; vwe3e) kZ) h4(6TZI GBZONE PCOLI SHI NG USI NG VARI ABLE SLURRY SOLI'D CONTENT
BACKGROUND OF THE I NVENTION (1) Technical Field This invention relates to a
met hod which varies the slurry solid content dispensed on a polishing pad
for controlling the polishing rate for specific areas on a sem conduct or
waf er during planarizing and permts nore accurate control of the polishing
rate across the sem conductor surface while performng planarizing to
produce a uni form substrate surface. (2) Description of the Prior Art The

foll owi ng docu | h lJing a polishing rate
across a subst?% §%§ﬁ?#§§§N§ﬁ§§“g§§ﬁ§$ﬁFﬂ%fﬁﬁﬁﬁ§§§£ﬁégéﬁmﬁtﬁ§ﬂ Pat ent No.
6, 398,627B 1 issued June 4, 2002 to Chiou et al. describes a shiny

di spenser having multiple adjustable nozzles. U S. Patent No. 6,234,877B 1

i ssued May 22, 200l to Ko h CVMP_tool wi th adjacent shiny and
diluting sol ution dispensgg@ﬁgqgﬂggNgﬁﬁﬁﬁ?ﬁkB{V%NTHE?728 i ssued August 22,
2000 to lida et al. shows a CWP° apparatus. U S. Patent No. 5,658,185 issued
August 19, 1997 to Morgan |1l et al. shows t

(1) Technical Field

This invention relates to a method which varies the slurry solid content dispensed
on a polishing pad for controlling the polishing rate for specific areas on a semiconductor
wafer during planarizing and permits more accurate contro! of the polishing rate across
the semiconductor surface while performing planarizing to produce a uniform substrate

surface.
(2) Description of the Prior Art

The following documents relate to a method for controlling a polishing rate across

a substrate surface when performing planarization.

U.S. Patent No. 6,398,627B1 issued June 4, 2002 to Chiou et al. describes a

slurry dispenser having multiple adjustable nozzles.

U.S. Patent No. 6,234,877B1 issued May 22, 2001 to Koos et al. shows 2 CMP

tool with adjacent slurry and diluting solution dispensers.

U.S. Patent No. 6,106,728 issued August 22, 2000 to lida et al. shows a CMP

apparatus.

U.S. Patent No. 5,658,185 issued August 19, 1997 to Morgan III et al. shows



anot her CVP apparatus. The manufacture of an integrated circuit device
requires the formation of various |ayers (both conductive and

non- conducti ve) above a substrate to formthe necessary conponents and

i nterconnects. During the manufacturing process, certain |ayers or portions
of layers nust be renoved in order to pattern and formthe various
conponents and i nterconnects. Chem cal nechanical polishing (CWP) is the
nmet hod of choice for planarization of a surface of a sem conductor wafer,
such as a silicon wafer, at various stages of the integrated circuit
processingnmggﬁmM§a_&§gngsed to flatten optical surfaces; netrol ogy sanpl es
and in various netal and sem conductor based substrates. CMP is a techni que
in which chemcal slurry is used in conjunction with a mechanical polishing
pad to polish away materials on a sem conductor wafer. The mechanica
novenent of th&hpamnufettateiofen traedrhed wadier deyRB Geduite OB jfoHRELPBE Wirldls t he
slurry) provides the abrasive force to polish the exposed surface of the
waf er. | nlavge (hefhcordnstivhardnomcohdiChify) shosubsibsaite td Prmubnheessary a
pol i shing head, which rotates against a polishing pad placed on a rotating
t abl e. Th@mﬁﬁ‘&q’?&ﬁiaEélmt?rB‘i’IE’éCtaePWE%thﬁﬁ’éﬂ%ufﬂﬁ@ﬂﬂéﬂ)ngcqr@bi leygperd and t he
downwar d égssur on the.head. The chem cal slgrry i S constantly

transferr lﬁﬁ%%ﬁq%%mﬁglqegﬁpﬂ‘bed%ﬁ ST RAHETIGRC dP10t g VABPYSSRMRENgRtsad hel ps
in the sl : i I I; 21 agi he..paol i shj rates across

t he subst rggktglélgez%dr g(g%@%%%&%?\lgh%rl gﬁll?sem @g)ﬁsf S nffﬁli?d (Er}%«?mﬁ% “shing rate
varies fremiMeteesl PhefaYe b {8 GRMEY w%re, %J\i/% WAl flcoh eraféfaz{tiv%lf s €asons.

Pad bounce is one reason. Variations in ocity encouhtered’in the
r ot at i onabtagm\wétenhtegstedniichie proc&eiig. @R Rtaldfusdy R BdieRplical aghi-eyed by

rotating the wafer but variations still result in non-uni f or m pol ' shi ng
across t h&welalogy saoplenand in verigus naataliangd serhiaotdugioa based stitfsera@\P processing to
by to minimze this inequality in polishing rates. This invention is

concerned with inproving the difference in thickness between center and
methods, and GGV FOLoPHELE THEPEF CAFEPAChITGS He8 12 GHOPTEnRYLE & hi cker at
present s SenrabramiaE phERORIS I EBmalkBhl Shisdi POt adBe e

Pr ocessesmediiickBihbaln QR o £8P pRErivE lt(.g{gng %Q&d&ﬁ %Pllﬁgﬂcqgfogggﬁqt the ?i%l{'rﬁ-rh 'S

difference inparts a challenge for oxi to po er a % edge
and sl oweprogidet the abeuive forc@ poliah thB g osedRirtdil 6K SN Bemdsy 1S
acceptable. A uniformfilmthickness across the wafer after oxide CWP is
needed t ocamhpefemyrddiMPprd subbtnge bimamedd onfanlisiiag hewl 0s&hirhetcyagist and it
w Il prevent yield |oss issues such as mssing vias of netal shorts. (2)
Descri pt i dRolHungad pidoest omp totating thblbr Toamedhaniofl forre dgrintsdtbneihecotatiz on a
senicondu%é r s bsh@@%ﬁ]involves a nunber of steps where patterns are

t r ansf er - 84 *FPBH P PERGET BISPUES Yhibe dewlaslbs chemisal sharsisisonstantly.
Integrate I it e typicall rimed .on the substrates by the
sequentia?wgg%%gPP?%ﬁﬁ%?d%gwa§8¥¥J%£ﬁ§@ﬁﬁ%gﬁﬁﬁﬁ@P$g?”&FhﬁﬁgHP&PFU@ | ayers.
Di scri m ngliiBg LKL A%, . {<hirf ' ot gl ithography creates
specific stf%%tures andgkgé?§g§e¥§$e0|zgkgééﬁgﬁﬁagﬁﬁtgﬁﬁgﬁp‘egolution

phot ol i t hage@mirebleMRESME isth &S Mhing 98E La64 rRRdmRi |t d
circuit structures. EUringlthetgigninggof t hese me?@ﬁﬁgk%%%gnﬁﬁgggﬁated
circuit sefithe wafeefr vitiolsasasbre amE biousdedashdi@hsoni WRERGGHN 12 veRRSY ruct |ine
W dths nmeasuring in the sub mcron and nanonicron ranges. The

phot ol i t hge&ptred irpthe cesiginahmevepst spantes oot Aot ebsvetapiddes exposed on
t he substrﬁ}e for subsequent processes such as oxidation, etching, netal
deposi t i ATIEYFHDY Fdating e walenbut yrvigions atll rashlhgn minmimaformipplishinmacodss ci 1 cui t
structures, Each of the netal |ayers is typically separated from another
nmetal | aytg? “’6@“ éw?arcﬁs]{t] IS0 igRoTtagf gpal 1g Q’(?Ppl‘ég PEICCERESe YA apnimppethisf or e,

there is ie¥ﬁﬁgdhgﬁﬁ§ﬁéiﬁk%he substrate's constructed surface to provide a
pl anar reference. anatrization effectively polishes away non-pl anar

entities- To enhance the quality of an overlying |ayer, one w thout

di scontinuities of other blem shes, it is inperative to provide an
underlying surface for the structured |layer that is free of scratches and
is ideally planar. Conventionally, during the fabrication of integrated
circuit structures, planarizing of the overlying structured |ayer is
acconpl i shed by CwP. The uniformrenoval of material fromthe patterned and
non- patterned substrates is critical to substrate process yield. Generally,
the substrate to be polished is mounted on a tooling head which holds the
substrate using a conbi nati on of vacuum suction or other holding nethods to

o Y a1 .. o, .



The ideal substrate polishing nmethod used by nost sem conductor foundries
is CMP. This choice is based on nunerous factors which include; control of
relative velocity between a rotating substrate and a rotating polishing
pad, the applied pressure between substrate and polishing pad, choosing the
pol i shing pad roughness and el asticity, and a uni form di spersion of
abrasive particles in a chemcal solution (slurry). In summary, the CWP
process should provide a constant cutting velocity over the entire
substrate surfage,. suf.ficient d elasticity, and nore inportantly a
control | ed supg?“f"& et ?Ihﬁ}f-of‘?egge%ﬂﬁ& Igmrﬁﬁ“%ﬁﬁrdﬁﬁre%equé‘éﬁls bstveehe pri or
art, shown i.n simlified fo in G 1, illustrates a substrate 78 held by
a tooling cglggroanggzﬁ%?%%wp%{.gﬂ@gy ag%apmgi thatease depositad by plpsmagnhanpsdtrate. A
circular polishing pad. 60 is rotated while in contact with the bottom
surface of2HEsy é{‘?‘%ﬂfﬁr wigsapialidiclecttare sonpistently dhipkar ahthe selstetsedee.t he

| arger ro tin% polishing pad 60 in an _area away fromthe center of the

pol i shi ngtrgﬁéqp Arapigal xprigoanfEgis gerierAo pdcempressasiattrened thabogasstitatessur f ace of
the polishing pad dispenses a slurry 63, containing an abrasive and at

| east one TBRENPRENt 1S thegeadditive pergesses. Bie vahatigotandisian fighad o6thoysandy of a
supply circuit, (not shown) and can-ied to the interface between the

pol i shi ng2pEgors. AR difftsence ampartsi dheliengiiforpxidedCMPds plish fasertt 612 ddge pr essed
downward 69 and oscill ates against the top surface of the polishing pad 60
t o rest or 4 sewerest therasnien se it pestiCAAP tyckpass, unifosmighis acgpebintA ngfam

gl aze-like build up of slurry during and after polishing. The problemwth
thi s met h&dmdhicknsy ashosa the waferredier eoddy CHIP is meedsr italachicleposd peatinproft he waf er,
by pl asma enhanced nethods, are thicker at the wafer edge. The thickness
vari ance eoel taeessagrass theweafersartdat $DPreveny stetcloss issties Suchss gnigia visi ng
process control problemthat needs a nethod of polishing that woul d qui cken
t he pol i shf mgtat sttogtsat t he t hi cker edge and at the sane tine slow ng the
polishing rate towards the center of the wafer. In view of the above
problem there is a need to inprove the nmethod of planarizing when using
the CVP process. It is therefore an object of the present invention to
provi de a(3|DaseryptobnsParJriog Aapppar at us for a chem cal nechani cal polishing
machi ne that does not have the drawbacks or shortcom ngs of the
conventional slurry dispensing nmethods. It is another object of the present
invention to provide a slurry dispensing apparatus for a chem cal

mechani cal pol TEhiaBgcaa i Rfedriad citchitp bRY k&aR oXductbr Sulhrielid Jifisf 0ol d havi ng
a plurality of nozzles each of which would radially distribute different

sol i ds_t onduhbtiod s@paeReAE Faﬁén%nase trhdsfdried¥Rim FRAGIAGS Qﬁji@g}%oég];nagﬂeon% b€ nt

. . . ! or
invention to allow a tailoring of the oxide polishing r across t

vafer. Unirckebdie. apeyentlanals # ABRAAIM-LYPSn BY &6R8 oS e zone
polishing is not offe%led due to i?g fli@gegtnpﬁygi Cal charactt eri g'tléﬁ@glr
deposition of conductive, semi conductive or insulative layers. Discriminating etching of
the layers assisted by photolithography creates specific structures and devices. Precise

focusing for high-resolution photolithographic exposure yields well defined and highly

integrated circuit structures.

During the forming of these well-defined integrated circuit structures, it has
become increasingly important to construct line widths measuring in the sub micron and

nanomicron ranges. The photolithographic processing steps opens selected areas to be



It is still another object of the present invention to allow the user to
have unlimted control of the polishing rate on the wafer fromits center
to its peripheral edge, therefore, providing better polishing uniformty to
t he varying topography of the wafer. SUMVARY OF THE | NVENTI ON I n accordance
with the present invention, a slurry dispensing apparatus for a chem cal
mechani cal polishing tool operational with a plurality of nozzles is

provi ded. A maj or aspect of the invention is directed to a slurry

di spenser _apparatys that is used for supplying polishing slurry to a

pol i shi ng %‘g‘%eﬁﬁ A Ql CCHRMAEALT ﬂg’é?ﬂé‘ﬁ?t@é‘i’ceg%f; whigs §xidaaen. el mefeht i on i s
concerned Wit h. i nproyi olishing unjformty to a varying topography on a
devi ce siggmgﬂmﬁyggﬁ¥8gﬁﬁ§5F@$n% PpiRg guinipirizatignaf creldlstaichises. meseh  a
slurry di spenser aratus that includes a manifold having a |inear array
of dis pen??ﬁﬁ r’?\%%‘?%%ES £ I%’F‘@hﬁ H%Ha,rat?drémﬁﬂﬁ?ql@] rgetpldayeidy ap msulstiomleaer. i n a
hori zontal position ?nd in close proximty above the rotatable polishing
pad. Each$ |28 oxideilqyer  hnefare bareis 2 segd to prligh thel suhsipleis constelciedr y and

dei oni zed ter. The supply circuit includes adjustable flow nmeters and
check val Y& dnprovids@ Plangt wedirencs., Plaparizstipn pifestivelytebistiss hwey peri-planarThe

adj ustable flow nmeters control the solid content of the shiny egressing
each nozzFRileshdpspancy terfuelity o an avartyineddyas comervathoof digwintistitiespfr at e on t he
wafer fromits center area to its periphery. The present invention is
further i Athehbleaishey, ifis enpdrativedo prvidecalundetilimgsuctate foo theshiictgrod ChyRy
apparatus for planarizing sem conductor substrates. The CMP appar at us

i ncl udes #&af isdlrderpd seratghesfand ihideallymdamar.substrate therein and for rotating
and traversing the substrate on a polishing pad. A polishing table for
nmounting and rotating a polishing pad nounted thereon, and an oscillating
dressi ng head placed against the top surface of the polishing pad for
recondi t i oni ngCoirenfiohadlypdurtnigehpfabiisdtion gf pasbraied éigmet, stractdres, Sitarivingdi Spenser
mani fold having a plurality of slurry dispensing nozzles, positioned from
t he cent epf @it ovérlyippétinshiralayahs sccomplisted pe IGNIPETYe @daematmbitg of abl e.  Si nce
the polishing rate of an oxide filmis dependent on the solid content of

the sl unmaeriat fremalppmattained andaonvpiteadtd sobstralee id ditiemilth ibstBippsceyse of this
principle to vary the polishing rate at specific areas on the wafer. The

pl ural i tyyiefd. Skeneraylyihe peiRaeciOBep@mhed s avvinfdionstid®He 1ehd $B8lchGof@nt ent in
the slurry to be | ower at selected annular segnents on the polishing pad by

i xing_anthedubstlaldBinita WiitinaBon WRY Rum G LA R holiHBTRLNR 1o bnug@Pabl € of

di spensi ng an adjusted slurry concentration during polishing. The slurry

di spensedterrodnsRROT 1RGZB AL mdSUBRINISS & HRCH.NRZEL &1REHE siEG R way of a
bi furcated path as follows. A first path coftains a polishing slurry and a

second paképROhAFBGASLOR! B dodRE Head, EARERR LR SPALSEARTE! Redial! NI ©

path proxi mal the nozzle. The paths-leading to each nozz grn at a

SUPL Y SOWTSspaliSfeal ks iRl WBLEbrRARIALANGI of REOHAM A g mete and

check val ve. 'Flow volune 1s controlle he fl ow

meters. ThSadesidifOTRONISnEIRAE B! sillh 9&2@1%9@&&%{3%%% R GuEidpdone by vay

of pressure adjustnents at e supp ource. es€ and

t ti ele teristics. pf the | ti il b
rore. ovi dene T B AR Bl BATRAR BHSR ek s (1 ot er ence

to the figures of the acconpanying drawi ngs which illustrate preferred
enbodi nents and alternatives by way of non-limting exanpl es. DESCRI PTI ON

OF THE DRAW NGS, FI.G is.a schematjc front view of a CMVP_apparatus show ng
a slurry di spgﬁlfweelfi ezgcs:‘%bﬁrafeﬁﬁﬁ?c%ng Wgh‘Bfi iu%‘?l%%é'rlf“.’s‘% Sermicondustor foundries 1s
CMP. This choice is based on numerous factors which include; control of relative

velocity between a rotating substrate and a rotating polishing pad, the applied pressure

between substrate and polishing pad, choosing the polishing pad roughness and elasticity,



FIG 2 is a top perspective view of the CMP apparatus showi ng the slurry
di spenser nenifold of the invention. FIG 3 is an enlarged cross-sectional
and fragnented view of a slurry dispenser nmanifold show ng several

bi furcated supply circuits and nozzles, of the invention. FIG 4 is a

cross-sectional illustration showing the bifurcated slurry and D water
circuits of the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
There will now be described in detail with reference to the drawi ngs sone

ferred _epbodi.nents of. th resent. inventjon agpplied to the slurry
girgpenser RBRUFETT ,&Wﬁrf‘}ﬂn? abﬁ?é"&f\ﬂtlc S0 & f IEQISO%%@WB@{ Ihol i shi ng tool

for planarization o sem condyctor. . substrate. Referring to FIG 1,

s hovvllO ng a S%ﬂ@%%ec&}dg ﬁ&%&fﬁ?gog‘g Providrete ansiant RUEERelosity 9uer thp prise appialr at us
of the priar art, brief review of the CWP apparatus and process foll ows.
The pol Psﬁ\‘ (Efa'ﬁasﬁrf%(?: S‘i‘?ﬁﬂ@“d’ﬁdﬁlaﬂtfr‘%’u%ndn%?rérimﬁP{taf’fds’ agopElledsupdy ohe upper

surface clump-free polishing slurry.

A CMP tool of the prior art, shown in simplified form in FIG. 1, {llustrates a
substrate 78 held by a tooling head 66 which rotates about the central axis of the
substrate. A circular polishing pad 60 is rotated while in contact with the bottom surface
of the rotating substrate. The rotating substrate contacts the larger rotating polishing pad
60 in an area away from the center of the polishing pad. A slurry dispense nozzle 61
positioned above the surface of the polishing pad dispenses a slurry 63, containing an
abrasive and at least one chemically-reactive agent, on the polishing pad 60 by way of a
supply circuit, (not shown) and carried to the interface between the polishing pad 60 and
substrate. A polishing pad dressing head 67 is pressed downward 69 and oscillates
against the top surface of the polishing pad 60 to restore the texture to the polishing pad,

thereby, preventing a glaze-like build up of slurry during and after polishing,

The problem with this method of polishing is that many of the oxides deposited
on the wafer, by plasma enhanced methods, are thicker at the wafer edge. The thickness
variance could measure upwards to 1000 angstroms. This is a continuing process control
problem that needs a method of polishing that would quicken the polishing rate at the
thicker edge and af the same time slowing the polishing rate towards the center of the

wafer,



of a polishing platen 62. The polishing platen is horizontally supported by
a platen rotating shaft 64, and is rotationally driven 65 through the

pl aten-rotating shaft during the pol i shi ng operation. The polishing head
assenbly 66 having a | ower surface opposed to the upper surface of the
polishing pad 60. A recess forns a nesting surface and a backing fil m (not
shown) which centers and rel easably holds the substrate 78 to be polished.
The polishing head assenbly is mounted to a shaft 70 and is rotated 71

relative to the r.otatin | aten 62, The CMP, tqol polishes the substrate 78,
which is positg%WQH(#gﬁgmgﬁ oblgEr fsreis pAFebiRumeove thegepthed elssure 68, with

t he rotatiﬁﬁlgolisﬂiqgﬁpag égﬂ%The substrate is also rotated either about
an axis cSRTTAENY W T8 e PIOESSE o} Isperglopesaa obpgch At the sresont ieventiesr | but
not coincident.wth the axis of rotation of the polishing pad 60. The

abr asi ve POPRYHF ag ey fHispgnsng ?@%59%0%?%§tech%aba‘dmg%fﬂ%@n@hr ough a
single no§%lﬁ 61. Ebresult of the rotating contact and abrasive
conponent &3 fogSFet v g drawbagka ar sheecoraines o the corventianabsivry Hispensiagt r at e 78,
the substrate's surface becones planarized after a designated tinme period.
The rate &FHhodkoval is closely proportional to the pressure 68 applied to
the substrate 78 and the dressing of the polishing pad. A dressing head 67
is pressed downward 69 while oscillating 72 against the top surface of the
polishing pad to restore the texture to the polishing pad, thereby,
preventing a gltayanothek ebiseiiof thaupessht igventioy taprovidg ashoryedisrensipl | shi ng. More
i nportantly, however, the uniformty of renoval depends upon the topography
of the topPnamfesiops chomical wesharatad pFlgshirgsmivhgleahatfiemtuided witextskingi ng f ur t her
fromthe substrate surface) are renoved faster than |ower features. This

i nvent i onmiagifeld heeing e glunilith of nprley eaxd qfothicthivodd unrlidllgraisttiyutt aifeedast r at es

wi th varying topography on a device side of a sem conductor substrate. 10
Ref er ri ngsoluiwtoniqed speentfdtioat.l y to FIG 2 there is illustrated a top
perspective view of the CWP apparatus showi ng the |location of a slurry

di spenser manifold 30 relative to a polishing pad 24 of the invention. A
sem conduct or substrate 10, shown urged against a rotating 28 polishing pad

24, is held byltsues andhe objlreithefresdn0indb@tbndd aBOW a@Sfokink at 8- Sl N
polishing. This technique is used for the planarization of an oxide |ayer

deposi t edpdlishipkasEacresas cattr.t Bahkd @Y esnvertiéhaPdiafhgabRYle dofisiHdfidlQnal as
an inter-metal dielectric; however, it deposits a thicker build-up at the

subst r at ewhelgeondsliskixa 1R offWRe Qusl RS ldMydit A ehfagiddicat e gl ass, the
difference in thickness between the substrate's cater area and its edge can
be as nuch as 1000. This difference presents a conplication when

pl anari zing a substrate when using the chem cal nechani cal polishing
process. - That jt s siafhihoPiaac ARhlQR iAefib b b Lk, an oxi de

| ayer is required to achieve quality photolithographi c punting of

sub- M cr OghifERlbRPel YR Rihin PPELURWark !l 05563 ESHIdLAPLLOM

m ssing vias or netal shorts. e apparatus an &4 ¥t i on

sol ves t hi : LnGul: I.shi . is rotated by a

pol i shi nB‘h ?gg{r‘g’%?ﬁmﬁﬁggﬁteﬁé’gg%‘%“égﬁ%ﬁgkdrF@%g”s‘% ?O%%HP&%W%V a drive
notor (not shown). The substrate holder 21 rotates and oscillates 23 while
urging the substrate 10 agai nst the polishing pad during the polishing
process. The rotating substrate contacts the larger rotating polishing pad
24 in an area away fromthe center of the pad. The slurry di spenser

mani fold 31 is shown positj f of the polishing pad 24
such that a linear array o$Bﬂ@g§%§§5gﬁﬁﬂfg$V§H?§ﬁﬂy spaced from about the
center of the polishing pad to about its outer periphery. The array of 11
nozzl es is shown di spensing a slurry 35 thereon, formng circular paths 36

of slurry as the gpﬁishingﬂpad rotates. thereunder. .
In accordance with the present invention, a slurry dispensing apparatus for a

chemical mechanical polishing tool operational with a plurality of nozzles is provided.



A slurry di spensing apparatus 30 for use with a chenical nechanical
polishing tool 70 for planarizing sem conductor substrates 10 having
irregular topology is disclosed. The slurry dispensing manifold 31 is shown
having a first end suspended over a polishing pad 24, and a second end for
nmounting to the chem cal nechanical polishing tool 70. A linear array of
slurry di spensing nozzles 34 positioned under the suspended portion of
manifold 3 1 . Each nozzle of the linear array providing an adjusted slurry
m xture 35 supplied frombifurcated supply lines 32, 33. Referring nowto
FIGS. 3 and 4 showi ng an enl arged view of the bifurcated supply lines 32
and 33. FIG 3, llustrates a .cut-.away,view of a mapifold nenber 31 show ng
a linear array Aolpajtoﬁ?sggacﬁ’?gﬁéﬂ‘éqnﬁan ﬁdiirth@évFo BIRGY dispergen apRagtug shag jse
supplied fr a_common source (not shown) of deionized water and |ines 33
are suppl iu%%r?ﬁ owP ”&Hﬂi’ﬁ ng Blb‘%é’ &0 ¢ RelishategRA)n 8 ehemisal gngohanienl pelithing The
slurry e I§L§@.is colloidal alumna or silica in deionized water. Each
of the sgg?ﬂ i et TPHTEPR KIconeaRRy s Impredpe pelishmerumifaroibt orasvagying 38 and
respectivg checg val ves 39 and 40. This is best illustrated in FIG 4. The
| ocati on SIPOBHBAY:ARE Revjen dsoliaremicpnducier bt dn emeclametl gmlmdimedt, 4 he
junction of the bifurcated supply lines functions as a m xing venturi for

t he nozzl SYTYFHReRShEIPrrEsbat drclides 2 smmifeldduviag adinga antap of dispensingas
undi | ut ed, dependi ng on the adjustnent of a flow control valve |ocated at
its sour c@?ﬂ%&dhﬁ‘%%ﬁq, theapanifgic is radiallypaeintedoh aswopipbytilpgsisinn aj insfiesd vol une
of slung enmul sion and an adjusted volune of |liquid. The various m xes are
di spensedPIHiTBiGyRPAve thereigpmbieniolishing pad. E81 nozdets iltetcongicred tha t he 12

| i near array. The spacing and nunber of nozzles is dependent on several
factors i AdMgePhenpheofsliistandtdeiopizze wapal Thhiupglyrasoit itchales adlusgpasi ng
pattern of nozzles, and material overlap. The benefit of the present

i nvent i onflawinesters and ¢heek valmismgnodctadhin spobs, shéaoly leeaifahabifimeSishs That e
according to its topography. The variable flow control valve is slaved to
an ouput adigsietile owenetdy cote! fiecalidretreent bfitheeRpgngeestioe dadhmegsianmabl e t ool
controller. While the invention has been particularly shown and descri bed
wi t h ref etheret® peomitting uplisfited cadrod obpdishiditr-ste bh Bieaeffer frdm W bént&aranger st ood
by those skilled in the art that various changes in formand details may be
made wit hsiperipbparti ng fromthe spirit and scope of the invention. Wat is
clainmed is: 13 1. A slurry dispensing apparatus for use wth a chem cal
mechani cal polishing tool for planarizing senm conductor substrates having

i rregul ar topol ogy,

The present invention is further intended for use with a chemical mechanical
polishing (CMP) apparatus for planarizing semiconductor substrates. The CMP
apparatus includes a tooling head for holding a substrate therein and for rotating and
traversing the substrate on a polishing pad. A polishing table for mounting and rotating a
polishing pad mounted thereon, and an oscillating dressing head placed against the top
surface of the polishing pad for reconditioning the pile on the polishing pad surface, and a
slurry dispenser manifold having a plurality of sturry dispensing nozzles, positioned from

the center of the polishing table to the periphery edge of the table.

Since the polishing rate of an oxide film is dependent on the solid content of the



sai d apparatus conprising: a slurry dispensing nanifold having a first end
suspended over a polishing pad, and a second end for nounting to the

cheni cal nechani cal polishing tool; a linear array of slurry dispensing
nozzl es positioned under said suspended manifold, each nozzle of said
l'inear array providing an adjusted slurry mxture supplied from bifurcated
supply lines, and 10 each branch of said bifurcated supply |ines having an
adj ustabl e flow control valve, a flow neter, and a check valve. 2. The
appar at us r bi.f urcated, su |.ines ,providing an
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capable of dispensing an adjusted slurry concentration during polishing. The slurry

dispensed from each nozzle is supplied to each nozzle pre-mixed by way of a bifurcated

path as follows. A first path contains a polishing slurry and a second path containing

deionized water. Each path converges to a single path proximal the nozzle. The paths

leading to each nozzle begin ata supply source, be it slurry or water, each flowing

through a flow meter and check valve. Flow volume is controlled by way of feedback

from the flow meters. The desired solid content dispensed at each nozzle is done by way

of pressure adjustments at the supply source.

These and further constructional and operational characteristics of the invention
will be more evident from the detailed description given hereafter with reference to the
figures of the accompanying drawings which illustrate preferred embodiments and

alternatives by way of non-limiting examples.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic front view of a CMP apparatus showing a slurry dispenser

according to the prior art.



25 S. The apparatus of claim1 wherein said slurry enul sion and |iquid that
is supplied to each branch of said bifurcated supply lines are fed froma
source container, in series, through a variable flow control valve, a flow
nmeter, and a check valve. 30 6. The apparatus of claim5 wherein said

vari able flow control valve is slaved to an output signal provided by said
flow meter in response to a programmable tool controller. 7. The apparatus
of claimb5 wherein said check val ves nmounted proximl 35 junction of said
bi f ur cat ed supply [ venturi for said nozzles. 8.

The apparatus o# 4ma§? erfo%?%“%%lgﬂgkﬁhﬁgmﬁﬁﬁP%ﬂﬁﬁmﬁﬁiQQHBVI0|da

al um na or ica i. nized.water, and said liquid is deionized water
used for ggpgmp (ﬂggh%?ﬁgeﬁ f¥aratus of claiml wherein said polishing is
acconplished in two steps: a) adjusting nozzle dispense volune according to
substrate topol ogy;

FIG. 3 is an enlarged cross-sectional and fragmented view of a slurry dispenser

manifold showing several bifurcated supply circuits and nozzles, of the invention.

FIG. 4 is a cross-sectional illustration showing the bifurcated slurry and DI water

circuits of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

There will now be described in detail with reference to the drawings some
preferred embodiments of the present invention applied to the shurry dispenser manifold,
which is used with a chemical mechanical polishing tool for planarization of a

semiconductor substrate.

Referring to FIG. 1, showing a schematic rendering of a chemical mechanical

polishing apparatus of the prior art, a brief review of the CMP apparatus and process

follows.

The polishing pad 60, made of a porous material, is attached to the upper surface
of a polishing platen 62. The polishing platen is horizontally supported by a platen-

rotating shaft 64, and is rotationally driven 65 through the platen-rotating shaft during the
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45 b) allowing full flow for finishing polishing uniformty. 10. A chem ca
mechani cal polishing apparatus for planarizing 15 sem conduct or
substrates having irregular topology, conprising: a polishing head assenbly
for holding a substrate therein and for rotating 50 said substrate while in
pol i shing contact with said polishing pad; a polishing table for supporting
and rotating a polishing pad thereon; a dressing head for oscillating

agai nst the top surface of the polishing Pgdhto restoge t he tgxture tg éhe
olishin : rry di spensing manifo aving a first end suspende
8ver a 5gpg@§F¥ﬁ¥%§mﬁgd, and a second end for nounting to the chem cal
mechani cal polishing tool; a linear array of slurry dispensing nozzles
positi oned under said suspended manifold, each nozzle of said |inear array
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polishing rate

The CMP tool polishes the substrate 78, which is positioned face down and in
firm contact, under pressure 68, with the rotating polishing pad 60. The substrate is also
rotated either about an axis coincident with its own center or offset from its own center,
but not coincident with the axis of rotation of the polishing pad 60. The abrasive
polishing slurry 63 is sprayed against the pad surface through a single nozzle 61. Asa
result of the rotating contact and abrasive components in the slurry between the polishing
pad 40 and the substrate 78, the substrate’s surface becomes planarized after a designated
time period. The rate of removal is closely proportional to the pressure 68 applied to the
substrate 78 and the dressing of the polishing pad. A dressing head 67 is pressed
downward 69 while oscillating 72 against the top surface of the polishing pad to restore
the texture to the polishing pad, thereby, preventing a glaze-like build up of sturry during
and after polishing. More importantly, however, the uniformity of removal depends upon
the topography of the top layer of the substrate 78, as higher features (extending further
from the substrate surface) are removed faster than lower features. This invention is
concerned with improving polishing uniformity to substrates with varying topography on

a device side of a semiconductor substrate.

10



70 on a substrate according to its topography 16 13. The apparatus of
claim 10 wherein each of said array of nozzles are identical. 75 14. The
apparatus of claim 10 wherein said slurry enulsion and liquid that is
supplied to each branch of said bifurcated supply lines are fed froma
source container, in series, through a variable flow control valve, a flow
nmeter, and a check valve. 80 15. The apparatus of claim 14 wherein said
variable flow control valve is slaved to an output signal provided by said
flow meter in response to a progranmable tool controller. 16. The apparatus
of claim 14 wherein said check val ves nounted 85 proximal junction of sald

D cat eq. SuPRbkaild 1S, REL QLORAS B i KL %a{eda%%g&ggmf’OZZ' es.

The apparatus o urr &ror Yi dal
view of the CMP apparatus showing the location of a slurry dispenser manifold 30

relative to a polishing pad 24 of the invention. A semiconductor substrate 10, shown
urged against a rotating 28 polishing pad 24, is held by substrate holder 21, rotated 27
and oscillated during polishing. This technique is used for the planarization of an oxide
layer deposited by plasma enhanced techniques. The oxide layer is functional as an

inter-metal dielectric; however, it deposits a thicker build-up at the substrate edge.

For example, when depositing fluoro-silicate glass, the difference in thickness
between the substrate’s center area and its edge can be as much as 1000A. This
difference presents a complication when planarizing a substrate when using the chemical
mechanical polishing process. That is, after planarization, a uniform thickness of an
oxide layer is required to achieve quality photolithographic printing of sub-micron

features, overall, to prevent yield losses resulting from missing vias or metalshorts.

The apparatus and method of the invention solves this problem. The circular
polishing pad 24 is rotated by a polishing table 25 which is coupled to a drive shaft 26
driven by a drive motor (not shown). The substrate holder 21 rotates and oscillates 23
while urging the substrate 10 against the polishing pad during the pohshm process. The
rotating substrate contacts the larger rotating polishing pad 24 in an area away from the
center of the pad. The slurry diépenser manifold 31 is shown positioned above the
surface of the polishing pad 24 such that a linear array of nozzles 34 are radially spaced

from about the center of the polishing pad to about its outer periphery. The array of

11



alumina or silica in deionized water, and said liquid’is deionized wat er
used for 90 dilution. 18. The apparatus of claim1l wherein said polishing
is acconplished in two steps: i. adjusting nozzle dispense volune according
to substrate topology; 95 ii. allowing full flow for polishing uniformty.
17 19. A nethod for planarizing seniconductor substrates having irregul ar
t opol ogy, conprising the steps o providing a chem cal mechanical polishing
tool; 100 providing a slurry dispensing manifold having a first end

h
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di spensin zz| e oned under said suspended manifold, each.nozzle of
said |line Pﬂ%HE§§%&&§%§h§? aﬁn 105 adjusted slurry m xture supplied froma

bi furcated supply line, while each branch of said bifurcated supply line
havi ng an adjustable fl ow

A slurry dispensing apparatus 30 for use with a chemical mechanical polishing
tool 70 for planarizing semiconductor substrates 10 having irregular topology is
disclosed. The slurry dispensing manifold 31 is shown having a first end suspended over
a polishing pad 24, and a second end for mounting to the chemical mechanical polishing
tool 70. A linear array of slurry dispensing nozzles 34 positioned under the suspended
portion of manifold 31. Each nozzle of the linear array providing an adjusted slurry
mixture 35 supplied from bifurcated supply lines 32, 33. Referring now to FIGs. 3 and 4
showing an enlarged view of the bifurcated supply lines 32 and 33. FIG. 3 illustrates a
cut-away view of a manifold member 31 showing a linear array of three dispensing
nozzles. Bifurcated lines 32 are supplied from a common source (not shown) of
deionized water and lines 33 are supplied from a common source (not shown) of a slurry
emulsion. The slurry emulsion is a colloidal alumina or silica in deionized water. Each
of the supplied materials flow past respective flow meters 37, 38 and respective check
valves 39 and 40. This is best illustrated in FIG. 4. The location of the check valves that
are mounted before and proximal the junction of the bifurcated supply lines functions as a

mixing venturi for the nozzles.

The supplied materials converge as a diluted mix or as undiluted, depending on
the adjustment of a flow control valve located at its source. Eachnozzle circuit is capable
of supplying an adjusted volume of slurry emulsion and an adjusted volume of liquid.

The various mixes are dispensed through its respective nozzle 34, each belonging to the

12



control valve, a flow neter, and a check valve. 20. The nethod of claim 19
wherein said bifurcated supply lines dispense 110 an adjusted vol une of
slurry emul sion and an adjusted volune of a liquid to each nozzle. 21. The
met hod of claim 19 wherein said adjusted volunme of shiny enulsion and

adj usted volune of a liquid provides the neans for diluting the I 15

di spensed slung through sel ected nozzles thereby fine-tuning the polishing
rate on a substrate according to its topography. 22. The nethod of claim19

wherein each of said array of, nozzl are .identical. 18 | 20 23. The
met hod of %g'F%i o T\?\‘ﬁéPae“u”yﬁ aél&inamﬁﬁﬁvﬂé?ﬁﬁ PRSI @ FE AL ANt i s suppl i ed
to each bnqm&p Q& sq#g.gifurcited su&gLéx ines are fed, in series, froma
source cort e he SYRSBAN Iz RAFFHIAS FesOluf FRYRg Paftsm R nozzles, gyl met er, a
check . . . .

material overlap. The benefit of the present invention allows a fine-tuning of the

polishing rate on a substrate according to its topography. The variable flow control valve

is slaved to an ouput signal given by the flow meter in response to a programmable tool

controller,

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.

What is claimed is:

13



val ve, a junction, and said nozzle. 125 24. The method of claim23 wherein
said variable flow control valve is slaved to an output signal provided by
said flow neter in response to a programmable tool controller. 130 25. The
nmet hod of claim 23 wherein said check valves mounted proximal said junction
of said bifurcated supply lines perforns as a mxing venturi for said
nozzles. 26. The nmethod of claim23 wherein said slurry enulsion is a
col l oidal 135 alumi na or silica in deionized water, and said liquidis
dei oni zed water used for dilution. 27. The method of claim19 wherein said
polishing is acconplished in two steps. 140 i. adjusting nozzle dispense

\68: I‘”STEI ﬁgcaw:‘ (r;?n;[ ?%/SA' ?@Hﬁpﬂ?} Ik\}ﬂg%pﬁgﬁﬁhﬁ fog us%\lvsh o g tul megklm%lc\:/alf or
polishing tool for planarizing semiconductor substrates having irregular topology,
said apparatus comprising:

a slurry dispensing manifold having a first end suspended over a
5 polishing pad, and a second end for mounting to the chemical
mechanical polishing tool;
a linear array of slurry dispensing nozzles positioned under said suspended
manifold, each nozzle of said linear array providing an adjusted
slurry mixture supplied from bifurcated supply lines, and
10 each branch of said bifurcated supply lines having an adjustable flow

control valve, a flow meter, and a check valve,

2. The apparatus of claim 1 wherein said bifurcated supply lines providing

an adjusted volume of shurry emulsion and an adjusted volume of a liquid to each

15 nozzle,

3. The apparatus of claim 1 wherein said adjusted volume of slurry
emulsion and adjusted volume of a liquid provides the means for diluting the
dispensed slurry through selected nozzles thereby fine-tuning the polishing rate

20 on a substrate according to ifs topography.

4. The apparatus of claim 1 wherein each of said array of nozzes are

identical.

14
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7. The apparatus of claim 5 wherein said check valves mounted proximal

35 junction of said bifurcated supply lines performs as a mixing venturi for said

nozzles.

8. The apparatus of claim 5 wherein said shury emulsion is a colloidal

alumina or silica in deionized water, and said liquid is dejonized water used for

40 dilution,

9. The apparatus of claim 1 wherein said polishing is accomplished in two

steps:
a} adjusting nozzle dispense volume according to substrate topology;

45 b) allowing full flow for finishing polishing uniformity.

10. A chemical mechanical polishing apparatus for planarizing
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a polishing head assembly for holding a substrate therein and for rotating
50 said substrate while in polishing contact with said polishing pad;
a polishing table for supporting and rotating a polishing pad thereon;
a dressing head for oscillating against the top surface of the polishing pad
to restore the texture to the polishing pad;
a slurry dispensing manifold having a first end suspended over a
55 polishing pad, and a second end for mounting to the chemical
mechanical polishing tool;
a linear array of slurry dispensing nozzles positioned under said suspended
manifold, each nozzle of said linear array providing an adjusted
slurry mixture supplied from bifurcated supply lines, and
60 each branch of said bifurcated supply lines having an adjustable flow

control valve, a flow meter, and a check valve.

11. The apparatus of claim 10 wherein said bifurcated supply lines
providing an adjusted volume of slurry emulsion and an adjusted volume of a

65 liquid to each nozzle.

12. The apparatus of claim 10 wherein said adjusted volume of slurry
emulsion and adjusted volume of a liquid provides the means for diluting the
dispensed shury through selected nozzles thereby fine-tuning the polishing rate

70 on a substrate according to its topography.
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75 14. The apparatus of claim 10 wherein said slurry emulsion and liquid that
1s supplied to each branch of said bifurcated supply lines are fed from a source
container, in series, through a variable flow control valve, a flow meter, and a

check valve.

80 15. The apparatus of claim 14 wherein said varable flow control valve is
slaved to an output signal provided by said flow meter in response to a

programmable tool controller.

16. The apparatus of claim 14 wherein said check valves mounted
85 proximal junction of said bifurcated supply lines performs as a mixing venturi for

said nozzles.

17. The apparatus of claim 14 wherein said slurty emulsion is a colloidal
alumina or silica in deionized water, and said liquid is deionized water used for

50 dilution.

18. The apparatus of claim 1 wherein said polishing is accomplished in
two steps:
i. adjusting nozzle dispense volume according to substrate topology;

95 ii. allowing full flow for polishing uniformity.
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providing a chemnical mechanical polishing tool;

100 providing a slurry dispensing manifold having a first end suspended over a
polishing pad, and a second end for mounting to the chemical
mechanical polishing tool;

providing a linear array of slurry dispensing nozzles positioned under said
suspended manifold, each nozzle of said linear array dispensing an

105 adjusted shurry mixture supplied from a bifurcated supply line, while

each branch of said bifurcated supply line having an adjustable flow

control valve, a flow meter, and a check valve.

20. The method of claim 19 wherein said bifurcated supply lines dispense
110 an adjusted volume of slurry emulsion and an adjusted volume of a liquid to each

nozzle.

21. The method of claim 19 wherein said adjusted volume of slurry
emulsion and adjusted volume of a liquid provides the means for diluting the
115 dispensed slurry through selected nozzles thereby fine-tuning the polishing rate

on a substrate according to its topography.

22. The method of claim 19 wherein each of said array of nozzles are

identical.
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23. The method of claim 19 wherein said slurry emulsion and liquid that is
supplied to each branch of said bifurcated supply lines are fed, in series, from a
source container, through a variable flow control valve, a flow meter, a check

valve, a junction, and said nozze.

125
24, The method of claim 23 wherein said varable flow control valve is
slaved to an output signal provided by said flow meter in response to a
programmable tool controller.
130 25. The method of claim 23 wherein said check valves mounted proximal

said junction of said bifurcated supply lines performs as a mixing venturi for said

nozzles.

26. The method of claim 23 wherein said slurry emulsion is a colloidal
135 alumina or silica in deionized water, and said liquid is deionized water used for

dilution.

27. The method of claim 19 wherein said polishing is accomplished in two

steps.
140 i. adjusting nozzle dispense volume according to substrate topology;

ii. allowing full flow for polishing uniformity.
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