6 AUGUST 2003 CHEM CAL MECHANI CAL POLI SHI NG PROCESSES AND COVPONENTS
Background The present invention relates generally to chgrﬂ'@ IugaiEQ i cal
pol i shing of substrates, and nore particularly to inprovenents 1n chem ca
nmechani cal polishing processes and conponents. An integrated circuit is
typically formed on a substrate by the sequential deposition of
conductive, sem conductive or insulative |layers on a silicon wafer. One
fabrication step involves depositing a filler |ayer over a patterned stop
| ayer, and planarizing the filler layer until the stop |ayer is exposed.

For exanpl e, aummdwsl MeeHANTL [rdY86HTRY PROCHERAS! Aﬁﬁﬁ@m@or@é&&fse;grEd

insul ative stop Tayer to fiTt thetrenches or hores T the stop—ta

After planarization, the portions gf Ehe cogductive | ayer remai ning
between the raised pattern of the i | ayer formvial, plugs and

lines that pr@hedpreerductinvenpabhsrbeaveengeéhenallymeidkanicgaion the

substrate i 1ani.cal polishin CVMP) i,s one accepted _nmethod of
planarizapﬁgﬁsg#ﬁgg gﬁggggﬁggtPgngﬁé?h5%?é§pi af | §Ore RpF T ATEY (te

subst r at e ippreveneatisonnachamicel mechanitshipgl herthg Theosdesedngur f ace
of the SUQ%%@%B@nE@. pl aced against a rotating polishing pad. The polishing
pad may be either a "standard" pad or a fixed-abrasive pad. A standard

pad has a duraBReinbeghened sirtait, isheypisahlyifetvedsasd wipadatas
2 Cont 1ol 2ot oe) SagUeheia? AsBORIEAORE e RRSu Syt AR REE net
t he pplisHPﬁ&laB&H?-1AYSBFi§ﬁiﬁgséﬂ&¢®yzwaﬁcrudim@eaﬁabm&pﬁtﬂmmes&h@nicalIy-
SRR bt R T e
/ yer until the stop layer
is exposed. For example, a conductive filler layer may be
deposited on a patterned insulative stop layer to fill the
trenches or holes in the stop layer. After planarization, the
portions of the conductive layer remaining between the raised
pattern of the insulative layer form vias, plugs and lines
that provide conductive paths between thin film circuits on
the substrate,

Chemical mechanical polishing (CMP) is one accepted
method of planarization. This planarization method typically
requires that the substrate be mounted on a carrier or
polishing head. The exposed surface of the substrate is
placed against a rotating polishing pad. The polishing pad

may be either a “standard” pad or a fixed-abrasive pad. A
standard pad has a durable roughened surface, whereas a fixed-
abrasive pad has abrasive particles held in a containment
media. The carrier head provides a controllable load, i.e.,
pressure, on the subatrate to push it against the polishing
pad. " A polishing slurry, including at least one chemically-
reactive agent, and abraasive particleé if a standard pad is
used, is supplied to the surface of the polishing pad.
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6 AUGUST 2003 An effective CWVP process not only provides a high polishing
rate, but also provides a substrate surface which is fi niGSRﬁ%Uéﬁgb%
smal | -scal e roughness) and flat (lacks |arge- scal e topography). e
polishing rate, finish -and flatness are determ ned by the pad and slurry
conbi nation, the relative speed between the substrate and pad, and the
force pressing the substrate against the pad. The polishing rate sets the
ti me needed to fJbl9iia 1 FMP Berenass inadequat erfdvaideess hagd finish can
create detgsliseispbsdtaf esut S i f Ql.ishi ng pad apd slurry
conbi nat i o?gi s ue'ssfjjjahlt di ct at e%ﬁ%yedlﬁﬁ}el%q% rsi(@ahé3 RS Sél%(gpafcleaf’ﬁégs. & ven
these constitFHed HoFnahl rifalere e a) o aachifdee tHeckeqliargd-
finish andscdlattrgssg ¥ he i g t of, t s. A
recurring $r oblemin, ﬁ;{s so-caIIfBe!Ld éﬂc% shi ng‘%'i %f%trﬁlé]:‘% %{gls??g?égé rface.
Speci fi cal %% TEEHEL R iy ad andgdeway, comdipetiioon thet helativer

| ayer bet veseed Hes e dehar &ass OfatdeRatde, Ned SR lrayer B§Qs$§n
overpolis ng concave qfﬁere55| ons i'n the substratersurtace.

reati {
Di shi ng cgﬁ%ﬁ eht esﬁ'lt%te SRt HiindfdtabiThe polilphdgoarete eekeuthe
fabricati onime awerdat tps qeebielyi€l khyedumMiataulde QPG (RSRAGEE: f%Q@nEQge”t I on
nmechani cal polishing a substrate having

is directe st h of _chem
a filler %{‘%gﬁ&%oés)aga %%e%%tcg%ﬁ%ﬁ Substretesyhsde erdestbenrafea s
ot ol Urge Wi Ls i he o1 oRL At 1 O P " e
irst slurgye ; S.a east partially exposed. en e
substrate is chednjilca(?%Ha %e@ﬁ%n?%ﬁ# fp}oaitlnsehsgd weE R §k}F‘Fep5PP§HFﬁ§nb%d and a
second s|the podidhnes: iane owerdeskltecthichiileyet e taguiiirbat fShusRYandntil,
the stop |Eyfindss SIS aAtd Hd Y enent at i of the_invention
may include one or nore of the1¥o| @##ér\g@gt %eg.%eAgg@e?EB?EaE\ﬁal or
| ess than A recurring problem in CMP is so-called “dishing” in the

substrate surface. Specifically, when the stop layer is

exposed, the portion of the filler layer between the raised

areas of the patterned stop layer can be overpolished,

creating concave depressions in the substrate surface.

Dishing can render the substrate unsuitable for integrated

circuit fabrication, lowering process yield.

Summary
In one aspect, the invention is directed to a method of

chemical mechanical polishing a substrate having a filler
layer disposed on a stop layer. 1In the method, the substrate
is chemical mechanical polished with a single layer hard
polishing pad and a first slurry until the stop layer is at
least partially exposed. Then the substrate is chemical
mechanical polished with a soft polishing pad and a second
slurry which has a lower selectivity than the first slurry
until the stop layer is subgtantially exposed. ,
Implementations of the invention may include one or more
of the following features. A pressure equal or less than
about 5 psi, €.g., lesa than 2.9 psi, way be applied to said
-2 .




about 5 psi, e.g., less than 2.9 psi, may be applied to said - 2

AUGUST 2003 substrate during polishing. The first slurry &qy
selectivity greater than about 20:1, and the second sl urr?‘ﬁg %ggog

selectivity |l ess than about 6:1. The system may sense when the stop |ayer
is at least partially exposed and when the stop |layer is substantially

exposed Wlt p i.nt_detect The_single | ayer hard polishing pad may
conpri se po‘]1 yur e%'gancg rnmg ébor%&sqq\/‘é“%ar tihg dd xSk eddEdYl My Ravei k. The
filler |ayzeleqmivibey agmuadr a:ﬁdart hebsitopd Ay eanBy hle sacohdl 8etfte may

mat eri al . r | ay may. beaflrst dielectric and
the stop Ilg%/%? ??%yi%%%dgﬁl cﬁ:frﬁzn rf’g?oéﬁ L.| dhgnSYREEMaBBECEENERe

i n\ée{ltl ton l’gj\/@ltﬁ&t%‘ﬁﬁ olafemetlfsmht o]feaeitgrpa&&]zalmfyha&p%bdp_?_ﬂashhﬁgt@h?
substrate i osed o 0 e . substrate is
chemical nec gﬁca% oleslgl'1 t?ﬁq{%%lips’?%s nﬂ% a'ﬁﬁi I%Br 8¥‘§8P|15‘ﬁ| dgteateand a
f ihr st ﬁl urfhe yhingle )sqlbﬂialm%/@o]n&‘}amgflﬁmi aiatylha(kj)h\prleat prWrgmﬁP@ﬁﬁd
Then t he j ed w pol i shi ng
pad and a%%i%%ﬁé%tfrg % aﬁé %@%&%ﬁéﬂ ?el'"@%fﬁl?fl tytrFﬁaﬁlﬂwﬁr ff'?)é?r
slurry. | gt %rﬁtwalasip‘éi:ttha fed- A vientero maiys bei aedﬁedebomc met hod of
over ol o LR IRl AR R S TR TP ndRRRE A R e han: cal

over alozﬁ %g/er In the nmeth stra

pol i shed iiet e an gdie siiary lsater tii%e 2o Becked gmbn.ehtngcpmitémyahg at
| east a first irayﬁotme&p AN e of nd I eflrst ayer
bei ng har de t.han. tkf/}m se I ayer Thgrﬁrﬁeggugstgé?gbfég ?h&?
mechani cal® i EhP G7di ®@qldyR@rinsard Subéhrehﬁnbaang ihénllére

substrate l&yd‘leidmse‘da(thﬁm @lop RQlyexhed ‘IWet Quﬁs&?h{:g ggl bfé@l‘nﬂgalsad The
third polishi S S fter than the sin
| mpl enent a |ons égiiPo ﬁf dﬁhhﬁyﬁﬁﬂﬂ ayﬁg éﬁrﬁnpellShlng pad and
a first slurry untll the stop layer is at substantially
entirely exposed. Then the substrate is chemical mechanical
polished with a soft polishing pad and a second slurry which
has a lower selectivity than the first slurry.

In yet another aspect, the invention is directed to a
method of chemical mechanical polishing a substrate having an
‘upper layer disposed over a lower layer. In the method, the
substrate is chemical mechanical polished with a stacked
polishing pad, thg stacked polishing pad having at least a
first layer disposed on top of a second layer, the first layer
being harder than the second layer. Then the sgubstrate is
chemical mechanical polished with a single layer hard
polishing pad. Then the substrate is cﬁemical mechanical
polished with a third polishing pad, The third polishing pad
is softer than the single layer hard pad.

Implementations of the invention may include one or more
of the following features. Polishing with the stacked
polishing pad may stop when the lower layer is partiaily
exposed. Polishing with the single layer bard polishing pad
may stop when the lower layer ig aubstantially entirely
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of the following features. Polishing with the stacked polishing pad may

stop when the lower layer is partially exposed. Poli shi ng %gg ? (g# ngl e
| ayer hard polishing pad nay stop when the |ower |ayer i tan ?

entirely 6 AUGUST 2003 exposed. Alternatively, polishing with the st acked
polishing pad may ends when the | ower layer is substantially entirely
exposed. Polishing with the stacked polishing pad may be perforned with a

first slurdypodea. Smlﬁﬁr‘ﬂbthvteh?r SF'&%%h' ?1& bi tﬁaEHepQ&éﬂe%&g%&g

per f or med w{{h a second slurry slurr
sel ecti vi tRAG i £1dsc yhen §Ih§r rPWeFfolllaangSwsuhBt:hets«ahl:kednqanteab)hl ng pad

and the sipgerd.ayex m@hl shi r iy slurry,
e ol1aehi 8 mtw@h@}éé&%h@@ %8?,5.‘?91#; é:nt?h . ¥ She

polishing with the saft poli shing or e second

slurry, amFRiFRsd &t Grrfﬁrﬁé'ysﬁék?é‘}’a E’P@héglngeWébhl‘Vh@yaxm@lﬁal%)e%ﬂond
sl urry. Thest gl draver padl sl B pRadoRRikal DSLHOSS.A06AS YELPAFL | S16S

Pot ent i al d:} gua es .t hat mag, e seen_in i ement at i ons i nvention
may inclu SHorEYoMayhBams pokiager BRSAFREVI BY t Heas ubst¢errd
surface meylery.edredd shingl wiichat-ee, sth@:@@bﬁowﬁﬁ?ﬁé'%&d PEOgeSse Vi €l d.
ConS|stentIy Iowvmthln non-.uni f oy m be achi eved. Erosion of

t

the stop ‘elz{%lr n'aavelfeppéaﬁgéﬂg RaghMaxeper PPFEPr‘I“QQe‘t’l%yab%l{%t‘ed

t her eby der;lnaas/r,n@dlhe:hpnlgl s:lilthgthlen&o@&dpbm%g@ﬁgngaahﬁa thE QpaPiiimR{ the
CIVPappaquL& T@%t%% t % )‘{m%] B& a |longer period of tine,
thereby inproving the sd dre fri hflKFF F B§de%¥o%%ﬁ%sa§?@%%o

appl i cabl esetloacsmvz@lypthan ansk€opdodlatirgn fahef oingléd f BApat slevi gigtnd 0. 25
m and be%ﬁHHanJyaﬁgfcﬂﬁdEEOQb%%ﬁQ,Brg §F5_Ft0 menory to anal og devices

fe

havi ng di ent’ pattern densitres Batures and advantages will be
appar ent from thetentdploafingngageni phatnmaynbeusean iheimp bamagsaanths

cl ai ns. of the invention may include zero or more of the following.
Dishing in the substrate surface may be reduced or eliminated,
thereby increasing process yield. Consistently low within
wafer non-uniformity may be achieved. Erosion of the stop
layer may be reduced. A thinner filler layer may be used,
thereby decreasing the polishing time and increasing the
throughput of the CMP apparatus. The substrate may be buffed
for a longer period of time, thereby improving the substrate
finish. All these approaches are also applicable to STI CMP
in an IC production fab for different devices (0.25 m and
beyond) ranging from microprocessor to memory to analog
devices having different pattern densities.

Other features and advantages will be apparent from the

following degcription, including“the drawings and claims.

Brief Description of the Drawings
FIG. 1 ip a schematic exploded perspective view of a
chemical mechanical polishing apparatus.

FIG. 2A is a schematic cross-gectional view of the first
polishing station of the CMP apparatus of FIG. 1.

FIG. 2B iE, a schematic cross-sectional view of the second -
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Brief Description of the Drawings FIG 1 is a schematic expl oded
perspective view of a chem cal nechani cal polishing appargaAyss ?D %A IS
a schematic cross-sectional view of the first polishing sta |on 0 ?
apparatus of FIG 1. FIG 2B is a schematic cross-sectional view of the
second - 4 6 AUGUST 2003 polishing station of the CVMP apparatus of FIG |I.
FIG 2Cis a schematic cross-sectional view of the final polishing station
of the CIVFP%]pJp%tlf‘h‘tlﬂuss"eq‘tWrGOfl the @MQBp;mzaau‘dsoWEleag;r am.of a three step

CWP polishing proecess.id! fl.0o ramof a.two

pol i shi ng Cﬁ pcess. FI GlS %ﬁ%ﬁe%%e%c trlé)élg s&AE R4 tg‘feg%\gnﬁ} a
substrat e PPHESRIRT | FLRE RN mf Hdwe MR mpmm Olfn‘FEGt.l an. FI G 4is a
graph depictingritde pxide/Digrdg I t nctl

percentage of active area forldl’ 0333‘% :‘1 ay &e’l \'7"| § ST P ééSﬁﬁ‘%s 5A

and 5B ar @ IpHE- depicting nitride erosi on and oxi de d| shi ng,

respectively, ima¢he2B04 %tﬂwfdfelqiraﬁﬁ%?f d %g)oogggg Pfg mlfe tyre size

of equal |ine and equal space as unction o §/n9romthe
active /fiRtTY¢%HF®a edge. FIGS. 6A and 6B are graphs depi ct| ng di shing for

| ow and hi gh sei@S!i3A{IE Ll rd @famd 8P e d el fyonctionc-of the
remai ni ng é’ﬁtéé de t hickness for 1000 m and f Os)éCtﬁgngl g?‘é 7O|fs£a gr aph

depi cti ng Ttans AeF os ghng Stethpst efs the Bnﬁsedgelexehusonn FI G
8 is a graph depi@tihgid ielogkaphi dﬂaﬂlfbtﬁ‘ﬂge%%eaBSdeWri‘ﬁe sbyasction: g)?

waf er nuntgg en run. FIG 9 is a graph depicting remarnin
nitride thlcﬁ%@%ﬂ%:ﬁﬁ%1cﬂ?%he percentage of a%tlee axga for low and
high selectivity slurries.

FIGS. 5A and SB are graphs depicting nitride erogion and
oxide dishing, reaspectively, in the S0% active/field area
region of 1000 m feature size of equal line and equal space as
a function of the distance away from the active /field area
edge.

FIGS. 6A and 6B are graphs depicting dishing for low and
high selectivity slurries, respectively, as a function of the
remaining nitride thickness for 1000 m and 400 m space.

FIG. 7 is a graph depicting scans across 200 mm diameter
wafers at 3mm edge exclusion.

FIG. 8 is a graph depicting field oxide thickneas and
WIWNU as a function of wafer number in an extended run.

FIG. 9 is a graph depicting remaining nitride thickness
and nitride thickness range as a function of wafer number in
an extended run.

- FIG. 10 is a graph depictiné remaining nitride thickness,
field oxide thickneas, and actual polishing time at the end
point as a function of wafer number in an extended run.

FIGS. 11A and 11B are Pre- and Post-CMP crosé—seqpion
scanning electron microscopy (SEM) micro-graphs for SACVD
oxide fill and HDPCVD oxide fill, respectively.

FIG. 12 ig‘a graph depicting oxide remaining in the field -

_5__



and nitride thickness range as a function of wafer nunber in an extended

run. FIG 10 is a graph depicting remaining nitride thickge } oxi de
t hi ckness, and actual polishing tine at the end point as%ﬁﬁ’r"r'c%tgéﬂ%f

waf er nunber in an extended run. FIGS. 11A and 11B are Pre- and Post-CWP
cross-section scanning electron mcroscopy (SEM m cro-graphs for SACVD

oxide fill i fill, respectively. - FIG ,12 is a graph
depi cti ng %%%egﬁ%%%&ggﬁ (%%eﬂ?ef dFs Phod 1¥red 88 35E6RCti on of

the percemdpesetdacingd pokkshiner Tresdjdist Bdritmedimels skipreseibe
different gUfyE€SehEPHLESE ggla% rent., pal i shing, pad type .and speed

conbi nati ons. FI?Q E}%@i _s&tzlam %&Jégalectalrhég spﬁea%%\rcf%l%é@%llo@ﬁgt h as a
function of nmenbi@nelpredsurerdph dififerion piodrashizyg ipad leygeh asdaspeed
conbi nat i opgncOEbARI bEAMERSEL L] reing,to FlIG,. 1, .Qne .or nore
substrata's 10 will be polis ebdlc%yﬁ:zfegh%drﬁ (;qjalltoﬁ%rcehnatnip(?&llsg‘&f‘?sﬁﬁﬂg 245572
appar at us 2@ SPegdsePTpindhieis a sinilar polishing apparatus 20 may be
found in U S. Patent No.- 5,738,574, the entire disclosure of which is

incorporated herein by reference. Polishing apparatus 20 includes a series
of polishing stations, includiBgtaitedsPeporiphioy station 25a, a second

pol i shing statrR@pegebngary mrdi nal ishi st akl C, sand.a.tyansfer
station 27. Tr%lirll%gér st%ti on, 2é7 ?gr\?ggnﬁ]t%ee %ﬂ%ﬁaﬁ%‘é, 16i ﬁé%d?’ﬁg
recei vi ng PAHI SR aPY stibdiemical meghagricall qudiiahingp&ME) usppavatskown)
washi ng t heo substdesesipt tadid® 4 S mi A& { '

receiving the éubstﬁa%zps from the (gn;?'lr%&zrﬂdhaéla sl%g%?%gttﬁ%eagﬁﬂgﬂ gtees

agai n, and $TRAITY, U P+ AR iRy thed Wikthattde mrﬁogﬂiﬁélpé'au?ngf
appar at us.wigheh ps| istorgpsitadd drerdit] Ue s eF dr@lidlaabl eolhiahefg30 on  which

I's placed g,poldShi 9o PR 1 JASs T Ml ;L 5¥a§gyishing stations,
including a first polishing station 25a, a second polishing
station 25b, and a final polishing station 25¢, and a tranafer
station 27. Transfer station 27 serves multiple functions,
including receiving individual substrates 10 from a loading
apparatus (not shown), washing the substrates, loading the
substrates into carrier heads, receiving the substrates from
the carrier heads, washing the substrates again, and finally,
transferring the substrates back to the loading apparatus.

Each polishing station includes a rotatable platen 30 on
which is placed a'polishing pad. The first and second
stations 25a and 25b may include a relatively hard polishing
‘pad 100, whereas the final polishing station may include a

relative soft polishing pad 110. If substrate 10 is a “gix-

t?

inch” (150 millimeter) or “eight-inch" (200 millimeter)
diameter disk, then the platens and polishing pads may be
about twenty inches in diameter. If substrate 10 is a

‘“twelve-inch" (300 millimeter) diameter disk, then the-platens
and polishing pads may be about thirty inches in diameter.
Each platen 30 may be a rotatable aluminum or stainless steel
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stations 25a and 25b may include a relatively hard polishing .pad 100,
whereas the final polishing station may include a rel atl hi ng
pad 110. If substrate 10 is a "six- inch" (150 mllinmeter) %rﬁgdg-g%tbbgn h"
(200 mllinmeter) dianmeter disk, then the platens and polishing pads may be
about twenty inches in dianeter. If substrate 10. is a "twelve-inch" (300
mllimeter) dianeter disk, then the-platens and polishing pads may be
about t hi rsxlyatiencdmmeiqte«ﬁ amebeplatBachrphat @3} Mavtbehéw Ot at@bt Gnost

al um num t 6 Al 003 ate connected to | aten drive
not or (no?; ssig‘l c??:te%%s?ts’ E{%J?E ﬁﬁ“pfi&}é(?s %OFhEOE)?%?%rPa]d%% Hdt or
rotates plad e,trhlaﬂiy & tthvior mndmedmehuﬁldlt&danrse\p@rumuﬁ%e ped1th

al t hough hurly Yy m&%g%c rr%tt"%'i:'lgﬂ% gggggsc e use Each pol i Shl ng

station 25a, 25b an al’'so inc i wedUEF rry/rl nse arm 52a,
52b and 52c, r@sﬁ@tmq@s;hmghatatppuj abts QGer ahlde2assa)b$catﬁ®b1midssm ng pad
sur f ace. Fa%‘ic{?o Igdjrsrlyjrr ar32cC | ude two_or r

supply tubes l54a and 54b cg%r%glg e ?% agg%ur?l% §2FI v’é?@pes%][ X'o%}b%/row de
two or moPESIafts yero thiee a§§pﬁaeeedf pbﬂesbalnlgs padgsupbace | N Wyt at i on,

S0a 1 2680?%15%.’%5’ (R 364 5920530020, IR y VRO B, RSy FRLLPTA AR U Y
52¢ may s&pH % 15 @dgh4porraneaged! ber g S0burty ﬁeﬂ:aVenolsysﬁumg tsd ati on

25c. Typi \}m Sd o S o] e Y entire
pol i shi ngp%%d : ch sl ur ??’}rﬁ Eg(é&)aé#ng 26 \é?@ %ngaggngf %ﬂg seve 1h]%%pr ay
'sh

nozzl es ( PR HOBPOS‘PH‘él&ethéHrMémuﬁé ArmSeSa arivk §31 irsdy ng

pad at theuppdyofa fdefst pohiishing andregndoki @R %aq} ng
station 222‘(51 %‘:b ur?ﬁ’er1 i clgu %?asgom gt gglggﬁhg%n 1t chrg% 2%5
r'ot

appar at us erlfialatfl‘ miPFPLREGdS LUFbY{Eings ?§ms§|%f1‘odﬁ)écﬁ‘~aliﬂ\bé & he
pol i shi ngsecaribmelighiagcettierypssb 68 @ndalspbeighesytheleidh 2s5c.

Typically, sufficient slurry is provided to cover and wet the
entire polishing pad. Each slurry/rinse arm 52a-52c¢ also
includes several spray nozzles (not shown) which provide a
high-pressure rinse of the polishing pad at the end of each
polishing and conditioning cycle. Each polishing station 25a-
25¢ may further include an associated pad conditioner
apparatus 40.

A rotatable multi-head carousel 60 is supported above the
polishing stations by a center post 62 and is rotated thereon
about a carousel axis 64 by a carousel motor assembly (not
shaun) . Carousel 60 includes four carrier head systems 70a,
70b, 70¢, and 70d mounted on a carousel support plate 66 at
equal angular intervals about carousel axis 64. Three of the
carrier head systems receive and hold substrates, and polish
them by pressing them against the polishing pads on the
platens of polishing stations 25a-25c. One of the carrier
head systems receives a substrate from and dellvers a
substrate to transfer station 27.

Each carrier head system 70a-70d includes a carrier or
carrier head 80. A carrier drive shaft 78 comnects a carrier -
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about a carousel axis 64 by a carousel notor assenbly (not Bynum
Carousel 60 includes four carrier head systens 70a, 70b, ﬁpﬁﬁd i(g:g
nount ed on a carousel support plate 66 at equal angul ar p 52 ut
carousel axis 64. Three of the <carrier head systens receive and hold

substrates, and polish them by pressing, them against the polishing pads
on the platens of polishing stations 25a-25c. One of the carrier head

systems r elmeem&elsotaatsidastrﬁ@dcer f?@”@sﬁﬂﬂvrﬂfﬂy H4{eS t?sgrfagﬁet §u5£@g§f Sk
station 17 ggirler fgﬁ stem 70a- 70d | ncl ude Fror carrier
h

head 80. A carfiercdrives B Eoirisdt dhead K% |3é>r t@iﬁal)?S\UGEIQJII o@oBifrad

rotation netad g% ccahomddgertdmﬂﬂ@rrmo&hté)famﬁ& qud beh akisa cppousel
0 89 t.hat head 80 can

cover 68) f er rrle

i ndependent yﬂ?{o tlél’te a ou(fa e \/9?3:9)(% afiton, lakekaédyri er head 80
i ndepender®$gil kel iy a osridlatedst m2a ﬂo&die@i i¥l @aréddskOr BBPpbAL car ousel
support P%@e% The carrier head 80 perforns several functions.

General ly, e carrier head holds the substrate against the polishing pad,

evenly distribufhs gamwmmaaqarmsmoa«afsoss%vetzﬂq Faaktsgpbace of the
substrate,gdg haft to the substrate, and

S driyve
ensures that %ﬂﬁgjbs%%t%éemfdloes g’l 1[518 o SobebEAESt AgeRSeaF e er head
during pdPekighigne peadht |m1ﬁhharra:r1MIesheadoﬁﬁwﬁEM pRekbGee aaéi-@%é bl e

nerbr ane r trate receivin ace.
descripti gﬂ%fbf}gﬁ%ﬁg]ﬁeﬁpgﬁ?r‘?ﬁr C‘1.'h rgggs §r5‘851f86ﬁhv‘|?:ﬁg‘ﬁ!gu£r°‘?’a'f%%t

Appl i cat i FHFS8 i#hafo. tCDS'ﬁB?GFLQBU—raéml ahddeAsGABRI ERat HEAD MiPst et EXI BLE
MEVBRANE R A IQH.EMl%- d@%n@ﬂene ; §%N§a§¥§£§'\4ﬁfl | d My 21, 1997,
0

by Steven M. Zyni ga al,., assi gne e assignee o esent
i nvention, ?]Hés%lg% Fée’{ﬂtsl(ﬂrb"sure of which is incorporat ed her ein by

The carrier head 80 may include a flexible membrane (not
shown) which provides a substrate receiving surface. A
description of a suitable carrier head 80 may be found in U.S.
Patent Application Serial No. 08/861,260, entitled A CARRIER
HEAD WITH A FLEXIBLE MEMBRANE FOR A CHEMICAL MECHANICAL
POLISHING SYSTEM, filed May 21, 1997, by Steven M. Zuniga et
al., assigned to the agesignee of the present invention, the
entire disclosure of which is incorporated herein by
reference.

Referring to FIG. 2A, an aperture or hole 34 ia formed in
each platen 30 and a transparent window 36 is formed in a
portion of polishing pad 100 overlying the hole. The
transparent window 36 may be constructed as described in U.S.
Patent Application Serial No. 08/689,930, entitled METHOD OF
FORMING A TRANSPARENT WINDOW IN A POLISHING PAD FOR A CHEMICAL
MECHANICAL POLISHING APPARATUS by Manoocher Birang et al.,
filed August 26, 1996, and asgigned to the assignee of the
present invention, the entire disclosure of which is
incorporated herein by reference, The hole 34 and transparent

window 36 are positioned such that they have a “view" of



reference. Referring to FIG 2A, an aperture or hole 34 is forned in each

pl aten 30 and a transparent window 36 is fornmed in a port.i i shing
pad 100 overlying the hole. The transparent w ndow 36 nm %QGEI&-Pﬂ)QJit ed

as described in U S. Patent Application Serial No. 08/689,930, entitled
METHOD OF FORM NG A TRANSPARENT W NDOW I N POLI SHI NG PAD FOR A CHEM CAL
MECHANI CAL PCLISHING APPARATUS by Manoocher Birang et al., filed August
26, 1996, a aSS|gne o the assignee of the present i nvention, the

entire di stHo¥rd ofl Wi PRRS 2 | 5oy &tfed heerdiat ews resftartdiee. The hol e

34 and trahepardites WMNAa 36 40314410 at.pLh "view
of 6 AUGU T 2003 s%strate 10 duri n( géplo?)ﬁ%on %‘ iol%ettg]te ?é%pgxr?% ation,
t

regar dl ess Po’? 1 heé* thafRsl ARGl e PIRE 1o P Dot g Heoasieds biedgw héatien 30 aser
i nterferoneterl ey Siroot @cbalaw Jﬁicqttﬁi’é@% laHeg loasghgl Qtﬁéégﬁi’@?t er

i ncl udes ﬁ?éas% ﬁtand a detector aser generates a colll mated

| aser beant 92 wHITH 25570 fHFHRTEAL &5 o f§H Liimatsshalase nwbrdnwd 36whdch npi nge

upon the m@mﬁﬂtwm‘r&ﬂm@i @ﬁ&?ﬁéﬂﬂe@xtl@lddbvpﬁ%r b ];Eyé’ ég&]% ét}] &s 20
iS

uses | aser "int ec{fero ter £ to determ-ne an endpoi nt I ng
step defi n%’ép%y t d?uhﬁt’@qeallor -emoved from the surface of the

substrate, or tim d:qieafemmv\/rmwtdﬁ:a&@ﬂ@@&%e@ﬁ%%r@hé@ﬁféf&ﬂe
gener al pus pPQse Cgelé),:oeqfr aerbI eegr'gﬂ)'tal conputer . 98 ga be connect to | aser
94 and detect or utdt HAYF BF€Tprogrdiwbdngo s5epi daf tneRedy aser
when t he stitstamgunt mﬁsnﬂ\amndrie xmmiimd, fr@nf Ol siRESHECHENE R f rom t he
ot oct 1 he ot Rt S deo e VPSP o TR E Ghas dbegons 1
pol i shi ng BtaraGee SaA tg‘féi%ﬁadt MW%WWDQEI éli]glngast@@rk@@t@ad 100
having  a g@ughethes Wdifdetd? c N A48Tl AV qh04RRY 84! OVBL,LAYEL o
may be programmed to activate the laser when the substrate
overlies the window, to store meésurements from the detector,
to display the measurements on an output device 93, and to
detect the polishing endpoint.
Still referring to FIG. 2A, at first polishing station
25a, the platen may support a polishing stacked pad 100 having
a roughed surface 102, an upper layer 104 and a lower layer
106. Lower layer 106 may be attached to platen 30 by a
pressure-gensitive adhesive layer 108, Upper layer 104 may be
harder than lower'layer 106. For example, upper layer 104 may
be composed of microporous polyurethane or polyurethane mixed

with a filler, whereas lower layer 106 may be composed of
compressed Lell fibers leached with urcthana. A twowlayer

polishing pad, with the upper layer composed of IC-1000 or IC-
1400 and the lower layer composed of SUBA-4, is available from
Rodel, Inc. of Newark, Delaware (IC-1000, IC-1400 and SUBA-4
are product names of Rodel, Inc.).

.In another embodiment, polishing station 25b may.include
a polishing pad made of a single hard rigid layer.

Referring to FIG. 2B, at second polishing station 25b,
the platen may support a polishing pad 110 made of a single
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106. Lower |ayer 106 may be attached to platen 30 by a pressure-sensitive

adhesi ve | ayer 108. Upper |ayer 104 may be harder than | | 6.
For exanpl e, upper layer 104 may. be conposed of nicropoggﬁgc%g¥§é?é$hane

or polyurethane mxed wth a filler, whereas |lower |ayer 106 may be
conposed of conpressesd felt fibers |leached with urethane. A two-I|ayer
polishing pad, with the upper |ayer conposed of |IC 1000 or I G 1400 and the

el var 6 (T 000 T Ct700 aad SaThRrlAehs, 5o ffbelile et e ddiz I ne )

. I'n anot hel*3®odilfe MY p6l iasthiasest sbi phakbh BaAybinel pdessarealdrshitigrepad
made of a sidm@lsavRandygig g ay LI a {o]

pol i shing st a_ti oon 25b,},}r1 tr}e 8pI at?%x%%fggéu%ggr {Dga@ﬁ%f’é ‘i'in%E p%g&g%g)or%ad)er of
a single - §-1408uayst 1zdds faom Reded.| dper ¢faNawdrknchebawmre roughed
surface 11%JtﬁkﬁﬁQﬁVé@9:m@heb?O@ﬁﬁﬁgﬁgdp%B 953t§§y383b% fixed abrasive
pressure-sensjti.y dhesi ve layer 118.°Layer 114*nmay be conposed of a

| G- 1000 or PAOCHiAd0 2RFASLYS Paritamlredenbetded bh dewasin hetmuar e.

Al ternati velwailtah@ ep@rickizng cRagahd0 NRYe8en3cfi X6 rf‘g%?g&%’fis WA

abr asi ve pglrti cl esbenbe ded_in a résin nmatrix, av rom @orrpany.
Alternativ 13? TBe PFoP SHendaysd Padowiblh beeaupper| hyyer pagnifiilvaritd yupper

| ayer signimoreamtibyd mivae thei dpbhani fher-ugpe i Of 5 li,shi ng pad
PP ber ﬁi ff%%%?il%}%gn?%g% nor e

han” bass OhiBtppotat B et oyl sionfLant [y (RIDGE (oe
station 25de.Boli shireg thad £D@) majtahethenboss£d oye 5t Pack WA kiRt tern
Pol 1 Shi 1o Eeat 108 2558 oaar s PHaPRAEESheZ P fient FEL R EPp RSt Hy Teeaticons
25a. in an&fhessedbedi msampedoliithi agpataéinnt @Shmpbyve UPROIE but igmeed
two layer padrg9naeably LHRNELER! oFOchles 9L Sh g Polishing station

25b may otherwise be identical to polishing stations 25a.

In another embodiment, polishing station 25b may support
a stacked two layer pad generally identical to the polishing
pad 100 at the polishing station 25a.

Referring to FIG. 2C, at final polishing station 25c¢, the
platen may support a polishing pad 120 made of a gsingle soft
layer 124 and including a generally amooth surface 122. Layer
124 may be attached to platen 30 by a pressure-sensitive
adheaive layer 128. Layer 124 may be composed of a napped
poromeric synthetic material. A suitable soft polishing pad
is available from Rodel, Inc,, under the trade name Politex.
Polishing pad 120 may be embossed or gstamped with a pattern to
improve distribution of glurry across the face of the
substrate. Polighing station 2§c may otherwise be identical
to polishing stations 25a and 25b.

In another embodiment, polishing station 25¢ may support
a stacked two layer pad similar to the polishing pad 100 at
the firat polishing station.

FIGS. 2D and 2E are flow diagrams of three-step and two-
step chemical mechanical polishing processes, respectively.
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pad 100 at th

e polishing station 25a. Referring to FIG 2C, at final

polishing station 25c, the platen may support a poli shi ng m&ujs%()%g@ge of
ace :

a single soft

| ayer 124 and including a generally snooth sur

Layer 124 may be attached to platen 30 by a pressure-sensitive adhesive
| ayer 128. Layer 124 may be conposed of a. napped poroneric synthetic

material. A s

uitable soft polishing pad is available from Rodel, Inc.

under t he Ity adéhweee skelp tivemicRdl melihagipad H2Ocomy, behenbassechios isd anped
wth a pattgii 4 I LStk Qutg f. slurry across the face of the
* Iiiﬁ%ﬂ1 1ot “3 @"%ﬁﬁhggﬁ%d %¥8 %%Y?ﬁeﬂ?lc T to polishing

substrate. Po

station erw

stations ¥F@agtdresh oy awdrhecldmiddionano,. pBheshihg stlastpat5cs nay
support tiagkeed Wi l,a dysiyad ar.. 0 e_pol i shi d 100 at the
first pol ;%)sc%iln st é‘{l;&(gln.a éﬁ(&gﬁ%&%ﬁg&} %@rgr BEFI %gv %Alwégég%%g’%%e ht 'ecg'-’st ep

and two-

SalPsiecHad eadpedints poddspingesses, Tespendpaitty. - 10 6

a stacked two |a rmaln

AUGLST, 2065 iy 5180, Sl TR ML GELB26RER ARSI Sy |

initially pal
pol i shi ng

rougy

wiHEh TiRgh usite edibisnr & @inglepdhyshedofif t had sf ngl stdcked ther d pad

ol ™ ; : gl et 7 d
at | ow prasses,Ja da%saefs@&b%do\%gagv%w %ﬂ%@ﬁ%ﬁ%i%&k% ]ﬁsﬁ%éj 188

endpoi nt ol
whi ch nay‘%gb

as was desdreiread abeyeectid Polslkshioly BReRIciheRtof

underlyin

i shing step 160 is follo over _
S &en & ynderdydngs stoppadver e spackeal tvnwoexpesed, pad,

OtPhé!\’f\%B@ﬂl

- : yin

stop _layer. is partially exposed, whereas ti% second po |sﬁ{ng
step can stﬁﬁ)aﬁ%ﬁxiﬁg SW%&FF}Wh&ﬁgﬁﬁﬁg'layéﬁ beedhtiregh expbideinarhe

br eakt hr owgtepdlSics iang resiose L0 teAIT SREBEY €hePnd e /B Of the raierialg The
remai ni ng Ak arialy J %e%%%vaggg \}'\}:?26 §gggm nt pelishing ste 160.Ea%ahch

pol i shing step can be

FREPSLBhpPALI TG Fep 160.

erm

polishing step can be terminated when a stopping layer is
reached 190 as detected with an endpoint detector, such as a

laser interferometer 90, described above, or a vibration
endpoint system,

the
170

A two-step chemical mechanical process includes polishing
substrate surface with a single layer hard polishing pad
until the stop layer is entirely exposed, and then

overpolishing or buffing 180 the substrate with a single layer
soft pad or a stacked pad.

Hard and large abrasive particles (e.g., irregularly-

shaped Ce0,) may be used for faster removal rate and
planarization rate at breakthrough or main polish step till
endpoint. Soft and small abrasive particles (e.q., colloidal
gilica) may be used for better surface qualiﬁy, lower defect
counts and more controllable remdval rate at breakthrough or
main polish step and endpoint step. In certain embodiments,
cooled slurries or pads and de-ionized water may be used for
improved non-uniformity on all three platens. ‘

‘Pads with deep. wide grooves (e.g., IC1010 available from

Rodel, Inc. of Newark, Delaware) may be used as the solo pad
or the top pad of the stacked pad for improved defect
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reached 190 as detected with an endpoint detector, such as a |aser

interferoneter 90, described above, or a vibration endpoj
t wo-step chem cal mechani cal process includes polishing Fﬁuéﬁg‘f@a@g

surface with a single layer hard polishing pad 170 until the stop layer is
entirely exposed, and then overpolishing or buffing 180 the substrate with
a single | ﬁ{cti%%ft pad or a stacked pad. Hard and | arge abrasive
particles %é.g., I'rregul arly- shaped Ce2) may be used for faster renoval
rate and pl andiliGEat Bén3Eatié lastimaeak theopgbcoss naf ncipehisi step till

endpoi nt . Y ticles (e.g., coll|pjdal ilica) may
be used fS?R%%f?g%lgg?Fg%gggﬁagiSy%ﬁﬁgﬁgP% eggggnéc%u%%gi%ﬁdﬁ re

control | afi%nhdmay dlayeate As Ishoakt AnoEgh . oBA, neilns Pod s hl &t BBk £RApOoI Nt
step. In 1Ll gy TRed ogal. lurries or ds and de-iaonized water
may be usgﬁd%{f?or . irrp(reg\k/)gggk%g- &%l cl)gglo%;?aoﬁvﬁflat%f@ec%’?a‘fae & Pads W h
deep, wi dPYridd\ide eE0p. laverold avaelisbke pavverRededr dihepomdd Nevar k,

Del awar e) gt igelds eda I a the top d of the stacked pad
for inproved defect - %?19@5‘92%&85% §6o§5¥86§c??o%“.9£t FHedi@3 4 41 | ustrat e
the procedd BRI REHeEaPUREaREni cAl Ifjlpeli 3hyay B8 sidsdimpesdddwg atfad | er
and a st id1g 1lgayerrheAS Wi 34, S te 10 incluydes a
polishingqggip | ayer éi d?§%o§§3%§3gkcgfs??%§§€ t4 % %@.aﬁhﬁéklﬁﬁﬁgﬁ%ﬂu;
stop | ayereP44catss h8F BRLEELNaBJoFtdNSpuses @b stopatdwrmed under | yi ng

| ayer or |lexeartsngo at Bakiekt Omaﬁeakgoahdp{@i‘féyguéfrtﬁ&ﬁflﬁfeleﬁ:@)rcjsiéd er |ayer

18 i s dispgos d qver Ehop La er 16. The outer” surface of ayer 18

al nost  ex&cty S5 & F85t 8Y F%EaﬁﬁdéﬁlQPﬁgpkﬁmﬂétures of atop |ayer 14,

creating a ser ipesdiBepeakd abdvedl bayspaepbiatof 18 MO8t ion is to
polish filler layer 18 until the top surface of stop layer 14
is entirely exposed. The resulting substrate surface is
substantially planar, as the trenches and holes in the stop
layer have been filled with the filler layer and the excess
filler layer has been polished away. If the filler layer 18
is conductive and the stop layer 14 is insulative, then this
polishing will leave conductive vias 16 between insulative
islands 14, and conductive plugs in any holes in the
insulative layer (see FIG. 3E).

As previously discussed, an effective CMP process not
only provides a high and predictable polishing rate, but also
provides a substrate surface with low within wafer non-
uniformity (WIWNU), reduced defects and ‘*‘dishing’’ and is
predictable. The polishing rate and WIWNU are determined by
the type of pad, force pressing the substrate against the pad,
relative speedxggtween the substrate and pad, slurry and
combinations of these factors.

Without being limited to any particular theory, one
possible cause of the dishing effect is the use of high
selectivity slurries during overpolighing. Specifically, due
to non-uniformities in the polishing process, the filler layer
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surface of the substrate is non-planar. As discussed above, one purpose of
pl anarization is to polish filler layer 18 until the topg ré@(‘ser%oéstop
|l ayer 14 is entirely exposed. The resulting substrate surface iIs
substantially planar, as the trenches and holes in the stop |ayer have
been filled with the filler layer and the excess filler |layer has been

pol i shed ajivgy If the filler layer, 18 is conductive and the stop |ayer 14
i s insul ativd™@Y HSAF 9 FEHHTSHHE WM Y |arassc sheuerPesratas 106 bet ween

i nsul at i vecorissdquedsc 14, anth0ensiiGid s g Mosd N 80¥-Pol esnin dihe
i nsul ative Ibas}/ervg see FI G _3F). As]a%{)te,w_ousl y di scussed, an effective CW
process not o om Y privfitties Bt Bidd &Iy 561 FERMAG £BEE, tBat al so

provi des aippbstsatiacsurdfocha Sttog aynd hig (RkehoBeR- abRbker Bhey (W W),
WRD ar e G0 B3 THe SRk At eng CHGed 15has: HthhERs Bishate
agai nst t hvee jpaak ivirtgt atliwerys peawb hed \Rﬂ%\,éﬁ&@}l&_&&&é&‘eléydrpaﬂd sbyiay and
Cheory. onn e bABHRy Qo s, Tarere: hereh” avePeringgh

sel ecti vi tglahak riilegrhas ng Howeryeat | shim@g thpetiighcakl¥ctdveryt 1urry
2003 18 e sttt A B e VAP IR TR, e s gmet pEE. 1bniE
Consequentd¥erRal islyinse twubs dar \pdld dlovargyolai pbrttibe ofUbRbr aidlvith a

hi gh-sel eqtdydqt Vi $tHd % Shsdrg- that. 4 he, upper surface.of the stop layer
14 i s expose% ACT 0SS theltéq}-:-ntl re at{cgjzleo’ ?ﬁ'&’%@k{sfﬁ‘aﬁé@gd}é?}}w?sm ng wth

the high- sel edi$AAREANG 7 FiG®ns\Ebs suisteatesd of ikl énitkagelyapdl axheds

nonuni for pQdsisHhPlsddta PR A%k AeLARY LMRIRYLNg. o Bl obA); £ At ness.

However, Sélrlfxe& h,:-1enc{| Iagq{asre %Cg]!ivslﬁiync_;s Ipuard.r >;.10, or both a stacked
polishing pad 100 and a hard polishing pad 110. The
selectivity of the slurry refers to the ratio of the polishing
rate of the filler layer to the polishing rate of the stop
layer. The high-selectivity slurry may have a gselectivity on
the order of 20:1 to 300:1. Preferably, the high-selectivity
slurry has a selectivity greater than about 20:1, e.g., a
selectivity of approximately 100:1. The substrate is polished
with the high-selectivity slurry until an endpoint detector,
e.q., laser interﬁerometer 90, detects that the stop layer 14
has been exposed. At this point, as shown in FIG. 3C, the
stop layer should be at least partially exposed.
Specifically, due to nonuniformities in the polishing rate
across the substrate, a thin film 19 of the filler layer will
probably remain over some portichs of the stop layer, whereas
other portionsﬂgi the stop layer will be exposed.

After the endpoint detector determines that the stop
layer has been at least partially exposed, the substrate is
subjected to an ‘‘overpolish’’ step to ensure that
substantially all of the top surface of the stop layer ig, in
fact, exposed. About half of the stop layer may be exposed
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polishes the filler l|ayer but not the stop layer, this overpolishing tends

to polish away a portion of the filler layer in the tren ,
t her eby causing dishing. Referring to FIG 3B, substrate %ﬁlﬁsél?%fgogﬁly

polished at polishing stations 25a and 25b with a " high-selectivity "
slurry and a hard polishing pad 110, or both a stacked polishing pad 100
and a hard polishing pad :110. The selectivity of the slurry refers to the

ratio of theepolehisibetiate 4t bBILULLEr (LaVRE LocLho palighing rate of

t he stop E&%e .The h| -sel ectivi

order of 2 %ﬁ§%9@0tf FEfépab¢9r FH@ ﬁW@hPQéhebingl$ngEﬁhﬁrguﬁﬁtréte
sel ecti vit ysgpedtiathedhan aReufidQllpc8iGh L1y ppraximately
100: 1. The %ggskrate i's le shed mn?hlt é“ﬁ ES ? %%ﬂ éa%fﬁfry Wi an
endpoi nt d&CESTHT %ws?%ﬁ%ﬁ¥¥#%ﬁﬁt@Plgghlaetebmsryham the stop

| ayer 14 psoéllsélenngemmbado At Thhi ioﬁob@lec%v%@@"@lﬁﬁ{'s% tﬁc& I'Iawae ptop

| ayer shoulgl%%tqglt as grtlall¥ g osed. Specifica due
nonuni f or m L7 es n -t EhPREeFaPE ladr 68sbt he sEﬁEﬁ@Qﬁh&Y&aﬁhﬂrtf|In119
of the fil B@ﬂohalysﬂmmiyt hapr abablyctedmcy 2485 EREE Y s Ofe the stop

| ayer, r ort ons_pf the stop layer wll be exposed After the
endpoi nt dé?g§P§$ ggﬁ% ntng Eﬁ? FHEsErape Fﬁy@@l*ﬁh@dﬂﬁythnpdkxﬁhlng

partially Prgod@@, unhelsebspr ahgersusubj 86b8€ak01 A1 v AHRIAQISRxpsHRP L0
ensure thaﬁndSEA%Ea%E gﬁhg %L the top surface of * he stop Iayé’ I's, in

fact, exposed Sut 1R g E?Bp Fg e?“ﬁ%?a‘b@%@%s?édmlme% RSGUST
2003 mhen fhewaupst Fife BE. subj ected to the overpolish step Referring to

FIG 3D, for thepav ol keshi ) bst ate i shed at, the final
pol i shing s&atlon ZEEQUEan D0 &gPeépfgggyv% ufﬁy"%QngﬁﬁﬂQ¥ﬁﬁRﬂ lgyphing

pol i shi ng SF&Pr §§HTegokh3ki h@tba@hizﬁlll'he layeselrerttihe gty Qakpershoe d
have a polished, thereby reducing or eliminating dishing. 1In

addition, the majority of the filler layer is planarized
quickly by use of the high—selectivity slurry and hard
polishing pads, thereby providing high throughput and ensuring
global planarity. Furthermore, since dishing is reduced, a
thinner filler layer can be used, thereby decreasgsing the
polishing time and increasing the throughput of the CMP
apparatus.

Variations of the process are possible. For example, the
substrate could be polished until stop layer 14 is exposed at
polishing station 25a. The overpolishing step may be
performed, e.g., at second polishing station 25b, with a hard
polishing pad, rather than a soft polishing pad. Both the
primary polishing step and the overpollshlng step can be
performed on at single pollshlng gatation, e.g., polishing
station 25a. The overpolishing step may be followed by a
buffing step with the low-selectivity slurry at the same
polishing station (particularly if a soft polishing pad was
used in overpolishing step) or at a dlfferent polishing

station (particularly if a hard polishing pad was used in the
overpolishing step).
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selectivity on the order of 1:1 to 6:1. Preferably, the second slurry has
a selectivity less than about 6:1, e.g., approximately 1; %% é ?§§$rate
is polished with polishing pad 120 until stop |layer 14 |g % stan
entirely exposed and thin filmlayer 19 has been substantially elim nated,
as shown in FIG 3E. The use of a |lowselectivity slurry in the
overpolishing step ensures that both the filler layer and the stop | ayer
are polished, £ u t hi_n [ t he
maj ority of theA?‘?%ltgér{t%gFefé&qﬂ r%ar@zée}g e}{dptilhgﬁ?x Sfjgecwvgg %iﬁ@ry
hi gh- sel ectPWH4 yCoPutRYye aﬁl%Ferrartdle Fa1dpsHindg lp!adbtetchedebsz or ovadl nbehi gh
t hr oughputs&@sh@nssT i figindg| flali  anay | tys gngtlh bE‘EgoﬂBﬁ?nﬁ' Sghag is
ere

r educed, %ﬂPthlnaer filler |ayer. can be us ecr easi

pol i shi ng G PR SRS b dirgHng amd/pﬁeaehPeCQQéaﬁatag
VarlatlOnSaddlﬁhGn@IOpﬁ$ﬁsﬁﬂﬁgIEE%% QhﬁjlEﬁﬁaQKﬁﬂ%EQecEgglt?ugiﬁifge COUld
a

be polished untllﬁstog er 14 |s exposed at polishing station

over pol i shf iy 5t2 tOch Sty <., & &bé@oﬁéﬁﬂolFbﬁ|hgf§@&ﬂ|@ﬁ 25b
with a harmﬂdmimdﬂl r@opmmrgﬂtsft@ ik a;rﬁpfltovp%l«ﬂébtmgleg @9& dt he t
on a

prinmary poli n e dt overpollshln step can

singl e polﬁ’%i l@)gifké?%aﬂ‘ %‘el legohiafam gnd i @ﬁOESéayqfﬁet@vE?éEF?sﬁrng

step may bel frolhavedd byhing ifddted Stepha tda,etllfg%lllgwiﬁﬁ gekpvity slurry at

the same polispi g%§§ tlon &partlcularl sof t i shing Ead was used
t

in overpolishing s ﬁﬁ9¥QSM1ﬁ§ §t8PFbﬁtYp9 tfddlarly if
a hard pollayény pad a\b@pmnm tahrm eie e laidapiceg $beP3- varidryB6oAUGUST

2003 AIter fidétfﬁ%cé%g select|V|ty sl.urr coul d
conti nue er t he endpoi nt |s dé’t ect ég langrigfeand expbse a stop

ayer

For example, the polishing process may be used in silicon
polishing. 1In this case, the stop layer ig typically an
insulative oxide, such as silicom—exide;—and—the—filtertayer———
is a silicon layer, such as polycrystalline silicon
(polysilicon), amorphous gilicon or single crystal silicon.

If gilicon polishing is conducted, then an initial native
oxide removal step may be performed, as discussed in U.S.
Application Serial No. 09/097,004, entitled A TECHNIQUE FOR
CHEMICAL MECHANICAL POLISHING SILICON, by Shijian Li et al.,
filed June 13, 1998, assigned to the assignee of the present
invention, the entire disclosure of which is incorporated
herein by reference.

Assuming that the filler layer is polysilicon and the
stop layer is silicon oxide, the high-selectivity slurry
should be a polysilicon slurry,'énd the low-gelectivity slurry
should be an oxide polishing slurry. The polysilicon
polishing slurry may include deionized water, fumed silica
abrag}ve particles, and an amine-based chemically:reactive
agent which may also adjust the pH of the slurry. Suitable
polysilicon polishing slurries include EPP-1000, EPP-1060, and
EPP-1000LRP, available from Cabot Corp.; Planarlite-6101,
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second polishing station 25b, to provide overpolishing, and then the

substrate could be buffed and/or subjected to an additio lJ-shi step
with the lowselectivity slurry, e.g., at polishing statggﬁugg%héﬂmﬂghis

case, the buffing or additional polishing step with the |owselectivity
slurry polishes both the filler l'ayer and the stop |layer to reduce or
elimnate dishing created in the overpolishing step. The polishing process

i's usabl e wy MaL | o) il er. .l.ayer nd sta erLs, d,can be
adapt ed fcgﬁéﬁaég?ééyg% 2 4%§né%%ﬁﬁﬁ%¥351§29 'hgﬁedggggéPfF8mg€%%bezeognd
expose a HAbpronvikle, Mregomnpns SDie 390G shiaid aplec EssmnRydék, ubed. i n
silicon i Shy : i ; , .l yRi I

i nsul ati vgﬁ%}(%}ﬁengasluic{lb%g %ﬁq%#%%ﬁﬁ%#d%é:lfo?jﬁﬁefgbﬁg!f/e?rg@sc%bg?1 i con
| ayer, sucdfiBEbaryerRaded hake siglesdd vigdlemsidfi ebonr ambpphbasl si00eon or
single crygd n&aﬂgcgﬁLthéfcgﬁﬂdéyyl OlJ£S RO iy ﬁgggggtgg eLheg?ﬁg initial
native oxjde renoval step may be perforned, as dirscussed R U s

Appl i cat i ofP*seR ¢ HFC NGV 1 10/ Vo o MaYedmicliuge AciEOiREGURAFER, OrMEM CAL

MECHANI CALs P ¢ SHING Sl bd Gt i3 e I dlirelietdle ag&é(:eﬁlt—li]ggf\é%é’e 1998,

assigned to the assignee of the present Invention, e : Closure
of which iU gt umdhenonigler dKOHInex. angouimghyBaoxide. fiAl er

Layer i's palitsable rodngk I i aildP dia%@on ol SHQQBOHX%g?iﬁgbﬁ% slurry

i gh-sel ectiv Y slurr shoul d be a polysilicon slurry, and the

IOMFseIect*%réé'%ﬁ?ﬁiygb%ﬁnnﬂwf%%gzéﬁ &Xofe Rogieilshi ng sl urry. The

pol ysilicon pdltiespolgisiing o roe denelayda1¢e) R 28ddnaber pol VaRthgi bf C2

abra5|v¢|%gﬁ$§géerqﬂ%ﬁ%n a nsipased chegh%glly r_act;ve ~agent” whi ch may

al so adj ust the pH of the sl 118, SP561re FYEPI HEBRT pdFi SR MRS rri es

i ncl ude ERM 1000l aEPPre deyerand, ERRhLGB0LRPoxddai | abge, f 50Di o abx s p. ;

PlanarliteuRihe filler layer 18 is conductive layer, such as a metal,
e.g., aluminum, copper or tungsten. For metal polishing, the
high-selectivity slurry may be SSW-2000, available from Cabot:,
and the low-selectivity slurry may be SS-12, available from
Cabot.

In addition, the polishing process may be used for
shallow trench isolation (STI). 1In STI peolishing, the stop
layer 14 is a first dielectric material, such a nitride, e.q.,
silicon nitride, and the filler layer 18 is a second
dielectric material, such as an oxide, e.g., silicon oxide.

For STI polishing, the high-gelectivity slurry may be
Corundum, available from Rodel, whereas the low-selectivity
slurry may be S5-12, also available from Rodel.

High selectivity slurry is used in STI CMP to minimize
nitride stop layer erosion. The“selectivity of a high
salectivity slunry_depends upon the active area pattern
density. Referring to FIG. 4, the selectivity, i.e., the
ratio of the polishing rate of the oxide filler layer to the
polishing rate of the nitride stop layer is plotted as a
function of the percent active area (pattern denaity) for a
high selectivity slurry (curve 290) and for a low selectivity

- 16 -



- 15 6 AUGUST 2003 Planarlite-6102 and Pl anarlite-6203, available from
Fujim, of WIsonville, Oegon, and SDE-3000 avail able f g(%l C.
The polysilicon polishing slurries nmentioned above from 6%‘?8 uj ?(?r:? and
Rodel have selectivities of about 1:100 to 1:1000, depending on the
conposition of the insulative layer. The Ilowselectivity slurry may

i ncl ude deioni zed water, funmed silica abrasive particles, -and a reactive

agent pH mjnu&tyer(,curwcmm POFRES ik yua BK@EOZSEd%h@K%hOéePéW “wy
hydr oxi de. w-sel ectivity silicon/polysilicon polishing sl urry

|
is Advansﬁl"f&@fol ttz\?aﬁeé'i?ﬁ‘%:’fvﬂ&rﬁ R5G&r25¢Re Cpam 8Ri A PP HRREIRAERS0 be

used for pelttshimglesfsiay Qﬁl(im:'faltveohfaﬁ@t1vlena'fréla5p§@§@rntcﬂ’é‘hfi@p |'1€We?(fj i's
111 con OXlde,

typically | atl ve | ayer such as

and the fllﬂ eIrise %ﬂ uéif)e\?enpgy&x 1?6Eht§§s d%@@ ence ypon

al um num tdxgopmtlme tanuﬁtpertteliw deeisdkypol i shing, the high-selectivity

slurry may be W avallablefrom ot and th Iow—selectlwty

slurry may be ?@ é%%a Fafi%e P8R 18a B PR Hgafﬂ%'i FP1EER 'ﬁtﬁlshl ng

process nmeenidd nisend rmerldfhamekntelsenohelrsel abbonmi&%r)tetéfls Sdldepol i shi ng,

t he stop I.S fjr |e o terial, such ni tride

silicon nlaltcér{?i ;%r?c? ta}a18e alfi c‘{ 8& kg nggtggggnawa& &%ﬁr}% 4?5&1@%? al

such as arRi®d @élgee ¢he siilhm@m @)tlo@elayléerr eSEblpnlp&hwtga fdrture is

hi gh- sel eGgtdy4 | e n aya Le, fr Rodel reas the
Gldutided Siifhe 'a%gﬁe eV Pt Eﬁf

lowselectjvity slurry avar
sel ect i vi t4HESgy qugq}g@dm i n OSEr POV sho tatRi hnagetonbet rmdeemcleab dcayer

erosi on. Himplelteali Wenbwef Ehé“dﬂldesﬁheﬁhbvhéyl§£U%%Xa Wﬁ.}ﬁﬁpn the

? (r:utel Vreaf1 |r gf#at h‘g’“pbﬂﬁlsf{%rlﬁéytryaﬁ@f g’&%b EéﬁoQPGE fi Therf’x‘é@/@ded G;‘J\EIWOJ-lB-h '
time with a high selectivity slurry leads to more severe field
oxide dishing, as shown in FIG., SB, where the remaining oxide
thickness over a 1000 micrometer wide field area is plotted as
a function of the distance away from the field area edge.

Referring to FIGS. 6A and 6B, dishing for a low
selectivity slurry and a high selectivity slurry, respectively
is plotted as a function of the remaining nitride thickness on
a 1000 m-wide space and a 400 m-wide space. As shown,
dishing is more pronounced when a high selectivity slurry is
used as compared to a low gselectivity slurry. 1In one example,
- after oxide removal in the active éreas, dishing can be as

deep ags 1400A on 1000 m-wide space when using a high
pelectivity slurry (FIG. 6B). In contrast, dishing can be
less than 600A (corresponding to <200A nitride erosion) on
1000 m-wide space when using a low selectivity slurry (FIG.
6A) . Severe dighing and across wafer variation in dishing can
lead to device failure. In the cage when dishing causes the
field oxide to recess below the silicon surface prlor to
pOlySlllCOn depogition, polysilicon wrapping around the
silicon device corner will result in higher sub-threshold
leakage current. BAnother potential device failure can be
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polishing rate of the nitride stop layer is plotted as a function of the
percent active area (pattern density) for a high sel ectlg g§ écurve
290) and for a low selectivity - 16 6 AUGUST 2003 slurry curve 2 9

the case of the high selectivity slurry, the selectivity decreases from 85
at 90% active area pattern density to 25 at 10% active area pattern
density. The |low selectivity slurry does not exhibit this dependence upon

t he active are attern densit In additiaon, as shown in
depi cts t I Ao A e"r é’ytrﬁs&MSa PrastgdpIRter BEE‘PC% et
active aream atshea dainictd areals taiel ditsthec €oavay rf egevhhedacitye régpenedge,
the nitri Y 0 eature s rounded in the active
ar eas V\hesguflclt daaf%[ea ds fﬁo%bgﬁ% Phg éfvéfaﬁgﬁi QH?OEﬁeY’?Jé?’fsh time
has to bemlartcﬁeditm ct:nrtpﬂrgely remove the oxide in the active areas if
Wthin Wafer 0 extended qver time
with a high se:}lseggtl Vit cfxf%ll}y slcé??éa 1??6’ @I%@eﬁé AR ‘gﬁ?hgolajr‘%hl ng,
as shown mhnEIGGfEBEtOmmemnumebut@annlan@mmdg at lbakwewNUoveTha 1006k
m cronet erg figl r a fun ion i st.ance away
fromthe f| e‘%ﬁar esg %‘dﬁe“?saﬁ?e#err rFP@éd gA hna § ex&ipgﬂllﬂﬂﬂf’fﬁ % | ow
sel ecti vi thp SARRYY \mﬂfcarmlgiemir@cnmmhy ghifierybackspdef anély is plotted
as a funct r ness..o 0 S ce
f%lﬁlﬂ@@flt@'%l@l‘ﬂQﬁép& %%nngblgé ﬁg\lrg gon 2 gcar%\#:%'ggt

and a 400 mw de space S pro
sel ecti vi thEmQvAY yrﬁfse als dheredasmedr sbet wagerowrbel setondt fastar ris | n one

exanpl e, dief ﬁ% hi al 1?1? dee
as TBOOA ocﬁjc 10010252%}(7‘1}&Sih Z,Lpacgévﬁl%e/né&ﬁlglﬁﬁl%b\ig nggﬁla %%tl ﬂg‘f’y urrlsé(Fl G P

6B). In ccﬁﬁ%"‘aﬁ&red n epgi haﬁd689)ﬂ( §Gé¢‘¢‘é$]§éﬁm$ﬂg\13€n¥<200A _
nitride erg@siqn) c&ﬂ.ldﬂm B, d818PAEE ARENHSA N aa dIPVe-Re 1 18RE i Sl urry

(FIG during trench oxide polishing, as shown in FIG. 7, which
depicts wafer diameter scans across wafers having a diameter
of 200 millimeters at 3 millimeter edge exclusion. The
different curves represent different wafer and polishing head
combinations. The third factor is to assure consistent
endpoint detection on nitride by utilizing an endpoint
detector. Endpoint detectors may be optical, e.g., laser
interferometer, or vibration detection systems. The three
aforementioned factors result in achieving WIWNU of less than
3% in a 360 wafer.extended run, as shown in FIG. 8 curve 287.
Additionally, the post-CMP field oxide thickness (curve 286 in
FIG. 8) is consistent across the extended run. Pressure of
2.5/3/2.5 psi for membrane/retaining-ring/inner tube and speed
of 63/57 rpm for platen/head are used to obtain the data of
FIG. 8 with a stacked IC 1000/Suga IV polishing pad.

In FIG. 9 nitride erosion as manifested by post CMP
nitride remaining thickness and nitride thickneas range (max-
min) is plotted as a function of wafer number incen extended
run. Pressure of 4/4.6/4 psi for membrane/retaining-
ring/inner tube and speed of 93/87/ rpm for platen/head are _
used to obtain che data of FIG., 9 with a stacked IC 1000/Suba
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6A). Severe dishing and across wafer variation in dishing can lead to

device failure. In the case when dishing causes the fiel %R S{@Tﬁoggcess
bel ow the silicon surface prior to polysilicon deposition, E’ 1 con

wr appi ng around the silicon device corner will result in higher
sub-threshold |eakage current. Another potential device failure can be -
17 6 AUGUST 2003 caused by polysilicon residues and/or stringers which

reside' in;t agl reas ,and.at the foot of elevated field,regions
which are ]!(F:Y efgjfielﬁm\%pg c{EW \%J BB H%Féléw&c?ggs “ﬂvgffé CVvEFPEIPBN* P n

di shi ng. ,@Orp‘;r@/’li]@igl%o didtiessedi tmweNWaldri-noChR fes deai-uabFermidyr ee
factors co 1ﬁﬂﬁﬂtq) i evi I WVWNU.  The first  fact is the use
of a carri(et? ead V\fn'{?ha%mf %edx’{&%sg amca1 0r anetht 8x§68f1§auﬁ}1f10r nﬁﬁ?essure on

t he waf er ¥RRASHIW N iale dihbigknegs imagaei t(maxrdépendantepeessiise cont r ol
to adj ust dhe JiIEmEyals r I ge,.of th ter, The second factor is
optim zation 01]2 p;g(g_iéesos/l?osﬁss?n% 41?53%? g’r%% erasgsgg‘waﬁgﬁﬁggngv Ertg}é%ure (e.q.
| ess t han S PFoterizdbiesdiumsd vity slurry (e.g., colloidal SiQ slurry)
are used to achigeued ow oW, [ .ren id lLshin s shown in
FIG 7, which_ depicts wafer dfgﬁifggié€§n3%5%§gsgangé§§ ﬁg%?%g a di aneter
of 200 mi ITRHREISES akCuFviei 12850etaand egtaiadx poddbbAngThemedat f ehenendur ves
represent ghfifter @Alrwuala Jant dYiicticdl 308l £ GATRLALEORS Fel NGuhBLE by
factor is to assure consistent “endpolnt detection onni Fide y util71zing
an endpoi " Y TUBhdpdinfs e efordd dnfiy dhesdpEpral , e.g., |aser

i nt er f er omedetsrard/ nddariatiine 14elgGindt: $YSkeqRq Egg?§h§g§%6?§g¥ a 2’;‘%12232(1
A :

factors rﬁ)slualéer{'rﬁﬁe}agi%vei S%fy;g};o?jt l.ess than 3 af el (
run, as sHown T Obtad® thendrrp, ofhBIGesiOCNERi @] d oxi de
t hi ckness stagkesl 286 1000 /BuBa 3V ipd1dehingt pAH.aCTASSFE betexipndsd Fri.
Pressure ®fata are taken during an optimized process run (Region A) and
the second part of the data are taken during a design-of-
experiment (DOE) run (Region B). Both post CMP nitride and
oxide thickness are controlled during the optimized process
run and the DOE run. The post-CMP remaining oxide thickness
is the difference between the deposited oxide thickness and
the thickness removed. During the DOE, the polishing rate is
varied by changing pressure and platen/head rotation speed.
Referring to FIGS. 11A and 11B, pre-CMP 350, 360 and
post-CMP 352, 362 .scanning electron microscope (SEM) micro-
graphs for SACVD and HDP CVD, regpectively, are shown. The HDP
CVD oxide fill shows a self-planarization effect due to
sputtering during the deposition process. The self-
planarization effect makes thinner trench oxide deposition
practical and ultimately enables“higher throughput on
deposition tools. Nevertheless, oxide dishing and nitride
erogion can be consistently controlled to a minimum for both
SACVD and HDP CVD oxide trench fill. ;
The process can be used for different devices (0.25 m and -
- beyond) of different pattern densities, without relying on
typical integration solutions such as dummy features, reverse
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2.5/3/2.5 psi for nenbrane/retaining-ring/inner tube and speed of 63/57
rpmfor platen/head are used to obtain the data of FIG %ﬁ f(%(%?ked

| C 1000/ Suba IV polishing pad. In FIG 9 nitride erosion as nitrested by
post CMP nitride remaining thickness and nitride thickness range (nmax-

mn) is plotted as a function of wafer nunber in an extended run. Pressure
of 4/4.6/4 psi for nenbrane/retaining ring/inner tube and speed of 93/87/
rpm for platqghggﬁg are used to obtain the data of FIG 9 with a stacked

| C 1000/ Suba"*> 6 DATRIST vy Lmghithd npad trAdes ganAviah cf V18- 288
b roeea? e T shlp aones pxcinel stscueiar
Fomai ni ng SFREeR G IR HaTR e BRbETRL [P FeaESS <l dMoagh: PRI Fedl t o
| ess than @50iCced t lespRSIA lay ertege a)\{ﬁﬂg'diﬂ_ic@hatﬁﬁta@ﬁi:é%ddég%w gs. In
rctual pol fEFy o T e, O Borh S ofirerie dpe8e) TanaTBrbUE Lao acodt
function obywatterodugiig dxtrapmderet open. APEEISEMe Blodbds bl frRsit f or
are used 15 obt AR SLesdRR NG YRR atrpsenss Fe 1800r Subs 1V
polishing'p%@@fQ?ﬁﬂﬁﬂnaﬁ part of the data are taken during an optim zed
fesi an-of - expart e BRI JRIa P 1arrty, dBE T A RE R, e and
oxi de t hi JRFRSEER e &RAAG ik datlitiyre t hFheppirebzedepparasstet umahaidde
the deposi Ton on de i Henael sy FfL PhEECRaBe PRebos® oL TRD e o |
the pol i sPAPPRS i SnGlades) mhateiadgidhfepdespeed . an@wpl bypeé hefid rot at i on
speed. Refpokiatgirg gadeS.arkl AdkphreBinR18aeNy 3n01c26802A9xd solo pad

and an IC1000/Suba IV stacked pad. Patterned wafers are

prepared by depositing 16000A PETEOS film for filling 8200A

deep trenches with different percentage of active area ranging

from 10% to 90%. For the preparation of the wafer surface a

mask layout is used, having 4X4 mm test structures with

different percentage of active area ranging from 10% to 90% in

each stepper field. For each experimental run, polishing time

is controlled to remove 9000 +/- 500 A PETEOS in the 50%

active area. " .

Referring to.FIG. 12, the thickness of the oxide

remaining in the field area is plotted as a function of the

percentage of active area after adjusted time polishing for a

hard solo polishing pad (curves 300, 310) and for a stacked

polishing pad (Curves 320, 330).' The hard solo pad improves

gsignificantly thevpolishing uniformity of different substrate

structures as cempared to the hard/soft stacked pad at both

high speed (platen/head 153/147 rpm) 310, 330 and low speed

(platen/head 93/87 rpm) 300, 320. By using a haﬁd solo pad at

low pressure (2/2.9/2 psi for membrane/retaining-ring/inner

tube) (Curve 300), the oxide thickness range.  (max-min) across

die with diffegent percentages of active area is controlled
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post- CMP 352, 362 scanning electron m croscope (SEM mcro- graphs for
SACVD and HDP CVD, respectively, are shown. The HDP CVD %)%@GLIS'#Q &pows a
sel f-planarization effect due to sputtering during the deposition process.
The self- planarization effect nmakes thinner trench oxi de deposition
practical and ultinmately enabl es hi gher throughput on deposition tools-.
Nevert hel ess, oxide dishing and nitride erosion can be consistently

control | edyt©han Mydgum f bgﬁ@/ oxi d h f| . The
process can_be used for d %?%ﬂt evi c Qﬁn%ﬁ% H =0 ey5§8§ ll‘
di fferent PATE e'ier?tbléf‘%?}fll&dew theoimidian rapnd titysi whkni nheghardbaoft

E?;ﬁile?nﬁlf?g}é&fij r’%% lhﬁlt ﬁﬁ ?I duerr@e\e/m(ﬁﬂch T‘T}L%I &%g?&@;f % ?ures no% onl y

i ncrease phot & ek r i athiah é%@peﬁfé?é‘lbbl!ﬁedalts’othavenélpeneﬁtoﬁl ly
negative |m@aghban id1efe QM €L Sy ta5 RE Gl &\M%%'}e%cpg&ébh;ﬁg@ §apaci tor

design is 39 Q her jntegration solutlons i nCrease nmanu turing cost
by i ntrodus nb eex‘?’?%ﬁ‘p NGy, ngighbogimapfeesuseni i Aogovernedeby
integrati onaskplengas.is very attractlve to IC manufacturers. As was

The. prossir 6 paithEL B i Jahs e ﬁ%&%&a“%n@%ﬁéi‘ééﬁr12553%&‘%@2%%%"6'
o e pom Teeater peteises 306 ot Rbpaalinipes
"c10007 St VAR e ngparﬁgﬁ%ég 2aPdes afePlpnaphratioy Ghiohg
16000A PETE%srufﬂmeﬂmrsf idls |atgu&-waAw1¢eﬁa stQaggaa/ﬁd\épéatﬁhéf%@né t f
Phe var o Bt ace S bl i oy 08 iy Prfenna Amehteved Ptk hrbs
with differasie dpé?raé% @femn@epmeesuu:&ngengaﬂ@m 188mt ® 2O% ipsi .

Low membrane pressure improves the planarity as compared to

high pressure in the tested range 2 to 7 psi. The results

also indicate that pPlanarity is insensitive to platen/head

speed in the range of 93/87rpm to 153/147rpm on a 20'f platen

for both hard/soft stacked pade and a hard solo pad, curves

322, 332 and 302, 312, respectively.

Summarizing, wafer planarity is improved by polishing
with a hard solo polishing pad under low membrane pressures.
WIWNU of less than 5% at Smm edge exclusion and 3 mm edge
exclusion is achieved on a 200 millimeter wafer after 182 sec
polishing with a solo IC1000 hard pad at pressure 2/2,9/2psi
and speed 153/147rpm. WIWNU of less than 7% is achieved on a
wafer after 251 sec polishing with a solo IC1000 hard pad at
pressure 2/2.9/2psi and Bpeed 93/87rpm. Much lower WIWNU is
expected when hard solo-pad polishing time is reduced to less
than 60 sec.

Pad hardness is the dominant factor for achieving higher
planarity. In the experimental ranges 1nvestlgated a rigid
aingle layer pad with lower membrane pressure led to higher
planarity. In addition, the pPlanarity is insensitive to
speed. The STI CMP process on the using a hard solo pad at
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each stepper field. For each experinental run, polishing tine is
controlled to renove 9000 +/- 500 A PETECS in the 50% acti

Referring to. FIG 12, the thickness of the oxide renainiﬁém?ﬁﬂkﬁgz??%ld
area is plotted as a function of the percentage of active area after
adjusted tine polishing for a hard solo polishing pad (curves 300, 310)
and for a stacked polishing pad (Curves 320, 330). The hard sol o pad

i nproves SPYNPFEEEMES yShavedalliagtsimig- wirfi Forbrttoe ot hdinf £bréntchibsedate

st ruct ur esa abi £OAPASE0L 41 )f aedead t h i peed

(pl aten/ head 153/ 16‘{% rpm %rlkgid%%%[e}gdg?%dw speedrp%?ﬁgt attgg}hgggiggﬁ? rpm
300, 320. ByeRsid as?]i;‘? PabIi® pf atsedow pressure (2/2.9/2 psi for

menbr ane/ r et ai ning tvew/idials doba)id Ry & SWNe chBparkle bbpekoess
range. (nmax- @% acr.os die with different percentages of active area is
contr ol | ecPi9 S EERG ST RAGRE i 149 SR O ETHihe [isvapsaeniis SeLineds ange
observed dnyttike sppendeadtclwmisig under the simlar conditions when the

hard/ soft stacked pads is used (Curve 320). The irregul ar shape of the
curves in FIG 12 might be attributed to the influence of neighboring
features with a very different percentage of active area. |Influence by

nei ghboring features is governed by mask |ayout. Referring to FIG 13, the
pl anari zation length is plotted as a function of the nmenbrane pressure for
sol o hard pads 302, 312 and stacked hard pads 322, 332. A planarization

|l ength of 15 mllineters is achieved with a solo hard pad whereas a

pl anari zation length of only 6 millinmeters is achieved with a stacked pad.
The nenbrane pressure is varied from2 to 7 psi. Low nenbrane pressure

i nproves the planarity as conpared to high pressure in the tested range 2
to 7 psi. The results also indicate that planarity is insensitive to

pl at en/ head
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speed in the range of 93/87rpmto 153/ 147rpmon a 20" platen for both
hard/ soft stacked pads and a hard sol o pad, curves 322, %%vggﬁ.ﬁggo 312,
respectively. Sunmarizing, wafer planarity is inproved by %VI th a
hard sol o polishing pad under | ow nenbrane pressures. WWU of |ess than
5% at 5mm edge exclusion and 3 nmm edge exclusion is achieved on a 200

m | |inmeterChvaifney: after 182 sec polishing with a solo | Cl1000 hard pad at
pressure 2/ 2. 519/2p5| and speed 153/ 147rpm WW\U of less than 7k is

achi eved on al. waf Ammethédsf cethi sol.0 lClO - hard pad at
pressure; 2/ 2.9/ 2 and speed an?gﬂ?r pm%&%hiﬂg\ﬁg}’g ected when
hard sol 8’%‘ ng%‘h i’# Yi§6 comiprisiggred to | ess than 60 sec Pad hardness

is the dom nagﬂen{, i, @VI er lanarity. In the experinental
ranges investi gate @“?%#ﬁgﬁ%@g@%wrﬁa@wmmelmm@m pressure
led to hpégimda pt@hmmmﬂtqplﬁyghggﬂeggﬁﬁgw%oégdp s.insensitive to

speed. The STI rocess_on the using a Q%dat - 21 6 AUGUST
2003 | ow pr esSiF E‘Gﬂ@ﬂ‘ Polishingthé Gletisyer evithtahon po Hﬁiuégﬂ pad &ied on  a

l'inear pebdddMimPRAiC tter, than th achi eved” when hard solo
pad is not used. Thehﬁg‘gg%otfv?%gdfxgn iy thyn tA@ therstop layents depi ct ed

and descﬁubmaﬂR&x]bmed. t he scope of the |nvent| on is defined by the
appended cl ainms. 6 AUGUST 2003 Clainms: 1 A nethod of chem cal mechani cal
polishing a substrate having a filler .layer disposed on a stop |ayer,
conprising: ehem |sh| the filler layer with a single

| ayer hard_poli Shlqgé pa angﬂé 13191J Gaval pr lepyth lepetham about Sperisi s at

| east p&PP]il@ItP)‘JaléiﬁﬂlS&et&duangpohﬂﬂing:al mechanl cal polishing the filler Iayer
wi.th a soft polishing pad and a

3. The method of claim 2 wherein the pressure is equal or less than about 2.9
psi.
4. The method of claim 1, wherein the first slurry has a selectivity greater
than about 20:1.
5. The method of claim 1, wherein the second slurry has a selectivity less
than about 6:1. ‘
6.

The method of claim 1, further comprising sensing the when the stop layer

is at Jeast partially exposed and when the stop layer is substantially exposed with an
endpomt detector.

7. The method of claim 1, wherein said single layer hard polishing pad
comprises polyurethane,

8. The method of claim 1, wherein said single layer hard polishing pad

comprises abrasive particles embedded in 2 natrix.
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second slurry which has a |lower selectivity than the first slurry until the

stop layer is substantially exposed. 2. The nethod of cl sldﬁ\ééyg.)‘e%@@ a
r

pressure equal or |ess than about 5 psi is applied to sa

during polishing. 3. The nethod of claim2 wherein the pressure is equal or

| ess than abo 2.9 psi. 4. The nethod of claim11, wherein the first slurry
'ty 3?@

has a sel ecti Jnethod effclaimah odterdif thk. filfr 12VAS im1,
wher ei n tiher $eL ARl djas @ sel ectivity |e§ ffﬁﬁméag%ggghegt@ 6. The

met hod of claim1, further conprising sensing the when the stop layer 1is

at least partially exposed acrd when the stop layer is substantially

exposed with gg eg,gpoi nt detector. 7. The nethod of claiml1l, wherein said
rd

single | ayer F Readpfiskiam % wipreiisths filled Mydres HARE dickotdd B qTRE hod of

claim1l, swpaayr ﬁ§%§&i@ﬂ'(ﬁ |l ayetr ;hard polishing pad conprises abrasive
particles enb)gglded in ana rlcﬁ??lﬁ AUGUST 2003 9. The nethod of claim1,

wherein the filler layer is a netal and the stop layer is a dielectric
material . 10. il'he Ketr}gd of claim2, wherein the filler layer is a first
diel ectric anbthe/* T8¢ P PLshemical meckaminahpolishink acubitfutdBiviid Ahiflerll. A

met hod ofay&mﬁﬁ&@doﬁ%ém)gplco lishing a substrate having a filler |ayer
di sposed on a stop |ayet, “cdnpr sﬂﬁ%‘. chem cal nechani cal polishing the

substrate mtwaaliﬁln@bmdim}polijm B Shtisi e REHRAG, i rst.slurry until
t he StOPax{daaYﬁiI%té at slﬁgstan i al ,Ig;henti rel Ig‘g’(gxpo %gags‘ﬁlﬁif@ﬁ%ﬁﬁ%l’ad

mechani cal” po |g i Bmf © P Wyeris &t substan ehtirghobippbidigngpad and a second
slurry whi ch diemicl R¥ehi b VI h the fipst .slurry 12. A nethod of
cheni cal mechani cal .cgol i shliﬁg a ?u'%%ﬂtbﬁwﬁiaﬁgﬁ&ﬁhﬂm&mdmr di sposed
over a |S55@d sluppewhi b@a!@mgeleﬁﬂmyitﬁﬁth@'ﬁﬁshﬁﬁﬁyal pol i shing the substrate

wi th-a stacked polishing pad, said stacked polishing pad having at |east a
first layer disposed on top of a second | ayer, said

12. A method of chemical mechanical polishing a substrate having an upper
layer disposed over a lower layer, comprising:
| chemical mechanical polishing the substrate with a stacked polishing pad, said
stacked polishing pad having at least a first layer disposed on top of a second layer, said
first layer being harder than the second layer;

| chemical mechanical polishing the substrate with a single layer hard polishing
pad; and

—

chemical mechanical polishing the substrate with a third polishing pad, said third
polishing pad being softer than the single layer hard pad, wherein polishing with the
stacked polishing pad ends when the lower layer is partially exposed, wherein polishing
with the single layer hard polishing pad stops when the lower layer is substantially
entirely exposed, and wherein polishing with the stacked polishing pad is performed with
a ﬁrst slurry, polishing with the single layer hard polishing pad is performed with a
second slurry, and the first slurry has a higher selectivity than a second sluy.

13. A method of chemical mechanical polishing a substrate having an upper
layer disposed over a lower layer, comprising;
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first layer being harder than the second | ayer; chem cal nechani cal
polishing the substrate with a single |layer hard polishin '

chem cal mechanical polishing the substrate with a third gﬁ%ﬁ'ﬁgﬂg%%
said third polishing pad being softer than the single | ayer hard pad,
wherein polishing wt hadthhe stacked polishing pad ends when the | ower |ayer
is partially esiweicd mevhenieil polisHinsthe RGbstidkd O; j Ll d

pol i shi ngstggg\gﬁ’tﬁ s._whe theIpI ovverél aéers%é@l%k‘sg?g%c?ghs&%d? g’@#y .
exposed, an e @WB‘EA&WH}%IWW layen dispoac] gpuolop sk sgopdihyts sgar f or med
wth a fﬁfsslaysﬂwlﬁg/hargg.ldl ’ ggec\%&gd %”Ee single layer hard polishing pad is
performed with a second slurry, "an Ythe first slurry has a higher

sel ectivity t hehsoHod schahisil polishinglBe m&sﬁﬁe%&@ih@@%@bﬁ%d% cal
pol i shi ng,.a. géij)strate havi ng an upper |ayer disposed over 0 | ayer,
conpri si g%: ? 6 AUGUST 2003 chem cal nechanical polishing the substrate

Wi th a stackedchefli¢at hietBaniaf &ﬁjng | i shiing.pad havi ng_ at, | east a
first layer, dj shggiéeqmon t op g?l a e%ﬁﬁg’%géﬁﬁ‘%ﬁﬁpgkmpﬁﬁmﬁéi ng
har der tW‘?ﬁ&P@@b@ﬁﬁ%@y&mMﬁnﬂeMyﬁm?ﬁaﬁﬂi@&QF& ' E]Iesubstrate

: rrec%anl ca

with a si Ld polishin pad; and chem ca pol i shi ng
t he subst%@ﬁ%ﬁﬁi %%ﬁ?‘ﬁ‘bﬁﬁw @T Ispgrtipllyispased, Pdiereit polishil  bei ng
sof t er t Iveith thheingldl &Haﬂb’;ﬁﬂisﬁiﬂé i oli shing with the stacked
pol i shi ngm a err]rgls \%en t he | ome?a‘f)ggygsr%‘g{%g??vpgllﬁyﬁr'éiﬁ'ﬁ‘@&au?i\her ein

pol i shin X Fpofd, andigheseinaodishing withiihe tadlicd oRdhasiaanad he | ower
| ayer is iAall eatirel y exposed, and wherein polishing with the
st acked é%ﬁpgé” ng g@e‘{‘&‘ %Red?qrﬁxg&ﬁm@ ﬁ%ﬂ"’bﬂ#@&mﬁ&eﬁ&ﬂmﬁs}ﬁmﬁm nmed with
a first &4 perfopmepetithsisetsdwiinyy, WS Hkt m}l j iWQBF ks-.parformed with a
second slurry,, and the fi rst‘lds}] urry has sa i%gr e %&?ﬁhﬁ‘?@apﬁan a second
slurry. fopon SWE?'hod of chem cal nechanical polishing a substrate having an

upper layer disposed over a |ower |ayer, conprising: chemi cal nechanical
polishing the substrate with a stacked polishing pad, said stacked

pol i shing padlbavi A@dbﬁewmdmwﬁﬁﬁsm@&%ﬁﬁgfgb&ﬂ% aglflﬁ,gasecond
ayer:

| ayer, sl N | ayer being harder than the secon chem cal
mechani c%#&p%ﬁogﬁé%‘&rﬁ%wgﬁi%’%@?@nﬂngh a single layer hard polishing
: chemical mechanical polishing the substrate with a stacked polishing pad, said
stacked polishing pad having at Jeast a first layer disposed on top of a second layer, said
first layer being harder than the second layer;
chemical mechanical polishing the substrate with a single layer hard polishing
pad; and

cbemical mechanical polishing the substrate with a third polishing pad, said third
polishing pad being softer than the single layer hard pad, wherein polishing with the
stacked polishing pad ends when the lower layer is substantially entirely exposed, and
wherein polishing with the stacked polishing pad is performed with a first slurry,
polishing with the single layer hard polishing pad is performed with a second shurry, and
the first slurry has a higher selectivity than a second shurry.

15. A method of chemical mechanigal polishing a substrate having an upper
layer disposed over a lower layer, comprising:
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pad; and chem cal nechani cal polishing the substrate with a third polishing
pad, said third polishing pad being softer than the sing %\(fgr pad,
wherein polishing with the stacked polishing pad ends V\hlgﬁA‘f, e %ag?gl ayer
is substantially entirely exposed, and wherein polishing with the stacked
polishing pad is perforned with a first slurry, polishing wwth the single

| ayer hard pokchahicabmpdanicsl podiski muuﬁﬂeaiﬁa%ﬁe@w%ugﬂiﬂ%\p%ﬁét idéheff”St
. (6] (6]

slurry ha i gher selectivity than a second slurry.” 1

cheni cal Sﬁ@%ﬂq’égl"gﬁé‘{lﬁ%‘ﬂ%@t leasty Bt layerdisposedign top afjgsesond layegsaidi sposed
over a | gpet @Pﬁn-hlf , 6 AUGUST 2003 chem cal nechani cal

pol i shi ng thal °§ﬁ§§§$‘§‘?€ W ﬁl@ge%oﬁgé%e& polishing pad, said stacked

pol i shi ng padchemicalguathaties $olishihg tisubsdes with 8 BRsRIayPh Rinig> second
| ayer, sa%aj 1fji rst layer being harder than the ggonﬁa%?? échﬁ%%n cal
nmechani cB¥@Bfi shing the substrate with a single |ayer hard polishing pad;

A third . porraenaahaloy S ool Vi Colllngiinagad s ad T
wher ei n pdi*%paéhdﬂghoﬁhﬁhmﬁé@k@%lﬁﬁrih&hjmmeﬁ%ﬁsm@ﬁith% | over | ayer
is substgntially . entirely exposed, and wherein polishingwth the stacked
pol i shi nsga Pg B“&'%@W@ éPWEdPY§H$ sipstoniaallyentirely exposasiland th a first

slurry, whirelPonshib Withithests H&%gﬂg A i with.a second
slurry, and the first sl urrya{]eggegéﬂ Igher sgg%%{?glgfa&%lpéwgﬁnﬁpg‘g%nd slurry.
26 performed with a first shurry, polishing with the soft polishing pad is performed with a

second slurry, and the first slurry has a higher selectivity than a second shury.

(@) irald
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