3 JANUARY 2007 WO 03/103959 PCT/ US03/18002 - 1 CONTROLLED PENETRATI ON
SUBPAD Field of the Invention [0001] This invention rel YBBR2%7 seand ess
pol i shing pad conprising a seam ess polishing |layer having a substantially
uni f orm depigp @foRenetration into a porous subpad. BaCkgﬁé‘HPQost;oo he

I nvention [0002] Silicon wafers are produced as precursors rom whi ch

m cr oel ectroni ¢ sem conduct or conponents are produced. The wafers are

cl eaved fromcylindrical silicon crystalls; parallel to their ngjor
surfaces, to produce thin disks, typically 20 - 30 cmin dianmeter. The
resulting wafers must be pohhsPest i $e¥erhhatogndysPsnar surfaces for
proper formation of el ectrorr'r‘c—ccrrp'cmewrs—ro—?oﬂn—rﬂregrat ed chip

sem conductor devices. Typically, a 20-cmdianeter wafer will produce 100
or nore m croprbbElsb@f thepinveé@Ool8] The desi gned size of such integrated
chips i s steadijyofdect eaghno; bl &4 e 0uaReLOf Layrss applied, e.g. by
vari ous sequences oOf depoOsiting, patnt ernrng, and etching of features onto
the silicon supdhichings patscogprFiesent seani esndpol Dstsing diayalid y
incorporate up to 7 or 8 al layers, .and it i expected that future
designs vi |1 CHHTEAS G SHORGRR Fieri 10hn defh Sk Bereeerse of
circuitry and theto iangease ktibpd®. nunber of |ayers applied are leading to
ever nore stringent requirenents on the snoothness and planarity of the
silicon and sem conductor wafers throughout the chip manufacturing process,
since uneven 3 FANMARGRI0BE MO O3/ek3289 PCT/ US03/ 18002

[0002] Silicon wafers are produced as precursors

from which microelectronic semiconductor components are
produced. The wafers are cleaved from cylindrical
silicon crystals, parallel to their major surfaces, to
produce thin disks, typically 20 - 30 cm in diameter.
The resulting wafers must be polished to give flat and
planar surfaces for proper formation of electronic
components to form integrated chip semiconductor
devices. Typically, a 20-cm diameter wafer will
produce 100 or more microprocessor chips.

[0003] The designed size of such integrated chips is
steadily decreasing, while the number of layers
applied, e.g. by various sequences of depositing,
patterning, and etching of features onto the silicon
surface, is rising. Present semiconductors typically
incorporate up to 7 or 8 metal layers, and it is
expected that future designs will contain even more
layers. The decrease in the gsize of circuitry and the
increase in the number of layers applied are leading to
ever more stringent requirements on the smoothness and
planarity of the silicon and semiconductor wafers

throughout the chip manufacturing process, since uneven



2 surfaces may underm ne the patterning process and the gener al_integrity
of the resulting circuit. [0004] The standard wafer poI3|J§H ﬁBYtZQQ:7hn| que in
use at present is to position a wafer over a rotating poI | shi ng pad that

is usually ped, and is nmounted on a |large tur nt A
chem cal - V%i%‘%%? polishing (CWP) slurry is usually a T{Uégf‘”[sgozt he

surface of the pad, and the wafer is held in place by an overhead wafer
carrier whilst being polished by the rofjating pad and slurry. This is an
adaptation of optical polishing technology used for polishing | enses,

mrrors, and other optical c onent s 0005] A si n|f|cantl i fferent
approach i s soSYthff “f_alyné@%g%“éﬂﬁr?l}%ha&? é’&ﬁﬁogﬁﬁﬁefiﬁﬂ erein the

pol i shing pad géngpgntﬁd;éyﬁlayaosuan@riémﬂleﬂgt cir@aetsuch pad and belt
conbi nati on, ESC“ bed in EP-A- nprises a conyentional flat

696495,
pol yuret hane p8PP&hi ng T S&%&érg E?’b\/%’rllﬁgllf’go?egﬂ’éb@%tlé'élusﬁ ot her’

hi gh strength gatgrésdnt [1RORE) p6s§i:§§ﬂV:§W§a'ﬁQ %fve%uﬁhrﬁfé.@:[n%'irt pol i shi ng
pads is that thei/ often contain seans. A polishing pad is often subject to
i

del ani nat i on aPoiishiegrad thgtedsersuahty Haks skaredar 2PRelsyr f ace of a

polished arti ﬁbﬁnté‘a‘dor?aaﬂ lalriget th?ﬁté@ié' Uy %fheﬁlEaﬂ hecRrehish the article
to a high degree of pl anarlty A large pad nade fromtwo or nore smaller

pads w | | havepohésbing nifiMP)s sdmgrat 18 hesyaldot ispwd iefl £hetbeml | er pads. See,
e.g., US. Patg,No,.8 J¢9, 5%a@haﬂaa€%e%a}feﬂl§0h 14hep féﬁcséfiﬁ;e”ds of an

el ongated pad are joined to "créate the “bel T cont a“seam at the
junction. See, an. gverM@ad WagR¥6 TafEpper vhitstalbeing pANUARYA g0 theAD

03/ 103959 PCT'Q§Q§£%§8QE%d and slurry. This is an adaptation of

optical polishing technology used fpr polishing lenses,
mirrors, and other optical components.

[0005] A significantly different abproach is so-
called Linear Planarization Technology (LPT), wherein
the polishing pad is mounted onto a supporting belt.
One such pad and belt combination, described in EP-A-
0696495, comprises a conventional flat polyurethane
polishing pad glued to a lower belt of sheet steel or
other high strength material.

[0006] A disadvantage of such prior art polishing
pads is that they often contain seams. A polishing pad
is often subject to delamination at its geams.
Moreover, the seams can mar the surface of a polished
article, and can limit the ability of a pad to polish
the article to a high degree of planarity. A large pad
made from two or more smaller pads will have one or
more seams at the junctions of the smaller pads. See,
e.g., U.S. Pat. No. 6,179,950 (Zhang et al). Also,
whenever the ends of an elongated pad are joined to
create a belt, the belt contains a seam at the

junction. See, e.g., WO 01/83167 (Eppert et al.)



2

3 [0007] One way to solve the seamproblemis to direcjly create the
polishing layer in the size and shape desired. That néy} 6W%Iished by,
e.g., casting a continuous, seam ess polishing |layer having the desired

di mensi ons. wee®@/10®s9., WO 99/ 06182 (Dudovicz at al). [O00pSHuMshis: polishing
using either the rotating disk or endless belt techniques typically

i nvol ves stacking a hard polishing |ayer onto a rigid support. For
exanpl e, the platen beneath a rotating-pélirshing disk typically conprises
steel, and an endless polishing belt typically conprises a stainless steel

supporting bel trodegn thabneedsprio idolive ehéeseadgsidualine ilsotbncor porate into
t he polishing pad a _relatively soft, conpreSS|bIe subpad bel ow t he
pol i shi ng Iayer1¥9§§1Yecﬁeat%1??eFEﬁllsN6n95 ﬂ@%rZQ%‘ﬂFP§§6ﬁ)an@n use, the

conpressi bl e subpgd isss$a8dW Cched weel-tBap PANSDIHYY leayer and the steel
pl aten or belt supporf whi ch al Iéegithe ﬁardp pol i shi_ng Fager to better

conformto the GARiaSea0FORRENRNSr SSPOBETF E@%kﬁ%ﬂ#&)%ﬁY%@' aVingt
construction ”ﬂhﬁ?%ﬁslr%?e&§mﬁﬁéﬂ§m9anSQ% aepéoblﬁ§? dyagzshlng | ayer is

attached to a conpressi bl e subpad using, e. ed tape, and the
stacked pad is Qudsohied eb ahk. steel platen or stainless steel belt in the

Girectly over atSua® o HRFek BN BTAY, EEene R e B 1S Fluid,
t he har denabl e difdkuiog gadéeablyeb@netﬁmuquesntppi¢mﬂxxnmmyplyabpad Thi s
causes 211 10 Ua ARl o e baag Lo SRR £ 1110, o
3 JANUARY 2007 For example, the platen beneath a rotating polishing
disk typically comprises steel, and an endless
polishing belt typically comprises a stainless steel
supporting belt. For that reason, it is often
desirable to incorporate- into the polishing pad a
- relatively soft, compressible subpad below the
polishing layer. See, e.g., U.S. Pat. No. 5,403,228
. (Pasch). In use, the compressible subpad is sandwiched
between the polishing layer and the steel platen or
belt support, which allows the hard polishing layer to
better conform to the surface of the wafer.
[0009] According to prior art construction methods,
where seams can be a problem, a polishing layer is
attached to a compressible subpad using, e.g., double
sided tape, and the stacked pad is attached to the
steel platen or stainless steel belt in the same
manner. We have found that when a seamless polishing
layer is created directly over a compressible subpad by
coating it with a hardenable fluid, the hardenable
fluid generally penetrates into the porous subpad.
This causes air to be displaced from the subpad into
the hardenable fluid, which can create voids in the -

hardened polishing layer. Moreover, the fluid often



WO 03/103959 PCT/US03118002 4 penetrates to different Aq‘SY(ﬁ’h di fferent
| ocati ons throughout the subpad, and from subpad to sub g %equent ly,
t he hardened polishing | ayer created in these pads varies in thickness, as

does the thivgkagesse of the unpenetrated portion of the suip@gsibgdegyv t he

har dened polishing | ayer. The polishing |layer voids and the variability in
the thickness of the hardened polishing |ayer and of the subpad nateri al

t hereunder cause a corresponding variabfltty in the conpressibility of the
polishing pad. As discussed earlier in connection with the seam problem

when the propgdneesatlstie PiaifesBhigarpehars: nots dener Mochti&d® |init the
pad's ability to inmpart uniformlevels of snoothness and planarity to a

pol i shed item GhFepgBPuttthysuwbrad, i 8BA WaPBrsubRprdb e SabPedrponent, or

another arti cleen L0Q4Ay Cansequenthka BolBsith £xi1shef @edr@! ighi ng pad
i ncluding a seam ess polishing [ayer having a substantially uniform depth

of penetration these aadpovatiess dipatickness oras dasshddeothiaknagst he
seanl ess, porQys gbpggéﬁg&a@g ' Q#‘hsgk ng,Padfd-dMR1haLHgnabl e fluid.
Brief Summary o#st%e nvention e?o%%ff' e 1T nventi orﬁ pr ovi dés a method of
preparing a sémrdessdppbls$hing dagerhat Thel meki ghieepilalyleenvoids nonuni f or m
penetration of %&‘%h%e{}%ﬂ%{l'ﬂ' d d‘.'nntcﬁeathP (0L Sq'"gjg:}%lde' hEE‘éehQ&e”t! on al so
provi des a seanleéss’ polTshing B% conprisTng a polishing I'ayer having a
substanti al | y yrilfishimdepayenfarpedt taki snbpad anat erparlothezabpddr 3 JANUARY
2007 WO 03/103959 PCTJUSOS/lSQPZ Coviqs .

cause a corresponding variability in the

compressibility of the polishing pad. As discussed

earlier in connection with the seam problem, when the

properties of the polishing pad are not uniform, it can

limit the pad’s ability to impart uniform levels of

smoothness and planarity to a polished item, whether it

be a silicon wafer, an optical component, or another

article.

[0010]. Consequently, a need exists for a polishing

pad including a seamless polishing layer having a

substantially uniform depth of penetration into a

porous subpad, and for a method of making the seamless,

porous subpad-containing polishing pad from a

hardenable fiuid.

Brief Summary of the Invention

[0011] The invention provides a method of preparing
a seamless polishing pad that solves the problem of
nonuniform penetration of a hardenable fluid into a
porous subpad. The invention also provides a seamless
polishing pad comprising a polishing layer having a
substantially uniform depth of penetration into a

porous subpad.



5 [0012] More specifically, the invention relates to a _seanl ess polishing
pad that includes a relatively soft, conpressible sum&ﬂfNHﬁBXﬁ%irelatlvely
hard polishing |layer. The polishing pad includes a seanl ess polishing

| ayer creat sxbdyomeati ng the subpad with a hardenabl e fl péfusisigsee! n t he
subpad, prior to coating, conprises open areas (i.e., the subpad is
porous). According to the invention, the open areas of the subpad are
either not filled by the hardenable fluPd; or are filled to a depth that

i s substantially uniformacross the subpad. Consequently, the invention
provi des a seant&ﬁmzlpolimbkagspemhfiuﬂhm& ngha pnveusldnﬂnﬁmhd@svkbgaa

seamnl ess polishing |a er Qa ed t " e|n t he netratlon
of the polishinfd Sthed %ﬂ%d&ﬁ' 4ng Hg?ﬁn?lﬁﬁ%?y ﬁﬂﬁbﬁ Enbr eover
the polishing &&ﬁbﬂe%squtl%nsﬁbpsaadsm@ lay renbt ovaly heedsIsEHing. [0013] A

substantially uniformdepth of penetration_ may be achieved by applying a
barrier to the 5uffad Ther BPéiEbiey Rpd Hé‘céﬂﬁﬁﬁda(éﬁﬂ“]c%?ﬁ'r R SHLOE t he

hardenabl e fl uifh, &r ekl B@a@ﬁ[g{ it¥le BOBPEASHSth N6 dRAM1RI
properties: (a) |t adheres me t he subpad and to the polishing

| ayer,- (b) it %lk%ﬁéﬂﬂh%ﬂqu Eh@v@@hE94ah@rﬁQFdéﬁaBP@t¥¢$MchmRﬁhseﬁenetratlng

into the subpad, oes t n al t

conpressibility d%pg%e subpa f%%14 Acco?d?hgb%%)tkmf%&é%?%?'of t he

pr esent |nventthﬁllQYQﬂ&%@Mes§h90©P%#uaﬁyaﬁa@flﬁbeuaébpad qest iesivineg | ayer
having a SUbStZ&E& aél b%ﬂ dﬁQM!erPJblep%ﬂﬁgﬁat b2N %‘QtPl RPrug subpad

can be prepared by (a ng a porous su appl’ying a barrier to
t he subpad, anddépth dfdmftl g shQSbamrmlrlycmédrmubpadse UaNARPaZ007

Consequently, the invgntion'provides a.seamless
polishing pad including a porous. subpad having a
seamless polishing layer coated thereon, wherein the
depth of penetration of the polishing layer into the
subpad is substantially uniform. Moreover, the
polishing pad is often substantially uniformly
compressible.

[0013] A substantially uniform depth of penetration
may be achieved by applying a barrier to the subpad
before coating the subpad (and barrier) with the
hardenable fluid. Preferably, the barrier possegses
the following properties: (a) it adheres well to both
the subpad and to the polishing layer, (b) it
substantially prevents the hardenable fluid from
penetrating into the subpad, and (c¢) it does not
substantially alter the compressgsibility of the subpad.
[0014] According to the method of the present
invention, a seamless polishing pad includes a
polishing layer having a substantially uniform depth of
penetration into a porous subpad can be prepared by (a)
providing a porous subpad, (b) applying a barrier to

the subpad, and (c¢) coating the barrier-coated subpad



WO 03/ 103959 PCT/ 11503118002 - 6 wth a hardenable fluid to forma

seamnl ess polishing layer. As conpared to a polishing patANWYR¥EWDf the

same materials according to the sane nethod, but omtting step (b) (i. a
polishing pad not including a' barrier), a polishing pad prepared accordlng
to the netW&P363%he present invention conprises a pol i SREAYSo3/1gsper whose
depth of penetration into the porous subpad is nore uniform [0015] As
conpared to a polishing pad forned from the sane naterials according to the
same nethod, but omtting step (b), a polishing pad prepared according to
the inventive nethod is often nore uniformy conpressible., Brief

Descri ption of "ihe ®rharirpallso fopidi o ﬁmﬂ% aas@taﬁ%§s§e€??-bﬁ%}n§/| ew of a

polishing pad §hgLyi| |M§té&1ﬁ§‘a9réd‘%op50 éfi@kﬁfn RRRURLLAEA BENEid ation of the
polishing layer into the subpad; [001 % a i s another cross sectional

view of a pol sgmen@amnlql@taqqqn@gpgat@stnmesqmeomewpdf bubnuni f orm
penetration of J2Y@r. . nt 1 is
ohfft PQ féxth%gg(ﬂ YA e Qp%%ﬁosfﬂ}ﬁ;g%‘ld L8018LcFhnd

cross sectional view pol i Shi ng present 1 nvention; [0019]
Fig. 3 is a cresbasetérbnat mokmshﬂhgapedh@repamﬁdo@pmemﬁlug thetlpol i shlng pad

anot her " embodl AP S0Pt t i o raindPseie ki Beafe3izeanE bBETaE N, 75
JANUARY 2007 mﬁyéﬁlﬁﬂﬁﬁégdéﬁﬁﬁlUﬁD&bh&ﬁﬁatlon into the porous subpad
is more uniform.
[0015] As compared to a polishing pad formed from
the same materials according to the same method, but
omitting step (b), a polishing pad prepared according
to the inventive method is often more uniformly

compressible.

Brief Description of the Drawings

[o016] Fig. 1 is a cross sectional view of a
polishing pad that illustrates the problem of
nonuniform penetration of the polishing layer into the
. subpad;

[0017] Fig. la is another cross sectional view of a
polishing pad that illustrates the problem of
nonuniform penetration of the polishing layexr into the
subpad;

[0018] Fig. 2 is a cross sectiocnal view of the
polishing pad of the present invention;

[0019] Fig. 3 is a cross sectional view of another
embodiment of the polishing pad of the present
invention;

{0020] Fig. 4 is a cross sectional view of another
embodiment of the polishing pad of the present

invention;



7 [0021] Fig. 4a is a cross sectional view of another enbodi nent of the
pol i shing pad of the present invention; [0022] Fig. 5 YWEWUEARY 20belt roller
apparatus that can be used to test the del am nation resistance of a
polishing b . 3] Fig. 6 depicts a scanning electro . Croscaope ( SEM
phot om cr ogr%deg)ﬁllgiggﬁ cross-section of the polishing padn%(fcqfﬁ%a%o?gsent

i nvention; [0024] Fig. 6a depicts a scanning el ectron m croscope (SEM
phot om crograph of a cross-section of -the-polishing pad of the present
invention. Detailed Description [0025] Figures 1 and | a depict, in cross
section, a polhshing pagd conpri.si ng r . ag.3 . a |.i shing

| ayer 4, in V\hi[gﬁﬁ]ﬂle pgsﬁi'hi@r%gl%age?gag%asge%scﬁz%g?rg%%é c:;'ﬁta(ajnc?t (%‘Ijsubpad to a
nonuni f or m depehbodivesntpalii sthengopadhisg nmadtcrd thet prassmnibstrate 1. In Fig.
1, the depth of,_penefration is randomthroughout the pad. In Fig. la, the
depth of penet I;LH??BW?%" greater on the right side of the pad, and |esser
towards the |e&bv22]n, lmidh GasepictBea@aperddlaerobppheapad itHitng pads
woul d vary based on the%cge th of gﬁneériti,on, and would nake it difficult
to accurately SAB PFees I's% S5SEpare S SIMRHSOHEPPSAFAGCDRE Favi ng desired
properties threughening [K¥A6] The present invention solves that problem
Depicted in craoss_section in Figure 2 is an enbodinent of the seani ess

pol i shing pad. [PP23houl Fie HotEBISES BnFing SLRSETPREESFIRORAM ess

pol i shing pad, "(safi) MSSEhiesR eberg tRobotdetaant egscpol i shing disks 3
JANUARY 2007 WO 03/7103959 PCT/ US03/ 18002
polishing pad of the present invention; .
[0024] Fig. 6a depicts a scanning electron
. microscope (SEM) photomicrograph of a cross-section of

the polishing pad of the present invention.

Detailed Description

[00251] Figures 1 and la depict, in cross section, a
polishing pad comprising a porous subpad 3 and a
polishing layer 4, in which the polishing layer 4 has
penetrated into the subpad to a nonuniform depth. The
polishing pad is mounted onto a substrate 1. In Fig.
1, the depth of penetration is random throughout the
pad. In Fig. la, the depth of penetration is greater
on the right side of the pad, and lesser towards the
left. 1In_both cases, the properties of the polishing
pads would vary based on the depth of penetration, and
would make it difficult to accurately and precisely
prepare a seamless polishing pad having desired
properties throughout.

[0026] The present invention solves that problem.
‘Depicted in cross section in Figure 2 is an embodiment
of the seamless polishing pad. It should be noted at
this point that the term “seamless polishing pad,” as

used herein, refers to both seamless polishing disks



- 8 and to seanless polishing belts. Mreover, the term "polishing disk"
refers generally to any polishing pad that is used on 3JANMARYI 2067 pl at en,
regardl ess of the pad's shape. In other words, even though nost polishing
pads used 0o’ gﬁeégng platens are in fact disk-shaped, the tern1ﬂgollsh|ng
di sk” as used Rerern is not confined to pol i shing pads ot I
shoul d al so be noted that although the polishing belt 1is a continuous |oop
inits lengthwi se direction, whereas the polishing disk has discrete

peri meter boundaries the belt and disk appear identical in cross section.

Consequent |y, ur e her ei ollshlng accurately
illustrate bot ﬁ ‘?h gsbecﬂ"} set?snaogéf g’%b §i5-shi §e8v§E Wg%ﬂierﬁght s of the
i nvention. [002gb1Ashishowi sikn EegerQ géher Aligmeat angf pbmeshﬁﬁﬁrﬂaeiss

pol i shing pad are porous subpad 3 and se n1ess ol i yer 4, wherein
pol i shing IayeFLﬁ 1S fHISRE" ByTahpFAAP ﬁ&BFég .%P % he surface
of subpad .3. B@Ji‘§h=kﬂ%nd ayehn 4thas @@f@graé@dl ithicRghuRpad 3 a
substantially unijfor i stance. Al so shown in Fig. 2 are substrate 1 and

adhesive 2, twB° bﬂ%waéi%heﬁtisonomwe%a%aé@ p8FEshRntpPad. In the

di sk _enbodi rrenalsksabaéeroﬁt &ht kerd Sﬁ@PPefﬁlr{Bitﬁrékal asSUE8d ase £d¥, rotating
pl aten, but in the belt enbodi ment, substrate is a belt constructed of a

rigid substancés B%%FPQRﬁlnﬂﬂatﬁlE@élgh%%ﬂ pqdﬁxaﬂ thast EBRP@nbokh nent of the
seanl ess pol i s@hgg: g Padd %ed%lt@.heégae L1 ORugH THO Pt Bkl gy ris 1t The

subpad 3, pollshlng l'layer 4, and substrate 17are as _described in connection
with Fig. 2. |Asaddientoinuays tleepsihpiaes lengrhpdlsesdiimgeriager 4, the

pol i shing pad %hééygéaxmg%Qﬂishing disk has discrete perimeter

boundaries, the belt and disk appear identical in cross
section. Consequently, the Figures herein that depict
“polishing pads” accurately illustrate both the
polishing belt and polishing digk embodiments of the
invention.

[0027] As shown in Fig. 2, the elements of the
seamless polishing pad are porous subpad 3 and seamless
polishing layer 4, wherein polishing layer 4 is formed
by applying a hardenable fluid to the surface of subpad
3. Polishing layer 4 has penetrated into subpad 3 a
subgtantially uniform distance. Also shown in Fig. 2
are substrate 1 and adhesive 2, two optional elements
of the seamless polishing pad. In the disk embodiment,
substrate 1 is a support material, such as the rotating
platen, but in the belt embodiment, substrate 1 is a
belt constructed of a rigid substance, such as
stainless steel.

[0028] Another embodiment of the seamless polishing
pad is depicted in cross section in Figure 3. The
subpad 3, polishing layer 4, and substrate 1 are as
described in connection with Fig. 2. 1In addition to

the subpad 3 and polishing layer 4, the polishing pad



WD 03/ 103959 PCT/US03/18002 9 includes as an additional elenent barrier 5,
which is applied to the subpad before subpad 3 and i s 3claaNUaRY 280t h t he
hardenabl e fluid to create polishing layer 4. In this enbodinent, the
barrier 5 and polishing |ayer 4 have penetrated into subpad 3 a
substantialV§“ﬁﬂV?ﬁ%n1 di stance. [0029] Taking each of t RIS EBNLS in
turn, subpad 3 may include any suitable conpressible material. Prior to
coating with barrier 5 and/or polishingdayer 4, subpad 3 should include
open areas, such as pores. Mreover, it is often preferable that the subpad
be substantially uniformy conpressible. [0030] Suitable materials for
subpad 3 are WERFludeR\af a9 pRELBFenaly Rl gueRitudarpdeyner Wvdhs 18nd fi bers.
Preferably, su Pi@d%Hé%ﬁbﬁa@%M@%d%ﬁr hakpg SYCbASgNON- woven
synthetic and natural fibers, 1ncluding polyesters, polyam des,

pol yur et hanes, wipll tks dfandenablleof bpiol areraxeadet pohisivoed , layied 4conbi nati ons

t hereof . By way,of; £ quj L Bn et &gl U] l_e of : 8%§an 3 is the
817 subpad nat%?i%? é(so ]§1?Egngééaég%éﬁ*%gPa%§uﬁ%§€%?€%§ ) [8031] The
typi cal di nenshave pénstubpiad 3nbe eswhwavh 3 ian sEbgtresi@l ndus fiopmr el ati ve
terns conpareddagttr@é ot her elements of the polishing pad. The wi dth of
subpad 3 is typlca? y less than or equal to the wwdth of substrate 1. As
previ ously nmentfipozgl, tHeakiog shchgof heldsd lameanti hootsrh oGmbpadt he

| engt hwi se direction, whereas the i shing di sk-has_discrete perineter
boundar | o, - ConcBACHRTINE Ao Su ook S Ae Ao Bar FRrL -t he

| engt h/ di amet.eprobr subpashtingl ¥dthsbatyiprd land/esspbbashntg dayel to the
ength/ di ametey of,supst ARk 1hBES SRk NG, Pebbn cnbod Nt

.-Moreover, it is often preferable that the sqbpad be
substantially uniformly compressible.

[0030] Suitable materials for subpad 3 afe well
known in the art, and include polymer foams and fibers.
Preferably, subpad 3 comprises a non-woven material,

* such as non-woven synthetic and natural fibers,
including polyesters, polyamides, polyurethanes,
polyolefins, fluoropolymers, cotton, wool, and
combinations thereof. By way of example, a material
suitable for use as subpad 3 is the 817 subpad material
sold by Thomas West, Inc. (Sunnyvale, CA).

[0031] The typical dimensions of subpad 3 are shown
in Figures 2 and 3 in relative terms compared to the
other elements of the polishing pad. The width of
subpad 3 is typically less than or equal to the width
of substrate 1. As previously mentioned, the polishing
belt is a continuous loop in the lengthwise direction,
whereas the polishing disk has discrete perimeter
boundaries. Consequently, in the polishing disgk
embodiment, the length/diameter of subpad 3 also is
typically less than or equal to the length/diameter of
substrate 1. In the polishing belt embodiment,



3 JANUARY 2007 WO 03/103959 PCT/ US03/18002 - 10 however, the | ength of
subpad 3 (nmeasured by its inner circunference) is prefdANYARYISt antial |y
equal to the |length of substrate 1 (nmeasured by its outer circunference),

t hough the {@nghfseef subpad 3 also may be |ess than the ﬁm[gsg[ substrate
1. Prior to coat?ng with barrier 5 or polishing |ayer 4wﬂsu pggﬁgz IS

typically fromabout 0.001 to about 0.2, nore often fromabout 0.01 to
about 0.1, inches in thickness, although any suitable thickness may be
used. When the subpad is equipped with an adhesive |ayer on the bottom

and/or top sur h hi s_pf e b t.lncl t he
t hi ckness of t gﬁggﬁééﬁggiﬁgég??sfg ngﬁgg% ?ﬁ%ag§?§?é$951%§5?%h%iy is a
mat eri al whosecivesobsrdnce)ndisepgseferndtler substsnappllededneals ulapadhes.

However, any terjal having the follow n roperties when applied to
"T85t e DS AREE & o3

subpad 3, may SEBEFREE 5 (PEISY r ric8r O%hSTI d adhere strongly

to bot h subpadclrcantlefmideshi npohghethd,lddath bfsbabbadsabsl amtmpt | y

prevent polishing. |ayer 4 fro enefratin ast it into, subpad 3, and (c)
"t shoul d not LEbLES: tt’rrée}rf)}:hﬁmllgf’gf'%eOE a&eEpiti t FEHPT stbpad 3. [.0033]

Al t hough ot her cBREEsy Ofi dhRSiraBrasor pasSidiieg Lhyks pfesd@spad 3 hat barrier
5 be capable of adhering to subgﬁd 3 and to, polishing layer 4 via chem cal
adhesi ve for cedBahdPiFahiet HEAMc 2PORECRi MY HhedrREt Pods, "PFe & t o pronote

strong adhesi okroRehMeRn ¢ A eeamshe Of1 ! heddRls Shi BHiBRAesdNe barrier's
chem cal adhesive forces will vary depending on_the conposition of subpad 3

and pol i shi ng, PayBPugh aWaBYitAPIechPBaBRETT 90T Hfgugafesi Brer dhse vari ous
conponents of gsubpad Bs alghiRYaShibE LRVAIhL AL 189kl on the bottom

and/or top surface, the thickness of the subpad does
not include the thickness of the adhesive layer(s).
[0032] The barrier 5 typically is a material whose
vigcosity increases after it is applied to subpad 3.
However, any material having the following properties,
when applied to subpad 3, may be used as barrier 5:

(a) the barrier should adhere strongly to both subpad 3
and polishing layer 4, (b) it should substantially
prevent polishing layer 4 from penetrating past it into
subpad 3, and (c) it should not substantially alter the
compressibility of subpad 3.

[0033] Although other modes of adhesion are
possible, it is preferred that barrier 5 be capable of
adhering to subpad 3 and to polishing layer 4 via
chemical adhesive forces and/or mechanical locking
interactions, in order to promote strong adhesion
between the elements of the polishing pad. The
barrier’s chemical adhesive forces will vary depending
on the composition of subpad 3 and polishing layer 4.
Materials capable of strong adhesion to the various
components of subpad 3 and polishing layer 4 are well

known to those of skill in the art. For example, when



known to those of skill in the art. For exanple, when 3 JANUARY 2007 WO
03/ 103959 PCT/ US03118002 - 11 subpad 3 conprises pol yeBARY W87 s, and
polishing I|ayer 4 conprises polyurethane, then a polynmer adhesive, such as

a pol yur et haypgsgssy ! i ¢, nethacrylic, urethane, cyanoacryéﬁhﬁnnﬁkgylic,
epoxy, or styrenic based adhesive, will often provide good chem cal

adhesi on between those polyneric elenents. Also suitable are hot nelts,
contact cenents, anaerobics (acrylics),1iW-curabl es, enul sions (white
glues), sealants (silicones, acrylics, urethanes, butyl and polysulfides,

cte. ), modi {1 o, penol | GRSt b0l sordamel e axg dhepesians) | rubber

adhesi ves (solution, Iat Xes) vi nyl ‘acetat'es specialty
adhesi ves (predsyer $e¢annnﬁ§S pohesrv@h@mﬂf -Hea a pblyginerve, heat seal,

foam & fabri c, ?kgs ”sql{rﬁl%%' Ln 812@ ¥g8 . ??)ﬂcad%t?hé’g 14 AL ex

adhesi ves, etc. Yurethane a |c ddResives are pré Fred. [ 0034]
Anot her way toumakhamee myundanﬂyladhesvnnylfc teppozyp| oy atymemiaﬂ' 5 that can
chem cal ly bon er 4. For ye bot h, barrier 5 and

t he har denabl e“f Fﬁ?dgéhﬁﬁlxﬁlIWIgﬁeSFEeBd?¥%ﬁﬁélg39§9efkﬁ Fﬁ}tlally i ncl udes
reactive nol eculimsubﬂaasewmﬁthbeacpbwm@ﬂm&nte&nesel eme&bs will be

possible if the aégenabl q is coated onto barrier gefore t he
latter has ful FyiFg ?e%Fe BF - 88hpaaRtavi TSI e x FHFEEOCT EF her t han

snoot h, surfacQab@ppgé@phyumamrbbwsedemwmgn@mlt@egmaaspal | ocki ng
i nteractions. For exanple a subpad ingrlsin nonwoven fibers may be used.
Al ternatively S6f aﬁﬁ?tf%ﬁ&ﬂqﬂPesvh@c§ﬁ tate W€ SSubpY e3Pe nodifi ed

(e.g., by buffiBdys0PFdids, &MNISSMBEified phenolice, plastisols
(modified PVC dispersions), rubber adhesives (solution,
latexes), polyvinyl acetates (emulsions), specialty
adhesives (pressure sensitive, cohesive self-seal,
fugitive, heat seal, foam & fabric, etc.), and labeling
adhesives (resin adhesives, latex adhesives, etc.).
Polyurethane and acrylic adhesives are preferred.

[0034] Another way to maximize chemical adhesion is
to employ a barrier 5 that can chemically bond to
polishing layer 4. For example, if both barrier 5 and
the hardenable fluid that will create polishing layer 4
initially includeg reactive molecules, then cross-
reaction between the elements will be possible if the
hardenable fluid is coated onto barrier 5 before the
latter has fully reacted.

[0035] Subpads having a textured, rather than
smooth, surface topography may be used to maximize
mechanical locking interactions. For example, a subpad
comprising nonwoven fibers may be used. Alternatively
or additionally, the surface of the subpad may be
modified (e.g., by buffing, molding, embossing,
cutting, scoring, etc.) to add such texture. In a

preferred embodiment, barrier 5 includes a material



cutting, scoring, etc.) to add such texture. In a preferred enbodi nent,
barrier 5 includes a material 3 JANUARY 2007 WD 03/ 1039a8UREY/2¢6303/ 18002 -
12 that is fluid enough to fill the | owernost textured portions of subpad
3 when it is applied, but viscous enough to adopt the texture of subpad 3.
That conblﬁﬁplgHBS? properties can be found in naterial s, PCTS{50H1528?

har denabl e fluids, which can be applied at relatively |ow viscosities, but
which increase in viscosity rapidly after_application. Adhesives that
increase in viscosity after application, such as adhesives applied in
volatile solvents, are suitably used as barrier 5. Exanpl es include

pol yur et hane Bemfe sii sy €4 11y eRoRgh D% 9BH Iadhes Lowe sRas BAEYE Uedoss| i nker

avai | abl e fromDRlAnd B¢ s(MBEE i dhen MY Jis %Bﬂli‘@&)’lb&t aghesjes, such as
Chem ok(r) 213, available fromLord(r) Corporation (Cary, NC

Al ternatively @ﬁOW§Hth@d@ﬁFIyheth%X%%W¢aﬁ%E%¢Pbér3rerTEﬁmmy be modified to
add such textu r iall pol i shi ng

| ayer 4 from péﬁne\?ir%%ﬁ% ?ﬁt %kgggggﬁ%%#h%%b%rog%& ?%SM?% \ébar rier 5 be
applied in a ceunth mmisirdeagble [ravisg wlsdt mani &kl gppbieapeat areas t hr ough
whi ch the poli u d t hat can be
applied in a c%%%%%ﬂ%ﬁ Hg@2¥1§§§£§€{ %’Eﬁ%: %9Ch?E%§%é%%g§klll inthe art.
For exanpl e, pn$qw&wuy ra@dﬂlasaﬁbéyn&ppliaaﬂﬂQSIveAdha$£N§ﬁﬂuhaﬂ ly suitable
for creating barrler v c# g ft S gf substantlally alter the
conpressibility %¥z¥ﬁ%6ﬁﬁ 3SCPRAEY REETE FRFESAFET  hA P B rier 5 be
applied to subpdiesivar appanedr isuchlitible dadrenes, Sapeneiitadas i nt o subpad
3toa substan&ggél

3% barrier 5. EBxamples include polyurethane
adhesives, such as D2596H Adhe51ve and D2597
Crosslinker, available from DELA, Inc. (Ward Hlll MA) ,
and acrylic adhesives, such as Chemlok® .213, available
from Lord® Corporation (Cary, NC). Alternatively or
additionally, the surface of barrier 5 may be modified
to add such texture.

[0036] Barrier 5 should substantially prevent
polishing layer 4 from penetrating into subpad 3. This
requires that barrier 5 be applied in a continuous
layer, leaving substantially no open areas through
which the polishing layer may contact subpad 3.
Materials that can be applied in a continuous layer are
well known to those of gkill in the art. For example,
polymers, such as polymeric adhesives, are generally
suitable for creating barrier 5.

[0037] Barrier 5 should substantially alter the
compressibility of subpad 3. Thus, it is preferred that
barrier 5 be applied to subpad 3 in a manner such that
barrier 5 penetrates into subpad 3 to a substantially
uniform depth. Such application methods are well known
to those of skill in the art, and include spray

coating, dipping, doctor blading, knife over roll



uni form depth. Such application nethods are well known_ to those of skill in
the art, and include spray coating, dipping, doctor bl adf‘HHf‘RR'ﬁPWe over roll
3 JANUARY 2007 WO 03/103959 PCT/US03/18002 - 13 coating, extrusion,

i njection i and coating with a material of high yj i suspended
R L i o SRl

or dissolv alow viscosity fluid, all optionally f runni ng
the coated subpad through nip rollers to further work barrier 5 into subpad
3. If barrier 5is applied as a hardenahle fluid, it should be applied in

a manner such that the entire subpad is coated evenly wth material at

substantially t V] ity. . ALthough . CO , JLLd i bl e that
a material use Qggﬁ ér?ﬁéﬁﬂgiogduﬁajﬁégﬁmguC@%%h Vggﬁé fh%t%égé?¥%%
conpressi bility astesubphdBhigh thatosase, swpemdedd obadissoltedamet r at ed

into subpad 3 to,variable depths,. . it ul d not .suhstantially alter the
subpad' s coone%?VbYT???ﬁfﬁ?8§§§}dAl?ﬁiﬁéﬁF%ﬁﬁ%%%%’ ?Hiﬁye eb%pplied in any
sui tabl e-thi ckeresaing tlpieaitedhisckpadstitdighaipetratearsabout 1 m and about
0.2 inches, often betwee bout, 10 n1andlﬁ%%gi 0.1_inches, and nore often

bet ween ‘about IHTEBTT afeF iT0% IRERCE Firer 5 RAYTpRhet ’dte into

subpad 3 to anyppuitabke LepiiienHBneYeluidecalsholld beehphl 1éd lid ypically
be | ess conpressible than subpad_ 3, and because the function of subpad 3 in
the polishi ng2p38"Pert gt dede tReCBBRIBR $HPAhd SpEPRERESVEH- Y cle, it.is

general |y pref grtadnhpatidardd eupatafeNgiIftend MamesybRads3y0 a Iim ted
extent only. Yet to maxim ze adhesion, it is generally preferred that

barrier 5 penefyibeugh pasiowme dfstaneessitle fgfad msterrl exanple, the
barrier 5 may peRat hatBaf+ AP aRMu1d have substantially the same

compressibility as subpad 3. In that case, even.if
barrier 5 penetrated into subpad 3 to variable depths,
it would not substantially alter the subpad’s
compressibility.

[0038] Although barrier 5 may be applied in any
suitable thickness, a typical thickness will be between

about 1 um and about 0.2 inches, often between about 10

pm and about 0.1 inches, and more often between about
0.001 and about 0.01 inches. Barrier 5 may penetrate
into subpad 3 to any suitable depth. However, because
barrier 5 will typically be less compressible than
subpad 3, and because the function of subpad 3 in the
polishing pad is to provide a cushion for the polished
article, it is generally preferred that barrier 5
penetrate into subpad 3 to a limited extent only. Yet
to maximize adhesion, it is generally preferred that
barrier 5 penetrate at least some distance into subpad
3. For example, the barrier 5 may penetrate from about
0 to about 0.002 inches into subpad 3. If a reduced
cushioning effect is acceptable or desirable, barrier 5

may penetrate deeper into subpad 3, and may even



O to about 0.002 inches into subpad 3. If a reduced cushioning effect is
acceptabl e or desirable, barrier 5 may penetrate deepédANun&8Y=04ypad 3, and
may even 3 JANUARY 2007 WO 03/103959 PCT/US03118002 - 14 penetrate al
the way to the bottom of subpad 3. Figure 4 depicts, in cross section, a
pol i shing pW@3/4H&¥ein the barrier 5 has penetrated aboutPCTalsh3/gase into
subpad 3. Figure 4a depict, in cross section, a polishing pad wherein the
barrier 5 has penetrated all the may_iﬂiq_subpad 3. By selecting the
identity and depth of penetration of barrier 5, the degree of cushioning
provi ded by the polishigg pad can be tailored. i [0039] The seanl ess

pol i shi ng | ayepenetingteu@dd hhe heavidivalshe Ppotamcohtetdbmast @ -.subpad 3. The

hardenable flgy ¢paLed; di I t SUQQ&%' € gFig. 2
embodi ment) or éﬁ?%yﬁaggper 55c€gf% %%L Sgg §n(e. .,:éﬁﬁggggaenbodinent). By
"har denabl e flwher'eirs timabargief|vuikhst penerzatedfiodwntialff Wwawabl e to al | ow

it to be evenlg&§oq&§%dpgto ﬁgb ad 3, .but i ¢ch grovid%gxgonsogid, dur abl e,

seani ess polishlru;ﬁ ayer. “I'n ge é?%ﬂ%d dﬁﬁéc ar denabl e Ui nay conpri se one
or nore reactipeligminecphdswhergin thepbepaligres, hamnosrestratesi all ol i goner,

etc.) and one ar nore .reactipn injtiators .0.,,..8 po rizati.on
initiator, cur'gt?‘? VY 8‘&%& ?E’g?aéh rd ers,elsgzglggt‘ﬁ%? e*‘%)%‘ﬁﬁyt &Pflatively, the
reacti on nmay d&eptimidi pleedtuation | of)Maraidh0B, heht . ddduted @FCt | Ve

nol ecul e(s) and reaction initiator(s) my._qptionally be _dissolved in a
sui tabl e solve$H?hH?qi§ﬁH?ﬁSHFgeéﬁE§cghq ﬁ@ﬂ&ggéngn%a%rc?ﬁng? reactive

nol ecul es wi | | tgftered.possess the desired flowability and coatability
[0039] The seamless polishing la;er 4 includes a
hardenable fluid coated onto subpad 3. The hardenable
fluid may be coated directly onto subpad 3 (e.g., Fig.
2 embodiment) or onto barrier 5-coated subpad 3 (e.g.,
Fig. 3 embodiment). By “hardenable fluid” is meant a
fluid that is sufficiently flowable to allow it to be
evenly coated onto subpad 3, but which provides a
solid, durable, seamless polishing layer. 1In general,
the hardenable fluid.may comprise one or more reactive
molecules (e.g., a prepolymer, monomer, resin,
oligomer, etc.) and one or more reaction initiators
(e.g., a polymerization initiator, curative, catalyst,
hardener, etc.) therefor. Alternatively, the reaction
may be initiated using light and/or heat. The reactive
molecule(s) and reaction initiator(s) may optionally be
dissolved in a suitable solvent. A hardenable fluid
includes one or more reactive molecules will often
possess the desired flowability and coatability
characteristics at the beginning of the reaction, as
well as the desired solidity, durability, and
seamlessness when fully reacted. The hardenable fluid
may optionally comprise one or more non-reactive

molecules. For example, a polymer may be suspended or



characteristics at the beginning of the reaction, as well as the desired
solidity, durability, and seam essness when fully reacdt/8¥VUARN@0¥ar denabl e
fluid may optionally conprise one or nore non-reactive nolecules. For
exanpl e, a‘gglxﬂgg may be suspended or 3 JANUARY 2007 WD 03/103959

PCT/ US03/ 18802°"%*%5 " di ssol ved in a suitable sol vent andCHPEE¥nt o subpad
3. Upon contact with subpad 3 and/or barrier 5 the polynmer nay precipitate
to create polishing layer 4. [0040) Pohgshing |ayer 4 also should adhere
strongly to subpad 3 (e.g., Fig. 2 enbodinent) and/or to barrier 5 (eg.,

Fig. 3 enbodi nent sq, t.hat the i shin ad_.resists del am nati.on during
use. As previ g%s? lv(f%séf’i Seﬁuilﬁg]gi)%nse%]t‘% \‘?\‘ﬂihc%%??$e?1&o°, S&’%PS i nation
can be inhibited Wpomxiotitaichgwibr cligddcal aadliesi varrad/xr ciechani cal

| ocki ng interactjons between polishing |layer 4 and subpad 3 and/or barrier
5. The same RO d@YaRdecd ﬁﬁ?ﬁ%e"sogﬁ’%?&‘i?sgaﬁé%%ﬁ%g apPiSF fo  pol i shi ng

|l ayer 4. [0041}odxmf er alblonishhagP0hy&hi NGi1padsheal 8t sdnéled aFrdabiion to such
a degree that it is not possible_ to peel polishing |ayer 4 away from subpad
3 and/or barrfrs®RE% Rode -Fest Fégi n:g shRediperl i RYLOPT thRe ParEdeYi dual

layers. In other aef ds rilfe sceheshyRehior &% tBhtORRe Opo DB R pFBNtS of the
polishing pad (the  subpad 3, seam ess polishing |ayer 4, and optionally

barrier 5) fai¥edkficr dalipmingidony@urieEdSeconABCPTAYLOWHKY el enents fail .

[0042] The resjstanasd 9 Aameat bRy A 3R EShENIge PEhind¥ e tested in
the follow ng manner. The polishing belt can be run on a belt roller

apparatus as Swovwe iimtHkjied By maximizing éhet ghepidral cadhasdonun at

‘ and/or mechanical locking interactions between
polishing layer'4 and subpad 3 and/or barrier 5. The
same strategies and technigues discussed above apply to
polishing layer 4.
[0041] Preferably, the polishing pad resists
delamination to such a degree that it is not possible
to peel polishing layer 4 away from subpad 3 and/or

. barrier 5 without destroying the integrity of the

individual layers. In other words, the cohesive forces
of one or more elements of the polishing pad (the
subpad 3, seamless polishing layer 4, and optionally
barrier 5) fail before the adhesive forces connecting
the elements fail.
[0042] The resistance to delamination of a polishing
belt may be tested in the following manner. The
polishing belt can be run on a belt rollexr apparatus as
shown in Figure 5. For example, the belt can be run at
about 300 feet per minute over rollers having a
diameter of about 12 inches. All the while, pressure
may be applied to the top of the polishing belt by
means of a urethane roller, weighing about 125 pounds,
resting on top of the belt as it runs. When the

contact area of the roller is about 12 inches by about



about 300 feet per mnute over rollers having a dianeter of about 12
inches. All the while, pressure may be applied to the3U!8JUSRY2AY polishing
belt by neans of a urethane roller, weighing about 125 pounds, resting on

top of the b it runs. When the contact area of th r.1.s about 12
i nches by a‘ggu%“og%ﬁ’ANUARY 2007 WD 03/ 103959 PCT/ US03/ 18885%15‘133%{%“'2 0. 25

inch, the applied pressure is about 40 psi. Finally, a liquid such as water
or CWP slurry may be continuously poured ento the full width of the belt at
the rate of about one liter per mnute. Preferably, a polishing belt wll

run on such an ; s 4haQr ; At 120.8QYE s;Mghout “showi ng si gns
of delaninatiggﬁ??fg&g f%%rgg&}f%&zé}%o Visi IS ggp 4qngé§knﬁ ng between the
belt el ement s) Fivbrly, pr dfigudldl guch hes patieghiomgCHe| 1wty magnbeor at - | east

about 75 hours_w thout show n ign d i LON S referably, the
pol i shi ng beltc%&¢ﬁﬁ¢§ﬁ1 oﬁbggealgﬁé q%ﬁ%ﬁ#a?bggﬁgﬁr%fmnE%%ﬁﬁtsﬁgmﬁng si gns
of del am nati ohhe I E Rbeluer ahkyl issameasmipokeshi Pupfiaenadly4 aconpri ses

solid or cellular. pol yurethane, .such as | yur et hane_havi n Shore-D

har dness of abBIF-A0ID Balo TALB0F D o GGGt Hr SBHATADFS. 16 desses may be
used. The har teasblgbddtishd wsedst oichant esHpolinghsngnd ayer 4 preferably

i ncl udes a pol yur et hane prepol yner, and a _.curative.therefor. Alternatively,
pol i shing Igyege R A “ﬁd§¥an§h?ﬁ%ﬁﬁﬂge ot He? &8 ¢ pol yner, Y
copol yner, or bbesrtbhag N tdeshr ete PpopErdli@®nsdsh agorsuf ficient
flexibility, abrasion resistance, and water and chem cal resistance.
Exanpl es of poBEFHPERa vy idies PoLaghime PRt dHid Ingtny FoF t3fd s38bol yur eas,

pol yam des, about 75 hours without showing signs of delamination.

- Most preferably,‘the polishing belt will run for at
least about 100 hours without showing signs of
delamination.

[0043] Preferably, seamless polishing layer 4
comprises solid or cellular polyurethane, such as
polyurethane having a Shore-D hardness of about 10 to
about 90, though other suitable hardnesses may be used.
The hardenable fluid used to create polishing layer 4
preferably includes a polyurethane prepolymer and a
curative therefor. Alternatively, polishing layer 4
may include any thermoset or thermoplastic polymer,
copolymer, or blend having desired properties such as
sufficient flexibility, abrasion resistance, and water
and chemical resistance. Examples of possible polymers
include but are not limited to polyureas, polyamides,
polyesters, polycarbonates, polyethers, polyacrylates,
polymethacrylates, substituted vinyl polymers,
polyacrylamide, polyacrylonitrile, polyketones,
silicones, saturated and unsaturated polymeric
hydrocarbons, fluoropolymers, and epoxy resins.

[0044] The preferred method of coating subpad 3

(with or without barrier 5) with the hardenable fluid



pol yesters, polycarbonates, polyethers, polyacrylates, polynethacryl ates,
substituted vinyl polyners, polyacrylan de, polyacryl ddANUARY 20¢50l yket ones,
silicones, saturated and unsaturated polyneric hydrocarbons,

quoroponner and epoxy resins. [0044] The preferred nethod of coating
subpad 3 WPOH1B¥%i t hout barri er 5) with the hardenabl &GI{H0H13802) ANUARY
2007 WO 03/103959 PCTI US03/ 18002 - 17 that will create seanl ess polishing
| ayer 4 is casting. As is known to thogg of skill in the art, casting
involves filling a nmold with a hardenable fluid. The nold is typically

filled froman_ o en tQp or throu i nj ect, nts at fhe bottom and/or
sides. One felt €§§FFﬁgs?%%}e Rﬁi%ﬁgéﬁga RYSEdb it &§85d89rs  that it

pernmts the IOOAéSiB Nhdway 6 éhbgecmme_lwlhhth&uastraé@stlmrgo create a
continuous exterior surface of the_ polishing pad, | etely encapsulatlng

and substantlb@Y@lﬁﬂﬁﬂﬁ%%§1§abﬁaB°§dd@éﬂh§thﬁé@@Pabb%n it odPeThus, the

subpad 3 is prgygnted e‘yqumamgmfﬁma\gﬂtdw SOLLRSI ¥8p Sharin-isgd i n the
chem cal - nechani cal pdlishing of silicon or sem conductor wafers. I|f

portions of théniedipan pedoRs wkt the tkottammened sirbpidey- widte change. The
subpad’ s COWPE d&! ldet -2GRR §hé1ﬂ9€ {4 g{ﬁg;'clduflaﬁsggh&@{}é&éa{g}é%uss' j4rry

degr ades the su the s urry degr t he esi veness between the
| ayers of the pbem sii rlgalpjads thachobssiinaldgivadi Agtadhedhine Nitdel anmi nation

can —occur. Qgéétlpa[teé qrg '%reété%aét&%&lﬁfﬁfo@l%d eEc%e $6¢ £l ot he

hardenabl e flurd s applied rapi ontlnuous y to areas of the
subpad 3 S|nuthanzﬂwﬁhwngl@aﬁh|somay¢t¢heEpmteﬁmﬂatlﬁgrand

substantially sealing subpad 3 against water
penetration. Thus, the subpad 3 1s prevented from
contacting the corrosive slurry used in the chemlcal—
mechanical polishing of silicon or semiconductor
wafers. If portions of the subpad become wet, its
compressibility will change. The subpad’s
compressibility can change further if the corrosive
slurry degrades the subpad. If the slurry degrades the
adhesiveness between the layers of the polishing pad,
such as by degrading adhesive 2, delamination can
occur.

[0045] Preferably, a casting method is used wherein
the hardenable fluid is applied rapidly and
continuously to all areas of the subpad 3
simultaneously. In this way, the potential for
nonuniform penetration into subpad 3 is reduced.
Alternatively or additionally, the time between
combining the reactive molecule(s) and the reaction
initiator(s) and applying the hardenable fluid to any
given portion of the subpad may be equalized.
Moreover, the properties (e.g., composition,
temperature, etc.) of the hardenable fluid may be

modified to ensure that its viscosity does not



nonuni form penetration into subpad 3 is reduced. Alternatively or
additionally, the tine between conbining the reactive3daNeaglyefs) and the
reaction initiator(s) and applying the hardenable fluid to any gi ven
portion of \%o subpad may be equalized. Moreover, the properties (e.g.
conposi tion, ?/é%%r ature, etc.) of the hardenable fluidH% glsggmo%d, fied to
ensure that its viscosity does not 3 JANUARY 2007 WO 03/103959

PCT/ US03/ 18002 - 18 substantially risggduring the period that it is
applied to the subpad. These casting nethods may also be used to prepare a

pol i shing pad wi.th or hout a barrier 5 shown in Figs. 2 and
3). A polishi i s tdmgé)?ir’éﬂs% éjhﬁopéﬁjeg%bt&?} é'&sﬁsnapprgfgads
includes a polishiHg sudpas . Wwosasdepistial Refetdatngn aliddt Bet igegor OUS
subpad is nore uniformthan the depth of penetration of the polishing |ayer

in a polishing° R&FEEgeENEdPP+bRR Tk Reshikht oF  wHoWur RSFRdSE Sdiff erent

casting nethodie MpreQueihodnPohisiydd 2pada By epak %13:@&&&%' pggto the above
casting nethods wll often have an inproved uniformty of conpressibility

as conpared tRFPIFHG SKCAFIPRE T rihed abPym eaetSegenethadsrial s, but using a
di fferent CaStir{@ld@Q%dFoﬁQQﬂﬂg Cltaﬂ}%!'r %b%ébligpﬁ?tctp%r@tr‘éQQBhng subpad 3

with a hardenable fluid to createé)o ishing layer 4 include reaction

i nj ection nol dimg W Pprevat Swepa deﬁnmogpouphéormdd?ﬁrwd{en dgptBonpr essi on

mol di ng, and ksgﬁ@j&g QY ER the casting
met hod of form n&{%%tl tl'lﬁ% ﬁayer e%lﬂh §f 1‘Q%’ﬁese rret \ghmay be used to
encapsul ate arphddarmesutfpad Bhag@m%mamteﬁlpenlew alsm g 0047] Prior to,
during,. or aft&ifgégégg'dggtﬁﬂsrﬁéghod, Moreover, a polishing pad

prepared according to the above cas;ing methods will
often have an improved uniformity of compressibility as
compared to a polishing pad formed from the same
materials, but using a different casting method.

[0046] Other suitable methods of coating subpad 3
with a hardenable fluid to create polishing layer 4
include reaction injection molding, spray coating, foam
blowing, foam coating, compression molding, and
extrusion. As discussed above in connection with the
casting method of forming polishing layer 4, each of
thegse methods may be used to encapsulate and seal
subpad 3 against water penetration.

[0047] Prior to, during, or after formation thereof,
gseamless polishing layer 4 may be modified to provide
optimum polishing performance. Polishing layer 4 may
include a porous or microcellular structure in portions
or throughout the layer. The microcellular structure
may be formed by any suitable technique, such as by
blowing, frothing, addition of hollow microelements,
particle sintering, etc. Polishing layer 4 may
comprise at least one layer of partially fused

polymeric particles, or two or more thermoplastic



seanl ess polishing layer 4 may be nodified to provide _optinmum polishing
performance. Polishing |layer 4 may include a porous or VARSI ar
structure in portions or throughout the layer. The mcrocellular structure

may be fornma@ daposdgy suitable technique, such as by blow SOF/HQ)%{" ng,
addition of hollow mcroelenents, particle sintering, etc. Polishing |ayer

4 may conprise at |east one |ayer of partially fused polyneric particles,
or two or nore thernoplastic 3 JANUARY 2007 WO 03/103959 PCTI US03/ 18002 -
19 polymers of different nelting points. Abrasive particles or fibers may

be added to pobdSHdIG |BY @l sfercht AdititHiOBo1hPE. PoALsting surface may have
mcCcro or nacro texturli ng, gI’OOVGS, or discontinuities. It my have areas

of hard and sd?arigsilpsecr Fapenaveanrktasddrd £pansparkig dmyedpique
material, or rpy Naug iapeasn@f pof aLRat W f'aeié%sg hER WRSo :?tr may be

formed wth grooves (for exanple, extending in the running irection of
the belt) to dhatrd hextuaidoreguoevert oxs|ddscyniaguabiesied IFameiycl es

generated duri ol _izshi C re e r.apl_ani for nore
consi st ent conl?%\{:% ereeta\%’egr{{s?’ﬁggpg{l?sﬁﬁgﬁ%g@grén‘ggﬁ;h%w%o%&&eg%grti cle.
Slurry can be temmpedeirtommithepagne ovesenisilng oanyaguhded| &rawet lodd, i1 ncl udi ng

D o L B8 L0 Ui Sl oRe et o W PLESTUER AT %13
shown in Fi gurgsodveand thr epkinplal eetenkinigs iaf theerssandess pol i shing pad
are substate doandatieeite g By SUIAN pdhcale By B uned, | ouch as
Cor por ati on (PasathehaandCAbraded particles generated during the

polishing process and to reduce hydroplaning for more

consistent contact between the polishing layer and the

polished article. Slurry can be removed from the

grooves using any suitable method, including but not

limited to the use of one or more high pressure water

jets, rotating fine brushes or hard non-metallic (e.g.

ceramic) styli.

{0048] As shown in Figures 2 and 3, optional

elements of the seamless polishing pad are substrate 1

and adhesive 2. BAny suitable adhesive may be used,

such as pressure sensitive adhesive. For example, UHA

8791 sold by Avery Dennison Corporation (Pasadena, CA)

may be used to adhere subpad 3 to substrate 1. By way

of example, many commercially available subpads are

equipped with a suitable adhesive backing, such as the

817 subpad material from Thomas West, Inc. (Sunnyvale,

CA).

[0049] In the polishing disk embodiment, substrate 1

can be the rotating platen itself. 1In that case, the

bottom of subpad 3 would be attached via adhesive 2 to

the top of the rotating platen in use. Altermatively,

substrate 1 can be any flat support material, such as a



may be used to adhere subpad 3 to substrate 1. By way of exanple, many
comercially avail abl e subpads are equi pped wth a suidtaNuaraydesi ve

backi ng, such as the 817 subpad material from Thomas West, Inc. (Sunnyval e,
CA) . [004§, n the polishing disk enbodi nent, substrate 1 can be the
rotating pl 808 ¥¥¥elt. In that case, the bot t om of subRFESHEINY be
attached via adhesive 2 to the top of the rotating platen in use.
Alternatively, substrate 1 can be any Ega_t_ support material, such as a 3
JANUARY 2007 WO 03/103959 PCTI US03/ 1800 - 20 polyneric or plastic sheet.
In that case, the support naterial, rather than the subpad, woul d be
attached to tRRIMSFIist ohelpstari Aeet at 4R itHaEs%aS?odﬁtﬂ SHRPRT g now t o

the belt embodifEdtiaibecrliser sHRA! £RE G&ubpad) RBAIAILOMEGRINACES t he
mechanical rollers that turn the belt, it is preferred that substrate 1

conpri se a dur@f amod ithle FEERTABRI rlafien é8suseeel . The belt substrate is
typically 1 - foo88ters gyini289hBw( o6tk ti%tl\éeéﬂbédﬁmér‘f\g ?bef&h%(es)

measured as the 1 nner circunférence of the belt | oop, .1 - 1 nmeter in
wi dth (often Os@ostmate riet etns)bpe§n§101®, Gbntagte chetm@h@nmladm tional

| ayer of prot egéileer R I’It%|rn ?H Bgfrat Q:ol.)ée%)%gk%?%?%ic [, mat erial, can be

affixed to the inside surface o e substrate 1 and
t he hardwar e ofubbdieraie ilsltompriappar dbxesle (ﬂﬁﬁé]riihests@araaass pol i shing pad

can be used to ol sh any, tlypeTgf ga#erl I | a er, i_n. an of varlous

pol i shi ng stepgtgnnleesrﬁ fonduct o manut ac ursltr?ﬁlte %%ﬁ ma]t erial § to be

pol i shed i ncl udetdns iar d emgith |(ofitbedbéivesid ilcsnan@oh ysetew=n, sSilicon
di‘oxi de, IOVVkmeasured as the inner circumference of the belt loop,
0.1 - 1 meter in width (often 0.2 - 0.6 meters}, and .
0.01 - 0.6 cm thick. BAn additional layer of protective
material, such as a polyethylene liner material, can be
affixed to the inside surface of substrate 1, to
protect substrate 1 and the hardware of the polishing
apparatus.

[0051] The seamless polishing pad can be used to
polish any type of material or layer in any of various
polishing steps in semiconductor manufacturing.

Typical materials to be polished include but are not
limited to silicon, polysilicon, silicon dioxide, low k
dielectric materials, tantalum, tantalum nitride,
copper, tungsten, and aluminum. The polishing pad may
be designed to selectively polish some materials and
not others, to polish dissimilar materials at similar
rates, or to work specifically with certain specific
types of slurries and solutions. A seamless polishing
pad according to the invention may be applicable in
other industries, for example for polishing and
planarizing magnetic disk drives, optical flats and

mirrors. The seamless polishing pad is especially



dielectric materials, tantalum tantalumnitride, copper gsten and
al um num The pollshlng pad may be designed to select|§ @U R some
materials and not others, to polish dissimlar nmaterials at simlar rates,

or to work spe6ifosdsal |y with certain specific types of SEH?&&&%g&Qd
solutions. A seanl ess polishing pad according to the invention may be

applicable in other industries, for exanple for polishing and planarlzing
magnetic disk drives, optical flats and2ilm-rrors. The seanl ess polishing pad
is especially 3 JANUARY 2007 WO 03/103959 PCT/US03/18002 - 21 suited for

the cheni cal - meghenicaby Pald Shichd 8- fbbh&olka RRbiSERLAANGHCL OF f o7 S.

[ 0052] As previously stated, the seanl ess polishing pad Includes a
pol i shing | ayeend haml¢@p@uQﬂﬂnIwaﬁﬁrSpenetratlon into subpad 3 that is

substantial ly kLorm t e i | ayer 4

(and/or barri er[ldg)lsg?nto s%gn}ég) gk %tgé?r@agcﬁ%e; aglggrgg g&i%éﬂfﬁg foll ow ng
pr ot ocol , mhic@adpnnvld@ssaagﬁﬂaﬁhahgohayew|4ﬂhaM1nbaatdEptﬁﬁﬁﬁ Broadl y,

t he polishing pa n, and_.rep esentatl e nmeasurenments are nade of

penetration dgﬁ EhO%ﬁ§§F?SE%p89 it BEhg Tt gtggg gg% under a

m croscope (setunti@osin. Ieﬂﬁé &andfmgnyfbﬁa@eméﬁratﬂ%mnefr@bl@ﬁmﬁgpth is

nmeasur ed fron1 he to % ce of the t he sgrface to which the

har denabl e ?ﬁeﬁa ar§&€§u§ H%té%ﬁﬁqgh3n8ﬁﬂn Fornmity may be

caused by a cha@g@uradvaémimg @lo .the fhm&majﬂ;&.dtloubd dwhidly its
application to the subpad (i.e., material applied mhen V|5005|ty is | ow may
penetrate fartBEPVEAGH ARISHHOP VeFLAht Viates tWVFY's high), a

represent ati ve gdbatit ybUth@pdif i sHIRRABad is cut open, .and
representative measurements are made of penetration
depth with a caliper by viewing cross sections under a
microscope (set to at least 30X magnification).
Penetration depth is measured from the top surface of
the subpad (i.e., the surface to which the hardenable
fluid was applied). Because penetration nonuniformity
may be caused by a change in wviscosity of the
hardenable fluid during its application to the subpad
(i.e., material applied when viscosity is low may
penetrate farthef than material applied when viscosity
is high), a representative distribution of subpad
portions that were coated first, middle, and last with
the hardenable fluid must be measured. For example, if
a polishing pad is made by coating a subpad starting on
one edge, continuing across the subpad, and ending at
an opposite edge, then representative measurements
should be made at equal distances from one edge to the
other.
[0053] Further, at least about 40 measurements
should be taken, so that the pad can be systematically
evaluated over its entire area. For example, if a

polishing pad was coated from one edge to the other,



portions that were coated first, mddle, and last wwth the hardenable fluid
must be neasured. For exanple, if a polishing pad is rmab&NUARYZ&TI ng a
subpad starting on one edge, continuing across the subpad, and endi ng at

an opposite_edge, then representative neasurenents should be nmade at equal
di st ances fPﬁHﬁGH@ﬁédge to the other. [0053] Further, atP¢EER818Mput 40
nmeasurenents should be taken, so that the pad can be systematically

eval uated over its entire area. For exapple, if a polishing pad was coated
fromone edge to the other, 3 JANUARY 2007 WD 03/103959 PCT/US03/18002 -

22 and the distgnce befween the edges is 10 inches, thepn four equally
spaced cross s&Pfi 5hg %ﬁﬁ?PQﬁaq%ﬁﬁggnp%?%éﬂ%ﬁ?ﬁﬂﬁfrlpolPﬁ E%'éaﬁﬁg, and 10

neasurements t &er eghally NMuded erysl Ss@tithLaelar Bssma@st i on. [ 0054]
Wth those neasurenents in hand, the PVF is calculated by (a) throw ng out

the highest 2. BS¥BEREhevlde £ ARERt S99%herdd HO PEPEERERENF2V K STenet 1 at ed

the greatest dicshangen, i dtNe Lovest cadep%rfsd RRcRBagUr ements (where the
polishing | ayer penetrated the |east distance), (b) subtracting the | owest

remai ning nead@P8Abnt Y tHhessi GRBSETBIRG STy uFBfeRYE hd (c)
dividing the resybli1Q¥ed Z-(‘éaﬁr agSovhhgknes s Hil@estubprad. oHange, if 40

nmeasurenents, are taken, t (a) the highest neasurenent and the | owest
measur enent ar aeashrenenioet (widye the poleshined@vemgpenebsatedeihe (the 2nd

'rrg‘g’gﬁﬁeingnt h(et %jegiﬁgéhi&ﬁééaﬂée)s,“%ﬁaﬁﬁgdlé& thes @kg@fiét remaining
ghest 1n'the orrgrnal set), and (c) the result is

di vi ded by t he measereagentsi (Kmass tbe phobkishibypad.ays pepeypraged Hdte result by
100% gi ves thelgggt distance), (b) subtracting the lowest remaining
measurement f£rom the highest remaining measurement, and
(c) dividing the result by the average thickness of the
subpad. Hence, if 40 measurements,are taken, then (a)
.the highest measurement and the lowest measurement are
thrown out, (b) the lowest remaining measurement (the
2™ lowest in the original set) is subtracted from the
highest remaining measurement (the 2™ highest in the
original set), and (c¢) the result is divided by the
average thickness of the subpad. Multiplying that
result by 100% gives the PVF.

[0055] Preferably, the PVF of polishing layer 4 is
less than about 75%. More preferably, the PVF of
polishing layer 4 is less than about 50%. Still more
preferably, the PVF of polishing layer 4 is less than
about 25%. Even more preferably, the PVF of polishing
layer 4 is less than about 10%. Yet more preferably,
the PVF of polishing layer 4 is less than about 5%.
Most preferably, the PVF of polishing layer 4 is less
than about 1%.

[0056] Preferably, the PVF of barrier 5 is less than
or equal to about 65%. More preferably, the PVF of

barrier 5 is less than or equal to about 50%. Still



[ 0055] Preferably, the PVF of polishing layer 4 is |ess than about 75%
More preferably, the PVF of polishing |ayer 4 is |ess 3mavuasown7 50% Still
nore preferably, the PVF of polishing layer 4 is |l ess than about 25% Even
nore preferably, the PVF of polishing layer 4 is | ess than about 10% Yet
mor e pref er&'&‘i}//}‘mf%e PVF of polishing layer 4 is |ess theeR/E$9au8005%  Nost
preferably, the PVF of polishing layer 4 is |less than about 1% [0056]
Preferably, the PVF of barrier 5 is less,than or equal to about 65% Mbre
preferably, the PVF of barrier 5is |less than or equal to about 50% Still
3 JANUARY 2007 WO 03/103959 PCTI US03/18002 - 23 nore preferably, the PVF
of barrier 5 iBofegreafiensbdy. ERaabVE clabedrigsss Eeles®ridigst éerably, the

PVF of barriefqai &4 e32ukha850r gfuiaindre haub 10% Yeie M oPr ef erably,
the PVF of barrier 51s |less than or equal "to about” 5% WMost preferably,

the PVF of barbamriey iS5 id desst haan oor egiv@ll te about 10% - [ 0387 |noFiee sean ess
pol i shing pad a 0 essibi it h I u J uni form
One way to ga‘gigéeﬁ%oén]%?éssﬁh%i i y§€n| %Itlﬁ%t% ?% ?%s%eigg%r?gé%gééﬁélduroneter.
Four equal |y spacgzsbuit %2 | Mokstspnpfesablshowhd B¥Fcaf bawomer reedgison of the
pol i shi ng pad ihat vas coat eg fixr)stbc\)/vitt [l he hardenable fluid. Four nore
equal |y spaced i 1-515} SH sgﬁl‘pftes sHoUld “tHen be cut froma regi on of the
pol i shing pad {b@87MWas st edahmasss polisHimg baddefiabhehdd i d. Dur onet er

LU CCNECCOER T e e

sanpl e i s nmeasus eghingd idRpra=eibility uiiltopatl V8l e vesdute Mmak esul ting

in atotal of é&éometer. Four equally spaced 2 X 2 inch samples
should be cut from a region of the polishing pad that
was coated first with the hardenable fluid. Four more
‘equally spaced 2 x 2 inch samples should then be cut
from a region of the polishing pad that was coated last
with the hardenable fluid. Durometer measurements may
be taken using a Shore A, B, C, or D gage, such as one
manufactured by Rex Gauge Company (Buffalo Grove, IL).
Each 2 x 2 inch sample is measured 5 times, recording
the peak value each time, resulting in a total of 40
data points. Mean and standard deviation are
calculated for the 40 durometer meagurements, then
within belt non-uniformity (WIBNU) is calculated by
multiplying the standard deviation by 6, dividing by
the mean, and multiplying by 100%.
[0058] Preferably, the durometer WIBNU of the
polishing pad is less than or equal to about 10%. More
preferably, the durometer WIBNU of the polishing pad is
less than or equal to about 9%. Still more preferably,
the durometer WIBNU of the polishing pad is less or
equal to than about 8%. Even more preferably, the
durometer WIBNU of the polishing pad is less than or

equal to about 7%. Yet more preferably, the durometer



data points. Mean and standard deviation are calculated for the 40
duroneter neasurenents, then wthin belt non-uniform SyANABNUIP0T s
calculated by multiplying the standard deviation by 6, dividing by the
nmean, and my t05/%3¥;9ng by 100% [0058] Preferably, the duroneter WBNU of the
pol i shing pad s Tess than or equal to about 10% Mre prefSOHHZ the
duroneter WBNU of the polishing pad is |ess than or equal to about 9%
Still nore preferably, the duronmeter-WHBNU of the polishing pad is | ess or
equal to than about 8% Even nore preferably, the duronmeter WBNU of the

pol i shing pad j S an_or. .equal__to.about 7% _Yet nore.preferably, the
furomet o 5 I BN 50672 ne) vaP R e sirr s oy 283 E 8 B of ' the
pol i shi ng pad dutess .t hnosorpesfatadtly, aheutiutSmetdrs wipnef eEabhy, the

duroneter WBNU_aof the lishijng pad is |ess than or equal to about 5%
[ 0059] Anot herp%&fhtlﬁ‘gnﬁggu?ﬁ Jc%%prtg’?ﬁ B Ffl‘;}a{ urf? f Y% y*'s to neasure the

stress at -0.Ofposonai n. Andbhee wfpald mespaesdcdmpreksdinil isgnpl es shoul d be
cut froma regioon of the polishing pad that was coated first with the
har denabl e fI HHIOFAEEY ASr EOTRATISF HFackEess @R 1hdF $4FBLBs shoul d t hen

be cut from a rHRQ @duahi1yh8pRed Shix@ Raght Bahp¥es dRatiedpkashtwith the
har denabl e flui d. Conpressive stress strain data should then be generated

for each sanplfEarsingegien P8I Fiami PR} ihieni radt Bt offs 9682 Each sanpl e

should be placedy MRS ERECHAred e 1dOWA1aNt OrRr & iRl Qlu@iBler stationary
pl aten. The top surface of the sanple should then be indented"with a

| oadi ng pl at erfPawed Ag¥a2diaabt gampifes) shoupdheben e quistfire Aay suitably
be perforned 40 A”RMEE £he ﬁB@?%ﬁ%ﬁﬁ‘HEﬁ CBLR: was coated last with

the hardenable fluid. Compressive stress strain data
should then be generated for each sample using the
following experimental conditions. Each sample should
be placed, substrate 1 side down, onto a 6 inch
diameter stationary platen. The top surface of the
sample should then be indented with a loading platen
having a diameter of 0.5 inches. The testing may
Suitably be performed on an MTS 2/G (MTS Systems Corp.
Minneapolis, MN) testing machine equipped with a 10 kN
load cell. The experiments should be performed in
displacement control at a constant displacement rate of
0.010 inches/minute. During the experiments, each
sample should be compressed to a predefined
displacement and then unloaded. The force and
displacement of the top loading platen are recorded as
a function of time. The force and displacement are
then converted to engineering stress and strain by the

following equations:

en,
0% =—



M nneapolis, M\) testing machi ne equi pped with a 10 kN_ |oad cell. The
experi ments shoul d be performed in displ acement cont r GITANUARYZSMS ant
di spl acenent rate of 0.010 inches/mnute. During the experinents, each

sanpl e shoukgh BReePressed to a predefined displacenment n_unl oaded.
The force a% ?I spl acement of the top |oading platen are® ?@ﬂ%ﬁl’ggﬂ as

function of tine. The force and di splacenent are then converted to

engi neering stress and strain by the -fp§low ng equations: p 6 eg ol 4 3
JANUARY 2007 WD 03/103959 PCT/US03/18002 - 25 eng d LO where F =
applied force (I bf) AO = cross-sectional area of the top |oading platen
(in2) d = displacenent of the topg#nading platen LO = initial thickness
of the sanple (in) [0060] The stress df -0.05 strain is recorded for each
sanpl e. Mean and standard deviation are calculated for the 6 sanples, and
within belt nog: uniformty (WBNU) is calculated by dividing the st andar d
devi ation by thé nean and nultiplying by 100% [0061] Preferably, the
stress/strain WBNJ of &hgplpdd Hireég padgr) s | ess than or equal to about
35% More preferably, the stress/strain WBNU of the polishing pad is |ess
than or .equal to aboubke 30%rossi-Bechberal mrseerdblhe tPR stress/strain W BNU

of the polishing padlbédirgésplo‘;te%qqghz)to t han about 25% Even nore

o d = digsplacement of the top loading platen

e I, = initial thickness of the sample (in)

[00601 The stress at —Q.OS strain is reccrded for
each sample. Mean and standard deviation are
calculated for the 6 samples, and within belt non-
uniformity (WIBNU) is calculated by dividing the
standard deviation by the mean and multiplying by 100%.
[0061] Preferably, the stress/strain WIBNU of the
polishing pad is less than or equal to about 35%. More
preferably, the stress/strain WIBNU of the polishing
pad is less than or equal to about 30%. Still more
preferably, the stress/strain WIBNU of the polishing
pad is lesg or equal to than about 25%. Even more
preferably, the stress/strain WIBNU of the polishing
pad is less than or equal to about 20%. Yet more
preferably, the stress/strain WIBNU of the polishing
.pad is less than or equal to about 15%. Most
preferably, the stress/strain WIBNU of the polishing
pad is less than or equal to about 10%.

[0062] Although it is generally desirable, as stated
above, to create a polishing pad having a substantially
uniform compressibility, that is not always the case.
It is sometimes desirable to create polishing pads

having a non-uniform compressibility that is



preferably, the stress/strain WBNU of the polishing pad is |less than or
equal to about 20% Yet nmore preferably, the stress/st?2NMBRU7of the
polishing .pad is less than or equal to about 15% Mbst preferably, the

stress/ straiwp Wighdsh of the polishing pad is |less than or ng}ﬁ%y&& about
10% [0062] Although it is generally desirable, as stated “above, 2o create

a polishing pad having a substantially wuniformconpressibility, that is not
al ways the case. It is sonmetines desirable to create polishing pads having
a non-uni formconpressibility that is 3 JANUARY 2007 WD 03/103959

PCT/ US03/ 18002;,,-5326: ap¥di §42bLeanFOr, e%ampheine hedBYaPfe desirable to

create a poli slﬁl ng pad having subpad that isthicker in sone regions and
t hi nner in ot hersateial oraMishigng Ppdl hahing Subpad that is thigkear iand

Wi inienttonarry Tl ASRCERABER Gl ohald B8, v VL % PP STITT P
preferred thatpbhieshid i Islyieirg thayeis 4t pamretr atnds thatgethe nonuni f or m subpad
3 to a uniformde égtl(ve asu_ri%dt{lrgm;gge d ivseurrfeac__;Lgnof é&]% saubpaq, not the
flat bottom. TH pr ésen Yo itiventton” att ows  custom sﬁapes ike this to be
made nore pregdotistiyg grdl edidi sheaht yonal polhastei Agnpadnifetoh | ntentional |y
varying com essublLIL TR Ve R 0oBl Sl end ol pgl Ll g per for mnce
present inventpebDiskimptldiigt uedehortatds iR itdRgubatnsibpadsbpbide PVF of
ange by t he a9oFage ¥ tATbErER THESSHETAE 2ot o bPE SIS Wy
correspond to thHe sabges, e eleaBONE. bottom). The present

invention allows custom shapes like this to be made

more predictably and consistently. A polishing pad

with intentionally varying compressibility may give a

desired blend of polishing performance, for example,

from center to edge of a gilicon wafer. In other

words, the present invention is not limited to flat,

rectangular subpads. The PVF of such a polishing pad

could be measured by dividing the penetration depth

range by the average thickness of the subpad, and would

preferably correspond to the ranges quoted above.

[0063] According to the method of the present

invention, a seamless polishing pad can be prepared by

(a) providing a porous subpad, (b) applying a barrier

to the subpad, and (c) coating the barrier-coated

subpad with a hardenable fluid to form a seamless

polishing layer. A seamless polishing pad also can be

prepared by {(a) providing a substrate, (b) attaching a

porous subpad to the substrate, (c) applying a barrier '

to the subpad, and (d) coating the barrier-coated

subpad with a hardenable fluid to form a seamless

polishing layer. A seamless polishing pad also can be

prepared by (a) providing a porous subpad, (b) applying



[ 0063] According to the nethod of the present invention, a seanl ess

pol i shing pad can be prepared by (a) providing a por oA R0T b)
applying a barrier to the subpad, and (c) coating the barri er-coat ed
subpad w t hwa dgssagnabl e fluid to forma seam ess polishj éﬁgv

seanl ess polishing pad al so can be prepared by (a) providing a su%strate
(b) attaching a porous subpad to the substrate, (c) applying a barrier to
t he subpad, and (d) coating the barrier2¢oated subpad with a hardenabl e
fluid to forma seanless polishing |ayer. A seanm ess polishing pad al so can

be prepared by g8 iRRO¥idLRE éﬂ%@é@us(éugﬂﬂgchiﬁ @R |H G e3 - JANUARY 2007
WO 03/ 103959 PCT/ US03/ 18002 a barrier to the subpad, (c) attaching

the barrier- comtaf subpad £6 a supzirahce, aaﬁd((iﬂ)c@mﬁmg'—h@he ,
barrier-coat Edbéfﬁ.f&%azld c‘éﬁ'att'%dasﬂ 9&’\@?&}? d ‘r%&:{ieEQbié”%&Lgld $RAFRRSaPO! i shing

| ayer. A seanl ess ishing p al so can be prepare y (a) provi d| ng a
porous subpad, Sea(thﬂ)e@pmo)lllﬁglagbha}’@er tPo Sehmlsabpadlli@ngz@@ﬁl ng the

barri er-coat edag (%) ‘L \get Eﬁgpggég %ﬂb{]g rlé)lv_d‘_dlig &ug%%gés pol i shi ng

| ayer, and (d) |ng a er ~and r| er-coa subpad to a
substrate. [0064) a&ogiqﬁﬁ@hangapadeprtapaﬂed sabpaddl ng) t@oattrnelg)ﬁ:het he above

rechous (1 nventiae POLLANNG BeSh) 0l 43 s REL LA 0]y, yhose devt
penetration ofsémfepnsl |p$in1@glh§ybayeﬂ aambl(ldshaﬂgapnﬂngfmerred fromthe sane
mat eri al s accor sane t hod, but t he step where the
barrier is apngrJe%‘ héaygﬁnﬁnﬁo ’é’ﬁjr% WRFEG H‘gﬁ? tHe darrier”). The
i mprovement i nsyesetatad. on depth uniformty can be
- [0064] A polishing pad prgpared according to one of
the above methods (“inventive polishing pad”), includes
a polishing layer whose depth of penetration into the
-porous subpad is more uniform than the depth of
penetration of the polishing layer in a polishing pad
formed from the same materials according to the same
method, but omitting the step where the barrier is
applied (“the same polishing pad without the barrier”).
The improvement in penetration depth uniformity can be
measured by (a) subtracting the penetration wvariation
factor (PVF) of the polishing layer of the inventive
polishing pad from the PVF of the polishing layer of
the same polishing pad without the barrier, and (b)
dividing the result by the PVF of the polishing layer
of the same polishing pad without the barrier.
| Preferably, the improvement in the PVF of the polishing
layer of the inventive polishing pad is greater than or
equal to about 10%. More preferably, the improvement
in the PVF of the polishing layer of the inventive
polishing pad is greater than or equal to about 30%.
Still more preferably, the improvement in the PVF of

the polishing layer of the inventive polishing pad is



measured by (a) subtracting the penetration variation factor (PVF) of the
pol i shing layer of the inventive polishing pad from t HADAR¥200Te
polishing layer of the same polishing pad without the barrier, and (b)

di vidi ng t heyg@apdese by the PVF of the polishing |ayer ofpcf]ﬁﬁ%%w pol i shi ng
pad without the barrier. Preferably, the inprovenent in the o% t he

polishing |layer of the inventive polishing pad is greater than or equal to
about 10% More preferably, the inprove2®&nt in the PVF of the polishing
| ayer of the inventive polishing pad is greater than or equal to about 30%

Still more pref@rally crbe ok MEgyenBNtatdut Bes PViedln ddie pol i shing layer of
the inventive polishing pad is 3 JANUARY 2007 WO 03/103959 PCTI US03/ 18002
- 28 greater BPIRtwPldguibet STRHIRNBUVINEFRA HYF of gihe @cdBERinghe

| mprovenent | mLhe RYF ol §APeROLYS N oK A%CEaA 5§ Nerdduaanthig Bl i shi ng
pad is greater than or equal to about 70% “Yet nore preferably, the
i nprovenent i nequrl RYF apouth@Opel i ¥¢ti mpreapuefefabhe, Yhwentive polishing

pad is greater; @ﬁﬁ%@ﬂgﬁl t{q@ P@PO& tt%%(y' Owgﬁv%e%aﬁl;épléé +hae inprovenent

in the PVF of ing layer o nven I'shing pad is
greater than oinesnidlve podbebting9pad [(3)6hjeaepothahi oy gzatlptepar ed

according to the 10d he esent invention ("inventi pal.L.shi ng
pad") wll oft%lo%ﬁ&dn i%?ﬁ%o ]é%%ﬂ%"ri r'm't}(’f 5 pr%o?rri‘)errétss]i *?’iet %]Vgs conpar ed
to a poli shi ngopachd @oiEdhihyohaybe s@mhendherhal ge goelistiing padt he sane

tr)n; Plogr ") PUEI'th? %%eg#e%%?’a%ﬁkﬁg?%%ms%m %ltlcggrl’ﬁpgsg?gi }N: wog;n Lgemeasur ed

by (a) subtractoogslt he Adpodishéng\idBNpmefpatred aovendirnvg tpoltihehi ng pad from

the method of the present invention (“inventive polishing
pad”’) will often have an improved uniformity of
compressibility as compared to a polishing pad formed
from the same materials according to the same method,
but omitting step (b) (“the same polishing pad without
the barrier”). The improvement in uniformity of
compressibility can be measured by (a) subtracting the
durometer WIBNU of the inventive polishing pad from the
durometer WIBNU of the same polishing pad without the
barrier, and (b) dividing the result by the durometer
WIBNU of the same polishing pad without the barrier.
Preferably, the improvement in the durometer WIBNU of
the inventive polishing pad is greater than or equal to
about 5%. More preferably, the improvement in the
durometer WIBNU of the inventive polishing pad is
greater than or equal to about 15%. Still more
preferably, the improvement in the durometer WIBNU of
the inventive polishing pad is greater than or equal to
about 30%. Even more preferably, the improvement in
the durometer WIBNU of the inventive polishing pad is

greater than or equal to about 45%. Yet more

preferably, the improvement in the durometer WIBNU of



duronmeter WBNU of the sane polishing pad without the barrier, and (b)
dividing the result by the duronmeter WBNU of the sans JaNUAg 2097 pad

wi thout the barrier. Preferably, the inprovenent in the duroneter WBNU of
t he inventi ing pad is greater than or equal to about 5% More
pref erably,ﬁogﬂwﬁ%{]overrent in the durometer WBNU of tHETIREAINZe
polishing pad is greater than or equal to about 15% Still nore
preferably, the inprovenent in the ducoggter WBNU of the inventive
polishing pad is great er than or equal to about 30% Even nore preferably,

t he irrproverren in, durorr? W BNU, af the 1ane |ve Ol'StrE 8 pad is
greater than of %q][fgreri 3 VEbBALABEY \RA 6 STCBFEF ex Mt T ERES rrg ovenent in

the duroneter M&EMNJ 3.3 HBMUARYe 2ORLI WO thHd/ 1&§959erﬁ§ﬁﬁz’ \#&08h28002 - 29
the inventive polishing pad is _greater than or equal to Qout 55% Mbst

preferably, theSrPMvERERAL Ph ERe TRNFnetePOW BRU'DPAHESi nvent i ve

polishing pad gscatreairtin bRaBqgOhl eglabdid aBeut 65% [0066] The inprovenent
inuniformty of conpressibility also can he nmeasured by (a) subtracting

the stress/stri?P68k BNUTHS LRBTPHEBRRY i& pOHLESRMAGY o2l from t he
stress/strain %I%Qlﬂlhﬁ.t%aaﬁsgoééﬁ b Gt reWl E{_}‘OFA) tsh&t%ﬁ'f:'lﬁa and (b)
u i ng

dividing the res the "stress/strain WBNU of " the sanme polis
wi thout ‘the bERE| %ﬁrreaﬁr/@ftéﬁaﬁl YIBNG eof rftovaventive Rl Srings®Adt r ai n w BNU

of the i nventi ¥eRalioNiigsBadclsin HANE o RAL BunEquali diBboul 10% More

preferably, the inprovenent in the stress/straln W the inventive
pol i shing pad Wsthewattde baawisr. eqndl (Rlo digdddng2she R4ult bor shereferabl y,

the improvementjp.g fd6-StY GBBT AT ChdVBML §h160R: hGVEM iWeHBAkLT Shi ng pad

the barrier. Preferably, the improvement in the
stress/strain WIBNU of the inventive polishing pad is
greater than or equal to about 10%. More preferably,
the improvement in the stress/strain WIBNU of the
inventive polishing pad is greater than or equal to
about 25%. 8till more preferably, the improvement in
the stress/strain WIBNU of the inventive polishing pad
is greater than or equal to about 40%. Even more
preferably, the improvement in the stress/strain WIBNU
of the inventive polishing pad is greater than or equal
to about 55%. Yet more preferably, the improvement in
the stress/strain WIBNU of the inventive polishing pad
ig greater than or equal to about 70%. Most
preferably, the improvement in the stress/strain WIBNU
of the inventive polishing pad is greater than or equal

to about 85%.

Example 1

[0067] A polishing belt was produced by casting a
polyurethane polishing layer over a commercially
available subpad material laminated to an endless

stainless steel belt.



is greater than or equal to about 40% Even nore preferably, the

i nprovenent in the stress/strain WBNU of the inventivaigoiAsheeog pad i s
greater than or equal to about 55% Yet nore preferably, the inprovenent in
the stress/ sy¢ &i/19398 BNU of the inventive polishing pad is 8@hSho2t han or
equal to about 70% Most preferably, the inprovenent in tﬁe stress/strain
WBNU of the inventive polishing pad is greater than or equal . to about
85% Exanple 1 [0067] A polishing belt-wa8 produced by casting a

pol yur et hane polishing | ayer over a conmmercially available subpad materi al

| ami nated to anjegyliess rababphesss Siealn1Rekt stded ADMARY( 20T o WO 03/ 103959
PCT/ U503/ 18002 - 30 10068] The endl ess stainless steel belt (substrate 1)

was appr oxi mat elly o6 applesinahgly 1% i inghes wodg, lanthdhe@idaehes thi ck.
The endl ess st al t L th : j rom Bel t
S R SO SIOTILE e O el

Technol ogi es I nc. I's exanpl e was' obtai ned
from Thomas Wsand ri;y thSsnayembée GG .obHad nednfieewi B¢lt desi gnation for the

subpad is 817. %@ékﬁw. ri%t]gtggisa&nifjgngA?g‘%rjlo%A ol ored non-woven material,
a so oner

i npregnated wit S el as C conposi'tion. Despite the inpregnation,
t he subpad mat ef0@d91st i | ISubpagoBois tinie ecwnpiesvabl ebtdiredsdypad mat eri al

was suppl i ed vm,t}g a \rx%blgeg- bgszgu ress]lbjre c§r]si Irilvga adheersiiv lam nated to
one side. The s ?)r%ﬁf $tobt'Sin WY ’aﬁ%ul ar Sl ey acp;?ﬁom mately 12
i nches wi de andieédigatimmh€sr thagsudped tily gknmessThisthecenilijadsanad adhesi ve
together was apﬁéf?%&“@éi% e 'ggg—&ggggﬁﬁaggyTé ,tggpregnated with a

soft elastomeric composition. Despite the

impregnation, the subpad material still is'porous and

compressible. The subpad material was supplied with a

rubber-based pressure sensitive adhesive laminated to

one side. The subpad was obtained in rectangular

pieces approximately 12 inches wide and 31.25 inches

long. The thickness of the subpad and adhesive

together was approximately 0.028 inches, where the

subpad layer was approximately 0.022 inches thick, and

the adhesive layer was approximately 0.006 inches

thick.

[{0070] Three pieces of the subpad were affixed,

using the adhesive backing (adhesive 2), to the outside

surface of the stainless steel belt. The subpad was

positioned so that it was approximately centered

between the edges of the stainless steel, leaving

approximately 0.5 inches of exposed steel along both

edges. Also the three pieces were positioned and

trimmed if necessary to leave a gap of approximately

0.03-0.06" between the ends of the pieces.

[0071] The stainless steel and subpad laminate was

placed on edge inside a cylindrical mold. The mold is

constructed as two concentric cylinders positioned on a



subpad | ayer was approximately 0.022 inches thick, and the adhesive |ayer
was approxi mately 0.006 inches thick. (0070] Three pi éJ8¥VARY2A¥ subpad
were affixed, using the adhesive backing (adhesive 2), to the outside
surface of {Bes:5§:84nl ess steel belt. The subpad was posigdangshsee that it
was approxi mately centered between the edges of the stainless steel,

| eaving approximately 0.5 inches of exposed steel along both edges. Al so
the three pieces were positioned and +triimmed if necessary to | eave a gap of
approximately 0.03-0.06" between the ends of the pieces. [0071] The

stainl ess steelpapd saubpad TR AR @\Ree RbBGes Up&sAdRnuNEhdBeaa £y i Ndri cal
mold. The nold is constructed as two concentric cylinders 903|t|oned on a 3
JANUARY 2007 \ABI®Zti939B9rPETrheEngomeoor thrgaugh ghee biisgt @latfhe top of the
mol d is open, Adjer e 3he mbih &Idt@nBRLt Snt Nata GRS LR LRI O4gH the base
plate. [0072] The nold containing the stainless steel and subpad | am nate
wer e preheat ed subpad desdnabe twere desheatieteipermtaneas ftor tbasti ng. Once the

nol d reached the, . i ture I 0 ectad. w
har denabl e fl ui s-&ge%mrtgﬁﬁ‘%‘gggﬁ%o#fuF&%‘Egﬁgpr g%’%{\%s é{%oﬁ%&énnﬁ%%@i% 750D
avai | abl e fromt@reonjesiwredot popatatire, Whddhebdryas GHjeaneddwathna curative

(Et hacure 300 E300 nuf actured hy Al bemarl e Corparation_(Baton Rouge,
LA). Casting arP( ’—”cd%r arkl)gq%cgilall%i onas,m]‘?g{ Efﬁdg%gpo%ﬂ%%a&e E&F’%Pi ve, process

t enperat ures, atRbIFRINESSLEt 15853 averidadbee Fobho®iopigit delrppeatpab) i shed in

LF 750D and E300, Pr oduct a_Sheget s ,avail able fr Cro Cor por ati on.
[0073] Pol i shi ng-4 3),1&155?? R AR fudaroye (Blhacu?ds8g Corporat!

(E300) manufactured by Albemarle Corporation (Baton

Rouge, LA). Casting and curing conditions, including
émount of curative, process temperatures, and process.
times were set following guidelines published in LF
750D and E300 Product Data Sheets available from
Crompton Corporation.

[0073] Polishing layer 4 solidifies within a few
‘minutes after f£illing the mold. After approximately
10-15 minutes the part was removed from the mold and
placed in an oven to complete the curing process.

After the part was fully cured, it was removed from the
oven and was allowed to cool to room temperature for
further processing through a series of secondary
operations necessary to trim the part to the desired
final dimensions. The final resulting polishing belt
has a seamless polishing layer, with grooves and buffed
gurface finish. The overall thickness is 0.085-0.091
inches, which includes the polishing layer thickness of
0.037-0.043 inches.

[0074] The finished belt was cut into pieces, and
various pieces were used for qualitative peel testing,
for measuring depth of penetration and durometer, and

for generating compressive stress strain data.



mnutes after filling the nold. After approximately 10-15 mnutes the part
was renoved fromthe nold and placed in an oven to corRpPAMUARYRE80T uri ng
process. After the part was fully cured, it was renoved fromthe oven and

was al | owedyldysq9ek to roomtenperature for further proc j ough a
series of secongary operations necessary to trimthe parf5§%§$%%ﬁéesired

final dinensions. The final resulting polishing belt has a seam ess
polishing layer, with grooves and buff-ead2 surface finish. The overal
thickness is 0.085-0.091 inches, which includes the polishing |ayer

thi ckness of - Qod7dy 0. 043, dnchies.d QOS] e dy nsted:Bel syt i nto

pi eces, ‘and various pieces were us Itative peel testing, for
measuri ng dept booflipene¢trwtdrolengoddsbiesg elgyeandndf bhegenepad i g

conpressi ve stres train data. JANUARY_ 2007 03,1039 /US03118002
D [o078] QT atrba Dears Bt THa Ehted TUa "Ehe S bRTA 7y between ¢ he
pol i shing | ayeawapdftde shdbpatbdgasl legey sitiong; delerpghihghting | ayer coul d
not be peeled a fromthe bpad.l ayer wi.thout destroying the

cohesi veness oFoﬁgélgﬁB%%% ?§§%F$§UP§6§GTt h of penetration measurenents
were nmade by €oamshi ng DEmSs -G gldmeitatiod Indaalemens saeeosSnade W dt h of

the belt at each of 4 different | ocat,i ons, apﬁéfxinatelé 90 degrees apart,
around the | eng¥hSEPMIEHRI b SS FRGTEPBP 2l Yot aC3GHORE BFFPET eMt® | ocat i ons

were exam ned. wEaeh §8MPhe KiBCRLXARNMNEEH Na%i f RRRMGX1BBRE YN, 5 i nches
| ong. A mcroscope set to 30x pmagnification and a caliper were_ used to

measure the dEPPROBEMPERLY r2R i4F9T5est RB2Pb! | BINWY FiCelPRPRN®D the subpad
| ayer. Because thepe1¥as Bhé k- ¥Bta®f of 44 different locations

were examined. EBEach sample piece_examined was _
approximately 0.5 inches long. A microscope set to 30x
magnification and a caliper were used to measure the
depth of penetration of the polishing material into the
subpad layer. Because there was a large amount of
variation apparent within each sample, a maximum and a
minimum depth of penetration were recorded for each of
the 44 sample pieces, generating a total of 88 actual
measurements. The maximum and minimum measurement for
each sample were averaged to give a representative
depth of penetration value for each sample. The 44
representative values were sorted from highest to
lowest, then the effective range of penetration was
determined after eliminating the highest 2.5% of the
values and the lowest 2.5%. In this example, this
resulted in elimination of 1 highest and 1 lowest
value, leaving 42 values from which the effective range
was determined. Once the effective range of
penetration has been determined, a penetration
variation factor was calculated by dividing the
effective range of depth of penetration by the average

thickness of the subpad layer. This variation factor



Y T AN AN ATt

vari ation apparent within each sanple, a maxi numand a m ni nrum depth of
penetration were recorded for each of the 44 sanple pixsddAR)EW@T ating a
total of 88 actual neasurenents. The maxi nrum and m ni mum measur ement for

each sanpl e raged to give a representative dept f netration
val ue for eg\(@%fg%%fe. The 44 representative val ues mr&%@@%&soﬂ om

hi ghest to |owest, then the effective range of penetration was determ ned
after elimnating the highest 2.5%of -the -values and the lowest 2.5% In
this exanple, this resulted in elimnation of 1 highest and 1 | owest

val ue, |eaving 42, values fro i ffecti range . was .det er m ned.
Once the eff eg‘f'll\f/%a ?%;igaer%%r @Sg(%%?%%?%n&%%s% 5é§ \cri%f%a‘racmlor{lesd,l%a penetration
vari ati on factpensasatciadc Wegitddahy it vrdiInget beal éf efxir veampdlege of dept h of

penetration by the average .thickness of the subpad |ayer. Thi,s variation
factor 3 JANUARY-2087€ r@éﬁﬁggSgeﬁﬁ/%ﬁ%gﬁg o8- S?hewgelﬁbénl arger for
sanples with | ange &ddnglid 03 anpepetieit b aRrdepidn afkbtdr WEMF)be snal | er
for sanples w th npre consistent depth of penetration. The belt in this

exanpl e has a P n&¢¥ati on variation factor (PVF) of 66% [0077] Duroneter

nmeasur ement s Wgpe7ypken miroheteZ meASHr&SMLNel-BataMel eorcyt f rom the belt.
Four sanples were cut froma 3 inch w de re%:hgn at the top edge of the
belt, and 4 sahPFRsSaERleT HRAt yRrs SUF NP WibgePPeli on ERUX he bott om edge

of the belt. Thesglesaihes LML ERRPACE i ot WileN88g8BAdt AlRNG gAach edge.
Top refers to the edge that was at the top of the, nold during casting, and

bottom refers edgehel deftpe Rsfltuhandpé| eampeRs WeSeafut hErgbta Gmidch he nol d
during castingyide region at the bottom edge of the belt. These

‘samples were spaced 2-4 inches-apart along each edgg.
Top refers to the edge that was at the top of the mold
during casting, and bottom refers to the edge of the
belt that was at the bottom of the mold during casting.
Durometer measurements were taken using a Shore C gage
manufactured by Rex Gauge Company. Each 2x2 inch
sample was measured 5 times, recording the peak value
each time. Therefore a total of 40 data points were
recorded for the belt in this example. Mean and
standard deviation were calculated for the 40 Shore C
measurements, then a measure of within belt non-
uniformity (WIBNU) was calculated by multiplying 6
times the standard deviation then dividing by the mean.
The belt in this example resulted in a WIBNU(6s) = 9.9%
for peak Shore C durometer.

[oo78]} Six additional 2x2 inch samples were cut from
the belt for compressive testing. Three of the samples
were taken from near the top edge and three from near
the bottom edge of the belt. Compressive stresgs strain
data were generated for each sample using the following
experimental conditidns. Each sample was tested in

compression by placing the sample, steel side down,



Duronet er nmeasurenment's were taken using a Shore C gage manufactured by Rex
Gauge Conpany. Each 2x2 inch sanple was neasured 5 ti me¥SNUARYIT ng t he
peak val ue each tinme. Therefore a total of 40 data points were recorded

for the bel tyd @ bhks exanple. Mean and standard deviati 0&%8‘3%0‘3/19&5‘3“' at ed
for the 40 Shore C neasurenents, then a neasure of wi thin belt non-

uniformty (WBNU) was cal culated by nultiplying 6 times the standard
deviation then dividing by the mean. -Th& belt in this exanple resulted in a
WBNUY(6s) = 9.9% for peak Shore C duroneter. [0078] Six additional 2x2 inch

sanpl es were cyhebr @y 10, Reldndiel SeOPI&SSY 1leeh Rlen TIN&EN©OInd he
sanples were taken fromnear the top edge and three fromnear the bottom

edge of the belthe beppsestice oft thesspeednen widin andpadgrgaepbateein f or each

sanple using t 0l | ows ,%ggp i t di tf Ea | e was tested
in conpressi on@l%béﬁél g\(l:\ih%nef e ?glnplgﬁg, %!éctﬂg%] si%%ngg\fn, 8§ ?%I%IPJARY 2007 WO
03/ 103959 PCT/ y8@36186020on -aiBMTSORYEG tebtimg matitdmet equspped ondirly l at en

then i ndenting. .t op.surface of the specinen Wt | ogading_pl at en
havi ng a di ameter Q@f iﬁg% (i:enlc 'es.T%'FheexPSE ?%%é@m‘%e\%epgreggf)rrr@ ao%nan MIS 2/ G
testi ng- machi neieglbppeentv ddntaroll @tk bl toastad |displecenpsati netd sofiver e

performed in i splacenent ,control at _a constant di.splacenent. rate of 0.010
i nches/ m nut e. %?‘Pnbn‘f}ﬂ%s/éyﬁg‘}tiermnggflg%cnhe s%%’ce}rﬁﬂ%n&és E3fdressed to a
predefined di spipaecetent wadnsbrigiessed @adedprddief frvd eliapdadesghiacenent of
the top |oading platen re.recorded_as a function of tipe.  The force and
di spl acenent W(??’g Fﬁ@ﬁ ‘d%ﬁ%qet d 1o éﬁﬁ?ﬁe@ﬁ Sﬁiﬂﬁ?@eﬁ d°Ett B¢ n by the
follow ng equaldpolsading platen were recorded as a function of time.

The force and displacement were then converted to

engineering stress and strain by the following

equations:

where
e F = applied force (1bf)
e A, = cross-sectional area of the top
loading platen (in?)
e d = displacement of the top loading platen

¢ I, = initial thickness of the sample (in)

[00791 The stress at -0.05 strain was recorded for
each sample. Mean and standard deviation were
calculated for the 6 samples, then a measure of within
belt non-uniformity (WIBNU) was calculated by dividing
the standard deviation by the mean. The belt in this



F AO where = applled force (I bf) AO = cross-sectional area of the top
| oadi ng pl at en (| n2) d = displacenent of the top | oadiPWgNYARYS07 LO =
initial thickness of the sanple (in) [0079] The stress at -0.05 strain was
recor ded f%voo%flﬁ% 9sarrpl e. Mean and standard deviation were calcul ated for
the 6 sanpl €s A a measure of within belt non-unifornf$YUSNE%) was

cal cul ated by dividing the standard deviation by the nean. The belt in this
3 JANUARY 2007 WO 03/103959 PCT/US03/18802 - 35 exanple resulted in a
WBNU(ls) = 37%for stress at - 0.05 strain. [0080] The above neasurenents

i ndi cate that the ol i Shl ter| netr at even Lnto. t he subpad

| ayer and thi se?%%f?eﬂe?lhl iAbfe k%ﬁg %)SI v§d7 plr‘%gpers'%%eg Sahd dur onet er

measurenents. lbnoadgttatm. it is logical to infer that other properties,

such as dynam hani cal ertles al so wo ary.fro point to poi nt
around the bel t[%og‘ﬁ@en tﬂé n%lr? G EEPHT SRS - qatlfr?s)éhék %‘Fe 2 [0081] The
met hod of Exanmplogiinies rﬁaamaa.taadpé&eagaaeddmgﬁrﬁ@t ines- vaxeguppderi al as

subpad 3. In this exanple, a non-wyven nmaterial called AQU LINE and nade
by TEXON I nter &éﬁ’?én%’lld(‘?_l’é’t%e‘%etsé‘rl B dPaldy 1 akkss CORREFEEEE on one side with
the same rubberyb ﬁgleQV%%&oﬁféF&%H hegs@eifsine 2 1S aWagc usedid n Exanpl e
1. The AQUI LI materi al conprises non-woven pol yester

is loglcal to infer that other properties, such as
dynamic mechanical properties, also would vary from
point to point around the belt, given the non-uniform

- cross-sections.

Example 2

[o081] The method of Example 1 was repeated using a
different non-woven material as subpad 3. In this
example, a non-woven material called AQUILINE™ and made
by TEXON International (Leicester, England), was
laminated on one side with the same rubber-based
pressure sengitive adhesive 2 as was used in Example 1.
The AQUILINE™ material comprises non-woven polyester
fibers with much less impregnating material compared to
the 817 material from Thomas West Inc. Comparing the
two different subpad materials using a microscope or
SEM shows that the AQUILINE™ material has a much more
open structure and a higher degree of porosity than the
817. The AQUILINE™ subpad was cut into rectangular
pieces approximately 12 inches wide and 31.25 inches
long. The thickness of the subpad and adhesive
together was approximately 0.038 inches, where the
subpad layer was approximately 0.032 inches thick, and
the adhesive layer was approximately 0.006 inches
thick.



fibers wwth nmuch | ess inpregnating material conpared to the 817 materi al
from Thonmas West Inc. Conparing the two different subphfANBARY d@Fs using a
m croscope or SEM shows that the AQU LINE nmaterial has a nuch nore open
structure agg, @ pigher degree of porosity than the 817. The AQUI LI NE"
subpad was cut 1nto rectangul ar pieces approximtely 12 Th¢HI1#0%e and
31.25 inches 1long. The thickness of the subpad and adhesive together was
approxi mately 0.038 inches, where the- sgibpad | ayer was approxi mately 0.032
i nches thick, and the adhesive |ayer was approxi mately 0.006 inches thick.

3 JANUARY 2007[06/;;%]03/ 1%@%%%%% (J)a%()g%sc§§bec50ﬂ§2dd%a§§gesi‘”e net hods as

described in Exanpl'e 1 were |l am nate the s to the
stai nl ess st eg¢réeidl Ismlestt tat éadindte pmhepavbpafictontity dtmicdsss t he

polishing | ayer, 4 nd.to_finish the polishin elt., JThe overall thickness
was 0. 085-0. ogiter'énlcﬁ”eeg,t S\'/%FEPF%C?UG%S Ptrﬁé’aﬁgl Fs‘ﬁi"r‘\%l‘?'affeor BRFckness. of
0.027- 0.033 itiehasol iBienkh Aagheds pedrid was faut shptiaacbolsidljiegt ed to t he sane

host of tests as_described in amle 1, with differences in nunbers of
sanpl es and tRthni qfﬁ%&e ﬁg@g&%?ﬁ%ﬁ%gﬁ%&agb%a‘h% peEi*SPest i ng
i ndi cated thatwhhen hendides babweenidhimgpaliyeli 8Bitryess as ot.hessubpad is

very strong; theg%oolj shi ng Iz%%er could not _be peeled away fromthe subpad
| ayer without Ye%tt WISHESt-he TheohiRishER OS5 VRReCUDFRAP T sel f. [ 0084]

Depth of penet sabi &t dEasli@RERhfe ESH: dJFeltbetBedsaeddrHidd @hent | ocations
around the belt, 11 Ilocations across the width at 7 different | ocations

around the | enG¥¥Phhe depith GfLperentes iidh Ypberseat samples and

techniques noted below.

{0083] Qualitative peel testing indicated that the
bonding between the polishing layer and the subpad is
very strong; the polishing layer could not be peeled
away from the subpad layer without destroying the
cohesiveness of the subpad itself.

[0084] Depth of penetration measurements were
performed at 77 different locations around the belt, 11
locations across the width at 7 different locations
around the length. The depth of penetration observed
within each 0.5 inch long sample was more uniform here
than it was in Example 1, therefore only one
representative penetration measurement was recorded for
each sample instead of two. In this Example, a total
of 4 points were thrown out to determine the effective
range. The belt in this example has a PVF of 91%.
{00851 Durometer measurements (8 samples) and
compressive stress strain measurements (6 samples) were
obtained in the same manner as described in Example 1.
The belt in this example resulted in a WIBNU(6s) = 15%
for peak Shore C durometer and a WIBNU(ls) = 83% for

stress at -0.05 strain.



Wi thin each 0.5 inch long sanple was nore uniformhere than it was in
Exanple 1, therefore only one representative penetrati DIANRGSUI®NENt Was
recorded for each sanple instead of two. In this Exanple, a total of 4

poi nt's ver e .t &%ﬁﬂ out to determne the effective range. The belt in this
exanpl e has 'a 8t 91% [0085] Durometer measurenents PE7EHR3P3) and
conpressive stress strain neasurenents (6 sanples) were obtained in the
same nmanner as described in Exanple 1- 37he belt in this exanple resulted in
a W BNY( 65) = 1506 for peak Shore C duroneter and a W BNU(is) = 83%for

stress at 6 mgal n. T% JAglgéeRY 2007 WO 03%1(93 (ﬁg U%QISI 18002 - 37

[ 00861 The abo asur enents i ndrcate “ﬁélttst po |s I'ng fat eri al

penet r at ed unqy@nlah:mgt @aﬂ:b&iambpéﬂet:ﬂ‘a’t)éar uastehhy sintes WHeedubpadar i abl e

conpressi ve erties and duro rreasur nt s. In addition it is
logical to i nf 7 etrhaﬂ“dottg‘érs ﬁ?ﬁﬁge?$é§1 Vﬁf&ﬁ CHRI T fechani cal

properties, algsgspenailed \é@ﬁydt&embt@@lnrgasmeaehag arpungidita oelit, given the
non- uni form cross-sections. Variability is even greater here than in
&

Exanpl e 1. Exah®l®B0087] 1hETnERdo PO IERPARBPEC 2 9asSYRb @4t ed, except

that in this cmr@lcp%{erdh%léawagra@@}ﬂﬁé t Q1 kBewodfdd:NE Fropubpad materi al
prior to casting polishing |ayer 4. A barrier was achi eved usi ng a

kni f e- over - r oPPittecdithiRpi@tt arappiythe fslfur giMgRet BeiHen v i fegmmposi ti on

(D2596H Adhesi ¥g,and:d4330Cr 0gaki DKLl 1ty avAkkahl ﬁré&@é& DA chig. ) to one
side of the non-woven nmaterial prior to having the pressure sensitive

adhesi ve | ani nht d#awlehd -ot her side of the non-woven.

Example 3 . ‘

[00871] The method of Example 2 was repeated, except
that in this case a barrier 5 was applied to the
AQUILINE™ subpad material prior to casting polishing
layer 4. A barrier was achieved using a knife-over-
roll technique to apply a polyurethane adhesive
composition (D2596H Adhesive and D2597 Crésslinker,
available from DELA, Inc.) to one side of the non-woven
material prior to having the pressure sensitive
adhesive laminated to the other side of the non-woven.
The barrier material formed a very thin film at the top
surface of the non-woven material, adopting the texture
and topography of the non-woven and substantially
sealing the top surface of the subpad layer. A single
belt was used for qualitative peel tests, penetration
measurements, hardness measurements, and compressive
testing. Other polishing belts were prepared according
to the same method, and were used to check lamination
integrity on the belt roller apparatus depicted in Fig.
5.

[0088] Qualitative peel testing indicated that the
bonding between the polishing layer and the subpad is



The barrier material formed a very thin filmat the top surface of th
non-woven material, adopting the texture and topography?8YVARE200n- vvoven
and substantially sealing the top surface of the subpad |ayer. A single
belt was usedobmrosgoal itati ve peel tests, penetration neaewieiERRHES,

har dness neasurenents, and conpressive testing. OQher polishing belts were
prepared according to the sanme nethod, and were used to check | am nation
integrity on the belt roller apparatus dépicted in Fig. 5. [0088]
Qualitative peel testing indicated that the bonding between the polishing
| ayer and the sebpadtiong; JANUARY i2001g ]l@é)B/dt@ﬂ@S&oECﬂSéUﬁ&SIécBOOZ - 38

very strong; the polishi | ayer cqul d not, .be d away fromthe subpad
| ayer without G‘é’§§ 6??%9%%&%&%3?%8?3@%“&?“’%% gﬁﬁb'éﬂgl FR8If. In
addi ti an, SeV%b&bsbﬁéﬁés@-c&.ﬂrtﬂ‘id’l@ubpaahiSs@(ﬁiﬁp|1@1 wa&Hetiba, on a  belt

roller apparatus, as_illustrated jn % in order to check |anination
integrity underseéf?ﬁa}n pel %tacc&ﬁ%ﬂﬁl 5 sthalfheE’i?é‘PPcl? Were rFuh a% &bout 300

feet per mnutRievesr11elt! Shsarkakdd, 13 havisera L a_mtl:e? of, abeut 12
i nches. Pressure was applied continuously to the to t he pol i shing belt

by neans of a @*EeRake ¢hererlagigprtigs; gﬁFﬂ%rJa‘b‘bd%ndedeé‘éﬁélg YRS t i oned

above one of e TPUBLENg rtd &3 tel@brbOorgh et &bt BobhEgugh,ahi ch the
belt was continuously traveling. The contact area between the top roller

and the top of mimatpepvenarsollgysut (192 Ahthbaving ahelirrgtes PhRcielut t hus
gi ving an apply 2eglﬁx%§§5 E%Q%s%o‘dfas‘lgp iiecfiV@%r?Jlﬁ%%s BLi prously poured

onto the full wd t at ara out 1 er per mnute.
After running ftop ofsthenpobislsihchdeds, byhwegpns i chiangrsdhanghvekteno si gns

(8), weighing about 125 pounds, positioned above one of
the mounting rollers (10) to create a nip through which
the belt was continuously traveling. The contact area
between the top roller and the top of the belt was
about 12 inches by about 0.25 inches, thus giving an
applied pressure of about 40 psi. Water was
continuously poured onto the full width of the belt at
a rate of about 1 liter per winute. After running for
as long as 67 hours, the polishing belt showed no signs
of delamination, i.e., there was no visible gap
developing between the belt layers.

[0089] The depth of penetration into subpad 3 of
both peolishing layer 4 and barrier 5 were measured, and
the PVF calculated, as described in Example 1. The
polishing layer 4 did not penetrate past barrier 5.
Barrier 5 had a consistent depth of penetration of
between about 0.002 and about 0.004 inches. In other
words, the PVF for the polishing layer was less than
about 1%, while that of the barrier was about 6%. The
substantial uniformity of penetration depth is depicted

in Figs. 6 and 6a, which show scanning electron



of delam nation, i.e., there was no visible gap devel oping between the belt
| ayers. [0089] The depth of penetration into subpad 3 ofjahoiRy pabi shi ng

| ayer 4 and barrier 5 were neasured, and the PVF cal cul ated, as descri bed

i n Exanpl e olishing layer 4 did not penetrate past barrier 5.
Barrier 5 h;‘ﬁogy@gﬁgi stent depth of penetration of bet we8ATEBEE%. 002 and
about 0.004 inches. In other words, the PVF for the polishing | ayer was

| ess than about 1% while that of the bayrdier was about 6% The
substantial uniformty of penetration depth is depicted in Figs. 6 and 6a,

whi ch show scanni ng el ectr 3 _JANUARY 2007 . WO 03/ 10 PCT/ JUS03/ 18002 -
39 mcroscope "E*acﬁ%fCBRSt (S%E‘"(I:)r (%Lrozti:ﬁ’ﬂ‘&%?g]éa?%%r%jgeantrae?j?\ggen%?‘élggé- section of
t he polishing haldss-E8600n Mot aited @oldehsHgevelt s (8 sanples, 5

measur enents pe | ) _.and conpressive stress_ strain asurenments (6
sanpl es) were o@togi%ﬂgd | R A S e art PR gaess(:ar“?pt}gﬁ’i Exanple 1. The
pol i shing belt mdagurBinenesapet asdngIw)t addi Bomp W BNKSDBsEresh. O dnr peak
Shore C duroneter and a WBNU(Is) = 11% for stress_at -_0.05 strain. [0091]
The polishing PERSHFEPRRES EXAfA® LIS WRTE poRERLRY BalrPFef28S had i nproved

uniformty as RiRar 8d BEstRELdW i MxAgpRad: of thamRie shinyhbei: did not
possess barrier 5, but which was ot herwi se nade of the sane materials and

accordi ng to tHe& $&ds pEemBle aesylfeddni shWRRNHEFof= £hifs EangRak Nanel v,

the PVF of poldishicne Layshefel MHLEGIRNURL 5] 62511 Ak 9926k (§1-- 1)/ 91]
(note that the inprovenent is at |east about 93% [(91-6)/91] if the PVF of

the barrier 5 i%. ogparéd-to Exanple 2), the peak Shore C duroneter W BNU
i npr oved .- [0091] The polishing pad of this Example, which

possessed barrier 5, had improved uniformity as
compared to the polishing pad of Example 2, which did
not possess barrier 5, but which was otherwise made of
the same materials and according to the same method as
the polishing pad of this Example. Namely, the PVF of
polishing layer 4 improved by at least about 99% [(91-
1) /911 (note that the improvement is at least about 93%
[(91-6) /911 if the PVF of the barrier 5 is compared to
Example 2), the peak Shore C durometer WIBNU improved
by at least about 67% [(15-5)/15], and the stress at -
0.05 strain WIBNU improved by at least about 87% [(83-
11)/83]1. 1In addition, it is logical to infer that
other propertiesg, such as dynamic mechanical
properties, also would be more uniform around the
polishing belt of this Example compared to the
polishing belts of Examples 1 and 2. It is noteworthy
that these increases in uniformity are achieved while
maintaining the desired adhesion between polishing

layer 4 and subpad 3.



by at |east about 67%[(15-5)/15], and the stress at - ﬁi i n W BNU
i nproved by at | east about 87%[(83 11)/83]. In additi o‘H“ Togi cal to
infer that other properties, such as dynam c mechani cal propert| es, also

woul d be noRgp e4posees M around the polishing belt of this FxpgpdsAassePared to
the polishing belts of Exanples 1 and 2. It is noteworthy that these
increases in uniformty are achieved while maintaining the desired adhesion
bet ween polishing |ayer 4 and subpad -3.403-JANUARY 2007 WD 03/ 103959

PCT/ US03/ 18002 - 40 Exanple 4 [0092] A heavily saturated subpad nmateri al
was prepared lﬂ.sdaﬂ?]_tah@ sanme materials and according to the sane nmethod as
descri bed in Exa e 3, with the follow ng exception. In this Exanple, the
AQUI LI NET" sutﬂ%’@z?s washr e Hhnb Fgkugabed MRtRgiehe"@%me barrier 5

in order to he%\ee?srteaaqshthtﬁ SHPRAthe b Pt 1181 5 tgafdr Ia%eo.qa&ﬁy@é tHde

barri er-1 oaded subpad was processed through nip rollers and cured
prior to |am rﬁmengleﬁhédsaﬁei%qmbﬁﬁelﬁu@b@@l&as?edWaGhe‘éh?e Al t hough t he

barri er 5 penetyated;thecubl {f Ckagsensl sffip1bRAL Abbey pypbad was stil |

porous, and was nore onpr essi an a so mat eri a I's thought that
the porosity resuiipeed 3f wam the Hutoyath exlpatridm:glt@snltng thergadefromthe nip

penet rating. | ntataapad s, CFUTRdC MY Sy PR She WERGS JarE Eiscur ed s
in Exanple 3, hardierexpeetial t heathet lbarPii/EJs bdadmi ubpaldi ghsnghémyer 4 and
barrier 5 “Bre*ﬂfﬁ%%s%% ntﬁgggéh SEV aggeggaén rgirenggﬁo&OEopeak Shore C
duroneter and

laminating one side with the rubber-based adhesive.

Although the barrier 5§ penetrated the full thickness of

the subpad, the subpad was still pdrous, and was more

compressible than a solid material. It is thought that

the porosity resulted from the subpad expanding as it

emerged from the nip rollers. Nevertheless, barrier 5

8till prevented polishing layer 4 from penetrating into

subpad 3.

[0093] If the PVFs and WIBNUs were measured as in

Example 3, it is expected that the PVFs of both

polishing layer 4 and barrier 5 were less than about

1%, and that the WIBNUs for peak Shore C durometer and

stregs at -0,05 strain were less than about 5% and less

than about 10%, respectively. 1In other words, it is

expected that the polishing pad of this Example, which

possessed barrier 5, had improved uniformity as

compared to the polishing pad of Example 2, which did

not possess barrier 5, but which was otherwise made of

the same materials and according to the same method as

the polishing pad of this Example. Namely, it is

expected that the PVF of polishing layer 4 improved by

at least about 99% (and that the improvement was at

least about 99% based on the PVF of the barrier 5), the



stress at -0,05 strain were | ess than about 5% and | ess than about 10%
respectively. In other words, it is expected that the P NEAMRNWPBad of this
Exanpl e, which possessed barrier 5, had inproved uniformty as conpared to
the polishi ngp pads@d Exanple 2, which did not possess bapgi@kospgeut Which
was ot herwi se nmade of the sanme materials and according to the same net hod
as the polishing pad of this Exanple. Nanely, it is expected that the PVF
of polishing layer 4 inproved by at |edst -about 99% (and that the

i nprovenent was at | east about 99% based on the PVF of the barrier 5), the

3 JANUARY 2007 W0 Q31103859 Rl dS031dR002mprotla Reak SRgke Shduf oneter
W BNU i nproved by at |east about 67% and t%e stress at -0.05 strain WBNU

i nproved by até7%easndabbatsBgess Brampl- 855500y | WIBEBIrerevRdsbY epeat ed,
except that in_this, - ¢asf.gddier 5 was applied to the subpad 3 prior to
casting the polishing layer 4. Nanely, a thin layer of an acrylic adhesive,
Chem ok(r) 213 was brushed evenly onto the surface of the subpad

approxi mat el y %%ampﬁgt ss prior to casting. The barrier 5 penetrated into
subpad 3 to a‘dep of about 0.001 inches to about 0.002 inches. Polishing
| ayer 4 did notlop®omdt r at Bxpasle thevashaepeetedntexcd $liyadn Thaspol i shing

| ayer could not__ be sggarat ed fromthfé_.s b er. W ut .destroying the
12

ad_J| ay 0
cohesi veness of°&¥e 3 EBpAASE The " BVFH hgo BT 1T a‘léq’aﬁﬁ%’%i mately 4.5%

[0095] If the RMe= iawdtWkBbbbiseiry mayeur ed esa&\élly,Bearmiie dayelt b expected
Lt £he, PVES, ol nobl a1 LBYEL 300 RaTELS B e e gay han abou

, onto the surface of the subpad approximately 30 minutes
prior to casting. The ba;rier 5 penetrated into subpad
3 to a depth of about 0.001 inches to about 0.002
inches. Polishing layer 4 did not penetrate past the
barrier into the subpad. The polishing layer could not
be separated from the subpad layer without destroying
the cohesiveness of the subpad. The PVF for the
barrier is approximately 4.5%.
[0095] If the PVFs and WIBNUs were measured as in
Example 3, it is expected that the PVFs of polishing
layer 4 and barrier 5 would be less than about 1% and
less than about 5%, respectively, and that the WIBNUs
for peak Shore C durometer and stress at -0,05 strain
would be less than about 5% and less than about 10%,
respectively. In other words, it is expected that the
polishing pad of this Example, which possessed barrier
5, had improved uniformity as compared to the polishing
pad of Example 1, which did not possess barrier 5, but
which was otherwise made of the same materials and
according to the same method as the polishing pad of
this Example. Namely, it is expected that the PVF of
polishing layer 4 improved by at least about 99% (and

that the improvement was at least about 90% based on



for peak Shore C duroneter and stress at -0,05 strain would be Iess than
about 5% and | ess than about 10% respectively. In ot metANIG 200
expected that the polishing pad of this Exanple, which possessed barrl er

5, had inproxestnussd ormty as conpared to the polishing pagughagsanpl e 1,
whi ch did not possess barrier 5, but which was otherw se made of the sane
materials and according to the same nethod as the polishing pad of this
Exanple. Nanely, it is expected that thedPVF of polishing |ayer 4 inproved
by at |east about 99% (and that the inprovenment was at | east about 90%

based on 3 JANWARY pR@04r W& 084A0395%)PCThESP841 86ibde € 4HRrotmbBeePVF of the
barrier 5), the peak Shore C durometer WBNU inproved by at |east about

50% and the st éf“PrOUQGSblét"i‘%l]r?a\ﬂtBﬂboPFrp?%\‘/e(f‘rtﬁiytzli’F BEZEFSaBbut 70%

Exanmpl e 6 [0096]p Rectargyhan1Sheelmpvedl hySHbpasadmtaidudl 7ossimlar to the
subpad material described in Exanple 1, were obtained from Thomas West,

Inc. (Sunnyvale, CA) However these subpads had, as barrier 5, a pressure
sensi tive adhesiug 4RSH) applied to the top surface in addition to the
rubber - based pressure sensitive adhesive applied to the bottom surface. The
PSA on the topl®#élace \R&Qtanﬂ’éll@teSl'ﬁQié;dOﬁaQNr%hH%YbI“}attﬁéélh t he

| am nation of the q_ljaz_, %ébe?lrom %gy[hg gaeﬁeggjr%(g%qj lgugh as |1 C1000

pol i shi ng pads avail abl e subpad 3 was
affi xed to a stward edtasned| fbehtmewmse 1Ina. pﬁlnr&mai@ | &per. 4 was

cast, and ef fongs,uere fade LpRigdce Hnbsbefpol] sigpelds as

descrlbed in Wever polisting Nayer 4, and t he
barrier 5 del ameﬁ@veaadhysﬁveﬂ@kh agipided- to the top surface, in

addition to the rubber—basgd pressure sensi;ive
adhesive applied to the bottom surface. The PSA on the
top surface was a double-sided tape routinely used in
the lamination of the 817 subpad to polyurethane
polishing pads, such as ICl000 polishing pads available
from Rodel, Inc. (Newark, DE). The subpad 3 was
affixed to a stainless steel belt substrate 1, a
polishing layer 4 was cast, and efforts were made to
produce finished polishing belts as described in
Example 1. However polishing layer 4, subpad 3 and the
barrier 5 delaminated easily from each other -~
sometimes during removal from the mold, sometimes
during wachining, or sometimes during actual use,
making the double-sided tape unsuitable for use as

barrier 5 with the other elements of the polishing pad.

Example 7

[0097] This Example demonstrates the use of five
different polyurethane latexes as barrier 5. The
different latexes, W—é40, W-253, W-290, and W-505, all
obtained from CK Witco Corp. (Greenwich, CT), were

hand-brushed onto separate 4 X 12 inch subpads 3 (817



sonetinmes during renoval fromthe nold, sonmetinmes duripn %ni ng, or
sonetinmes during actual use, nmaking the double-sided th %¥%bl e for
use as barrier 5 with the other elenents of the polishing pad. Exanple 7

[ 0097] This denonstrates the use of five differe t hane

| at exes as l\)‘al:‘}(@?@;rﬁ%. The different |atexes, W240, W25 ,T/@V%%%{{ﬁand
W505, all obtained fromCK Wtco Corp. (G eenwich, CT), were hand-brushed
onto separate 4 X 12 inch subpads 3 (81743 JANUARY 2007 WD 031103959

PCTI US03118002 - 43 of Exanple 1) and allowed to dry in an oven overnight.

The barriers 5 sphstAphicahhyardopi ediddh@osutiace alh QPRAT aRR¥n9Ent he subpads
3. The sane urethane "polishing |layer 4 as was used in Exanple 1 was then

poured over theThepagiriezehSharrseantdediaydadapped, ththdurfase pol i shing | ayer
4 vas alloved taugutien e heTEMS A 22aCkpoLial pedahetronol y resi sted
9 ach i

del am nation. [O pol i shing pad was checked for depth of
penetration. | npelkiciiclo ilhyepotiahivwap peds, inhBxample shiwap [thear 4
penetrated into { , t t Db ngd_it. _|Ln Shisng d created
fromthe W240 P73 é&?’r"i §etggl Fs i%tc::j ?%%egaigﬁgke%égf%%%d%déugggd 3 to a
dept h that var-i €ge fpdmshiogt 18y€014 twa=aaledlbow8d008 curehesthd n t hose creat ed
fromthe W253, W29 505, | atexes, th ol ishin .Sl,taeyéers 4 penetrated

. ele é% a%deyvh. olishi ad SEr
into subpads 3 )fom% dgepot h SEhat PUarted's £5m 8660t 20Y 001 10 about 0. 002
i nches. Exanpl ed8l4i328]icthi s Exanpl e denonstrates the use of a barrier 5
that is appli ed[@éS?] m XtEléllrc% gglgsl'rner?é:tpia\éewas checked for depth of
.penetration. In each of the polishing pads, the
polishing layer 4 penetrated into barrier 5, but not
beyond it. 1In the polishing pad created from the W-240
latex, the polishing layer 4 penetrated into subpad 3
to a depth that varied from about 0.001 to about 0.003
inches. 1In those created from the W-253, W-290, and W-
505 latexes, the polishing layers 4 penetrated into
subpads 3 to a depth that varied from about 0.001 to
about 0.002 inches.

Example 8

{0099] This Example demonstrates the use of a
barrier 5 that is applied as a mixture of a reactive
molecule and a reaction initiator therefor. A urethane
prepolymer (ADIPRENE® L100) and blocked curative
(CAYTUR® 31), both obtained from Crompton Corporation
(Middlebury, CT), were mixed together and then poured
onto a 4 x 12 inch AQUILINE™ subpad 3. The mixture was
worked into the subpad using a heavy steel rolling pin.
The same hardenable fluid as used in Example 1 was
poured over the barrier-coated subpad, which was then
placed in an oven to initiate and complete the cure

process. The resulting swatch was cut and examined for



nol ecul e and a reaction initiator therefor. A urethane E‘{He ol%rrer
(ADI PRENE(r) L100) and bl ocked curative (CAYTUR(D 31),3 BbtY ned from
Cronpton Corporation (Mddlebury, CT), were m xed together and then poured

onto a 4 X Jv@o&ﬂﬁ@sf‘w' LINE '" subpad 3. The m xture was B@Bﬁ%&?i nto the

subpad using a heavy steel rolling pin. The sane hardena 8 as used
in Exanple 1 was poured over the barrier-coated subpad, which was then

pl aced in an oven to initiate and conpletie the cure process. The resulting
swat ch was cut and exam ned for 3 JANUARY 2007 WO 031103959 PCT/ US03/ 18002

- 44 penetration. .Ther.e was efration_of_the palishi ; 4 past
the barrier 5, B ttrht%l zrilr'rir'gfr;'g’f E%ST n%ahgnﬁgﬁ%élr%tl eog t%ga%rgz]irl]égyrg
0. 015-0. 020 i nchwesr Adpestonhe bedwweierr Bheahdyehs hwasrser yitgedd. h&danpl e 9

[0100] A full belt wa nuf act ur ed first f y._i.npreg ing the 817
subpad with a &??&ﬂﬁ@gaﬁﬁda e ﬁ% °c8f‘r*§|"ﬂa %%nl?%?smggi"g?%ﬁ?at ed to
achieve a 30 sheiweech dueoneirers Wde @A fesbaul ati on was m xed and applied

to the subpad by hand after the subpad was already affixed to the stainless
steel belt. The®¥¥®LS drnul ation was catalyzed to allowit to harden within

a short period pfiddime im Ehe10ME: WRC@ahl€abBheed @by tiadktt Ehneg solid, the
polishing | ayer was cast. according to the nethod of Exanple 1. The final

belt exhi bit e IRIRBREAESr 5RPoRL DFSHIREBYALHaR r PERPPLERGT d% 0 t he subpad.

This was consi s¢ @it Ble dohblifgaEb@NhatdkALNE 181 RELE - L MikdRTg trans] ates
to a zero variation factor. Exanple 10 [0101] Snuller pads and a full belt
wer e 30 shore A durometer. The 30A formulation was mixed

and applied to the subpad by hand after the subpad was
already affixed to the stain}ess steel belt. The 30A
formulation was catalyzed to allow it to harden within
a short period of time in the oven. Once the material
had turned solid, the polishing layer was cast
according to the method of Example 1. The final belt
exhibited 100% penetration of the 30A barrier layer
into the subpad. This was consistent at all locations
around the belt. Zeroc range translates to a zero

variation factor.

Example 10

[0101] Smaller pads and a full belt were
manufactured using spray polyurethane varnish as a
barrier layer. Both light and heavy coats of the spray
urethane appeared effective as a barrier layer and

stopped polishing layer penetration into the subpad.



manuf act ured using spray pol yurethane varnish as a barrier |layer. Both
|ight and heavy coats of the spray urethane appeared ef¥XUARY208L a barrier
| ayer and stopped polishing |ayer penetration into the subpad. 3 JANUARY
2007 WD 031103959 PCT/US03118002 - 45 - W claim [0102] 1. A seanless

pol i shing p¥® 0388#8%i sing: a porous subpad |ayer (3) havi WgI/HSSE8MR ess
polishing layer (4) thereon, wherein said polishing |ayer penetrates said
subpad layer to a substantially uniform %epth. [0103] 2. The seanl ess

pol i shing pad according to claima1, f Gr fRer conprising: a barrier layer (5)
di sposed between said seanl ess polishing |ayer (4) and said subpad |ayer
(3), and wherele sdiedmbarrier layer (5) and seam ess polishing |ayer (4),

penetrate into i.d subpad | ay .S t iall ! dept h.
[0104] 3. The doadal pgl'i sh?ng‘gap‘é%gsaécgpﬁfldﬁslr%%ﬁg%c 'aicrxﬁmg?&\%\%ggléi% sai d
barrier |ayer mrous atbeadvibyer chndeiwichd & Saathleasanpedsspbhgshi ng | ayer
(4) and said ubpad | ay t her eby, preventing del.am.,nation. (0105] 4. The
seanl ess pol i sﬁﬁ?%rpa(aﬁlagéSFEPﬂg ‘t’kbgr%]tréﬁﬁ]f? Rﬂielrs&ﬁ?gsgﬁgeﬁar rier layer (5)
prevents said rsepHresespehtiahkigpdd@yeiydd)td rompsnehtabilog thioceh said
barrier layer (5) and into said subpad (3). [0106] S. The seam ess polishing
pad accordi ng 4Pt -ai m 2, wherein said barrier (5) does not substantially

alter the conpressibility of said subpad (3). [0107] 6. The seanl ess
pol i shing pad according to claim1, wherein said sean] ess paqlishing |ayer

(4) is a hardeP®3d flud i ndhadPRRMEEST R1BHET &t prgording to

claim 1, further comprising: a barrier layer (5)

i disposed between said seamless polishing layer (4) and
said subpad layer (3), and whereip said barrier layer
(5) and seamless polishing layer (4), penetrate into

said subpad layer (3) to a substantially uniform depth.

[0104] 3. The seamless polishing pad according to
claim 2, wherein said barrier layer (5) is adhesively
connected to said seamless polishing layer (4) and said

subpad layer thereby preventing delamination.

[0105] 4. The seamless polishing pad according to
claim 2, wherein said barrier layer (5) prevents said
seamless polishing layer (4) from penetrating through

sald barrier layer (5) and into said subpad (3).

[0106] 5. The seamless polishing pad according to
claim 2, wherein said barrier (5) does not
substantially alter the compressibility of said subpad
(3).

{0107] 6. The seamless polishing pad according to
claim 1, wherein said seamless polishing layer (4) is a
hardenable fluid including at least one reactive

molecule and at least one reaction initiator.



nol ecul e and at | east one reaction initiator. 3 JANUARY 2007 WO 03/103959
PCTI US03/ 18002 - 46 [0108] 7. The seani ess polishing paNGsR%EH ng to
claim1l1, wherein said seanl ess polishing |layer (4) is cast onto -said subpad

(3) and cur g o319%3P] 8. The seanl ess polishing pad accorgéﬁgﬂﬁﬂmmglain12,

wherein the depth of penetration into said subpad |ayer as a variation
factor of less than about 25 percent. [0110] 9. The seanl ess polishing pad
according to claim2, wherein the w thigs belt non-uniformty of said pad
conpressibility as neasured by duronmeter is less than 10 percent. [0111]

10. A sean ess foabigphi ng;pad, 10kekBg’ pB11 AR DABRRY S e{ 3), @

seanm ess polishing layer (4) formed of a hardenable fluid and a barrier

| ayer (5) di spdsen fhevheeeiraridvsenrnleasdopbigtiing Layer (%) nd said
pol i shing | ayer ) e €.l hd b | ayer (3) to a substantially
uniforn1depth.cﬁ%%l??g§1%£g§H%P#%§'3?5n%§?ng&%a%éan1ess polishing pad,
conprising: providing a porous subpad |ayer (3); and a seanless polishing

| ayer (4) disp t her gon, er ej i.d £ss i.shing.lay (4)
penetrat es saig%E%P us sgbpad ‘%fﬁ?@%§%5t88§f§%&ﬁﬁeﬂﬁﬁ g%F§9%ﬁ+$b§%1depth.
[0113] 12. A neilbdeéh aof whkiain alsedkipehsopopesdtirgiqradnaeceatdng to claim

11, Furcher corpyising. 3 INARY 2007 V0, 03/ 203959 PCT/USO3 18002 - 47 ¢

about 25 percent.

[0110] 9. The seamless polishing pad according to
claim 2, wherein the within belt non-uniformity of said
pad compressibility as measured by durometer is less

than 10 percent.

[0111] 10. A seamless polishing pad, comprising: a
porous subpad layer (3), a seamless polishing layer (4)
formed of a hardenable fluid and a barrier layer (5)
disposed therebetween, where said barrier layer (5) and
said polishing layer (4) penetrate into said subpad
layer (3) to a substantially uniform depth.

[0112] 11. A method of making a seamless polishing
pad, comprising: ’

providing a porous subpad layer (3); and

a seamless polishing layer (4) disposed
thereon, wherein said seamless polishing layer (4)
penetrates said porous subpad layer (3) to a

substantially uniform depth.

[0113] 12. A method of making a seamless polishing

pad according to claim 11, further comprising:



introducing a barrier layer (5) between said seanless polishing |ayer (4)
and said subpad layer (3), wherein said barrier |ayer §SANGRY ZWAN ess
polishing |ayer (4) penetrate into said subpad layer to a substantially
uni form dept‘p ;/9)} ?] 13. The method of making a seanl ess gol i shing pad
according to 2PU"R2, wherein said seam ess polishing | 8C&MSPPOES cast
onto said barrier Iayer (5). [0115] 14. The nethod of making a seanl ess
pol i shing pad according to claim 11, furgher conprising: introducing said
subpad | ayer (3), optionally having a barrier layer (5) disposed thereon,

into a nold; and heati ngn§%l %ugﬂl%% é%ang ed%er m Egp b%t%@%%r a[L;lu Le and

filling said nol d from t hf'oug eni ng rough 1njection ports,
to cast a har desadilesss |pk1>ﬂdlshim@ B:ayeir s(wbpachd( sﬁldrs@mad erayleayéB) , (5),

t hereby form ng i shi,ng. | ayer (4 netr es, i nt.q said subpad
|l ayer (3) at a ?fg?trhrﬁallg P?’%hﬁo %Xed‘:ep(t%ﬂ F%lf%f ?11615?% 8%f making a
seam ess pol i shiager ped, p@ﬁa’pfase Ngntd adidaisubgad $bﬁz@ﬁd:d ayer (3) to an
outward surface on an endl ess stainless steel belt (5 to form a |am nate;
3 JANUARY 2007 SYRsttrrtiGddyouptiPrBodeRidbo2 - 48 placing said | aninate

into a cylindrical mold having injection ports thereon and heating said

nold to a predeterm ned terrperature i njecting a hardenable fluid onto said
mol d [0114] 13 The method of making a seamless

polishing pad according to claim 12, wherein said
seamless polishing layer (4) is cast onto said barrier

layer (5).

[0115] 14. The method of making a seamless
polishing pad according to claim 11, further
comprising:

introducing said subpad layer (3), optionally
having a barrier layer (5) disposed thereon, into a
mold; and

heating said mold to a predetermined
temperature and filling said mold from through a top
opening, or through injection ports, to cast a
hardenable fluid onto said subpad (3) or barrier layer
(5), thereby forming a polishing layer (4) which
penetrates into said subpad layer (3) at a

substantially uniform depth.

[0116] 15. A method of making a seamless polishing
pad, comprising:

laminating a subpad layer (3) to an outward
surface on an endless stainless steel belt (5) to form

a laminate;



and casting said fluid onto the subpad |layer (3), thereby form ng a
pol i shing l'ayer (4) which penetrates into said subpad } ARW3004¢ g
substantially uniform depth. [0117] 16. The net hod of making a seanl ess

pol i shi ng pad B6569%di Ng to claim15, wherein said S“bpadpéﬁé(s%/l{oﬁ) is a
non-woven fabric. [0118] 17. The nethod of making a seanml ess  polishing pad

according to claim15, further conprising: placing a barrier |ayer (5)
bet ween said subpad |ayer (3) and sardé¢potishing |layer (4), prior to
casting said polishing |ayer (4). [0119] 18. The nmethod of making a seanl ess

pol i shing pad accordi ngphgc¢h@i &81lp.1 MIS@kNi88L0s BRI fdenabla fbwsd is a
m xture of polyurethane resin and diamne curative. [0120] 19. A nethod of
maki ng a seanl easinm|ingigchgon ppekt & dmsriesitngndphedt dragsaihaeddsteubpad
| ayer (3), applyi Hef eVl ;). 10 said subpad layer (3); coating
or casting a s%a%#ée%staeggﬁ?l%ﬁi %% %yetr rl%’4) t hereon, wherein said barrier
| ayer (5) and said polilshengihayerhgrtensdiet fatadi onioo ssaid peddus suhpad 3

JANUARY 2007 3/.1Q03959 PCT/ 3/18002..- 4 y ), 4,0 a substantially
uni f orm dept tha)IF‘l% é%%r%&gnsas%-i %ﬁgle%gﬁng:s?s tﬁlg'l Fgﬁp‘%g ?%l}éé)? % ) is a hardenabl e
fluid. [0121] @Rerdie firetdiod af polaishigicn l1sgen! ¢33 whbth ghemegrpads accor di ng

l'aim 19, wh ' id b ' I 5 h of ab
0”10 “about 10-REF CBHE GROPRE T EknCls 1 AR pOPbta RuapRd R |

depth.

[0117] 16. The method of making a seamless
polishing pad according to claim 15, wherein said

subpad layer (3) is a non-woven fabric.

[0118] 17. The method of making a seamless
polishing pad according to claim 15, further
comprising: placing a barrier layer (5) between said
subpad layer (3) and said polishing layer (4), prior to

casting said polishingllayer (4).

[0119] 18. The method of making a seamless
polishing pad according to claim 15, wherein said
hardenable fluid is a mixture of polyurethane resin and

diamine curative.

[0120] 19. A method of making a seamless polishing
pad, comprising: .

providing a porous subpad layer (3),

applying a barrier layer (5) to said subpad
layer (3);

coating or casting a seamless polishing layer
(4) thereon, wherein said barrier layer (5) and said

polishing layer (4) penetrate into said porous subpad



| ayer.
3 JANUARY 2007

WO 03/103959 PCT/US03/18002

- 49 -

layer (3) to a substantially uniform depth and wherein
said seamless polishing layer (5) is a hardenable
fluid.

[0121] 20. The method of making a seamless
polishing pad, according to claiml9, wherein said
barrier layer (5) penetrates to a depth of about 0 to

about 10 percent of the thickness of said porous subpad

layer.





