, abrasives, such as Cabot HSS or Asahi HSS, may be used. In this
first polishing step using CeQ; abrasives, only a portion of the excessive overburden of

the material layer is removed. Therefore, the polishing can be accomplished with
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controlled by neans of an end point detection nechani smincorporated in the
polishing step before the FA polishing step, the problem of overpolishing
that is often occurred in FA polishing can be obviated, while gl obal
uniformty is achieved. 10 Second Enbodi nent [0037] The nulti-step

pl anari zing and polishing nmethod of the present invention may also be
conduct ec:fibtiwr prdishing rateq evigledha grithin-die saiformdterbogicv@nt of the invention.
Referring to Figure 3, Figure 3 is a flow chart of exenplary steps of the

mul ti - st gpo3g)l ambéleafddd tBOdsdephd SRR d g c
enbodi rreﬁlft of the Sr esgnt 185 invgﬁr}jti O#E%%Bsﬂgmcﬁgi%hg?g%&3@}§htﬁﬁem

I ti-st . AN R 155,01 N1 t hod ,of .th nbodi t of
The. | nventiar e pANGP e BpdiOiaaio? BFEARRUE: »  SER0RFT BNGY B olci g a
Phe. over BTPAEIS. 810 £ NemHaplePaon ay it S AO2 BNy DY SERGOBAE BB 1 ho.

first_polishing step 310 in _this enbodi nent includes but not [imted to a
" st andlar §ec9pd| podishing strpdcorpprisesy forexampleesibiba pbpsivespoch &5 Giabas88-25n t he
first polishing step conprises at |east CeQ2 abrasives, for exanple. In
one aspedtisofecoint polishéng step, whichhas el legh ipoiithing lrates semosesiie Sl @f Qa2
abrasi ves, such as Cabot HSS or Asahi HSS, nay be used. In this first

pol i shi ngnaéread layet MO8, ColPeording s URSseosHl dmBoddRbh! FhO fnveRSor HRESShyE
overburden of the nmaterial layer is renoved. Therefore, the polishing can

be acconmphj;ghgHsih § ' I S whill e t-he w thin-die
uni formity 1i S a?:tﬁ? g%%oga%llg%g(gﬁw eFeglg%a%Z@ ﬂ%ﬁ%gégg%ﬂﬁgn 612‘)"7 ?}Eslﬁ? lr?é’e}s ezg of the
mul ti-st gl i shin d. _planarizin t hod.i s conducted usjng, fo
exanpl e, %gd HléatsgorP 3¥%"1%gof°.f§ﬁfﬂﬂ§fep§6?19?ﬁ poigi dgteqtion agpgatisg ﬂ‘ﬁ" %‘3@5‘ osition
as iP stFp 3?2. The slurry conposition used in the

0 layer 108 remaining over the substrate 100 surface is controlled to about 0 to 100A

thick, for example. Since polishing with a “standard” polishing pad and a silica
abrasives containing slurry composition can be accomplished at a relatively high
polishing rate, the second polishing step of this embodiment of the multi-step
planarizing and polishing method warrants a high throughput of the overall process.

15 [0039] Thereafter, the third step of the multi-step planarizing and polishing method is
performed in step 303 to polish the remaining material layer 108 to form a planarized
surface of the isolated structures. In the third polishing step, a fixed abrasive (FA)
polishing pad is employed. Further, a slurry composition may or may not be included
in this polishing step. The third polishing step employing a FA polishing pad is

20  performed for a fixed period of time to provide a polished surface of the material layer:
108 and global uniformity.

[0040] In accordance to the second exemplary embodiment of the planarizing and
polishing method of the present invention, polishing with CeQ, abrasives can provide

excellent within-die uniformity, while polishing silica abrasives can provide high

i4



5 second polishing step conprises, for exanple silica abrasives, such as
Cabot SS-25. This second polishing step, which has a high polishing rate,
renoves the bulk of the material layer 108. According to the second
enbodi ment of the invention, the second polishing step is controlled to
term nate near the interface between the oxide |layer 102 and the stop

| ayer 104embwdl re¢anPherefody, dier el c@fpiotionl of @kt 4e00n@ podhatd!Step, TR erial
10 layer 108 renmi ning over the substrate 100 surface is controlled to

about 0 tg $0QMnplitreko ofedll S58ER !is.ehigéi € @ritﬂﬂi—&i%'ﬁgpgwg diso indppRRar d”

polishing pad and a silica “4abrasiveS contal ning onposition can be

acconpl i a tivel.y high polishj rate, the secon ol i shing
Step of tArted b aFadwolifite dhie, BRbEY! Bl ofl oA BOROOBRHITG net nod
warrants a high thrgughpyt of the overall process. 15 [Q039] . Thereafter,
the thir anefg@‘gsraf tﬁée E%?%@Fﬁss@"é’bahﬁfla?fat?? AR SRiETRS the hlmpﬁﬁmoﬁt‘fps
perfornmed in step 303 to polish the remaining material layer 108 to forma
pl anafi z@einggufifedabrastvetiad das b avisimiged.udiencesthe iprotlérs of ivepolgding i ng
step, a fixed abrasive (FA) polishing pad is enployed. Further, a slurry
conposi t underpalyshiarg thatyis ofien benfrontdduigiecFA polighitigsprpedss $hi bgobiated, Whige t hi rd
polishing step enploying a FA polishing pad is 20 performed for a fixed
peri od Ofgldﬂﬂ@ﬁf@nﬂ?rthgﬁe\%dpm WeBRdingUb tRC AL stbh PlBtShE 3hd bal@ing 108 and
gl obal uniformty. [0040] In accordance to the second exenpl ary enbodi nment
of the pl.anarj zd . L.Sshi h nt, 1.nyent |

polishing w tdhgf(fg%gpégg?tég?‘%/dggﬁta rgf%l\r}lﬁg él%{]%];ttg?cﬁfeﬁ)t% glvél?lhanﬁfglﬁ %%@;ﬁ’?}f ormty,
whi | e poli %hi ng' sili.ca agbrasives can provide high 14 renoval rate.
Ther ef or 8MIYPRELATe AehieNSdn| ot i on of the second polishing step, not only the

t hroughput of the overall process is high, the within-die uniformty is
al solg npf@Addl. As previously discussed, the benefits provided by the multi-step planarizing .

and polishing method of the present invention can not be achieved by any combination

or sequence of the polishing steps.  For example, although a “typical” polishing step
using, for example, silica abrasives may provide a high throughput, completing the
multi-step polishing process with a “typical” polishing step will result in poor local and

15  global uniformities. Further, even a HSS polishing step using CeO, abrasives may also
provide a desirable oxide-to-nitride selectivity, a high removal rate deviation and a high

* removal rate drop suffered in a HSS polishing step render the HSS polishing step
unsuitable for completing the multi-step polishing process. However, it has been
demonstrated that CeO, abrasives can provide good with-in die uniformity, a high

20 selectivity shury comprising CeO; abrasives is adopted for the multi-step planarizing
and polishing method. Further, because a polishing step using a FA pad gradually
decelerates and results in a drop of the removal rate, FA polishing is not preferred as a

first polishing step. Instead, since FA polishing can provide excellent global

uniformity, Véompletin_g the multi-step polishing process is preferable as long as the

15



Further, the second polishing step is controlled by nmeans of an end poi nt
detection nechanism The thickness deviation of the wafers entering the
third polishing step 5 using a fixed-abrasive pad can be m ninm zed. Hence,

t he probl em of overpolishing or underpolishing that is often confronted in
a FA polishing process can be obviated, while global uniformty is

achi eved.wd#ecorwifag ubhi@ornfiey MU kveil- SonBRIIR ogss Znigingnde N pohitmgp st hod of
the present invention, inproved throughput, good | ocal planarity and gl obal

uni for m taj ﬁfﬁn;ﬁmh@v&@senmn{z&géﬁ] OVidBy %V IL ﬂf“%%“?r@“?h%naf g@ {tﬁgf' ts

provi ded by the ti-ste anar iz I ng an pr esent

i nvention t ved y nation ence of .the

pol i shi nd™% ﬁ% “(?h %ﬁgﬁl(@e Q&*thﬁ%ﬂ gbbjf’gp“it%’élafo{% &ﬁl%ﬁ’ pplhing i ng,
for exanpl e, S|I|ca abrasives may provide a high throughput conpl eting the
mul ti - st &FOGES i hi kil Dolishiag step th aahlet’fyﬁtecéﬁ&regoglphﬁu watosmaty. wibé Flesult in
poor local and 15 global uniformties. Further, even a HSS polishing step
usi ngs CeRligihng siepas preseded dy eifhenwi 8S polislsing atﬁpetoolmiod'elet the within-dee
selectivity, a high renoval rate deviation and a high renoval rate drop

suf f er ed unifornitiSEietddty HGypicapd [pbﬁﬂﬂﬂg step asiiiBFopetdngilé, RllicatabRisiveaui t abl e
for conpleting the nulti-step polishing process. However, it has been

demonst r ghRhck RloveREAhARIASINE acdamh@@v&@&d with-in die uniformty, a
hi gh 20 select|V|ty slurry conpri CeQ? abrasives is adopted for the

step usi 102 Eiﬁé’gt'ﬁ‘egatpﬁé‘t%t g'ﬂ'a%%“estﬂt Toh RS s TG bus PRANGRGR 87 1 he
renoval rate, lis i S not ferred as a  first pO|IShIn st ep.
| nst ead, vangtiogs n%t? g‘am git glec%wcwgvf Hie messeRt yeRtion wighgut dgparting Frmy |

conpletlng the multi-step polishing process is preferable as long as the
15 10 the scope or spirit of the invention. In view of the foregoing descriptions, it is

intended that the present invention covers modifications and variations of this invention

if they fall within the scope of the following claims and their equivalents.

15
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wafer-to-wafer uniformty is well controlled before entering the FA
polishing step. Accordingly, the present invention provides a nmulti-step
pl anari zing and polishing nethod, wherein at |east one of the |ast
polishing steps of the multi-step polishing process is a FA polishing step
to achieve the desired global uniformty. The FA 5 polishing step is

preceded WHALP idei AfnviEPSIol | shing step to provide the within-die
uniformty, followed by a "typical" polishing step using, for exanple,

silica abrasives t NARGE.L O | thrﬁﬂg t of the process or vice
versa. [0042] Itsl'w%?ﬁﬁe épgg%d}%g}%gg e(Bl‘r'lsoedcs I }gg%'i n the art that various

nodi fications and .variatjons can be made to the structure of the present

i nvention w t hod¥?d gratsphﬁra?er]gﬂxﬁng@p]pwglt%e&%te aéfﬂ“ﬂrlef; of the invention.
In view of the foregoing descriptions, it is intended that the present

i nventi on cover JORMpAE Ringderiab ryeneier g yulstraip sndthemaitemedifeereson i f t hey
fall within the scope of the followng clains and their equivalents. 15 16
VWHAT I5S CLAI MED pldsariding Ahginateainl ayegwihd firel pclishing shertyheoherising atslessy :
providing a substrate having a plurality of patterned features; formng a
materi al dimyedbra¥@s; t he substrate and the patterned features; 5 planarizing
the material layer with a first polishing slurry conprising at |east

he mterial Tayer fith a | ng . least
S urry compri o Ruar PR dhg bl TR Al Tl APl Quer SRR E S 10

final pl al@?s@b%a@%'(&rﬁugofi%a ratSI%reé;al | ayer wwth a fixed abrasive

continuing to a final planarization of the material layer with a fixed abrasive
10 pad, wherein a remaining thickness of the material layer entering the final planarization

of the material layer is controlled.

2. The method of claim 1, wherein the step of planarizing the material layer
with the second polishing slurry is controlled by an end-point detection system.
15
3. The method of claim 1, wherein the step of planarizing the material layer

with the first polishing slurry removes a bulk of the material layer.
4. The method of claim 1, wherein after the steps of planarizing the material
20 layer with the first polishing slurry and the second polishing slurry, the remaining
thickness of materjal layer is about 0 to 100A.
5. The method of claim 1, wherein the step of planarizing the material layer

with the second polishing slurry is performed before the step of planarizing the material
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10 pad, wherein a renaining thickness of the material |ayer entering the
final planarization of the material layer is controlled. 2. The nethod of
claim1l1, wherein the step of planarizing the material layer wth the
second polishing slurry is controlled by an end-point detection system 15
3. The method of claim1l1l, wherein the step of planarizing the materi al

| ayer Wik rtMQ,ﬁlbﬁﬁgthpgﬂimlﬁgy_sl urry renoves a bulk of the materi al
| ayer. 4. The nmethod of claim 1, wherein after the steps of planarizing the

material 20 layer with the first polishing slurry and the second polishing
slurry, the remaining thickness of material |ayer is about 0 to 100A. 5.

The nmethod of claiml rein.t te f planarizing the terijal |ayer
with the second%olﬁ“g i %sq%llf?ql?f‘hféﬁﬁﬁ? @?eh’g%? %@?lf’)‘?a@zﬁw&ﬂ%f'&“@i ldjer
planarizing the material 17 layer with the first polishing slurry. 6. The
met hod ofVigh Byedirs) poliphing lyrry hecaptreBed by g spdnointidgigciiomemadeBisial | ayer  with
the first polishing slurry is controlled by an endpoi nt detection
mechadism 5 7. The nethod of claim 1, wherein the patterned features
conprise trench isolation structures. 8. The nmethod of claim1, wherein

the final planari zght efetidd dhelaist eiwhatein He paaealedWedthret REniprixe depdll asi ve
pad conprises a control of polishing tinme to avoid overpolishing. 9. A

pl anari zi;QgaicaReikshi ng nmet hod conpri si ng:

8. The method of claim 1, wherein the final planarization of the material
10 layer with the fixed abrasive pad comprises a control of polishing time to avoid

overpolishing.

9. A planarizing and polishing method comprising;
performing a first polishing step with a first slurry composition comprising at
15  least silica abrasives;
performing a second polishing step with a second slurry composition
comprising at least CeO, {Cerium Oxide) abrasives, wherein the second polishing step
is controlled by an end-point'detection mechanism; and
performing a third polishing step with a fixed abrasive pad.
20
10. The method of claim 9, wherein the first polishing step is performed using

a “standard” pad without embedded abrasive particles.

11. The method of claim 9, wherein the second polishing step is performed

18



performng a first polishing step with a first slurry conposition
conprising at 15 least silica abrasives; perform ng a second polishing
step with a second slurry conposition conprising at |east CeQ2 (Cerium

Oxi de) abrasives, wherein the second polishing step is controlled by an
end- poi nt detection nechanism and performng a third polishing step with a

fixed abrasig/e“patlard’3AdiBtholibeémb@ides db@kive haiided, wherein the first
polishing step is performed using a "standard" pad w thout enbedded

abrasive particles. 11. The nethod of claim9, wherein the second polishing
step is perfornmed 18 using a "standard" pad w thout enbedded abrasive

particles. 12. e t foclaim9, ,wherein.the third polishi step is
performed wt hligt T@?u‘?‘?‘g‘."?@f fﬁf‘mg\b ,p}’vgﬁrg}ni %ent&lrgr%ﬁlgfblpgsgﬁqpn]ﬁ ngaglgﬁa
conpri si n‘g; erformng a first polishing step with a first slurry
conpositi it ¥sing at |east CeO2 abrasives; performng a second
polishing step with a second slurry conposition 10 conprising at |east
silica abrasives, wherein the second polishing step is termnated by an
end- poi nt detection nechanism and performng a third polishing step with a
fixed abrasive (dadA plafaridihg an®pblixthigf methad odhprsingter ein the first polishing
step is perforned
performing a first polishing step with a first slurry composition comprising at
least CeO; abrasives;
performing a second polishing step with a second slurry composition
10 comprising at least silica abrasives, wherein the second polishing step is terminated by
an end-point detection mechanism; and

performing a third polishing step with a fixed abrasive pad.

14. The method of claim 13, wherein the first polishing step is performed

15 using a “standard” pad with without embedded abrasive particles.

15. The method of claim 13, wherein the second polishing step is performed

using a “standard” pad without embedded abrasive particles.

20 16. The method of claim 13, wherein the third polishing step is performed

without slurry.

17. A multi-step planarizing and polishing method comprising:

providing a structure having a nonplanar surface topography;

19 .



15 using a "standard" pad with w thout enbedded abrasive particles. 15. The
nmet hod of claim 13, wherein the second polishing step is perforned using a
"standard" pad wi thout enbedded abrasive particles. 20 16. The nethod of
claim 13, wherein the third polishing step is performed w thout slurry.
17. A multi-step planarizing and polishing nmethod conprising: providing a

structure havi ngriyriiipk Pd&éﬂmlﬁoﬂiaﬁiﬂFts&pQ%tﬁﬂﬂﬁ;djﬂ'&etﬂ%[ﬁrgféﬂn%sﬁionb,eas'[ t wo
polishing steps with two different slurry conpositions, wherein a renoval

rate of @Rl a -LIENPOF Uil BLE pati i SARSE hiehBP iR Har 8F alRngt het

polishing step; controlling a remain ess e structure at an
end of th ;o e5_po| i shing steps; and performng a final polishing step
with a fPXEE&TRE ve pad. 18. The nmethod of claim 17, wherein one of the

two slurry conpositjons conprises at |east CeQ2 abrasives, 10 19. The
met hod of cl ai rﬁomfmﬁ%ﬁe% dFRAgHE Hrclngss ohghs | stuetpre ghpgsend ghshe dRpri ses
at least silica abrasives. 20. The nethod of claim 17, wherein the two
pol i shi npplishingsstapsieandi f f erent 15 pol i shing pads. 21. The nethod of claim
17, wherein the two polishing steps use a sane polishing pad.

performing a final polishing step with a fixed abrasive pad.

18. The method of claim 17, wherein one of the two shurry compositions
comprises at least CeO, abrasives.
10
19. The method of claim 17, wherein one of the two slurry compositions

comprises at least silica abrasives.

20. The method of claim 17, wherein the two polishing steps use different

15  polishing pads.

21. The method of claim 17, wherein the two polishing steps use a same

polishing pad.

20 22. The method of claim 17, wherein the two polishing steps use a

“standard” pad without embedded abrasive particles.

23. The method of claim 17, wherein at least one of the two polishing steps

is controlled by an end-point detection method to control the remaining thickness of the

20



20 22. The method of claim 17, wherein the two polishing steps use a
"standard" pad w thout enbedded abrasive particles. 23. The nethod of claim
17, wherein at |east one of the two polishing steps is controlled by an
end- poi nt detection nethod to control the remaining thickness of the 20
structure. 21

structure.

21



