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Manuf acturing a nmenory di sk or sem conductor device using an abrasive
pol i shing system and polishing pad BACKGROUND OF THE I NVENTI ON Fi el d of
the Inventi owo¥sa4ps esent invention relates general |y toPCTUSIA3STS

chem cal - mechani cal 10 polishing systens for use in nodifying a substrate
by Hertzian indentation, fluid-based wear and/or any sinilar-type non- ~

m crogrindi ng nechanisnt t he polishing systens of the present invention are
particularly well suited for use in the manufacture of seniconductor

devi ces, mequry _di sks or the | artlcularly, t he conpositions
and net hods m{g adamory ﬂ\?féﬁ't ?CB\‘F‘DQ&-’:‘ [dp¥ies WHIZA aB@P’i"% Relisying\systemeand
conpri si ng s based polishing fluid and a fixed abrasive polishing
pad. Definition of Terns 20 1. Polishing. "Polishing"” is intended to
mean chem cal - nmechani cal polishing (as opposed to mcro-grinding) and is

i ntended to include planarization and any correspondi ng vari ati ons thereof.
The polishing sdbstrates contenpl ated by t he present i nvention include

sem conduct or devi ce substrgh@ka s? 2, 25 gal lium
arsenide, silicon nitride, tungsten, tantalum alumnum copper, and any

ot her sem conduct or device substrate, whether -1- WO 99/ 24218
PCT/ US98/ 23575 conducting, sem - cog l]‘cfo%trﬁgh?r {nsul ating.
vention

The present invention relates generally to chemical-mechanical
10 polishing systems for use in modifying a substrate by Hertzian
indentation, fluid-based wear and/or any similar-type non-
microgrinding mechanism; the polishing systems of the present
invention are particularly well suited for use in the manufacture of
semiconductor devices, memory disks or the like. More particularly,
15 the compositions and methods of the present invention are directed to
polishing systems comprising an aqueous based polishing fluid and a

fixed abrasive polishing pad.

Definition of Terms
20 1. Polishing. “Polishing” is intended to mean chemical-
mechanical polishing (as opposed to micro-grinding) and is intended
to include planarization and any corresponding variations thereof.
The polishing substrates contemplated by the present invention
include semiconductor device substrates, such as, silicon, silica,
25 gallium arsenide, silicon nitride, tungsten, tantalum, aluminum,

copper, and any other semiconductor device substrate, whether



2. Conditioning. In the art of chem cal - nechani cal polishing, conventional
pol i shing pads generally nust be conditioned or 5 otherw se roughened to
initially create, then periodically renew, the pad's polishing surface.
Throughout tRj,§eeeAgi fication, "conditioning"” is intendedCHesBET -
mechani cal and/or chem cal surface treatnent of a pad's polishing surface
to generate nanoasperities. 10 3. Nanoasperities. Throughout this

speci fication, "nanoasperities" are intended to nmean: i. protrusions from
t he pad surface; and/or._.ii. particles which release fromthe pad surface,
15 havi ng an irrput‘éﬁ‘d}“éﬁﬂ%§°Im6‘f‘°n@ﬂ?%95r”é§“?%@gabout 0.5 to about 0.1

m crons and sufficient resiliency to permanently deform (neasured by the
per manent change in curvature during polishing) by |ess than 25% nore

preferably |ess than 18%Coaditiohingo IiDliecart of chatrcalipiechanicahpdlisbimgei fi cat i on,
"macro- defects" are_intended.to nmean burrs or simlar-type protrusions on
the pad's polishi n@oné'ﬁ??%gp%fs %Fex{eﬁ%}ﬁ"a‘.’%%_ﬁi%?%ﬁ%ml}ér?rany di mensi on.
5. Particles. Fgr pueRasefougherdedeo HiGaR Yredtd) eR fepiddicalbprehbw)@e 25 is
intended to nmean a discrete mass of material as it exists at the polishing

i nterface. Hence, pad’ppelishingsurfeem Thravghent thiskpgeifigativn, - 2- WO 99/ 24218

PCT/ US98/ 23575 i S&4f ol ™ Hudhthd s Hoban AR BRLOBHA thied! P11 oY

surface treatment of a pad’s polishing surface to gencrate
nanoasperities. o
10
3. Nanoasperities. Throughout this specification,
“nanoasperities” are intended to mean:
i. protrusions from the pad surface; and/or
ii. particles which release from the pad surface,

15 having an imputed radius (of curvature) of about 0.5 to about 0.1
microns and sufficient resiliency to permanently deform (measured by
the permanent change in curvature during polishing) by less than
25%, more preferably less than 10%.

pA 4. Macro-Defects. Throughout this specification, “macro-
defects” are intended to mean burrs or similar-type protrusions on the

pad’s polishing surface of greater than 0.5 microns in any dimension.
5. Particles. For purposes of the present invention, “particle”
25 1is intended to mean a discrete mass of material as it exists at the

polishing interface. Hence, a “particle” can mean an independent,
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forma discrete mass, and/or primary particles which are aggregated
together to forma discrete mass. Particles nmay sonetinmes be described
herein as "hi gh nodul us phase material" or "high nmodulus 5 domains". 6.

Sel f - dr essi ngvo $98ksis dressing is intended to nean that theCTHRP¥BEISng | aye
abrades, dissolves, wears or otherw se di m nishes during the polishing .
operation, and as it dimnishes, new 10 nanoasperities are forned at the
polishing interface, whether the pad is periodically conditioned during its

useful life or notg £ com ARz leh o S ] mean any
pol ymer precursor ,dxrl.c%%tfgiélﬁlﬁ%p%%&g ’i%@ﬁé@%%ﬁ%?%@%ﬁ%g%ﬁ%ol ymer
(including cross- lfofik aldiseren mass; adil/er privhatirpasicleswlfich artlaggrepated Di scussi on

of the Prior Art. Generally speaking, conventional fixed abrasive polishing
20 systens are uscB29ther toforrye AsCrete Thass, Bargelien may §oMEIDEHBE r at es. This type
of polishing has b . . : | pLie L provi ng the
pl anarity of subsfﬁ%@g%ﬁﬁﬁg?ﬁgpﬁgﬁb?é@?gigﬁg#Hggﬁég&%hﬁi S%R&ég$ges or
menory di sks: Hencdongaims?’ent i onal pol i shing systens in the manufacture of
sem conductor devices or 25 nenory disks generally conprise free abrasive
in a polishing fluid and a polishing pad devoid of fixed abrasives. -3-

WD 99/ 24218 - : 3 ‘s S98/ 23575 Such
conventional polishi ng6'sy%'fp‘$rvﬂgés f-ressip 'nSeerlfaquilsmélfsglr%?defigomem ﬁﬁnhlé

polishing layer abrades, dissolves, wears or otherwise diminishes

during the polishing operation, and as it diminishes, new
10 nanoasperities are formed at the polishing interface, whether the pad

is periodically conditioned during its useful life or not.

7. Pre-polymer. “Pre-polymer” is intended to mean any
polymer precursor, including an oligomer, monomer, reactive
15 polymer (including cross-linkable or curable polymers) and/or the
like.

Discussion of the Prior Art.
Generally speaking, conventional fixed abrasive polishing
20 systems are used for grinding or micro-grinding of substrates, This
. type of polishing has been found generally to be inappropriate for
improving the planarity of substrates in the manufacture of
semiconductor devices or memory disks. Hence conventional
polishing systems in the manufacture of semiconductor devices or
25 memory disks generally comprise free abrasive in a polishing fluid

and a polishing pad devoid of fixed abrasives.
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I nprove particle uniformty throughout the polishing interface by flow ng

| arge amounts of polishing slurries into the polishing interface and by
using slurries with high | oadi ngs of abrasive 5 particles. However with
such conventi @aabze@ | shing systens, the substrate and paeocraksassrequi prrent
generally require extensive cleaning after the polish. This cleaning step
sl ows down production, is prone to operator error and can create )
envi ronnmental concerns. A need therefore exists in the art for a polishing
system which 10 provides. jopLoved |i,shing uniformty along, the polishing
interface without the ne§8b$§?n%?%ﬁaﬁ5‘ﬂfs§ Y%'ﬁ’ﬁ‘ﬁﬁf’%cr%#y’iﬂ‘f‘gfﬂ ng slurries
(havi ng hi gh parti Gingrdve djﬂ@ﬁﬁlhufoﬁiﬁ]gi; L gl I; The prior art
is exenplified by U. gt 4@343, 910 to Elgﬁuﬁf‘%‘rutﬁlg;p@gls fkil‘ll!&fsrﬁ&reg;pjérence i's
directed to foamed M%iérg%armﬁaxoﬁsmwslugim int® the padishingi vi ded abr asi ve.

The abrasive has a,; fi.C i and .a v ey .aby.asi Qqn, nunber, the product
of which, nust fal II&?\#.‘%%‘E&?’&%@&&W% ﬁﬁ%%ﬁ@”éﬁnﬁtoﬁ@{ﬁ% accept abl e
polishing is tausghrpaﬂmds.eﬂmmvabmhmlc@nyéaﬁaﬁaﬁiolikmﬁ%@s&zﬁscgﬁrdance Wi th

this prior art reference are problematic in the polis |ng_of sem - conduct or
devi ce 20 subst r at s8bstrlecandmotishing equipmiertgenerslly require extensiveor a fi xed

abr asi ve polishing 0 tin he,rigerous Rpolishing
per f or mance requi recrf%%#gqgmghgsehm orf%(ﬁl.n%rs qprﬁ&l‘ggfwggﬁg%on,ls WO

99/ 24218 prone to operator error and can create environmental coll€erhd)S98/ 23575 The

present invention relates generally to_an inproved_ nethod )
A need therefore exists in the art for a polishing system which

10 provides improved polishing uniformity along the polishing interface
without the need for flowing large amounts of polishing slurries
(having high particle 1oadings) into the polishing interface.

The prior art is exemplified by U.S. 4,343,910 to Bush, Jr. et al.
This reference is directed to foamed polymeric materials having a

15 finely divided abrasive. The abrasive has a particle size and a valley
abrasion number, the product of which, must fall within a
predetermined range; otherwise acceptable polishing is taught to be
non-obtainable. Compositions in accordance with this prior art
reference are problematic in the polishing of semi-conductor device

20 substrates. Therefore, a need exists in the art for a fixed abrasive
polishing system capable of meeting the rigorous polishing

performance requirements of the semiconductor industry.

SUMMARY OF THE INVENTION



of chem cal - nechani cal polishing of one or nore substrates useful in the
manuf acture of sem conductor devices, nenory disks or the like, including
precursors thereto. In the practice of the present invention, 5 an aqueous
fluid (which gB¥oakigTay not contain abrasive particles) irgTbBnesis bet ween a
substrate and a fixed abrasive pad. The fluid preferably provides a
substantially consistent pH during polishing. The substrate to be polished
is a precursor to a nenory disk or a precursor to a sem conductor device.
10 The pad has a.;hree dj.nensional fixed abrasive polishing |ayer.
The polishing |ayer ha pﬁ?ﬁfﬂ’é‘ﬁ’? ogire ;eggpx&gql@ﬁgawupnr@g@ bet ween
the protrusions. TiecRadialheshah@iolishin b ShH 6 Whdafsdsdtitial LY. Of
nanoasperities. The polishing | ayer also contains a plurality of particles
havi ng an average tamemifactatend senicondustaridamicds, remory disks onthelike,abl y | ess
than 0.6 m crons, h verage papticle si nul tiplied by the
particle's valley \é%?%‘gﬁ%ﬁ&ﬁﬁrﬁ%gﬁﬁr%% E%é‘etpﬁgﬁc%ﬁé&’eﬁfée?}d?‘l’?apﬁg sur f ace
and the substratse sHEh@sRs AR Sfmbk ' ' toward one
anot her as at | east ah ortion WZO tﬁg@?%iﬁgiwibg%?%?gyéggﬁﬁﬁg?\kgen t he
surfaces. The flui @la@@?mem Asubstnafecands fixadsabrasiverpaderfhedluid east 20 % of

t he surfaces, on aver fram touchin ne anoth during, polishing. The
surfaces are bi aseé?“’tf?}%g’iyr%” & 3 54 'ﬁ@}%ac%’ﬁ’isﬁ%? SuEEg B -1 ess than 25

pounds per square ipﬁggu?]smge@qeipﬂﬁgmigggﬁﬁﬁggg%g?‘h%gﬁﬁﬁq by less than

25 mcrons during polishing, nore pref m crons and nost
preferably | ess thgrectirsor to a semiconductor device,

10 The pad has a three dimensional fixed abrasive polishing
layer. The polishing layer has a plurality of protrusions with recesses
between the protrusions. The polishing layer protrusions comprise a
plurality of nanoasperities. The polishing layer also contains a
plurality of partiéles having an average particle size of less than 1

15 micron, preferably less than 0.6 microns, whereby the average
particle size multiplied by the ﬁarticle’s valley abrasion number is
less than 300.

The polishing surface and the substrate surface are moved
relative to and are biased toward one another as at leé.st a portion of

20  the fluid is maintained between the surfaces. The fluid between the
surfaces acts to prevent at least 20% of the surfaces, on average,
from touching one another during polishing.

The surfaces are biased together by applying a uniform
pressure of less than 25 pounds per square inch. The polishing

2s  surface is compressed by less than 25 microns during polishing,

more preferably less than 10 microns and most preferably less than 5
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m crons. The resulting chem cally and nechanically polishing of the
substrate surface increases surface planarity. At |least a portion of the
particles aregysgRaged (into the polishing interface) frecwudse23fisxed -
abrasive pad during polishing, 5 thereby creating nanoasperities at the
polishing interface. The surface area of the fixed abrasive pad at the
polishing interface varies by less than 10% during the polishing operation.

Th l'i shi I . N tri ter.i ti ph dth
par t1 ol es as a ai SEURPRNyBHrepHERE Chegiiey 00 pschpgically PRIRUREAN Tas ¢ he

fol | ow ng properti giyirate s@rfat@NRbrkdsed SiBRIcE i 0.5 g/lcnferr]; ii. a
critical surface tension greater than or gqua to 34 15 m | 1i Newtons
per neter; iii. a tensiAtéeasoalpértion of theQrtickesTaréxreledled Gatosthei v. a rati o of
tensile nodulus at 30[err]C to tensile mpdul us at 60[err]. 2 C of

[ ].. 20
1.0 to 2.5; v. a hepliRingdnisriace) fram the figed apragjve ppd durigg polshig, ess of

300- 6000 psi; 25 vid | hgma "%EE%O si; and viii.
an elongation t b?fggﬁﬁfé%;ﬁﬁ# an %éé?@g%a &%8&%1 'e%rrgt rix materi al
conprises at | east sigfiee abdacif\thd figed dbpia idt GRNsolisking gnteffacel. a uret hane
and/ or urea; 2. a carbonate; 3. an anmde; 4. an ester; 5. an ether; 6. an

acrylate; 7. a net Mexigsyydess;than 10% during the polishing operation.
The polishing layer has a matrix material as a continuous
phase and the particles as a discontinuous phase, and the matrix
10 material has the following properties:

i. a density greater than 0.5 g/cm3 ;

ii. a critical surface tension greater than or equal to 34
15 milliNewtons per meter;

iii. a tensile modulus of .02 to 5 GigaPascals;

iv. a ratio of tensile modulus at 30°C to tensile modulus at 60°
20 Cof 1.0to0 2.5;

v. a hardness of 25 to 80 Shore D;

vi. a yield stress of 300-6000 psi;

vii. a tensile strength of 1000 to 15,000 psi; and

viii. an elongation to break less than or equal to SOQ%.

30 The matrix material comprises at least one moiety from the group
consisting of: 1. a urethane and/or urea; 2. a carbonate; 3. an

amide; 4. an ester; 5. an ether; 6. an acrylate; 7. a methacrylate; 8.
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an acrylic acid; 9. a nethacrylic acid; 10. a sul phone; 11. an acryl am de;
12. a halide; 13. an imde; 14. a carboxyl; 15. a carbonyl; 16. an ani no;
17. an al dehywoisgr24arsd 18. a hydroxyl. It has been found tHEXUS#P357Epeci f+ed
mul tiplication product 5 (particle size nmultiplied by the valley abrasion
nunber) is a reliable index of polishing effectiveness. If this product “is
too high (above 300), good polishing results generally are not achieved,

f bly, th |10k ' A I 30 f bly bel
200 and yei more prarErg B AREHE sl e el B & et on 10

will generally havecwsdrhidy; 8brapdlide; BUhekido14) axardokan 1809, nore
typically less than 200 and yet nore typically I ess than 100. Hence,

subni cron parti cl esathonyl; d6nes aminordysamaldehyirior amtlit8. a pahoxydl e si ze
mul tiplied by valley ahrasion nunb ess than 100, nore typically |ess
than 200 and nost typi %Sﬁ,gqeggguqcﬁ%t Q)é?ec&%mu thﬁcaﬁ‘&PPFQq%E’s of greater

than a mcron nust (Paveleaizé@nltibBy Medhe SXIIAPIRS: %Egﬁ iprgyider to meet
t he above paranet er(b i.e t he %art?%l e si":;ye)arrrul(t%l]IE)L I e s)?r?/lé 1éely abr asi on

.

nunber nmust be | esdndexaf pelishing efyctivenesst Hahispoodist ispeo high(#mvhavi ng a si ze
greater than a mcr ral |y be very soft qr._ngn-abrasive, to neet
this 20 paraneter .3%@21%8%13_?@%?%??&? %B?rg@ym.%ﬁ%g;veaeg@&ggﬁy,n particles
whi ch are friable ynsmaltipliehtc pro@hdt $belew 300 dhbre Preferablyetdy 26@USi Ng such
| arge particles to fracture into_pieces which are’less than a mcron during

pol i shing. Since (f8ypimpessefembiy balow188.cRarticles ofitesothpn a'pamoni cl e i s
i ntended t ' | al 5 ' hst t th
b0l ohing. & nt er ag it FEbetafly BRRS ey ERG0h Rumfifis oFfosh o 500 o' 1€

typically less than 200 and yet more typically less than 100. Hence,
submicron particles will almost always have a product (particle size

multiplied by valley abrasion number) less than 100, more typically
less than 200 and most typically less than 300.

15 Particles of greater than a micron must have a very low valley
abrasion number in order to meet the above parameter (i.e., the
particle size multiplied by valley abrasion number must be less than
300, etc). In other words, particles having a size greater than a
micron must generally be very soft or non-abrasive, to meet this

20 parameter. Such alow valley abrasion number results in particles
which are friable under typical polishing conditions, thereby causing
such large particles to fracture into pieces which are less than a
micron during polishing. Since (for purposes of the present
invention), “particle” is intended to mean a discrete mass of material

25  as it exists at the polishing interface, particles in accordance with the

-
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present invention will generally be or becone subm cron in size at the
polishing interface. This invention thus enables those skilled in the art

to select an Wﬁﬂz‘l conpound having a suitable particl ecgnassnass a -
suitable s valley abrasion nunber such that satisfactory polishing wll
result when the conpound has been incorporated into the specified polyner
matri x and the conposition is used to polish a surface of a sem conduct or

device (or integrated circuit) ar a precursor thereto, Polishing in
accordance with thé’%‘s‘&ﬁ?ﬂ#ﬂhtﬁeﬁﬁaﬁ% &PT Recoma sbmictn sz At fbval  of

surface protrusi ong,ob¥hiaguRedtrd, t he chem cal bonds between the protrusion
and the surface. This nmechani smoccurs at a nolecular level and is nuch
di fferent from m cro- grThisinvgntion thngenapiasiihsa gkitled in the art ta seleathan| ar ger

scal e, such as by surface fracturin curtjng or abradjng, ereby creating
unwant ed macr o- def fagvelggmfgm.x&'%asvixg%a f‘ﬂé“ﬁrpgmfé? Sigt arg{l@f’]g si ze and

val | ey abrasi on nunfagey s6rados hhbé&SuciPfiabéiRkRbLosf polkBingWiligBduld Nvention,

t he polishing systemof the present invention is able to reliably provide

chem cal mechani calwhssithe perappundihgs beeniinearpordied dntg thef speeified tnodyrgeri ndi ng or

mcro- grinding. 2Q__, . ol 1.shi.: Lh_gceor cemth the present
I nvention conprise %auﬁéla}l% |°nJ§h1%§§/1§rgnEsﬁgggzod?ﬁgﬁglsg%?e crt# part, by
sol i difying a fl owaletnécondictor ddvide (BEinte@raten éifmit b prebigoheretoowabl e

solids) into a hydrophilic, palishing layer matrix. Bonded within or onto
the polishing |ayer matPolighing ip apordance wythghe prasant inyention isgireeted 25

The polishing flyi dyigg RERLE GRSl ARGS sB0GidTNe Aleifcal bonds
between the protrusion and the surface. This mechanism occurs at a
molecular level and is much different from micro-grinding. Micro-
grinding occurs on a much larger scale, such as by surface fracturing,
cutting or abrading, thereby creating unwanted macro-defects. By

15 using the product of particle size and valley abrasion number as a
critical parameter of the present invention, the polishing system of the
present invention is able to reliably provide chemical mechanical
polishing substantially devoid of unwanted grinding or micro-
grinding.

20 Polishing pads in accordance with the present invention
comprise a polishing layer created, at least in part, by solidifying a
flowable material (including the sintering of flowable solids) into a
hydrophilic, polishing layer matrix. Bonded within or onto the
polishing layer matrix is a plurality of particulate matter.

25 The polishing fluid is preferably water based and may also
comprise polishing particles (in addition to any particles exposed by
or released from the pad). The polishing fluid preferably comprises a

8



conprise polishing particles (in addition to any particles exposed by or
rel eased fromthe pad). The polishing fluid preferably conprises a -8-

WD 99/ 24218 PCT/ US98/ 23575 pH
nodi fier and wotswenatd |y a pH buffer, surfactant, chel ati mgrageams’sand/ or
oxi di zer. To provide consistency of polishing performance, the polishing
pad topography should have a configuration whereby as the pad wears 5
.during its useful life, the amobunt of surface area capable of contacting
t he subst®ate chan s 9 b . han 10% and
nost preferably Ieggsl?ﬁ%iﬁ 5% %@@Mﬁﬁ’%?@@ﬁ@%g@ 10 FI GURE 1
is an enl arged crossd/ecetidizeal vi ew of a portion of a three-dinensional,
textured, fixed abrasi \rléﬂ article useful in the process of the present

i nvention. "Three di men<A%Ae consistency of pelishing pesformancepthgpolishing t i cl e
havi ng numer ous abga$ionBeadhy kifduf c%ﬁﬁglﬂ'q{i&gw ast a
portion of its thi kr]g‘gsgdsagc% thath%vgr?ow ng sone %&?ﬂ%ﬁ&’?@%ﬁe during
pl anari zati on e¥podusngiisinsefliifé, tabamsint ef pafice ateasapstidadl @nedctingr f or ni ng
t he planarization function. ."Textured" isé@ptended o_mean an abrasive

(+)

article having rai ZEFUPIFAL chanseshy leswtban 30eompre Rapferablyssshame | east t he

rai sed 20 porti onigRtndisiostPrefrhde 108 dnGogs and binder. "Fixed abrasive”
is intended to nmean abrasive bonded to a matrix, except as nmay be generated

during the polishing or planarization process.
BRIEF DESCRIPTION OF THE DRAWINGS

10

FIGURE 1 is an enlarged cross sectional view of a portion of a
three-dimensional, textured, fixed abrasive article useful in the
process of the present invention. “Three dimensional” is intended to
mean an abrasive article having numerous abrasive particles

15 extending throughout at least a portion of its thickness such that
removing some of the particles during planarization exposes
additional abrasive particles capable of performing the planarization
function. “Textured” is intended to mean an abrasive article having '
raised portions and recessed portion in which at least the raised

20 portion contain abrasive particles and binder. “Fixed abrasive” is
intended to mean abrasive bonded to a matrix, except as may be

generated during the polishing or planarization process.

FIGURE 2 is a schematic side view of the polishing pad and
25 polishing shury of the present invention as used to planarize a
substrate for use in the manufacture of a semiconductor device or the
like.



FIGURE 2 is a schematic side view of the polishing pad and 25 poli shing
slurry of the present invention as used to planarize a substrate for use in
t he manufacture of a sem conductor device or the like. -9- WD 99/ 24218
PCT/ US98/ 235%5, §delAk LED DESCRI PTI ON OF THE PREFERRED ENBfEXn4ebdysss) -
Overview. 5 The present invention is directed to a single |ayer or
mul ti-layer polishing pad having a polishing |ayer containing particul ate
matter. Preferably, the weight ratio of particulate matter to the renaining
portions of the polishing |ayer (the hydrophilic matrix material) is in the
range of 0.00005:1 to 10:1, nore preferably 0.05:1 to 1:1. 10 The
particul ate material | PETAICEBDBESCRIP 'EﬂieﬂR E tially water

i nsol uble material having a solid surfa'lci:lgh?/{\hdi#(‘: S cag‘(ra£ e of providing
Hert zi an- based wear or fl ui d- based EMBODIMENF(®)sed to grinding or

m cr o- gri ndi ng) n _rubbed on a surface in accordance with the present

i nvention. In one Pre¥ Y% ed enbodi nent, 15 substantiall y all of the
particles are | gss thaThdpiesént Hveatich 13@4e ' i.ze of
between 0.01 to about 1 rrll)cr ons. " Particlg@gfﬁﬁﬁggq?y%?gﬂﬂggﬁagéﬁean t he

di screte, non-fri dslishipgpaé havieg ¢ splishinglaygreiontahiing pationlate matts). masses

| ocated within th re.prinmar articles, fused
primary particl es?Prgiseg_bwéggﬁh%ﬁgﬁﬁﬁ?§a§mt&5k°g§?¥ Bferated fused
particles, porous guatibnsaifele polishing layer (the hydrophilic matrix material) is in
the range of 0.00005:1 to 10:1, more preferably 0.05:1 to 1:1.
10 The particulate material is preferably a finely divided,

substantially water insoluble material having a solid surface which is
capable of providing Hertzian-based wear or fluid-based wear (as
opposed to grinding or micro-grinding) when rubbed on a surface in
accordance with the present invention. In one preferred embodiment,

15 substantially all of the particles are less than 1 micron and have an
average particle size of between 0.01 to about 1 microns. “Particle
size” is intended to mean the discrete, non-friable (under conventional
polishing conditions) masses located within the pad, whether such
masses are primary particles, fused primary particles, agglomerated

20 primary particles, agglomerated fused particles, porous particles,
hollow particles and/or the like; if the particle is friable or otherwise
will reduce in size under typical polishing conditions, then particle
size is intended to mean the ultimate size of the particle after being
subjected to the polishing interface. In some embodimenté, the

25 particles are hollow, contain voids or otherwise have characteristics
which will tend to cause the particle to collapse or otherwise diminish
when subjected to the polishing interface.

-10-



hol | ow particles and/or the like; if the particle is friable or otherw se
W Il reduce in size under typical polishing conditions, then particle size
is intended to nean the ultimate size of the particle after being subjected
to the polishiypgetpiser f ace. In some enbodi nents, the 25 partssemsare -
hol I ow, contain voids or otherw se have characteristics which wll tend to
cause the particle to collapse or otherw se di m ni sh when subjected to the
polishing interface. -10- WO 99/ 24218

PCT/ US98/ 23575 The abr v be sel ected.from a f the kno mat eri al s

conventional |y enpl oyegﬁcogbr%% @?ﬁ'ﬁ%?e??ﬁxiﬁﬂﬁﬁpﬁﬂyPEélegﬁ"Bﬁﬂé‘Patﬁ?ﬁghe |

particle size and vanb@iioabilpempioy et sk 8blidking, Prﬁﬁdigg ﬁtﬁgﬁ&m@: bPtHeNi S
e atom

invention. Exanples of suitable materials inclu te 5 (diatomaceous
earth), cal ci um carpstide &ize and vdlley abragion spiwhers ipascondancewithelds cal ci um

pyrophosphat e, rouge, kaolin, cerig .alumna.and fitania,. nmost preferably
silica, alumna, ti Pg?ﬂlﬁggaﬁémggﬁf 8&‘*%@%@3%’8&%9@%@%@"& conbi nati on of
"hard" particl ess ( afatdridcesusccand), shicifin OfrbéniR dekichim PAYipAGea Mohs har dness
of nore 10 than 6) with "soft" particles (particles consisting of a

material having a NoW§cHhsHigAcalciun pyrwpboshate, ®Bpge kackiyastiagdooma | n such an
enbodi nent, the sof QEE;-' ' end to fractur.e or otherw se erode
during polishing, taft?gre yé,?llln(%fg%%féﬁgblg'ﬁlélc??&?xfrgwthtbtaw&apgpmce of the hard
particles. Al though thelnseeleanitaxdiheits, btofmbifation bf WRkd” gdticlender st ood, one

theory is that the soft partic|es provide shock_absorption to the polishing
system thereby di riPAtiglss REnSIStRG of @ anaterial having a Mohs hardness of more

10 than 6) with “soft” particles (particles consisting of a material having

a Mohs hardness of less than 6) is advantageous. In such an
embodiment, the soft particles will tend to fracture or otherwise erode
during polishing, thereby improving the polishing performance of the
hard particles. Although the mechanism for this is not well
i5 understood, one theory is that the soft particles provide shock
absorption to the polishing system, thereby diminishing unwanted
scratching.
The hydrophilic matrix material preferably comprises a
urethane. Preferred urethane polymers may be prepared using
20 methods of preparation known to those skilled in the art.
Tlustratively, the preferred hydrophilic polyurethane is made by
polymerizing an alkylene oxide, e.g., ethylene oxide, in the presence
of a polyfunctional hydroxyl-containing compound, e.g., glycerol,
trimethylolpropane, trimethylolethane, pentacrythritol, or the like, to
yield a polyoxyalkylene polyol. The polyoxyalkylene polyol is

1~
LY

thereafter reacted with a polyisocyanate, preferably using a
s'foichiometn'c excess of the polyisocyanate. Examples of suitable

-11-



scratching. The hydrophilic matrix material preferably conprises a

uret hane. Preferred urethane polynmers may be prepared using 20 nmet hods of
preparation known to those skilled in the art. Illustratively, the
preferred hydwopheszies pol yuret hane is nade by pol yneri zi rRETAISSR3KY| ene ~
oxi de, e.g., ethylene oxide, in the presence of a pol yfunctional
hydr oxyl - cont ai ni ng conpound, e.g., glycerol, trinethyl ol propane,
trimet hyl ol et hane, pentacrythritol, or the like, to 25 yield a

pol yoxyal kyl ene po : 878 |.yol.] eneafter reacted
with a polyi socyan??@soggégédrgglw%@l)}%é austcga}(}lgﬁel’ g’r@?ﬁ%‘c@%‘éss of the

pol yi socyanat e. Ex#dmM8s-triifogyandte/teazene- NI5-394s 8te, hexamethylene

PCT/ US98/ 23575 pol yi.socyanates inc¢clude tol yene diisocyanate,

tri phenyl met hane- ﬂ{lﬁﬂc}%ﬂa}%_xﬁ’fqnpgamtacg)@@pp@nﬂmq éﬁ@cﬁnﬂtﬁsManat e,
hexamet hyl ene di | sQAIGESistRLANRIULARRY ALE »s CRLOOBREIVIGRE

dii socyanate, and metnyl enebi'sdi"pheny 'l Ssocyanate as we
any of the 5 fsor égregaing. The reacti on may be carried out under nitrogen at

t her i : ' t t in the f 0 d 120
G Tor & peri od of - abouE TASTRBEAY DA CERIS M RIS PUHEGH o SBORIGHC | nes. v |
vary dependi ng on gﬁggﬁéﬁm eﬁaﬁﬁeﬁ?ﬂ’lﬁﬂn t°r%18%?‘f d‘”(.e.,’tﬁg}he anount of
Ctl Vi

10 m xing conducted during the feaction, an e rea 8f the

i socyanate. The pr pérod efiboyti2(pdrs althowgh phrticilar flackdcifed wilvdy having a

maxi mum el astic defornﬁtion trength of at | east about 100 pounds
depending on factors such as the reaction temperature, the amount of

10 mixing conducted during the reaction, and the reactivity of the

isocyanate.

The preferred hydrophilic matrix is characterized by having a
maximum elastic deformation strength of at least about 100 pounds
per square inch. The maximum elastic deformation strength is

15 determined by measuring and plotting the étress-strain curve of a
substantially void-free, for example, solution cast, film of the matrix
component and drawing a straight line tangent and coincident with the
initial straight portion of the stress-strain curve representing elastic
deformation.

20 The maximum elastic deformation is the stress at the point at
which the aforementioned straight line departs from the stress-strain
curve. The stress-strain data is preferably determined on an Instron
tensile tester, Model TTB at a speed of 100% elongation per minute
using a one-half inch wide rectangular sample, usually about 10 to 20

25 mils thick and one inch between grips. A wide spectrum of such

polymers can be employed in accordance with the present invention,



per square inch. The maxi num el astic deformation strength is 15 determ ned
by measuring and plotting the stress-strain curve of a substantially
void-free, for exanple, solution cast, filmof the matri x conponent and
drawi ng a st rah@Rkaisi ne tangent and coincident with the PEWGSIBESSH r ai ght
portion of the stress-strain curve representing elastic deformation. 20
The maxi num el astic deformation is the stress at the point at which the

af orenenti oned straight |line departs fromthe stress-strain curve. The

stress-strain data iseégtrne erab1 et er ni ned %ﬁﬁ Instron tensile tester,
Mbdel TTB at a spe&d IR n e PHME§ 28% one- hal f i nch

wi de rectangul ar s gpmieBsationypalynyerdROeH asl Boly@meids olycstetamitil £#14 and one inch
between grips. A wi de spectrum of such pol ymers can be enployed in

accordance with thpolyedersnyinylahtoridepolymers eyl gpobungerg and acrylic acid

PCT/ US98/ 23575 f or I vinwl addition | yners, ..and | yur.et hanes and
condensati on pol ynéﬁé%‘%gﬁgﬂd%g?%p%’?%%aﬂg§?1§)°88¥§/r§s?b?aiﬁ?'ﬁ%& Ig‘"‘i’fﬁﬁpol yesters,
vinyl chloride pgol )sagh&rwp&m{h\gﬁ@wpo]ﬁﬁgmﬁqgwﬂ i thacrylic

! ofynier) ;
acid polyner and copol yners. A particularly useful "5 polyner ‘is a
pol yur et hane or popglynesthamnse consginingeea fupettqnabgroups.y pol yur et hanes

CPvent i on. compri sing {1 RSArOHERemB RIS or Bt B FRIE ST, i 1o ne

i ngredi ents toget hpblywittess chiolvepste pespatbdibyanixiny e Rjiedidrts tdgethbe m xture to
(optionally 10 foam) and to harden. Preferably, an aqueous slurry of the
abr asi ve conpound mBdgRERaen gonditiensand pprmiténg the mixrs tedaptonely t he pol yner .

10 foam)and to harden. Preferably, an aqueous slurry of the abrasive

compound is prepared separately and then admixed with the polymer.

In those compositions in which the polymer is a polyurethane, it is

preferred to use from about 1 to about 200 parts, more usually from

about 10 to 160 parts, of water for each 100 parts of the polymer, on a
15 weight bas_is.

Heat may be applied during mixing. Care should be taken not
to exceed the decomposition temperature of the polymer or the
temperature at which thermal damage to the polymer results —
generally about 200° F. Once these two components are adequately

20 mixed (substantially complete blending of the one component within
the other), the mixture is de-watered, such as by spray drying, oven
drying or the like.

As water is removed from the mixture, the resulting
composition solidifies, with or without chemical reaction. Possible

25 chemical reactions include curing, grafting, crosslinking, chain

extension or the like. After solidification, heat may be applied to

-13-



In those conpositions in which the polyner is a polyurethane, it is
preferred to use fromabout 1 to about 200 parts, nore usually from about
10 to 160 parts, of water for each 100 parts of the polynmer, on a 15

wei ght basi s.wbeatszrsay be applied during m xing. Care sPCUUISIEFE aken not
to exceed the deconposition tenperature of the polyner or the tenperature
at which thernmal damage to the polyner results - generally about 200 F.
Once these two conponents are adequately 20 nixed (substantlally conpl ete

bl endi ng of the one; £Q t her) ure i s de-watered,
such as by spray dryi ng%?P E@#\m@r P%%célfﬁ?ﬁ@“f Séf’“ & s renoved from
the mixture, the rmgosﬂmgnmm&nmw@dhﬁdirlueﬁssomxtfuﬁfred/\&ﬂabeut chem cal
reaction. Possible 25 chem cal_ reactions include curin rafting,

crossl i nking, cha| (P §iee o RESTRNALLYy the pelishingsurfare issubspntinllyiflagioreh, heat may

lI:)>(CaJT71 IE)Jg|9|8/e g3t5$5 dri \/lfaias(t}éQ %‘gég‘ﬁﬁg {]%t&eél e? g@ﬁhlaiqrg%sgre(ﬂf}?srgéhan-llﬁe final

pol i shing conposs; t i ppandayerkiquaraim¢chact ured into articles of any desired
shape or size. Preferably, the polishing surface is substantially flat, or
at |least is capable of 6§P?F§1PI‘*E§§I&§1§H’3 ﬂhpﬁﬂpﬁeé L iseintendedstognednan 12 5
pounds per square i t si ze"
i ntended to nean thtg grs?tﬁg%gﬁlﬁgphﬂﬁﬁfgm&gré %{ egggrthegér&fe}%rgtgn (elther
hei ght, |ength or wroitith). Heﬁrmﬁrpaﬁiqbarﬁavehmsvdn@geqaaﬁﬁclaﬁﬁagesspartlcI e size
of |ess

than or equal to about 0.6 microns but preferably greater than or equal
10 to 0.05 microns; more preferably, at least 80 weight percent, more
preferably 95 weight percent, and yet more preferably 100 weight
percent, of the particles have a size in the range 0 0.01 to 0.5
microns. |
In one embodiment, the particulate material comprises at least
15 about 50 weight percent, more preferably 80 weight percent and most
preferably greater than 95 weight percent particles having an average
surface area ranging from about 25 square meters per gram to about
430 square meters per gram and an average diameter or average
aggregate diameter of less than about 1 micron, more preferably less
20  than about 0.6 microns. Preferred oxide particles of the present
invention are alumina, silica, iron oxide, titania and ceria.
The surface area of the particles can be measured by the
nitrogen adsorption method of S. Brunauer, P. H. Emmet and 1.
Teller, J. Am. Chemical Society, Volume 60, page 309 (1938) which
25 is commonly referred to as BET measurement. Aggregate size can be
determined by known techniques, such as, that described in ASTM
D3849-89; measurements can be recalled individually or in the form

-14-



than or equal to about 0.6 mcrons but preferably greater than or equal 10
to 0.05 mcrons; nore preferably, at |east 80 weight percent, nore
preferably 95 wei ght percent, and yet nore preferably 100 wei ght percent,
of the particesesbpme a size in the range of 0.01 to 0.5 POTAISEARSS?SI N one
enbodi ment, the particulate material conprises at |east 15 about 50 weight
percent, nore preferably 80 weight percent and nost preferably greater fhan
95 wei ght percent particles having an average surface area ranging from
about 25 square et re.neters, per. gram and an
aver age di aneter or&?\%ﬁgéaégéﬁ%q°§8%’?aﬁﬁfb“§§ %%’eﬁgy?ﬂléﬂ'&gf}ﬁt 1 mcron,
more preferably | essnd@ detehmmﬁbyufanﬁnﬁsﬁh@fe@ﬁ@nnﬁﬁr@i&ﬁy %M?"Hﬁ particles
of the present invention ar eWéLum na, silica, iron oxide ani a and

ceria. The surface BPaRAREreRAIRlismetes cands determined WM?quuWelenttrogen
adsor pti on net hod
Chem (F:)al Soci ety, Sfjgpémalﬁ g&hegal@iggf%@v%yfg ’%8%@%% referred

to as BET maa‘surenmhbcro&g-gmﬁgaalerendfehe:@ggrégatdjeterm ned by known

t echni ques, such as, ?ﬂ ﬂy ﬁed i n ASTM D3849-89; neasurenents can be
recal | ed individual |y ofb§ %mqulmatcnal afthapreseny inyention is

PCT/ US98/ 23575 of Sikdigleyar il !R0HACH Bhldl bHcE W orfiBBIE0A1 1 2

di stribution can be py transm ssion e ron oscopy (TEM
The mean aggregat e tamoetqual o4 mﬂhNe,Mensrpemﬂethymdnepmmatﬁggraw val ent

spherical diameter ax:?nr éjq%apt% 3-1}Eand mosgpre?'ergbgsélresétcrltﬁa% or egt?asl(%g 4gpon

10 milliNewtons per meter. Critical surface tension defines the

wettability of a solid surface by noting the lowest surface tension a
liquid can have and still exhibit a contact angle greater than zero
degrees on that solid. Thus, polymers with higher critical surface
tensions are more readily wet and are therefore more hydrophilic.

15 Critical Surface Tension of common polymers are provided below:

Polymer Critical Surface Tension (mN/m)
Polytetrafluoroethylene 19
Polydimethylsiloxane 24
Silicone Rubber 24
Polybutadiene 31
Polyethylene 31
Polystyrene 33
Polypropylene 34

Polyester 3942

-{5-



5 the cross-sectional area of the aggregate. The hydrophilic matrix
material of the present invention is sufficiently hydrophilic to provide a
critical surface tension greater than or equal to 34 ml|i Newtons per
meter, nore pygh§iafal y greater than or equal to 37 and neetupsseises ably -
greater than or equal to 40 10 mlliNewons per neter. Critical surface
tension defines the wettability of a solid surface by noting the | owest”
surface tension a liquid can have and still exhibit a contact angle greater
than zero degrees id. Thus, polynmers with hi critical
surface tensions a?glyfgmp&iea@gédi ly wet and are theref orea%h e hydrophilic.
15 Critical Surfapelyltaiysershslf common pol yners are provided bel ow. Pol yner
Critical Surface Tension (mN nm Polytetrafluoroethyl ene

19 Pol ydi met hyl si | 8glymethyl methacrylate 24 Si3% cone Rubber

24 Pol ybut adi ene 3 1 Pg| yet hyl ene

31 Pol ystyrene Polyvinyl chloride 33 Pol“ypropyl ene
34 Pol yester Polysulfone 39-42 41 WO 99/ 24218
PCT/ US98/ 23575 Pol *ai:r yé am de 35-40 Pol yvi nyl
al cohol ylon 37 Pol ymet hyl methactdl ate
39 Pol yvinyl chl OriPQﬁ'urcthane 39 45
Polycarbonate ' 45

In one embodiment, the low modulus phase is derived from at

least:

5 1. an acrylated urethane;

2. an acrylated epoxy;

3. an cthylenically unsaturated organic compound

having a carboxyl, beniyl, or amide functionality;

4, an aminoplast derivative having a pendant unsaturated
10 carbony! group;

5. anisocyanurate derivative having at least one pendant
acrylate group;
a vinyl ether,
a urethane

15 a polyacrylamide

° o N o

an ethylene/ester copolymer or an acid derivative
thereof;

10. a polyvinyl alcohol;

-16-



Pol ysul f one 41 Nylon 6

42 Pol yur et hane 45 Pol ycar bonat e

45 I n one enbodi ment, the | ow nodul us phase is derived fromat |east: 5

1. anacryl at edoesisdamne; 2. an acryl ated epoxy; 3. an et hyPCENSWERIY -
unsat urated organi ¢ conpound having a carboxyl, benzyl, or am de 3
functionality; 4. an am nopl ast derivative having a pendant unsaturated 10
carbonyl group; 5. an isocyanurate derivative having at | east one pendant

acrylate group; 6. a vinyl ﬁt‘??é’{l%‘geﬂéﬂn%ﬁ ng. 15 8. a

pol yacryl am de 9. an et hyl ene opory of an acid derivative
thereof; 10. a polyvinyl alIhagolysulfene; WD 99/ 24218

PCT/ US98/ 23575 11. a pol ynethyl nethacrylate; 12. apol ysul fone; 13. an
pol yani de; 13."an polyamide;

14. a polycarbonate;
5 15. a polyviny! chloride;
16. an epoxy;
17. a copolymer of the above; or

18. a combination thereof,

10  Preferred hydrophilic matrix materials comprise urethane, carbonate,
amide, sulfone, vinyl chloride, acrylate, methacrylate, vinyl alcohol,
ester or acrylamide moieties (most preferably, urethane). The matrix
material also defines a modulus of 1 Pa to about 10GPa. Preferably at
least one matrix component of the present invention defines an

15 elongation to break in the rénge of 25% to 1000%, more preferably
50%-500% and most preferably 100%-350%. The matrix material
can be porous or non-porous. In one embodiment, the matrix material
is mon-porous; in another embodiment, the matrix material is non-
porous and free of fiber reinforcement.

20 In a preferred embodiment, the dispersion of particles within
the matrix material is substantially free of particle agglomerations
capable of scratching a semiconductor substrate. Particle
agglomeration can be minimized by agitation or mixing of the particle
dispersion shortly prior to solidifying (e.g., de-watering).

25 In a highly preferred embodiment, an aqueous dispersion of

submicron silica particles is vigorously mixed into a urethane latex

A17-



14. a pol ycarbonate; 5 15. a polyvinyl chloride; 16. an epoxy;
17. a copolyner of the-above; or 18. a conbination thereof. 10 Preferred
hydrophilic matrix materials conprise urethane, carbonate, am de, sulfone,
vinyl chloridg,ea8iy! ate, nethacrylate, vinyl alcohol, exiraisssgss7acryl am de
noi eti es (nost preferably, urethane). The matrix material also defines a
nmodul us of 1 Pa to about 10GPa. Preferably at |east one matrix conponent of
the present invention defines an 15 eIongation to break in the range of
25% to 1000% nore ferabl 50@65ﬁg@6 r ef er abl 100@6350@6 The
matrix material c YAVER ADGTRI the matrix

material is non-pogQ ela'?e;?&ﬂtb@%r "W%mgmt%gnww%mterlal i's non-

porous and free of fi relpforc a preferred enbodi nent,
t he di spersion of mpolymeewhwhtfhmmaﬁmlmhammmmm@smwbst antially

free of particle a Iorrer abl e of s h| n sem congduct or
substrate. Particl g a<§t P’o%‘a%é ‘H@l%ﬂ? ?,r 5‘?‘%‘3{3?{ m Xi ng
of the partlclesdlﬁpégrsmn shortly prior to SO|IdIfyI ng (e.g.,
de-watering). 25 In a highly preferred enmbodi nent, an aqueous

di spersi on of submi crohlsprqfwdpmlhqdunm,ﬂlspmmguiamu‘satyermﬁmﬂ into a
urethane latex -17-

9/ 24
hCT Unbs/ 23675 andnaompies B %g?fe?f‘%‘?’ﬁ’?%’k“’rﬂ%wﬁ?’g?ﬁ’&ﬁ‘ép’SB‘FﬁOment of the

hereafter referred to as “clusters”, by milling or any other particle
producing process. The clusters can then be incorporated into the

10 hydrophilic matrix material. In such an embodiment, as the matrix
material wears, the binder material preferably causes particles to
release. The binder material can be advantageous, because the
particles can sometimes be incorporated into a binder (with minimal
unwanted particle agglomeration) more easily than if the particles

15 were directly incorporated into the hydrophilic matrix material.

A possible polishing layer matrix precursor is oﬁe capable of
being cured or polymerized via any appropriate polymerization
mechanism, such as substitution, addition or condensation
polymerization reactions, Possible precursors include acrylated

20  urethanes, acrylated epoxies, ethylenically unsaturated compounds,
aminoplast derivatives having pendant alpha,beta-unsaturated
carbonyl groups, isocyanurate derivatives having at least one pendant
acrylate group, isocyanate derivatives having at least one pendant
acrylate group, and combinations thereof. '

25 Optionally, a diluent, such as a plasticizer, can be added to the
hydrophilic matrix material of the present invention to soften or
otherwise lower the modulus of the material, thereby making the
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urethane [ atex can be a polynmer or in the alternative, can be a prepol yner
which forns a final urethane polyner by a chem cal reaction, such as by,
chai n extension, polyaddition, crosslinking or the 5 like. . In a
preferred enbe@dgpipis the particulate matter is first incerpusomisd | nt o-a
bi nder, and then broken down into small pieces, hereafter referred to as
"clusters”, by mlling or any other particle producing process. The -
clusters can then be incorporated into the 10 hydrophilic matrix material.

I n such an enbodi megt th trix erjal wears, the bpinder naterial

preferably causes pé}af?%%é%prgggﬁ’e\v%stg%s?ﬂi@%q{d‘% ¢ AEnnsamEn e

advant ageous, becaldgirigilistink! b 6 BRI hEBHuAR i MEAACLRKEY [ NtO
oner at | ong r y'

bi nder (with mniml unwanted particle agg gasily than if

the particles 15 nelyshyeneglyeol, methoxypolwethydenerglycd hmlypropydets | i ¢ matri x

material. A possibl I i shi | aver tri recursqr .i s one capabl e of

bei ngI cured gr pol ﬁggﬁzéoawﬁﬁ%éyﬁﬂ&EBW%g@WWiﬁ'&?l?“izﬁ"‘aon rrgc hani sm

such as substitusi ofumbisitions GHeref. ﬁpmﬁﬁ{dhﬁéhmkﬁdﬁﬁéﬂt?ﬁ&f 8BRSt ons.
rylate

Possi bl e precursors include acrylated 20 urethanes, ac epoxi es,
et hyl eni cal | y unsatglyerl&avias #p everage melerwaniveight offrom 200 teek0,000/imly pendant

al pha, bet a- unsat ur _ I S, 1S0 nur at e der.i.vati ves having at
| east one pendant :%:or rgs?{g g:réﬁ?%ﬁéﬁ@%ﬁ%’t %’F’ia mitedalh aving at | east

one pendant acryl ate grOgfonANgarcexibizihatdogiponédiRaR 8L incéforated intdPt i onal Iy,
a diluent, such as a plasticjzer, can be added to the hydrophilic matrix

material of the pr éééﬁ?ilmy?rmth@rgwntiéwemiompmmms@xid@m of ae nodul us
of the material,t haeaPibydRl iR Yol BBondifly oxide. For example, an oxidizing

component can be used to oxidize tungsten to tungsten oxide;

thereafter, the tungsten oxide can be chemically and/or mechanically
polished and removed. Preferred oxidizing components for
incorporation into the low modulus phase include oxidizing salts,

15 oxidizing metal complexes, iron salts, such as nitrates, sulfates,
potassium ferri-cyanide and the like, aluminum salts, quaternary
ammonium salts, phosphonium salts, peroxides, chlorates,
perchlorates, permanganates, persulfates and mixtures thereof. The
amount should be sufficient to ensure rapid oxidation of the metal

20 layer while balancing the mechanical and chemical polishing
performance of the system.

Other possible additives include fillers, fibers, lubricants,
wetting agents, pigments, dyes, coupling agents, plasticizers,
surfactants, dispersing agents and suspending agents. The polishing

25 pad matrix material can comprise up to 80 weight percent filler and
other optional ingredients. Examples of optional additives include
EDTA, citrates, polycarboxylic acids and the like. Although certain

-10-



WD 99/ 24218 PCT/ US98/ 23575 phase
nore prone to wear, to dissolving or to otherw se di m ni shing during
polishing. In one enbodiment, the diluent is a polyol, such as,

pol yet hyl ene g¢lofekz1s Met hoxypol yet hyl ene gl ycol, pol ypr opstdranesgégcol , —
pol ybut yl ene gl ycol, glycerol, polyvinyl alcohol, and 5 conbinations

thereof. In one enbodinent, the diluent is polyethylene glycol having an
average nol ecul ar wei ght of from 200 to 10,000 and conprising 20 to 60

wei ght percent of t ' v al Cﬁ%/i onal | an oxi di.zi ng conponent
can be incor por at e&g?ﬁ@e{%%npo#cﬁéh‘?ﬁsgbql ?PQ@F#%M&%?Q DiNgention to
pronote oxi dati on @hrtitlekOfor Feipabeslo¥iRs prént inSertih! BBRRALHADIRMyde. For
exanpl e, an oxidi zing conmponent can be used to oxidize tungsten to tungsten

oxi de; t hereaft er, Mm#FialsWibindhe low meddusplsse etedabe de¢rpedasdilter, nogchani cal | y
pol i shed and renov I [ReIvd onents for incorporation into
g Pl ey ROl e

t he | ow nodul us ph rzin 15 oxi di zi ng net al
conpl exes, ironsalts, such as nitrates, sulfates, potassiumferri-cyanide

and the |ike, alum Eum sz! ts, quaternary ammoni um salts, phosphoni um
salts, peroxides, 1 teI¥er chl or at es, per manganat es, persulfates and

m xtures thereof. The qﬁm] Ls SRGEGr sHE L] Cl ; pi d oxi dation
of the metal 20 |ayer il es’ gal angll- g%‘fﬂ@%%ﬁ%é@lﬁggﬁﬁ%@% cal

pol i shi ng per f or nangglonfrathints yutk targedisized patiskes,Hnd thid dint bargs i ncl ude
fillers, fibers, |ubricant [

agents, plastici ze|p§?b1§rﬂ'r‘f’§%§’(°\§%tt’t§l,gqg"r E‘ggq%i}sW&?TLa‘{gjbneré]‘éié’ dbé&is pgggﬁlnlgnggent s.
fTih|e| 2?' ;ﬁ gi Ng 2% R@glofRtdtion chRledld ktdcrtaiing MAPEAnSRIVEREIy ARG Wei ght per cent
polishing performance.
One way to avoid such unwanted agglomeration is to first: 1.
mix the particles with a suitable binder, whereby the binder is initially
in a flowable form; 2. agitating or stirring the mixture to thereby
15 break up particle agglomerations and cause dispersion of the particles
within the flowable binder; 3. Curing, de-watering or otherwise
solidifying the binder, thereby dispersing the particles within a (now)
solid binder, and thereby also preventing the particles from re-
agglomerating; and 4. grinding or otherwise breaking the resulting
20 material into fragments.
The resulting fragments will hereafter be referred to as “particle
clusters.” The particle clusters are then incorporated into or bonded
onto the polishing layer matrix material, and the particles are thereby
incorporated into the polishing pad, substantially free of unwanted
25 particle agglomcratidn.
The use of particle clusters is also advantageous, because it has
been found that ceramic particles (without a binder) tend to weaken
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ot her optional ingredients. Exanples of optional additives include EDTA,
citrates, polycarboxylic acids and the like. Although certain -19- WO
99/ 24218 PCT/ US98/ 23575

cl ays have bewonssmgtsri bed as bei ng capabl e of acting as ROTIUSHZATS -
particles, for purposes of the present invention, the presence of clay _
materials within the | ow nodul us phase are to be deened as filler, not

(hi gh nodul us phase) polishing particles. 5 Particle Clusters. Particles,

parti cul arl y sub- 1 Baqs tleafrioal dicrire Cuc! 6 ot £1rEHBh BERVEA fhel Nt O Much
be a pr b? e

@
| arger sized particles, and this can p em n creating the
present invention. meatitiegandithepagd matrix. Hygh dewreased mechanical sdegritpisscr at chi ng

d d | t polishi. f ce. . On , t id such
Cinvant d_agal oner atFbltt BEPeR Er BB ee B SRriE ISty BRUchBT Hogea t abl e
bi nder, whereby t hesihddrdeshosén whichiigode donpatibleWaPboth@wRe rdoreadi t ati ng or

stirring the mxture to thereby 15 break up particle agglonerations and
cause di sper si ons ofeffeasavglybindstethepad matrix.ne f| owabl e bi nder; 3. Curing,

de-wat ering or otherw sg, sol |.difyi t he bi nder her eb ispersing the
particles within a (nom?h%?ﬁrt’gleﬁﬁﬁgegp{n %Iﬂ?afﬂél_rdé‘ﬂ eéﬁpgﬁxﬁgéf}gnti ng the
particles fromre- spgeifiopelisHinggiplieftbrd. THE pRMicRAYHE, cOhdAfificifaddr €aki ng the

resulting 20 material_into fragments. The resulting fragments wll
hereafter be ref er rdigributiepscanhradjusted within the binder to further optimize

polishing performance for specific applications.
10
A Preferred Method of Fabricating Particle Clusters
According to one embodiment of the present invention, particle
clusters are fabricated by mixing an aqueous dispersion of polishing
particles, preferably colloidal, submicron metal oxide ceramic
15 particles, with an aqueous dispersion of urethane prepolymer. The
urethane (in either its liquid pre-polymer state or its solid cured state)
will hereafter be referred to as the “intra-cluster binder,” The intra-
cluster binder may be, but is not limited to, urethane, epoxy, acrylic-
urethane, polyacrylamide, polymethylmethacrylate, polyamide,
20 polycarbonate, polyvinylalcohol and polysulfone.
Useful particles can include, but are not limited to, SiO,, AL0,,
TiO, and CeQ,. Particle sizes are preferably in the range of 10-1000
nm, more preferably 30-500nm and most preferably 50-300nm.
Preferred concentrations of particles in the particle cluster are greater
25 than 50 weight percent, more preferably greater than 75 weight

percent and most preferably above 90 weight percent.
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clusters.” The particle clusters are then incorporated into or bonded onto
the polishing layer matrix material, and the particles are thereby

i ncorporated into the polishing pad, substantially free of unwanted 25
particl e agglwosyatison. The use of particle clusters is atpussaebszant agecus,
because it has been found that ceramc particles (wthout a binder) tend to
weaken WD 99/ 24218 .
PCT/ US98/ 23575 the pad's mechani cal structure, due to poor adhesi on between

the particles and the | X. _Such creased.mechani cal, .integrity is
far Fess preval ent wi tﬁ?ﬁ%%@%@?ﬁ@?@lﬁﬁ@f%}sB%???r?@ﬁlr&ﬁﬁy V\%ere a
bi nder. S cho;en Wajﬁmoivsm‘emﬁﬂgegchﬂhges%gﬁngrudgw&{ | nore 5 .
effectively binds to the pad matriXx. The particle clustef DI nder nateri al
can be optimzed f8YaPSRR&iOns spEayhdyinghetag The pisilkting nmaterial Fheromad o cl e t ype,
concentration and di-8iq:l | be .adj uste Lthin the binder to further
optim ze poli shi ngg‘lf)lzérdf’%%%ﬁ%%%’s%@% i Eleggmﬂ‘@a‘i"%%’fes FHANCH; of er r ed
Met hod of Fabri gat b]l&gtei?&ﬁﬁhdjhgnﬁ!ylb‘éfd@ﬁ&bf@mmﬁégﬂg,l}snﬁﬂhgdi ment of the

present invention, particle clusters are fabricated by m xing an aqueous
di spersi on of pol i Bighrigesshgnindersear otherairailanneans.oln enecmbodémenti theon net al

P S L ! ; . .

orepol ymer - The. ur SPIEiaEED be bl B BB LTS PREREN s SOREIG70F (¢

solid cured state) 1080y (niierons) preferitdy 2855001 88ldingord préfét@blyi I3t rauc! ust er
preferktity X prdfetdbly!

bi nder." The intra-_cluster, binder may be, but is not limted to, urethane,
epoxy, acrylic- The preferred size of the particle clusters will be governed by the size

Q.

10 of the polishing particles, the grinding method and the polishing
application for which they are produced.

In some instances, where conditioning is not desired, it is
advantageous to achieve compositions which are somewhat friable
(e.g., crumble under shear forces, preferably of less than 1000

15 Newtons). Friability allows a fresh supply of particles to be
continuously introduced into the polishing fluid. Friability is
achieved by high filler loadings and/or by use of high glass transition
temperature polymers (glass transition temperatures preferably greater
than 25 degrees Centigrade). When filler loadings are high, the

2 particles are generally not fully surrounded by the polymer, creating a
relatively brittle material. High glass transition temperature polymers
tend to produce brittle matrices rendering the material relatively
friable. Therefore, the rate of introduction of particles into the
polishing fluid can be controlled by varying the particle loéding and

2s  the intra-cluster binder (e.g., polymer).
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ur et hane, pol yacryl am de, pol ynethyl net hacryl ate, pol yam de, 20

pol ycar bonat e, polyvinylal cohol and pol ysul fone. Useful particles can

i nclude, but are not limted to, SIQ2, A[err]derr], Tigerr] and

Ce( err]. Parwodoe4szss zes are preferably in the range of I1RCTSO#FM nore
preferably 30-500nm and nost preferably 50-300nm Preferred concentrations
of particles in the particle cluster are greater 25 t han 50 wei ght
percent, nore preferably greater than 75 wei ght percent and nost preferably

above 90 wei ght percent
PCT/ US98/ 23575 The resuIPtl néy%ggrgﬁogﬁ%%mhné HERGE ydeteirm%nedlbg preferably
dried to renove wathew well fhiermarticiesure heIdSbyrrbalmuacdlmbﬂQbm&ﬂ The/bifider

evapor ati on, spray-dr etc. e resulting material is ground or mlled
into a fine powder m%'é’&ag‘&fi aét“gFS%‘? 1PPEERzZad; forpess pelishing i cl e s

cluster. Ginding n Magals
hi gh- speed gri nder?y O%gggﬁe?hg}én?‘i t%aﬁ?}g?ﬁ#e&é%dggnﬂtﬁ?he
material may be gr dhﬁpamnlccnlml'tcmbechdmgsd ardspendeny ofghs Bulk propeftieom 10-

1000[ err] (mcrons),,.  prefe abI 25-500][ and nore ef erably
35-150[err]. The prfithe P‘QH‘ etSFnat“Fl’é 'géer;‘?"c?@"@lnﬁ B ﬁfth be gover ned

by the size 10 of | thod and the
pol i shing applicati o@?%?ﬂ&%ﬂqﬁ?ngﬁg%@%&gﬁ%gﬁo Hr%q}sagrg}%@nst ances, where
condi tioning i s notopfiseie perforimanées advant ageous to achi eve conpositions

whi ch are sonmewhat friable (e.g., crunble under shear forces, preferably of
| ess than 1000 15 Newtons). Friability allows a fresh supply of particles

to be continuoushy Fabkie oligkifs ARRCIBOC bt hdcnfsidrgbi ity is

In one embodiment of the present invention, particle clusters

are incorporated into the polishing layer matrix by mixing the clusters
into a flowable polishing layer matrix precursor and solidifying the
matrix by curing, cooling or any other solidification operation.

15 Alternatively, the particle clusters are bonded to the polishing layer
matrix, while the matrix is in a flowable or non-flowable state.

Useful manufacturing techniques may include, but are not
limited to, molding, casting, extrusion, spray-coating, web-coating,
printing, sintering, photopolymerization, or the like. Additional

20 processing may also be incorporated into the polishing pad
manufacturing process, such as grooving, skiving, felting and
foaming or the like. Grooving is intended to mean producing recesses
of any shape on the article’s polishing surface.

In one embodiment of the present invention, the polishing layer

25  matrix (prior to solidification) with particle clusters dispersed therein

is coagulated or otherwise coated and solidified upon a substrate, such



achi eved by high filler |oadings and/or by use of high glass transition
tenperature polyners (glass transition tenperatures preferably greater than
25 degrees Centigrade). Wien filler |oadings are high, the 20 particles
are general |y wwdsnhizt| y surrounded by the pol ynmer, creatiPersossssti vel y
brittle material. H gh glass transition tenperature polyners tend to
produce brittle matrices rendering the material relatively friable.
Therefore, the rate of introduction of particles into the polishing fluid
can be controlled by .v 3&1{}.’? a th ntra cl uster
bi nder (e.g., pol yrréeér Eft%ggl &@QSP%@Q%%Q&T”Q&%% pafcle’

PCT/ US98/ 23575 Par tdonkaining ameral, during polishing is generally deternined
by how wel | the particlﬁ are 1h d by the jntra-cluster binder. The binder
material and the parti cllBSPEHRlCEISIR: ¢4 bedipemed Brliquidyrattmeng per f or mance.
The concentration | %&g% rticle
cluster can be chaagg%ﬁﬁgg%égn gﬁgﬁ%éﬁ? e h%?%%%lr?{ll es§%#&ﬁ%§‘%pol I shi ng
| ayer matrix. The sarneleanm&:hamaﬂbfpar'tidn cblfstctihmjabt in mbmghuswss within a
polishing layer can al so be v ed t timz er f or mance.

Fabrication of Pol ,\gﬁgﬁtgpeﬁgepf% Yﬂhﬁé’ ¢ Joating & li]élﬁ‘?aﬁ@ge ofh one
enbodi ment of the pr(ﬁgeaﬁdmayteﬁ&feamy@%éfaﬁ @off%svﬁé% R OfaPor a ed
-into the polishing layer nmatrix by mxing t custer toa owabl e

pol i shing | ayer natmnkelpra@onpﬁﬁmpanwlcsdustdstgnhgvmovetamdehymwr| ng,

cooling or any other spl i di.f I cat ternatively, the
particle clusters P %S'ﬁﬁg?fufg %"Fl'%affgﬁ #ﬂﬁ&fq @pﬁxcanons 11"01'

10 instance, high loading increases friability. Compositions preventing

particle cluster agglomeration allow uniform distribution to be
achieved.
The particle clusters should not interact chemically with the
bulk constituents of the article in ways that would inhibit their
15 performance. However, the inter-cluster polymeric matrix chemistry
may be adjusted to obtain desired behavior of the particle clusters
within the matrix. For instance, adjustments to the inter-cluster
polymer chemistry may allow the particle clusters to attach to a
surface of the article instead of being distributed evenly throughout.
20 In one embodiment the mixture of particle clusters in the inter-
cluster polymeric matrix is transferred to 2 mold. The mixture is
allowed to gel and then cured at elevated temperatures. The solidified
cake is brought to room temperature and removed from the mold.
The cake is skived, or similarly sectioned, to form polishing articles
25 of desired thickness’. The articles may be used in this form or layered
with other articles such as foams depending on the application. The
top layers may be perforated or grooved.
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matri x, while the matrix is in a

fl owabl e or non-fl owabl e state. Usef ul

manuf acturing techni ques may include, but are not limted to, nolding,
. casting, extrusion, spray-coating, web-coating, printing, sintering,

phot opol yner i saideesss or the |ike

. Additional 20 processinrqy/usespIs®dso be-

I ncorporated into the polishing pad manufacturing process, such as

groovi ng, skiving, felting and foam ng or the I|ike.

mean produci ng recesses of any shape on the article's polishing surface.

(prior To Soliai i cati o Sanieraae Bk Bfmebt ek clepna ke bivieard)™ .

coagul ated or ot heriniaswatersdhide polgmeniol atfiot relasenspanictd ¢laétetiso afuch - 23-

(prior to solidificatio
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PCT/ US98/ 23575

as a felt or polyneduepyspolishing fiuid dusingnse Examples plmushaolypers i cl e-

contai ning materi aly, TRe Rkt

ur et hane precursors used 1Tn exls

Fried B JobodfapBiel of BORASSIaRlet, 2 of

polishing 5 arsicl es. Pdiielel ostirsiap be prixdd witle at intert disterfoyyrherid n t he
range of 1-95 weight, percent. Mre preferabl éthe particle loading is in
e

the range of 10-90 MREETRSershlypRagusoys disparsi

PahFRcrothen sprayed,@ate ht

percent. The conce i {ot | st varied over a
wi de range to achi g%%e%?%%%ﬂ%?%?%ﬁ%s c}sr%%frgggbraen cg{)pl i cations.
For 10 instance, partitle chiatisigay bes-08weight perebnt, nhore pfadernblyi20-90ns

preventing particle cluyst eren?%gl oner at %c?%l?% %w uni_f orm di slghrel bution to be

achi eved. weight perc

d most pre

5 weight percent.

10 mechanical integrity of a sprayed article is dictated by the substrate.

Therefore, the particle cluster loading can be higher in sprayed

mixtures than in matrices that form an entire polishing article (or

- polishing article layer for a composite article). The substrate may be

any material possessing the flexibility, elasticity and other properties

15 necessary for successful polishing. The inter-cluster polymeric binder

and substrate must have sufficient adherence to one another so that

the particle clusters release the polishing particles more readily than
the substrate releases the binder. .

Particle clusters may be sprayed in layers. Each layer is dried

20 and either totally or

partially cured before application of subsequent

layers. Preferably surfactants are added to the inter-cluster binder to

enhance adhesion between layers. Layering serves to increase the

thickness of the article, thereby increasing longevity. Layering also

provides a means to

vary the polishing capabilities within a single

25 article. For example, layers may vary in particle size, type or loading,

or in particle cluster type, size or loading. Also a single layer may

contain different types, sizes or concentrations of particle clusters.

-25-

G ooving is intended to

In



The particle clusters should not interact chemcally with the bul k
constituents of the article in ways that would inhibit their 15

per f ormance. However, the inter-cluster polyneric matrix chem stry may be
adj usted to okiozbmzehesi red behavior of the particle clustrersssrsds n t he
matri x. For instance, adjustments to the inter-cluster polynmer chem stry
may allow the particle clusters to attach to a surface of the article

i nstead of being distributed evenly throughout. 20 I n one enbodi nent

the m xture of particl I | Lnter- cluster .polynmeric matrix is
transferred to a nol d. %&é&r@ﬁt@%%}n@ﬁir&ﬁ%ellmP@lsg'@geféﬂ‘gc been cured at

el evated tenper at ucemstrollEddysatying fhegertichkeading bf 0 @iister,ahé pRAIceNPEr at ur e
and renmoved fromthe nold. The cake i s skived, or simlarly sectioned, to

form pol i shing art cHistsloading of themateriy, enfhyovanune the types aadadtinsef nay be used
in this formor |aygfr Lt oot !?rﬁﬁ:i . i ng on the
application. The t)ég 0?%§/i§qragéﬁr?§y&§{ pe%ftf(;)ér %?Setgrgégd g?%%h\%@gyg%ﬁa%g WO

99/ 24218 5 . In one embodiment of the present invention, particRCT/ US98/ 23575

In an alternative epbodi nent, rticle clusters may be dispersed in a water
sol ubl e pol ymer to® TWFg}l’é%z%a@*anﬁé‘?tPiaéF@tWPH%qcﬁﬁsgrmﬁbﬁp‘éﬁh@queous

polishing fluid dugf rH§lﬁx f I L de, but are not
limted to, polyvi E]%g] cohol E??H%Eﬁg%’rﬂﬁg%ﬁgg& lgﬁﬁﬁfwgrt icle clusters
may be m xed with aomprisecthe ddwistodulupphasemnd thelpartitde clugtesf(ehizhl y an aqueous
di spersible polymer, then sprayed, onto a supstrate.to forma polishing
article. The prefefPEEIR .qﬁoﬁpluﬁghqegprg ?Fé?‘%&‘ﬁ?e%m?i'% wei ght
percent, nore pief exanpiés é0siflfdble mixing techniques include low shear and high

shear mixing; high shear mixing being preferred. Ultrasonic energy

may also be utilized in combination with the mixing step to lower the
dispersion viscosity. The amount of air bubbles in the dispersion can
be minimized by pulling a vacuum during or after the mixing step. In

15 some instances, it may be preferred to add heat during mixing,
generally in the range of 30 to 70 degrees Centigrade, to lower
viscosity. The dispersion should have a rheology that coats well and
in which the particles and other fillers do not settle,

A preferred matrix precursor material comprises a free radical

20 curable component. Such polymerization can generally be initiated
upon exposure to thermal or electromagnetic energy, depending upon
the free radical initiator chemistry used. The amount of energy
necessary to induce polymerization depends upon several factors such
as the binder precursor chemistry, the dimensions of the matrix

25 precursor material, the amount and type of particles and the amount
and type of optional additives. Possible radiation energy sources
include electron beam, ultraviolet light or visible light. Electron beam
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wei ght percent, and nost preferably 40-85 wei ght percent. The 10

mechani cal integrity of a sprayed article is dictated by the substrate.
Therefore, the particle cluster |oading can be higher in sprayed m xtures
than in nmatriwessdst forman entire polishing article (RCTHBPYBHSNg -
article layer for a conposite article). The substrate may be any materi al
possessing the flexibility, elasticity and other properties 15 necessary
for successful polishing. The inter-cluster polyneric binder and substrate
st have suff i ci eRadiadhic s bRoXEwA MR idiing thdidith chfl Be Bl gh ® Cl usters .
rel ease the polishing particles nore readily than the substrate rel eases

t he binder. Parti clesengly esedpEabromy0ddo abowtyl@Miad, prfeeatly withihtheayer is dried
20 and either totall r ri cured before application of subsequent
| ayers. Preferably foggpgﬁté;O%dgyrgaa@ate{so the inter-cluster binder to
enhance adhesi on bet veeAtsh f¥éflited k¥fblk MgneraiuRon btk BEgRRRaRGIe hi ckness
of the article, thereby inCreasing |ongevity. Layering SO provides a
means to vary tHe pdBiteR3hYattypancdntinietss; visible nadiation nedére t@Bon-arti cl e. For

exanpl e, layers may_vary.in rti.cle size, type ar, loading,.or in particle
cluster type, si ze)i’ﬁnacfﬁéé%lf _%logﬁlgglngagyaﬁ’ﬁ}eggq?xa\y&lnMagg;ﬁqfaq%ﬂuhi fferent
types, sizes or como@hs isdut 806 norRstérs) srbRrably/ii BE fange 4P ab utfﬂﬂ@%cfgf 24218
PCT/ US98/ 23575 The rate of particle release into the poli s%l ng uid can be

control | ed by var yiSa§ naremetars: ilcis alsopassiblg tofise thernad! gnergy 1o infteatparticl e
cluster | oading of | . by varving .t he,types. and ratios of all
other materials Co%ﬁgﬁgﬁrﬂﬁlgﬁnﬁégﬁ ’%rﬁgldﬁglﬂfesﬁ’*ﬂlﬁ 8 matrix.

10 chemistry is adaptable to thermally induced free radical initiation and

curing.

In a preferred embodiment, the resulting mixture (of low
modulus phase, polishing layer matrix precursor, particle clusters and
optional ingredients, if any) is then applied to a substrate as the

15 precursor is solidified (e.g., pOIymcrized) to create a polishing layer
comprising a high modulus phase (found within the clusters) and a
low modulus phase (the polishing layer matrix and/or a second phase
within the cluster). The substrate upon which the mixture is applied
can be left bonded to the mixture to form a multilayer pad. In such an

20 embodiment, the polymerization reaction should induce adhesion
between the substrate and matrix material, and the substrate should be
prone to surface wetting by the precursor matrix material.

In an alternative embodiment, the solidified mixture is peeled
away from the substrate (such as a2 mold) to form a monolayer. This

25 monolayer can be used as a pad or additional layers can be applied to

the monolayer to provide a2 multilayered pad. Regardless of whether
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5 I n one enbodi nent of the present invention, particle clusters
are mxed gradually into a reactive precursor to the polishing |ayeer
matri x. Once fornmed, the polishing |ayer matrix will conprise the | ow

nmodul us phasewaggu&@e particle clusters (which conprise achugzsmsiul us -
phase) are dispersed within the matrix. 10 Exanples of suitable m xing
techni ques include | ow shear and hi gh shear m xi ng; high shear m xi ng bé&ing
preferred. Utrasonic energy nay also be utilized in conbination with the

The. b sper oi on can B RO CHOB) ok RREAYr, e T “BeRaph or the

m xing step. |n 15 wif @eEné Aslesd 686 polishingairfbee ¢Fthé pad.ed to add heat during
m xi ng, generally in the range of %0 to 70 degrees Centigrade, to |ower
viscosity. The dispersiBif o (Prsreataix cRwieingng partieles)sen be pemilly and i n

uhich the' par i ol o5 3a10LNKkd bhSY 2udl Rbs PR & ARl RRGEIAGS ™1

precursor mat eri al COI'TpI’

pol ymeri zati on can agetvgravute/rolica sleevd mb@ded R0 of X gizs UTte shibstiakedaiml or
el ect romagnetic en gy, depending upon the free radical initjator chem stry
used. The anount of °é’ﬁ€’P@§°W&B¢§%&(P§ pirkeDduee! glaysneramigor plastéepends upon

several factors sueh.ag bﬂﬁ&??&{tgﬁa%féﬁs%%oaﬁﬁr%@@t:{ﬁu?&%&??&g‘ws' ons of

the matrix 25 precursor mater e anount a I'es and t he
anount and type of p@p‘mtemdtrrahhdsctof\lbscurabmstehhbfmmdhmub@nnatener gy sources

i_ ggl_ ude S\L)egg/r gzzggam ﬂé]ga?t\félcgrgct)mpic e soli ﬁca%xgrll g}t%e lqsqmtmg agreercctarrlon beam
PCT/ US98/ 23575 13 gccur with the mixture in contact with a mold or other means to

induce a three dimensional pattern upon a surface of the mixture.

Alternatively, the surface of the mixture can be modified by any

available technique, such as, photolithography and/or machining. In

yet another alternative embodiment, the matrix surface is not

15 modified, but rather, the surface texture remains as was naturally
produced when hardening (e.g. polymerizing) the precursor to provide
the solid matrix material. |

low els

20 Conventional polishing pads generally perform better with a
series of large and small flow channels. In a preferred embodiment of
the present invention, the flow channels continuously evolve (some
are created as others diminish), as the multi-phase material abrades,
dissolves or otherwise diminishes,

25  To provide consistency of polishing performance, any flow
channel(s) should have a configuration (such as rods or cylinders
perpendicular to the pad’s surface) whereby as the pad wears to one
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radi ation, which is also known as ionizing radiation can be used at an
energy |level of about 0.1 to about 10 Mad, preferably within the range of
about 250-400 nanoneters. Also preferred is visible light radiation in the
range of aboukobens21818 to 236 Watts per centineter; visiHoFusessssi on -
refers to non- particul ate radiation having a wavel ength within the range
of about 400 to about 800 nanoneters, preferably in the range of about 400
to 550 nanoneters. It is also possible to use thernal energy to initiate

the free radical p ' N rovided the polynerjzation 10 chemistry
is adaptable to thg’%ﬁ‘é@%ﬁ&é’&%@g?ﬁ%ﬁQF?\?’!%Haéiei‘%tﬁ%'ﬁﬁF%ri ng. In a
preferred enbodi nertie subbteate ehatlgel by 16k Miad 28%, aforé prérerRsly s tRase,
polishing layer matrix precursor, particle clusters and opti onal

i ngredients, if any$% andimest pagfprablydessghan E0fbstrate as the 15  precursor
is solidified (e.g., p i . e_a polishin ayer conprising a
hi gh nodul us phase (foﬁh%é‘?ﬁﬁﬂ?’?%@"@ﬁiﬁ%ﬁséf’é‘?"%é‘#dms“il ?r%’(‘f s phase (the
pol i shing |ayer satmvexstiomtavy a pyragidaldnplbaee pyainidd) of B@efthvst er) . The
substrate upon which the ni xture is applied can be | eft bonded to the

mxture to form a Mimensiapbsurfacy textyreswherehinthe polishing siirfase areawill
pol yneri zati on reagt, |4 4 | . .t he. substrate and
matri x material, a?l%id? ﬁgﬁ%%sﬁqrtgwgﬁgg? %éﬁ%}: g%é&foglgéﬁflgﬁg%t ting by

the precursor matrisurfaetaced diring the asefal lifebf teipad, hodoshwardpredshe sol i dified

m xture i s peel ed a\gg% fromthe sybstrate (such as a npld) to forma
monol ayer. This 254 B}Caiﬁgrcae f adiusted fymanutain g subssantisly censtamal | ayers can

be applied to the FHAMMAYREisthcPbaeAr iR Pl h hibeaRI PR frerlRgRr dl ess of

embodiment, the protrusions are tapered, whereby (on average) the

base of the protrusions are greater than the peaks.

Pad Longevity and “Self-Dressing”,

15 High loadings of particles will generally decrease pad life,
since such pads will tend to release particles and as these particles are
released, the pad wears away. However such high loadings of
particles can be advantageous, because the release of particles renews
the polishing surface of the polishing layer and thereby can decrease

20  the amount of conditioning necessary during the life of the pad.

Alternatively, by decreasing the particle loading, the polishing
layer can become less friable, and this generally improves the pad’s

mechanical integrity and generally increases the pad’s service life.

25  Sintered Polishing Pads Containi icle Clusters
In accordance with the present invention, polishing articles
(comprising particles and/or containing particle clusters) may be
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the final pad is a nonolayer or nultilayer, the nulti-phased material will
define at | east one polishing surface of the pad. The pad |ayer (pad nmatrix
contai ning pagdbsdsms) can be partially or wholly solidifirewueysass?a bel t- a
sheet, a web, a coating roll (such as 5 a rotogravure roll, a sileeve
nmounted roll) or a die. The substrate can be conposed of netal (e.g.,
ni ckel), netal alloys, ceramic or plastic. The substrate nay contain a

rel ease coal i ng (© pricaRa bl URARBERL s § PEERe MimaT geoC of he

cured material fromthe substra or comp i dification
of the polishing | apeesstrginsby mixinp the partioletchisters xidibreparticlepwitact with a
nol d or ot her meanipé{’o i‘rlg‘uc a threaj di nensi onal pattern upon a surface of
the mixture. Alter H3Y P8 ,spﬁmrg%rm capabie efheing sintgred. can be nodified by
any avail able techg ' . iy .ng. In yet
Cofltiurafibiidofifle 1N BbALILL BRRE 30 01 B o LRER! 1o

anot her alternativ I ment, e matri x*sur dified,
but rather, the ssuffacight prtcantepreforabip rons20adnweightpdryenpraadusee when

har deni ng (e.g. pol rizi he_precursor to _proyvide the solid matrix
material . Fl ow Chaﬁ#g%é{’lé’é]"% 41 S%Yﬁ\ggﬁP?rS%’ldeﬁéﬂlq@&}’H@%ds general |y
perform better w tRofeehRitidSofParfddésds ﬂ@&uﬁ&@%cti E{gﬁ%ﬁwﬁ%ﬁ in !ShQ a

preferred enbodi nent of the present iInvention, oW C
conti nuously evol vpolishingarsicls. dsdhe eahcestrasionef parichs clistérs incasasesye
mul ti - phase materi 25

| ab es. . di ssql.ves or. ot herw se .di m ni shes.
To provide consi s;gﬁﬁaéﬁg’b?)ﬁhgﬁf’ W@Pﬁ]atﬁ% 103180 RETERCchannel (s) shoul d
have a configuration (9Wshmeguk®@Basemdteridldstefefably sinter at temperatures

and pressures below the decomposition temperature/pressure of the

selected particle clusters. Nylon is a low modulus phase material
which is often suitable for sintering polishing pads of the present
invention. Other possible low modulus phase materials which may

15 also be suitable for sintering include: thermoplastic polyurethanes,
polyvinyl chloride, polycarbonate, polymethylmethacrylate,
polysulfone and combinations thereof.

In the preferred embodiment, once a dispersion of particle

clusters within the low modulus phase material is achieved, the

7y mixture is poured into a mold and heated for sufficient time and
temperature to fuse the structure together. By varying the
temperature, time and pressure, different degrees of sintering can be
achieved. At one extreme, a fully dense material can be sintered with
no residual porosity and with high mechanical strength. Aitematively

25 with partial sintering, the resulting material generally has open
channels and is often porous and friable, at least to some degree.
Thus, the degree of sintering can be used as yet another way of
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perpendi cular to the pad's surface) whereby as the pad wears to one -28-
WD 99/ 24218 PCT/ US98/ 23575
half its useful life, the amount of surface area capable of contacting the
substrate chawpges:28s | ess than 25% nore preferably | ess gdrassgzstsand nest
preferably | ess than 10% In. another enbodi nent, pads in accordance with
the present s invention have a pyram dal, truncated pyram dal or other -~
t hree di nensional surface texture, whereby the polishing surface area wll

tend to change as t .10 .Of.f variatigns i ol i shi.ng surface
area during the use%agftwg\eéﬁog PH@&Q@“&#@%&?&%&%%@S&% n the pad
can be adjusted to rﬁ@du’mﬁgigan&lésumsaﬁﬁqlﬁldhmgﬁﬂ&q@&tthé&eseﬁtI’i ctional
resi stance between the pad and substrate, In atﬁéeferred enbodi ment, the

t

protrusions are tapay@gongensrallyreducesop eliminaresithenesddor atickehe prot r usi ons
are greater than t @a‘%hﬁw@v' =Sal fzDressing;, .. 15
H gh | oadi ngs of pgﬁp?@]%gﬁslgwl ngene .zge#%ra@!gg?ggéé}aars% Sﬁﬁ?"@?d"?inﬁce such

pads will tend to rplickiag. particles and as these particles are rel eased,

the pad wears away. However f ch_high | gadi ngs of particles can be
advant ageous, because t ?@t‘%&@cﬁ"%ﬁFE&WQS oy osherishansdl i shi ng surface

Condi £ oni ng noces A aars Racrrer ViFL i fAREedt ot BlRIBNOL 1

decreasi ng the par trecdseeslin#uti articlet Recessdsinsdyi aig besiviesrpomredianane | ess
friable, and this generally. iproves the pad s nechanical integrity and
general ly incr easegr?‘ﬁ%aéﬁﬁtss{g’gﬁ? tF‘PtP@‘.?S such as embossing or the like.

10 Other methods of producing sintered articles include, but are

-

not limited to, wet forming, powder compaction and electrophoretic

deposition.

EXAMPLES
15
Following are examples further describing the articles and
methods of the present invention. They are not intended to be

restrictive in any way.

20 Example1
This example describes one embodiment of particle cluster fabrication
according to the present invention. A formulation was prepared
having 5 weight percent A-100" and 95 weight percent CeO,”. A
1935 g CeO, aqueous dispersion (the concentration of CeQ, in the

25  dispersion was 21.5 % ) was prepared and poured into a mixer.
Using high shear mixing, 63 g of an aqueous dispersion of A-100
{concentration of 55%) was slowly added to the CeO, dispersion.
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25 Sintered Polishing Pads Containing Particle Clusters In accordance with
the present invention, polishing articles (conprising particles and/or
containing particle clusters) may be -29- WO 99/ 24218

PCT/ US98/ 2357?03%5{8cat ed by a sintering process. |In a priirRisssRess -
enbodi ment, the process begins by mxing the particle clusters and/or
particles with | ow nodul us phase materi al capabl e of being sintered.
Concentrations of the | ow nodul us phase naterial can range from5 to 5 95
wei ght percent, preferably . from 20 tqQ 90 wei ght percent, and npre
preferably from 40 1?5’“5?"%@1’%%{)29 Bl Th?j@ﬁ‘glﬁag AYXFOoMas praredsiftdent r at i on

of particles in th [ i i o t ok i shing
article. As the co%égfr%@gﬁ?ﬁﬁgﬂdiﬁg%ﬁqu?ef&%%ﬁégg‘%q?ﬁ@@e%gﬁgge he
friability of the [Thtidsed nixtord wis goub®bylfoktar aldSsesilé ey £RsSpowkdr. Low
nodul us phase materjals preferably sinter at tenperatures and pressures

bel ow t he deconposF#¢ ’é‘?ﬁ{i&”ﬁkﬁ‘r’“@ﬁ?ﬁﬁ%@@ﬂ@é@*e glpserse| ect ed particle
clusters. Nylon. s-gihaw ' i i ften suitable for
sintering poli sﬁi ng&r}ggs a&?ﬂ%yh%%%c%@gﬁ?ﬂ?%ggeﬂﬁ#?%}%g%ngossi ble | ow

nmodul us phase mat epolyherylait copolyayeribanuddctre by Wiktdoahlce for sintering

i ncl ude: thernopl asti ¢ pol yur.et hapes, . pol yvinyl chlorid ol ycar bonat e,

pol ]Ymet hél nen{)hgpryﬁ@?‘ﬁ@??&ﬁpfyd_ ’5?@‘5‘5@3% BT RAT P?ﬁ@zfﬁgf _nt':]_he e |
preferred enmbodi meglanBRte P PMIRE! Chdfic cle clusters within the | ow
nodul us phase material 1s achieved, tﬂ‘g\ll ZOCd?ﬁﬁn%thure is poured into a nold

and heated for sufficient time and

10 Example 2

This example describes a dispersion of particle clusters in an

inter-cluster polymer.

Table 2. Weight Percent of Cluster/Interpolymeric Binder

15 Formulation

wW-242°% 52.4

Particle Clusters 27.5
(as prepared in example i)
0 XW* 1.0
Velvetex BK-35%%% 1.6
Deionized water 17.5

Three-hundred grams of 2 W-242 aqueous dispersion, 157.5 g
25 of particle clusters produced as in Example 1, 6.0 g of XW, 9.0 g of

surfactant and 100g deionized water were mixed in a laboratory jar-
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tenperature to fuse the structure together. By varying the tenperature,
time and pressure, different degrees of sintering can be achi eved. At one
extrene, a fully dense material can be sintered with no residual S[))orosity
and wi th hi ghvospbaei cal strength. Alternatively 25 w t RCHHPBLEYT -
sintering, the resulting material generally has open channels and is often
porous and friable, at |east to sone degree. Thus, the degree of sintering
can be used as yet another way of -30- WO 99/ 24218

PCT/ US98/ 23575 co y | LiaRi Lhty, o | rogpensity for
rel easi ng-(high no &f@ﬁhr%rgb%?é%gsbaﬁ' ?lsrxﬁdﬁ%ﬁgygﬁ%r&ggﬁg}lﬁégfc of the
present invention spedyegnial wis used urspraythe ehikfird'od £ subfgco@Rdgibovedarticl e
conditioning by caontinually generating a fresh article surface during 5
pol i shing. The ml@‘h&b@@éﬂg‘mg&aﬁme%w Bageloinge Negvtgloed desi gns,

arti oo, Rocesses TEY A EePhame BFRR it M REEREEE AEF DD (7 11

formati on by nmet hodgrteenttouds enbossing or the like. 10 O her net hods
of producing sintered articles include, but are not limted to, wet

forning, powder cdtifs242i wethaneiagieons dispirsion mapuftepwed by BitcoEGMPLES 15
ol W9 e, AW L e el ) e o0 of (he
®8&\elvetex BK-35 surfactant manufactured by Henkel Corporation

10 Example3
This example describes one embodiment for a method of polishing.
Thermal oxide wafers were polished using a polishing pad prepared in
Example 2. The pad was mounted on a Strasbaugh 6CA polishing
machine platen. The pad was rinsed with de-ionized water and

15 conditioned with 200 grit diamond grid for 3 min. A particle-free
polishing slurry (NH,OH (1.7%) in water) was introduced on the
surface of the pad at a rate of 100ml/min. A platen speed of 60rpm
and a quill speed of 50 rpm were used. The pressure between the pad
and the wafer was 8 psi. The wafer was polishing for 2 min. then

20 rinsed with de-ionized water for 30 seconds. Seventy-five thermal
oxide wafers were polished with one pad. There was no
reconditioning between wafers. An average removal rate of 3000-

3500 A/min was achieved.

25  Particle Size Number and Valley Abrasion Number
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restrictive in any way. 20 Exanple 1 This exanpl e describes one enbodi nent
of particle cluster fabrication according to the present invention. A
formul ati on was prepared having 5 wei ght percent A-100 and 95 wei ght
percent Ce( egdoorsnid 1935 g CeO2 aqueous di spersion (thepcmusesarssmsat i on- of
Ce® in the 25 dispersion was 21.5 %) was prepared and- poured into a

m xer. Using high shear m xing, 63 g of an aqueous di spersion of A-100 ~
(concentration of 55% was slowy added to the Ce(Jerr] dispersion. -31-

WO 99/ 24218 . . . CT( US98/ 23575
M xi ng continued f gf tBpfoliowingeramples, thepagsicls %fﬂ@%éﬂgﬁﬂi"é{d into an

el m num pan and et b ik BEobRiFucH SORSIGRy Bkt ed The

dried m xture was ground by nortar and pestle to a fi er. Each grain
of powder represented a particle cluster. 5 A-100 - a water based

col | oi dal di spersi ﬁ ofl W ehgane and, pol yacryl ate copol yner manufactured by
Wtco, Inc. **Ce( e .a €tsion with a primary particle size of
200 nm manuf act 4r egnpyorvehSotial fRRIBITE! dERTRARY parkidle XAMMbE uded NI S exanpl e

describes a dispersion of particle clusters in an inter-cluster polyner.
Tabl e 2. Wi ght Perlgeme methad, particle/sizetie dptetmyined by a Bisnalaneab§ ofor nul at i on

W 242[ err] particle size analysiéz' 4

Apparatus:
10
1. Glass microscope slides
2. Eye droppers (straight)
3. Test tubes with caps
4. Microscope (AQO series 20)
5. Bausch & Lomb Omnicon Alpha Image Analyzer, with
microscope adapter and calibration graticule,

15

Procedure

20 A. Sample Preparation

1. Obtain representative samples by a valid technique that is
applicable to the material being analyzed.
2. Prepare microscope slides by an appropriate method to obtain a
25 uniform dispersion. Two methods are:
a. Dry dispersion
1. Drop a small amount of material down a long 2 dia. Tube
onto the microscope slide using a vibrating spatula.
b. Wet dispersion
30 1. Disperse sample in an appropriate dispersion medium such as

methanol (trial and error may be needed depending on the
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Particle Clusters 27.5 (as prepared in exanmple 1) 20 XWerr]
1.0 Vel vetex BK-35[err] 1.6 Deionized water 17.5
Three-hundred grans of a W242 aqueous dispersion, 157.5 g 25 of particle
clusters prodycapsas in Exanple 1, 6.0 g of XW 9.0 g of myrjsspbapt and-
100g dei oni zed water were mxed in a |aboratory jar- -32- WO 99/ 24218
PCT/ US98/ 23575 m Il (with zirconia as a ball-mll mediun) for fourteen -
hours. A spray-gun was used to spray the m xture on the surface of a
grooved | G 1400 pad (polishing. pad r@nuf actured by Rodel , Inc., Newark,
DE). After spraying, thdnaisrelbgingtestedy Uss 2hont@xdf aimlsandshake for 5
fourteen hours. [err]WQﬂgmHéms,.hane aqueous di spersi on manufactured by
Wtco, Inc. [err] XWepoxy aqueous di spersion nanufactured by Wtco, Inc.
[err] Vel vetex BK-35 surfactant manufactured by Henkel Corporation 10

Exanpl e 3 This exanpl e,dgscri bes. ane enbqdi nent for a_nethod_ of polishing.
Thermal oxi de wafers rgﬂw{ﬂsﬁ@ﬁ@d“ I ispersed wishdraw asmalar ed in

Exanpl e 2. The gad was W%’ﬁ%ﬁ@“ﬁﬁpm?m@%ﬁ%%@i ng nmachi ne

pl aten. The pad was rinsed with de-i1onized water conditioned with
200 grit dianmond grid for 3 mn. A particle-free polishing slurry

oA 2 .
(NH{err]OH (1. 7% in V\?.t g&om osneldgct);; 81(1:I Hl%%%nt%? o} 31% slide and allow the

dispersant to evaporate.

10 4, Check to make sure you have good distribution and sufficient

sample for analysis of three areas on the slide.

B. Instrument Calibration
. Comnect the microscope to the Ommicon using the adapter tube.

1
15 2. Setup the microscope according to its operating manual.

(¥

Turn on the power for the Omnicon, turn the Scanner Sensitivity
switch fully clockwise past the click stop to “Auto” (operate
according to procedure recommended by Bausch and Lomb).

4. Using the calibrated graticule, determine the “K factor” for the
20 Ommnicon according to its operating manual. (This procedure
consists of comparing the area of a circle on the graticule, as read
by the instrument to the area for the same circle calculated from a
known diameter).
S. Record the K factor for later use.
25
C. Particle Size Analysis
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surface of the pad at a rate of 100m/mn. A platen speed of 60rpm and a
quill speed of 50 rpm were used. The pressure between the pad and the wafer
was 8 psi. The wafer was polishing for 2 min. then 20 rinsed with

de-ioni zed wahghofgfs 30 seconds. Seventy-five thermal oxigannednass were-
polished with one pad. There was no reconditioning between wafers. An
average renoval rate of 3000- 3500 A/m n was achieved. 25 Particle Size-
Nunber and Val | ey Abrasi on Nunber - 33- WO 99/ 24218

PCT/ US98/ 23575 I n the . fol l.ow ng.e | es, the particle size numher and

val | ey abrasi on nur}bg\iio%ﬁﬁgcosg’%éeag%& ‘ngrﬁﬂ'o?%@eﬁ?ﬁ &N"Fﬁcﬁ’ ures:
Particle Size I\/Easurgrmﬁha@setm}w.gwﬁventi onal nethod for determ ning

particle size can be used. 1n one nethod, particle size is determned by a
vi sual means of park iN¢asuzsipagtickhsies distibutipp an gheusversige dounGinads, ni cr oscope

slides 2. Eye droppe traight) 3. Test .tupes.with caps 4. M croscope (AO
series 20) 15 5. Ba%fg%ﬁzé %%T%?}%}t%@ﬁvwlgﬁga{l%ﬁ)é&ﬁgg%@F with
m croscope adaptsr agsprégHdigper GhigpéuiableSnteRalC etieRdeo picture

shows the particles being analyzed (in the bounded area) and the

total number of particles larger than the diameter that is set. The

total number of particles can be read by setting the oversize count
to zero, or by switching to the total area mode,
16 3. Atleast three areas per slide are measured for distribution and each

measurement is repeated three times.

Calculations
% Larger:
15 ) of particles greater et size x 100 =%
total number of particles
% Smaller:
Total number of particles minus number of particles
20 greater than the set size x 100="%

total number of particles

Actual diameter is the set diameter multiplied by the “K factor” which

should be calculated prior to sample analysis.
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20 A Sanple Preparation 1. Obtain representative sanples by a valid
technique that is applicable to the material being analyzed. 2. Prepare
m croscope slides by an appropriate nmethod to obtain a 25 uni form

di spersi on. Twoemrigods are: a. Dry dispersion 1. Drop a miraisbsrasmsunt of
material down a long 2" dia. Tube onto the m croscope slide using a

vi brating spatula. b. Wet dispersion 30 1. Disperse sanple in an
appropri ate di spersion nedium such as nethanol (trial and error may be
needed dependi ng og_the -34- WO 99/ 24218

PCT/ US98/ 23575 nat 2ol bei ng tested). Use about 2x 10 [err]g/nm . and shake
thoroughly. 2. Wile SPeXrRallest paree1e Wby aeﬂ'tﬁﬁq@ﬁ%gﬂ&gﬁ@é’v a small 5
portion fromcenter of tube using an eye dropper. 3. posit one drop on
the center of the etpediedsmpield 4 standard devistienr sfxnt 0%ovityaphmiaiuen ofl O 4,

Check to nake sure#ou have %qd di stribution and sufficient sanple for
anal ysi s of three TFESTCTRRY. e FEPTRMpe Wil unprowe ks expsidsrably. obhel. Connect

the m croscope o %gﬁe%&gQizyﬁ{t&gafsgﬁoﬁggagwg&%gﬂn%%% %’é’ Set up the

m croscope accor di to 1ts operating na power for the
Omi con, turn the Scanner Sensitivity _

Valle asion Measurement
According to Procedure 65 of The Institute of Paper Chemistry,
using Valley Abrasion Test Apparatus made by Voith-Allis, Inc.
10
A. Sample Preparation
Weigh out 100 grams of the particulate abrasive test material
and measure 3.2 liters of distilled water. A wetting agent, such as
Calgon-T, Pluronic-62, or equivalent, is added in an amount of 0.1%
15 by weight to a small portion of the water and stirred into the abrasive
material to make a thoroughly wet paste. When this is accomplished,
gradually add the remaining water, stirring the slurry with a Lightnin’
Mixer or similar mixing device. Check the pH of the slurry and |
adjust to approximately 7.0. Charge the slurry to the Valley Abrasion
20 Tester and circulate the slurry with a pump. Check the pH once more
before starting the test.

B. Operation
(1) Conditioning the Wire in the Tester
25 A new wire is conditioned before it is used by inserting a wire in the

Tester and running the sliding block across the wire for two hours
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switch fully clockw se past the click stop to "Auto" (operate according to
procedure recomrended by Bausch and Lonb). 4. Using the calibrated
graticule, determne the "K factor" for the 20 Omi con according to its
oper ati ng manw@ber4tidhi s procedure consists of conparing tPEEUSILIST™H a -
circle on the graticule, as read by the instrunent to the area for the sane
circle calculated froma known dianeter). 5. Record the K factor for |ater
use. 25 C. Particle Size Analysis WO 99/ 24218

(m croscope | gni ka0 hes] B cRyilid SRk ol o BIBREENBEREE, ¢ .

di stribution on thdistiiied siase araissd. Alldeher sbaditibitarathea@meRpPHRREI at e | ower
limt, and proceeding to the 5 appropriate_upper limt bg sui tabl e

intervals. The vi d8&qinamaking s kshsTherongitionedwirs inEproyghlyavashed (in the
bounded d ] At the di anet
Chat s cer ) Tho 1 oVE atdndWpaEn e Rldie R aciabhitioal, | 7 C BIE e

oversi ze count tso zero, or by switching to the total area node. 10 3. At
| east three areas per, sljde ,gre measured for distribution and each
measurement is rep@atSBIMEEES i nes. Cal cul ations % Larger: 15 nunber

of particles greate Jfififbnedwirt/i¢ Blaced HHe Farke of the Tester and the Tester

is assembled. The abrasive slurry is poured onto the perforated
sliding block of the Tester and the pump and block motion of the

10 Tester is started. After 6,000 cycles (about 70 minutes) the Tester is
stopped and the wire is removed and washed. The wire is then oven
dried and weighed and the loss in weight is calculated. If the loss is
under 100 milligrams, the same wire may be used for three successive
tests. If the loss in weight is greater than 100 milligrams, the wire

15 should be used only once. It is recommended that a wire be used only

once when testing talcs in particular.

When disassembling the Tester after running a test, all parts are
thoroughly washed. The test sample is dumped and the equipment is

s flushed with tap water until the effluent becomes clear.

onstant Conditions and i ions of Test Equipmen
1. Pump: Model 500 Randolph, fitted with gum rubber tubing.
2. Motor arrangement: Bellows continuous cycling, adjusfable stroke,
25 foot mounted, Model B5313-2018 air motor; Bellows muffler No.
A279; lubricator, filter, regulator and gauge assembly.



total nunber of particles % Snmaller: Total nunber of particles m nus nunber
of particles 20 greater than the set size 100=% t ot al
nunber of particles Actual diameter is the set dianeter multiplied by the
"K factor" whwebprsheul d be cal cul ated prior to sanpl e anatoraisss2igs - 36- -
WD 99/ 24218 PCT/ US98/ 23575
Error The smallest particle sizes (less than 10 mcrons) can be expected to
yield a standard deviation of 10%w th a m ni mum of neasurenments. A |arger

sanple will inpr ove bhiss '%org,?ézgfo%_\a@ﬁ/wxg}e 5 higher particle size intervals

show st andard devi &t i Ong" Bt asi on Measurenment According to
Procedure 65 of Thg Bisdk dodippsitfonPREGtaChem stry, using Vall ey Abrasion
Test Apparatus made by Voith-Allis, Inc. 10 A Sanple Preparation Wigh out
100 grans of the part %&h‘&f@}%ﬂkrﬁéiwsmghthblé{iﬂéllb_ai_(mmigr&ame_rmxig..zz liters
of distilled water | ger L S gon-T, uronic-62, or
equivalent, is add%dﬁller!]@a‘%]éag%ro%h?ri%“’%ﬁ‘%@%”% weight to a small portion

of the water "and st.i Blak tiypé:critled, ‘abiies? desigimt eri al to make a thoroughly

t paste. When this _is acconplished,
wet pas 8. Stroke lengtrlrJ:) 4 inches

9. Block travel rate: 85 cycles/min.
1c. Wire is 70x48-mesh plain weave, bronze cloth. Wire size is 3-
7/16x8-13/16 inches with 70 wires/inch in the long direction.

10
Abrasiveness is reported as milligrams lost in wire weight. Triplicate

determinations are recommended. Checks to agree with +10%.

Results

15 Virtually all sub-micron particles produce a product (particle
size multiplied by valley abrasion number) of less than 100, more
typically less than 200, more typically less than 300. For particles
above a micron to fall within the product requirement of being below
300 (more preferably below 200 and more preferably below 100), the

20 particles had to have a very low valley abrasion number; so low in
fact that the particles would fracture, abrade or otherwise reduce in
size at the polishing interface to less than a micron in size and would
also be incapable of grinding or micro-grinding the surface being
polished. As can be seen, these results provide a convenient index by

25 which to choose abrasive materials having a particle size number and
valley abrasion number sufficient to provide the most effective

polishing in accordance with the invention.
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gradual ly add the remaining water, stirring the slurry with a Lightnin'

M xer or simlar m xing device. Check the pH of the slurry and adjust to
approximately 7.0. Charge the slurry to the Valley Abrasion 20 Tester and
circul ate thewplobeise W th a punp. Check the pH once nore hmfusesesssarti ng
the test. B. Operation (1) Conditioning the Wre in the Tester 25 A new
wire is conditioned before it is used by inserting a wire in the Tester "and
running the sliding block across the wire for two hours -37- WO 99/ 24218
PCT/ US98/ 23575 (10,000 cycles) with distilled water only at the interface;
3.2 liters of distilled water are used. Al other conditions are the sane

as those used in W&iﬁﬂmiﬁlﬁﬁst- The conditioned wire is thoroughly washed,
oven dried and its weight determned to the nearest mlligram 5 (2)
Running a Test A condi t Thernelishing systemspibe gprosenttineention gemprisg the Test er and

the Tester is asse i |V Lurry is ured _ont,o the perforated
sl'iding bl ock of t eﬁfgéf%%%gw%ﬁ‘%@n%@%sﬁsﬁéﬂm%08%1?%{%% ? the 10

Tester is started. pofistehg Auid0Breforeddesolishing Wi dsofipndé ss tHah®sTest er i s
stopped and the wire_ is renoved_and washed. The wire is then oven dried and

wei ghed and the | og¥eight PREseBtRartides Moseprefarably lgss thra 40o¥eightpemeatr 100
LY A L0 Se R APl B PR RSl |1 (e
most preferably 0-10 weight percent particles. In one embodiment,
the polishing fluid comprises an amine, polyol, carboxylic acid,

1o halogen ion and/or oxidizing agent.

During polishing, preferred polishing fluids provide increased
reactivity or corrosivity at the point of particle contact or interaction
with a surface protrusion. For example, if the polishing fluid is more
corrosive at higher temperatures, then corrosion will preferentially

15 occur at this point of contact, since the temperature at the point of
contact is generally higher than at non-contact portions of the surface.
A particularly preferred polishing fluid provides a corrosion rate
which increases as the protrusion is stressed (i.e., bond strain is
induced) due to particle contact or interaction.

20 Dilute solutions of hydrofluoric acid are corrosive to Si0, and
silicate materials. The rate of corrosion is sensitive to bond strain,
particularly tensile strain. The corrosion rate increases by more than
an order of magnitude. Such a reactive solution when used in
accordance with the polishing pads of the present invention will

25 generally result in a highly selective local removal in the proximal
vicinity of the particle contact, due to the increased local bond strain

in the substrate.



15 should be used only once. It is recommended that a wre be used only
once when testing talcs in particular. Wen disassenbling the Tester after
running a test, all parts are thoroughly washed. The test sanple is dunped
and the equi pgRytordzes 20 flushed with tap water until theceb$dsassd becenes
clear. C. Constant Conditions and Specifications of Test Equi pnent 1. Punp:
Model 500 Randol ph, fitted with gumrubber tubing. 2. Mtor arrangenent:’
Bel | ows continuous cycling, adjustable stroke, 25 foot mounted, Model

o 5 20 1 oL, B B g B A ol
PCT/ US98/ 23575 3. RueTpoIntingrdfailicthls 4 Watkr BhokiThry, SomBliRl a5QITRAR) 1| O

Mcarta. 5. Wight of block and brass weight: 17.°5-17: . (mnus drive
arn). 6. Block weartoabey:5 weightigxent aminegpriefershdy prifary #minBlcapiblt ppe:

85 cyol es/mn. 10, T ehe e trs Bhobholn BRieN ocdp thCaleEive B BRSE W r e i 2o
i s 3- 7/16x8-13/516 thelowing tdn belusell £adldgtanon, hati@ldrBNoneiiRGbhon. 10
Abrasiveness is reported as mlligranms Lost inwre weight. Triplicate

det er ni nat i ons ar e hyEraxhiong ald/orgheupeeoxids, supheas prraxide] pezsulfseul t s
permagnate or the like. A preferred pH for the polishing fluid of this

embodiment is in the range of about 2-12,

10 Recycle of Polishing Fluid
In another embodiment, the polishing fluid is recycled back
into the polishing operation. Prior to re-use, the polishing fluid can
be filtered or otherwise processed or rejuvenated. If the slurry
comprises a dilute hydrofluoric acid solution, the pH and HF
15 concentration may be measured in situ before and after use.
Provisions for additional HF into the slurry as needed to maintain a
constant acid concentration and pH can be introduced into the
recirculation system.
Similarly, for a shurry comprising 50 parts per million ozone in
20 water at pH 4, the oxidation potential of the solution (which is
directly proportional to the ozone concentration), and the pH may be
measured with conventional electrodes; acid and ozone can then be
added during the recirculation process to maintain consistency in
polishing fluid performance.
25 Drawings.
Referring now to the drawings, Figure 1 is an enlarged
sectional view showing 2 polishing pad in accordance with the present
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15 Virtually all sub-mcron particles produce a product (particle
size nmultiplied by valley abrasion nunber) of |ess than 100, nore typically
| ess than 200, nore typically less than 300. For particles above a mcron
to fall withiwobheemroduct requirenent of being bel ow 300rcrmsesasyysef er abl y
bel ow 200 and nore preferably below 100), the 20 particles had to have a
very |low vall ey abrasion nunber; so lowin fact that the particles would
fracture, abrade or otherw se reduce in size at the polishing interface to

| ess than a mcron .ze ld_ als e _incapabl e of _gri.nding or

i cro-grinding the lgﬁnﬁgé’engﬁ%asgg%ersﬁé%aﬂgg BEFPPPBQﬂg%Yé?ﬁ? Y88e results
provide a conveni erffont Baaceldy Afrasivhibdaling 90GBGRRRd 3 TRdk MBFAXBOYE al s havi ng
a particle size nunber, and vall ey abrasi on nunber sufficient to provide the

nost effective pol ibaRiiRg 8; Mbresivercoating 1 Qs threerimensiona peshcomsesa WO
99/ 24218 : . . . . PCT/ US98/ 23575
Pad Pl us Fl uid. Thé) hgo lﬁysc.’}%alﬁtéasggc/ézg gprgs%e]s Ighén B'P%g%ﬂfm%%t?ﬁql%fzﬁ{conpri se the

(above describedj mpbtasiveicomppsittsd@sirgtundatedqiRiriids] Therdiatdredesses g0l i shi ng
fluid. Preferred poljshing fluids_conprise I'ess than 95 wei ght percent

particles, nore pr&REPEOI4OEeD adpeantabrasiverompsitesclft Braferablt @s, nore
preferably less t h%gctﬁ'@r%'cﬂ"%ra&‘%%g%hoﬁﬁrs% %ﬁ%ﬂﬁ@}‘gﬁf&ﬁg&%f erably 0-10

wei ght percent particles. I'n one e I'ment’, % conpri ses
an anine, polyol, owleebyythe adjacantdrowl (§ offseadetegies té €ie iHoslatsd rowi dingi ng agent .
Buring POl i ng. B O hiBSites 18 Cothprise & phurkliey of abrasive paricies 18
16 dispersed in binder 20. Outermost point 22 of the abrasive composite
is generally closest to contacting (if not actually contacting) the
semiconductor device, memory disk or precursor thereto during the
polishing operation. Optionally, fibers 24 can be used to reinforce the
pad backing.
15 Figure 2 provides a schematic representation of a polishing
process in accordance with the present invention. The polishing
apparatus is shown generally at 100, comprising a table 102,
workpiece 106 and polishing pad 104. Polishing fluid is pumped into
the polishing interface (between the pad and workpiece) by influent
20 line 105. Used polishing fluid exits the polishing apparatus via
effluent line 108.

The used polishing fluid is filtered by filter 110, and deionized
by ion exchange column 112. Excess polishing fluid can be removed
by waste line 114, Sensor 116 then monitors the pH or other

25 chemical properties of the recycled fluid, and inlet line 120 provides
appropriate additives to the recycled fluid, thereby rejuvenating it for
another polishing cycle. Sensor 122 monitors the polishing fluid
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reactivity or corrosivity at the point of particle contact or interaction
wth a surface protrusion. For exanple, if the polishing fluid is nore
corrosive at higher tenperatures, then corrosion will preferentially 15
occur at thiswpobsdisof contact, since the tenperature at PCRUSIRMIS of -
contact is generally higher than at non-contact portions of the surface. A
particularly preferred polishing fluid provides a corrosion rate which °
increases as the protrusion is stressed (i.e., bond strain is induced) due

to particle contact_or. i [ ion. 20. Di | ute sol utions of
hydrpofl uoric acid aef’lger@§%%g$€sk’mtgo°p§f%?“§ﬂSnseﬁr?P‘E?Qflépﬁrﬂf8 Bl's. The rate of
corrosion is sensi tﬂrapertiésxbl@ﬂ&ﬂaﬁetdeairadtop@erxhbﬁi%reak&fcfuﬁﬁt?iaoﬁtr&t.fai n. The

ni

corrosion rate increases by nore than an order of mag ude. Such a
reactive solution when used in accordance with the polishing pads of the

present invention wll : resalt .noa.highly sel ective |ocal
renmoval in the proxi mal l%\éltlhéfailﬁ?éﬁiééxwg (%sgﬁﬁx%qlél%tgﬁ%gct?,%e&ue to the

i ncreased | ocal bonnitationi of anp kirdewishiRsped t@thephéent invéfloB9/aAd1218

PCT/ US98/ 23575 A preferred polishing fluid of the present invention for use
in the polishing oflirgitatans ko the presgatIaventipasge intended to bofaynd enlygnabout 0. 05
to about 5 weight 1.0, 1.0 ably primary am ne capabl e of
receiving a free p%%gﬁ%ﬁ’%gg%ﬂe‘?ob?ogﬁ in the alternative to the anine 5
the follow ng can be used: a halogen ion, particularly a fluoride ion; a
hydr oxyl ion; and/or a superoxide, such as peroxide, persulfate, pernmagnate
or the like. A preferred pH for the polishing fluid of this
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enbodi nent is in the range of about 2-12. 10 Recycle of Polishing Fluid In
anot her enbodi nent, the +shd uid is recycled back into the polishing
operation. Prior to re-uses. the polishing fluid can be filtered or

ot herw se pr oGassrRekIDr ri" ﬂﬂ”mwg e slurry conpri sesnmsghbnte -
hydr of l uori c acid sol uti off; i m'} 15 concentration may be
measured in situ before and after "usé. Provisions for additional HF into
the slurry as needed to maintain a constant acid concentration and pH can
be introduced into mmi¢fﬁm%,system Simlarly, for a slurry
conprising 50 parts per mllron ozoné in 20 water at pH 4, the oxidation
potential of the solutidn A wittield of Snadhufeeiring AnmeReH diswat at o the ozone
concentration), and the pH may be nmeasured wi th conventional el ectrodes;

aci d and ozone can SeFEFONYECIgE devdced GpmpLSinge recircul ation process to

mai ntai n consi stency in Lshing fluid rformance. 25 aw ngs.
Referring now to the drg%gir%zﬂ ‘3?%’3‘?@“? l?%w%ﬁ? %ﬁf%épﬁt@&mg@g’feglnal vi ew
showi ng a pol i shisngatitaévé padd €ONEA RGEBNYA Ichndifent Bleby the 99/ 24218
PCT/ US98/ 23575 i nvent i on.ﬁaﬁe pad 6 cog\rr%ri selse%gjggi%ﬁlgfeg?%u %grt ayer 8

havi ng front surfachy &ss than &3 dwringpolishigg, 1fhe issbsrardiesinga pfecaryor sur f ace 9 of
backi ng 8. Abrasive_,coating 10 is three di mensignal and caonprises a
plurality of abrasi %”&‘?ﬂﬂfgéﬁlﬁ?‘é’é ajprecursprit the semieqndyrtar devisth dherent |

substrate further comprising a substrate surface, the fixed abrasive

pad having a three dimensional fixed abrasive polishing layer
10 wherein the three dimensional fixed abrasive polishing layer exhibits
a plurality of protrusions having recesses between the protrusions,
the fixed abrasive polishing layer having a plurality of
nanoasperities, the fixed abrasive polishing layer comprising a
plurality of particles, whereby the average particle size multiplied by
15 the particle’s valley abrasion number is less than 300, the polishing

layer further comprising a polishing surface;

moving the polishing surface and the substrate surface relative
to and biased toward one another as at least a portion of the

20 fluid is maintained between the surfaces, the fluid between the
surfaces acting to prevent at least 20% of the surfaces, on

average, from touching one another during polishing;

biasing the surfaces together by applying 2 uniform pressure of
25 less than 25 pounds per square inch and compressing the

polishing surface by less than 15 microns, thereby chemically
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5 abrasive conposites 12 are truncated—pyranids. There are recesses or
val | eys 14" bet ween adj acent abrasive colrEosi tes 16. Preferably a second row

of abrasive conposites i ﬁ“\mﬁmmuwﬂ illustrated row, whereby the

adj acent row wossisdmet rﬂl | | ustrated row. THOF/USI23I5Vve -
conposites 16 conprise a fl uFaI‘it)}* of abrasive particles 18 10 di sper sed
in binder 20. Quternost point 22 of the abrasive conposite is generally”
cl osest to contacting (if not actually contacting) the sem conductor

devi ce, nenory disk or of. ri the poli shing operation.
Optionally, fibers 24 Cﬁ%ﬁ%@%@éﬁ%ﬁlﬁl@ﬁ%%ﬁg@&%sﬁ@eﬁ% . 15
Figure 2 provides a scliftfeisechd planfap of se @Bstite Suffflel Shi ng process in
accordance with the present invention. The polishing apparatus i s shown

general ly at 100, conprising a table 102, workpiece 106 and pol i shing pad
pad and wor kpi ece) by TRPIEE 145t & por o olshe BarBlien SR e i d oxi <o ¢ he
pol i shing apparat us Vi gppfsive4dltdutin g %g&, : hﬁé}f fluidis
filtered by fil t%ter 110, and ggiaoni z go y |goﬁ®g?§ﬂaﬁgﬁéo urfir‘}'g‘llz Excess
polishing fluid can be thereby extating aplutality ofinevi hdnoasperities af the t hen nonitors
the pH or other 25 che%%ﬂgro erties of the recycled fluid, and inlet

| ine 120 provi des appr C€i ves to the recycled fluid, thereby
rejuvenating it for another polishing g:ycl e. Sensor 122 nonitors the

polishing fiuid -42- - "WD 99/ 24218 ?
PCT/ US98/ 23575 varying the surface area of the fixed abrasive pad at the
10, polishing interface by less than 10% during the polishing
LI opgration.

&

ARSI Y e T e Tl T et .

< rptusnn@es, A method in accordance with Claim 1 wherein said

405 polishing layer has a matrix material as a continuous phase and
. sald particles as a discontinuous phase, said matrix material

15 5

aihiérlgp hAVIng:
i. a density greater than 0.5 g/cm® ;

2. ... . ii.a critical surface tension greater than or equal to 34
w< " milliNewtons per meter; ' '

iif. 4 tensile modulus 6f .02 to 5 GigaPascals;

25 iv. a ratio of tensile modulus at 30°C to tensile modulus at 60°
Cof1.0t02.5;
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entering the polishing operation to ensure proper pH or other properties
which are desired to bewm_quaﬁty control. Nothing fromthe
above discussion is intended to be a 5 limtation of any kind with respect
to the preseniyoiosusist i On . ik [ N m‘lﬁ to the present pcvusssszh are -

I nt.ended to be found onl “m““mu““ as provided bel ow. -43-

W09/ 24218 # c L W S ¥ PCT/ US98/ 23575
VWHAT IS CLAIMED 1S: 1. A method of manufacturing a nmenory di sk or a

sem conduct or device, conprising: placing an aqueous fluid between a
substrate and a fixed 5 abrasive pad, the fluid having a consistent pH

wher eby the pH varies anlhgﬁﬁ,eggmsﬁgglgﬂopgnpol i shing, the substrate being
I sk

a precursor to the nenory or a precursor to the sem conductor device,
the substrate further conprising a substrate surface, the fixed abrasive

pad having a three di mepsignal fixe b i ve polishing |ayer 10 wherein
the three di mensional fVF'ﬁeﬂr’!@tﬁuﬁﬁ Qfg@mﬂ’ﬁhg | ayer exhibits a plurality
of protrusions r}avi ng recesses between the protrusions, the fixed abrasive

polishing |l ayer "having a plurality of nanoasperities, the fixed abrasive

pol i shing | ayer conpri sfing tensilé strerigth of 100030115]00098i; anlber eby t he average
particle size multiplied by 15 the particle's valley abrasion nunber is
| ess than 300, the polishing |ayer further conprising a polishing surface;

moving the polishing syl age3Rtidd'® HfcTelsAthsn SHEMAF & S0 1 Ve

T 10 - 3. A method in accordance with Claim 64 wherein said matrix
material comprises at least one moiety from the group
consisting of: 1. a urethane; 2. a carbonate; 3. an amide;
4. an ester; S. an ether; 6. an acrylate; 7. a methacrylate;

8.2n acryiic acid; 9. a methacrylic acid; 10. a sulphone;

15 o 11 an acrylamide; 12. a halide; 13. an imide; 14, a
carboxyl; 15. a carbonyl; 16. an amino; 17. an aldehydric;
18. a urea; and 19. a hydroxyl.

4. A polishing pad comprising: .

20 -~ a three dimensional, fixed abrasive polishing layer comprising
a plurality of protrusions and a plurality of recesses between the
protrusions, the polishing layer comprising a plurality of particles,
whereby the average particle size multiplied by the particle’s valley
abrasion number is less than 300, the polishing layer further

25 comprising a polishing surface, the polishing surface having a
plurality of nanoasperities, whereby new nanoasperities are

.- generated as the polishing layer wears during polishing;

This Sheet Has Been Replaced
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REPLACED




to and biased toward one_anot her as—at—teast a portion of the 20
fluid i s naintai ned between the sur_fac;&m\t he fluid between the surfaces

acting to prevent at | east mﬁm“ ﬁ‘\ aces, on average, fromtouching -
one anot her Owobs@2190l i shi" surfaces toget lperusys2agrpl yi ng-a -
uni form pressure of 25 * 1%s$ than 25 pounds -per square inch and
conpressing the polishing surface by I ess than 15 m crons, thereby -

chemcally -44- WO 99/ 24218
PCT/ US98/ 23575 and rrechaiﬂiﬁ@iggjggli hing the substrate surface to thereby
. e )
i)

i ncrease the pl anarﬁ%\ésﬁ Ving: 3 magbe majezial 4% 4 GEANRUOPRaSt A

portion of the par Phaskagd fheqparticles as adiscontinuous phastyr asi ve pad during
polishing into the polishing interface, thereby creating a plurality of new
nanoasperities at the polishing interface; varying the surface area of the

fixed abrasive gad at tﬂﬂeA}JBlishm%padiﬂ%b&%ﬁ&M@Hiﬁf@sﬁddvﬁ% t han 10%

during the polishing operation. A nethod in accordance Caiml

wher ei n sai d ‘pol i shi ng masgrial bavisg:a matri x material as a continuous phase
and said particles as a discontinuous phase, said matrix material having:
i. a density greater than 0.5 g/cnferr]; 20 ii. acritical surface

tension greater than of YkieRbity Sreardr tHah o $GNPNS per neter;
. H
10, . ii. acritical surface tension greater than or equal to 34

#-. milliNewtons per meter;

i Yosiia e ER

jii. a tensile modulus of .02 to 5 GigaPascals;

15 - niggiye a ratio. of tensile modutus at 30°C to tensile modulus at 60°

{Ciof1.0102.5; .

'v. a2 hardness of 25 to 80 Shore D;
witpoagae o ook oo ot
20 03Evi: 2 yield stress of 300-6000 psi; °

vii. a tensile strength of 1000 to 15,000 psi; and
viii. an elongation to break less than or equal to 500%.

6. A polishing pad in accordance with Claim 5 wherein said
matrix material comprises at least one moiety from the group
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iii. a tensile nmodulus of .02 to 5 G gaPascals; 25 ilv. aratio of
tensile nodulus at 30[errfCto tensite nmodufus at 60[err] Cof 1.0 to 2.5
- 45- -46- v. a hardness, e D vi. ayield stress of

300- 6000 psi ;pa ‘E”ﬁ‘% a ten?ZHEi']ea éﬂ j@LlOOO to 15, 00Pcypeses2mrsd vii . an
el ongation to break | ess the 00% 10 3. Anmethod in

accordance with Claim 2 wherein said matrix nateri al corrpr'rses at | east
one noiety fromthe group consisti ng of: 1. a urethane; 2. a carbonate; 3.

an am de; 4. an ester; 5 an et her acLyl at rret hacry) ate; 8. an
acrylic acid; 9. a net ﬁWé’? rﬁm%neaisﬁf’gﬁg?f’ée’aak Atk 4. 11. an
acrylamde, 12 a hal i dg, edtdr: &) ah EHee: 6. Jzﬂlac?y r*?oi(ﬁ'*]eﬂlﬁlat? £apbonyl ; 16.

an amino; 17. an al dehydric; i8. a urea; an A poI i shi ng
pad conprising: 20 acryhaacﬁ; Bea meﬂmuqhomaid 10i aaniphxmea:tlvam pol i shing

| ayer conprising a pIuraI ns and Iura | t recesses

bet}[/veeln thev\ﬁrot [)us![ﬁan quﬁqahge &yé?‘@}ﬂ‘?pfl -ls?'FH 1{§Paﬂ|t%/ O}‘ |

parti ¢l es, ereby the g e particle's
S, L1 cHBEARNSIE BBHEIT G

val | ey abrasion nunber T's i Ng ayer urther 25
conprising a polishing 19uah9dmxyit he pol | Shl ng surface having a

7. A polishing pad in accordance with Claim 4, further
comprising a plurality of particle clusters, said clusters containing a
10 discontinnous phase of cluster particles and a continuous phase of a2
binder material, said clusters having an average size in the range of
10 to 1000 microns. . " -

* iy2 2008, A polishing pad in accordance with Claim 7, wherein the
1s particle clusters have an average size in the range of 25-500
microns.

9. A polishing pad in accordance with Claim 7, wherein the
3 particle clusters have an average size in the range of 50 to 300

20 microms.



plurality of nanoasperities, whereby new nanoasperities are generated as

t he poli shi ng layer wears dur| ng polishing; 2 1 MAR 2000 WO 99/ 24218

PCT/ US98/ 23575 sai d polishing |layer having a-matrix material as a :
continuous phwesszes the particles as a discontinuous phaoFUsss23s?s 5 -A '

pol i shing pad in accordance' with Jaim4 said matrix material having: i. a
density greater than 0.5 g/cnferr]; 10 ii. acritical surface tension
greater than or equal to 34 mII|Nevvtons per meter; iii. a tensile nodul us
of .02 to 5 G gaPascals; 15 aratio of tensile modulus at
30[err]C to tensil e nodul us at 60[erM1 Cof 1.0to 2.5; v. a hardness of 25
to 80 Shore D; 20 vi. a yield stress of 300-6000 psi; vii. atensile
strength of 1000 to 15,000 psi; and viii. an elongation to break | ess than

or equal to 500% 25 6. A poI i shing pad in accordance with aim5 wherein
said matrix materi al c%prl BS at | east one nqsety frl%mth grzoup -47-
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200oT3g! -3
consisting of: 1. a urethane; 2. a carbonate; 3. an am de; 4. an estwreb, By
an éther; 6. ah acrylate; 7. a nethacrylate; 8 an acrylic acid; 9. a
met hacrylic acid; 10 a_sul phone; 11 an acrylanmi de; 12. a halide; 13 an
i mde; 14. a carboxyl; 15. a 5 carbonyl; 16 an am no; 17 an

al dehydtic; 18 a urea; Jmm," I I yl. 7. A polishing pad in accordance
with Caim4, further L lﬂ" ality of particle clusters, said
clusters containing a 10 di skontisuoss phase of cluster particles and a
conti nuous phase of a binder material, said clusters having an average size
in the range of 10 to 1000 m crons. 8. A polishing pad in accordance with
Caim7, wherein the 15 particle clustgrs have an average size in the
range of 25-500 mcrons. 9. A polishing pad in accordance with Caim?7,
wherein the particle clusters have an average size in the range of 50 to
300 20 m crons. -48- ’

v. & hardness of 25 to 80 Shore D;

vi. a yield stress of 300-6000 psi;

vii. a tensile strength of 1060 to 15,000 psi: and

viii. an elongation to break less than or equal t0 500%.

10 3. A method in accordance with Claim 2 wherein said matrix
marterial comprises at least one moiety from the group
consisting of: 1. a urethare; 2. a carbonate; 3. an amide;
4. an ester; 5. an ether; 6. an acrylate; 7. a methacrylate;
8. an acrylic acid; 9. a methacrylic acid: 10. a sulphone;

15 11. an acrylamide; 12. a halide; 13. an imide; 4. a
carboxyl; 15. a carbonyl; 16. an amino; 17. an aldehydric;

18. a urea; and 19. a hydroxyl.

4. A polishing pad comprising:

20 a three dimensional, fixed abrasive polishing layer comprising
a plurality of protrusions and a plurality of recesses between the
protrusions. the polishing layer comprising a plurality of particles,
whereby the average particle size multiplied by the particle’s valley
abrasion number is less than 300, the polishing layer further

25 comprising a polishing surface, the polishing surface having a
plurality of nanoasperities, whereby new nanoasperities are
generated as the polishing layer wears during polishing;

REPLACEMENT SHEET
2 1MAR 2000

AMENDED SHEET




PCT | WORLD INTELLECTUAL PROPERTY ORGANIZATION
. Intemational Bureau

200001381 -3
1POS COPY

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCTy

(51) International Patent Classification 6 : (11) International Publication Number: WO 9924218
e
B24B 1/00 Al
(43) International Publication Date: 20 May 1999 (20.05.99)
{21) International Application Number: PCT/US98/23$7v5, (81) Designated States: CN, JP, KR, SG, European patent (AT, BE,
. CH, CY, DE, DK, ES, F], FR, GB, GR, IE, IT, LU, MC,
{22) International Filing Date: S November 1998 (05.1 1.99_ NL, PT, SE).
(30) Priority Data: Published
60/064,875 v 6 November 1997 (06.11.97)..~ US With international search report,
09/049,864 27 March 1998 (27.03.98) Us
09/138,628 24 August 1998 (24.08.98) Us

(71) Applicant: RODEL HOLDINGS, INC. [US/US]; Suite 1300,
1105 N. Market Street, Wilmington, DE 19899 (US).

(712) Inventors: JAMES, David, B.;’ﬁl Aronimink Drive, Newark,
DE 19711 (US). BUDINGER, William, I}.,/504 Noah Lane,
Sunset House, Key West, FL, 33040 (US). ROBERTS, John,
V., H; A7 West Country Lane, Newark, DB 19702 (US).
OLIVER, Michael, R;/14625 N.W. Skyline Boulevard,
Portland, OR 97231 (US). CHECHIK, Nina, G« 13 Kent
Drive, H sin, DE 19707 (US). LEVERING, Richard,
M., Jr; & Carolyn Court, Hockessin, DE 19707 (US).
REINHARDT, Heinz,}}ﬂ9 McCarthy Road, Chadds Ford,
PA 19317 (US).

(74) Agent: BENSON, Kenneth, A.; Rodel Holdings, Inc., Suite
1300, 1105 N, Market Street, Wilmington, DE 19899 {(US).

(54) Title: MANUFACTURING A MEMORY DISK OR SEMICONDUCTOR DEVICE USING AN ABRASIVE POLISHING SYSTEM,

AND POLISHING PAD

6
10 4 90 (18 99 16 19

(57) Abstract

Method of manufacturing a memory disk or a semiconductor device using a polishing apparatus (100) having a substrate and a fixed
abrasive pad (6), the fixed abrasive pad (6) having a three-dimensional fixed abrasive polishing layer having a plurality of protrusions
(16) and recesses (14) betweer the protrusions (16) and a plurality of nancasperitics, the abrasive polishing layer comprising a plurality
of particles (18), the average particle size multiplied by the particle’s valley abrasion rumber is less than 300, the polishing layer further

comprising a polishing surface.




