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IN-SITU GROOVES IN CHEMICAL MECHANICAL PLANARIZATION
W@M&)GFEABS’ AND NOVEL CMP PAD DESIGNS FIELD [gg(}ﬂgsgposmzsssu
general, t]he methods and designs described here are in the tield o
polishing pads for Chemical Mechanical Planarization (CMP). More
particularly, the methods and designs described here are related to in-situ
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semiconductor wafer. CMP removes undesirable topographical features
of the IC on the wafer. For exampl&I@¥P removes metal deposits
subsequent to damascene processes, and excess oxide from shallow
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medium, commonly referred to as a slurry, and a polishing pad to provide

chemical and mechanical contrg| to aghigweplanarity. Either the liquid or
the polishing pad may contain nano-size inorganic particles to enhance
hemical reactjvity. and/or mechanical.activity of the CMP. process. The
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products. During CMP, the chemical interaction of the slurry forms a
subsegHeh 10 IRHC TR fa5EC AN NG Shifrace ki (Ttane 5G4 othdeps.
similgR{asiNes ihina-slue usmeehanically iﬁk@tﬁfe&wim@m&ﬁs@qﬂﬂaﬁ%ﬁ&dm@@mm

layer, resulting in material removal. The material remaoval rate in a CMP
comPl SRRt C R MRS TSR LSRAP dBRES TSI T thdCal &figgdructurss (e.2.
rinFEDeificient-offrictina(fidashe pad/slurry/wafer interfacial region. The

extent of normal & shear forces during CMP and f typically depends on
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ontact area, and the extent of lubricity of the system play roles during
polisiGnapst draredde Seamiss) apd PRegBISRITeREP! to achieve planarity. Either the liquid

or the polishing pad may contain nano-size inorganic particles to enhance chemical reactivity

and/or mechanical activity of the CMP process. The pad is typically made of a rigid, micro-
porous polyurethane material capable of performing several functions including slurry transport,
distribution of applied pressure across a wafer, and removal of reacted products. During CMP,
the chemical interaction of the shurry forms a chemically modified layer at the polishing surface.
Simultaneously, the abrasives in the shury mechanically interact with the chemically modified
layer, resuliing in material removal. The material removal rate in a CMP process is related to
slurry abrasive concentration and the average coefficient of friction (f) in the pad/slurry/water
mterfacial region. The extent of normal & shear forces during CM,P and f typically depends on
pad tribology. Recent studies indicate that pad material compliance, pad contact area, and the
extent of lubricity of the system play roles during CMP processes. See, e.g, A. Philiposian and
S.Olsen, Jpn. J. Appl. Phys., vol.42, pp 6371-63791; Chemicai-Mechanical Planarization of



S.Olsen, Jpn. J. Appl. Phys., vol.42, pp 6371-63791;
Chemical-Mechanical Planarization of 1 WO 2006/020153

“@Cdé(%ég{)%S/O%%O Semiconductors, M.R.Oliver (Ed.), SEH{]@]%E[,%%%%M

erlal' Science, vol.69, 2004; and S. Olsen, M.S. Thesis, University
of Arizona, Tuscon, AZ, 2002. [0004] An effective CMP process not only
provides a high polishing rate, but also a finished (€.g., lacking
Semisnadl-sealeraughnessdnd fladde: gerlacking dttlalgR-saate HeEYBPAY knd S.
S rate surface. The polishing rate, finish, flathess are thought to
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and the applied normal force pressing the substrate against the pad.
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poairc? gn%qu observed problem relates to slurry transport and distribution. In
e p%s , polishing pads had. perforations. These perforations, when
~filled, distributed slurry when the pad was compressed. See, e.g., J.
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cffeckhisdpethrdivasinelipelive bacausethere,wasnenakieaitecilished at different
channel the excess slurry to where it was mast needed (i.e., at the wafer
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TheseXitunplachspsiatengrefivadedign. ccealidigmets.S. Pat. Nos. 5,842,910;
5,921,855; 5,690,540; and T.K.Doy et al, J. of Electrochem. Soc., vol.151,
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concentric grooves'referred to as "K-grooves") atc
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MMARY (%0007 Methods for producing in-situ grooves in CMP pads,

Sy pad
Confad @5080@Pg oG LBSIGHINAS WA RS aHY P gRaer AP e ctA oty fgrduectly
chanpED e GG 40 sBilitd; QKO ONRE GO 186 sthR stePS ef at the wafer surface). Currently,

macro-texturing of pads is typically done through ex-situ pad surface groove design. See, e.g.,
U.5. Pat. Nos. 5,842,910; 5,921,855; 5,690,540; and T-.K.Doy et al, J. of Electrochem. Soc.,
vol.151, ne.3, G196-G199, 2004. Such designs include, circular grooves (e.g., concentric
grooves referred to as “K-grooves™) and cross-hatched patterns (e.g., X-Y, hexagons, triangles,
etc.). The groove profile may also be rectangular with *V-’, “U-‘or saw-tooth shaped cross

sections.
SUMMARY

[0007] Methods for producing in-situ grooves in CMP pads, and novel groove designs are
described. In general, the methods for producing in-situ grooves comprise the steps of
patterning a silicone lining, placing the silicone lining in, or on, a mold, adding CMP pad
material to the silicone lining, and allowing the CMP pad to solidify. In some variations, the
silicone lining is made from a silicone elastomer, and in some variations, patterning the silicone

iining comprises the step of patierning the silicone lining using lithography or embossing. The
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patterning a silicone lining, placing the silicone lining in, or on, a mold,
adding CMP pad material to the silicone lining, and allowing the CMP pad
to solidify. In some variations, the silicone lining is made from a silicone
elastomer, and in some variations, patterning the silicone lining
methomprisesdhénstepsof pattemingihersiiconediizin e sing dthdgeaphyhersilicone
ini GBS TR AN ALS O BEOGHEIRGIB: SHH GIPONES S MIRCr miures
comprise the step of adhering the silicone lining to the mold, for example,
thefrg ng glue, tape, clamps, pressure fitting techniques, or mixtures thereof.
[0007a] In a first aspect, there is provided a method for producing a CMP
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aspect, there is provided a method for producing a CMP pad having
majgidity grooves comprising the steps of. adding CMP pad material to a
patterned mold which comprises an upper mold plate and a lower mold

[odetafe, and wherein,fdges oftheipaiternad melth dhat GOIRIRANEND pad having

. grooves to be fqrmedhln the Cly P%ad atésurfac of the IoweJ moilid e
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and’ mixtures thefeof. In some Variations, the molds patterned, in

magddition to the patterning of the silicone lining (i.e, a combination of
patterning is used). In some variations, the CMP pad material comprises

[o@ddpermoplastig.material, in ﬁ@&%ﬁ@f&%&&ﬁc?%l%ﬁ]@ﬁ@%‘iﬁ{&axlnay be made

comprises a thermoset material. In some variations, the CMP pad =~ 1
frop 48K SORRE IR TS CRIEPagS LEmBHEING Hoveiagrdgyaaterial, and
miglesigtisraré alsordesenads.Ror exdinpletdestribeddierein drer@MRipadsthe
5i11eOMRNNISIRYCONCeRtisRirsH ar 85R0WBSs andxially suRvetriations, the CMP pad
material comprises a thermoplastic material. In other variations, the CMP pad material comprises

a thermoset material. In some variations, the CMP pad material is polyurethane.

{0009] CMP pads comprising novel groove designs are also described. For example,
described herein are CMP pads comprising concentric circular grooves and axially curved
grooves. In some variations, the concentric circular grooves are spaced apart in sets. In other
variations, the axially curved grooves are overlapping. In yet another variations, the axially
curved grooves are discontinuous. The concentric circular grooves and the axially curved grooves

may also intersect.

[0009a] In a third aspect, there is provided a CMP pad having in-situ grooves, the CMP
pad comprising: conceniric circular in-situ grooves and axially curved in-situ grooves formed by

the method as defined above.
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grooves. In some variations, the concentric circular grooves are spaced

apart in sets. In other variations, the axially curved grooves are

overlapping. In yet another variations, the axially curved grooves are

discontinuous. The concentric circular grooves and the axially curved
[00gDoves nidyTaleds intersstts [0009apralthicdraspec Witreis piovideg @ves,
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descr me variati i ircular V.
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grooves produced therein may be made by a method from the group
[00conisisting bf sthooheshninghdasemyeritirg a\Walernyet icuitindy-S:iDgosintinghe CMP
pad REERASAITHRG s MREUHA O ARG o MRISER-CoNtact printing, hot stamping, and

mixtures thereof. [0010a] In a fourth aspect, there is provided a CMP pad

having in-situ grooves, the CMP pad comprising reverse logarithmic
[0GHs]tu groovestifBOE0n].| herdifsrpesplst : thel ieddrexideid-a T MPopadihe CMP
pad\@MRE SRS SEoMes-dhe GMR: pagyeomprising overlapping circular

in-situ grooves. [0010c] In a sixth aspect, there is provided a CMP pad

having in-situ grooves, the CMP pad comprising Lissajous in-situ
[06gAsbves. [00 RO ThaEPeEvBRtA lasaﬁ@eéeﬁh?e&g proOVRIEE A MEearhdlsdgMt
padixSipgRaVes; dhen G Brpadscomprising double spiral in-situ grooves

formed by the method as defined above. [0010e] In an eighth aspect

there is provided a CMP pad having in-situ grooves, the CMP p
G@@ﬁ%pn&ng%ﬁIfrﬁﬁﬁwﬁ‘ﬁpﬁ‘lﬁ%ﬁﬂw&ﬁ‘{/é&}@|ﬂ‘?}dg]i’68€7§§n[ﬁ@1@ﬂ%?% the
CMfiintiiaspectth dvebis pricidedia BiviRsgachbaving«d meitudgrobvesd theve.

CMP pad comprising: concentric circular in-situ grooves in a first region of

the pad and in cond reglon of the d adjacent t the first region and
100 kating |n(EI it ‘j}r‘%’ OVEPGHRiH Fadidts Fr%ear y@r\?ﬁ[ﬁed? & I BF Hhe g

Irst region o
CNihgedremprviad i itid 'secoapbregioribl thegdaisithgretthe radiating in-

601 06£] in a ninth aspect, there is provided a CMP pad having in-situ grooves, the CMP
pad comprising: conceniric circuiar in-sit: grooves in a first region of the pad and in & second
region of the pad adjacent to the first region and radiating in-situ grooves which radiate linearly in
the first region of the pad and are curved in the second region of the pad, wherein the radiating in-
situ grooves cross the concentric circular in-situ grooves, and wherein the CMP pad is formed by

the method as defined above.

[6010g} In & tenth aspect, there is provided a CMP pad having in-situ grooves, wherein
the CMP pad is formed by the method as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS
[6011] FIGS. 1A and 1B provide a schematic of the impact of grooving on the

hydrodynamic pressure (P) generated around the pad/wafer region,
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situ grooves cross the concentric circular in-situ grooves, and wherein the
CMP pad is formed by the method as defined above. [0010g] In a tenth
aspect, there is provided a CMP pad having in-situ grooves, wherein the
CMP pad is formed by the method as defined above. BRIEF
DES®RIPTION OFTHEDRAWINGSS0014] W@ 8! hawdhd siBcproVidesanethod

desSGhEMAatcQf thedrarastalarepuingepthe hydrodynamic pressure (P)
generated around the pad/wafer region. 3a [0012] FIG. 2 provides a
cross-sectional view of how the silicone lining method described here
mayl#d3sed to pFHefice Al sier GrobvasatjonIEsFaS. Beed1dpiigiide described

herdigistrations of suitable groove designs as described herein. 3b WO
2006/020153 PCT/US2005/025330 DETAILED DESCRIPTION [00141
Described here are methods for in-situ CMP grooving, and novel groove
designs. Gooves in CMP pads are thought to prevent hydroplaning of the
wafer being polished across the surface of the pad; to help provide
distribution of the slurry across the pad surface; to help ensure that
sufficient slurry reaches the interior of the wafer; to hell) control localized
stiffness and compliance of the pad in order to control polishing uniformity
and minimize edge effects; and to provide channels for the removal of
polishing debris from the pad surface in order to reduce defectivity. FIGS.
IA and 113 provide a schematic representation of the impact of grooving
on the hydrodynamic pressure generated around the pad/wafer region.
For example, FIG. |A, depicts a wafer pressure profile (indicated by the
diagonally striped triangular regions) when a non-grooved polishing pad
is used. FIG. 1B illustrates how the pressure around the periphery of the
wafer is released along the grooves. That is, the grooves conform to the
pressure generated at every groove pitch and, help provide uniform slurry
distribution along the wafer/pad region.
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Methods for In-Situ Grooving [00151 In general, any suitable method of
producing in-situ grooves on a CMP pad may be used. Unlike the current
etho ex -situ grooving, which are mainly mechanical in nature, the
V5]r;;)s{'t}lij(%r]r?e%hods described here may have several advantagejéj G05/025330
example, the methods of in-situ grooving described here will typically be
less expensive, take less time, and require less manufacturing steps. In

addition, the methods desgtibedihereraretypispibsnore useful in

achieving complex groove designs Lastly, the in-situ methods described

re t a uce CM ds having better tolerances
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g ued or otherwise adhered to, or rétained in, the mold. Tt s 'be hote
waf A hfeglﬂﬂmg may also be placed in the mold prior to it bemg patterned
‘ The use of I|thograph|c techniques to etch patterns into the silicone lining
Vel giter accuracy in groove size. See, e.g., C. Dekker,
[Gﬁiﬁteﬁo Iamfgathphy $obiivig ﬁmﬂbditoﬁﬁfﬂiﬁﬂtdﬂggn/kdu@w&@ﬁﬂﬁief@ﬂ&f@pad may be
<PIORESSER ARIHO T 095 aReLp, Smoc
e Plastics. vo(f 75(4), pg}} %c%%%%&%# %Sé % cp!)i?;lges arrtx-:-lj gre amcal in. nature,
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in-situ grooving described here will typically be less expensive, take less time, and require less

manufacturing steps. In addition, the methods described here are typically more useful in
achieving complex groove designs, Lastly, the in-situ methods described here are typically able

to produce CMP pads having better tolerances (e.g., better groove depth, gfc.).

[0016] In one variation, the methods for in-situ grooving comprise the use of a silicone hning
placed inside a mold. The mold may be made of any suitable metal. For example, the mold may
be metallic, made from aluminum, steel, ultramold materials (e.g., a metal/metal alloy having
“ultra” smooth edges and “ultra” high tolerances for molding finer features), mixtures thereof,
and the like. The mold may be any suitable dimension, and the dimension of the mold is
typically dependent upon the dimension of the CMP pad to be produced. The pad dimensions,
In turn, are typically dependent upon the size of the wafer to be polished. For exampie,
illustrative dimensions for CMP pads for polishing a 4, 6, 8, or 12 inch wafer may be 12, 20.5,

24.6, or 30.5 inches respectively.



grooves in the micron to sub micron range may be obtained. Large
dimensions in the mm range may also be obtained with relative ease. In
i he silicone lining serves as the "molding pattern.”" However, in.
vi%?ﬁ}\él%égﬁt};ﬁ?ons, the mold may be patterned with a compleﬁ&%ﬁ%’%@?\? 30
design. In this way, the mold and the lining, or the mold itself, may be
used to produce the CMP pad groove designs. [00181 FIG. 2 provides a

[001'K]roiﬁréﬁﬁi&ﬂélmiﬂi%ﬁftﬁﬁd&@ﬁﬁﬁmf%ﬁﬂiﬁ‘ﬁ@%ﬂ@&%@&l&,(&oﬁiﬁ&ne polymer, but
n. Shown there, is upper mold plate %02), lower mold
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.thermoplastic or a thermoset material, or the like. In the case of a
Aprilyf 7 S LRARRI R S Th Sl EnGFaTed IRy stiereacane ettt iitd treexample,
grooailicote inethmeldubnihe.saserohthermassl-matonial @ aastive MtUre, range
e 5 t)é@icgj%fe iné? tlie.siliconeg d mold. The reactive mixture may be )
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pad grRgtErfiEsi§iPolyurethane, and polyurethane pads are produced. For
example, a polyurethane pellet may be melted and placed into the

[0o18jilicors: lineehidelid Ibe-siierne: lined sraldiiseichnd withiheiKesiFegiRads) as |
descn';%%%‘?{é‘r as 5 Zﬁ’% 2006/020153 PCTIUStzogaé 25330 described above,
& BaRiirethang HEioREEPES B8k MR € thed taRemtRaitHedrbiad silicone
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tential advant of praducing.in-situ grooyes usin

b e T B e ot

plate [gRgeriifesst iRt hn oltdsedabssitisersilivong (Mifgmay also be adhered to, or otherwise

retained in, the lower mold plate (204). The silicone lining may be adhered to, or retained in the
mold plate using an suitable method. For example, the silicone lining may be glued, taped,

clamped, pressure {it, or otherwise adhered to, or retained in, the mold plate.

{6019] Using this method, the CMP pad can be formed from a thermoplastic or a thermoset
material, or the like. In the case of a thermoplastic material, a melt is typically formed and
mjected into the silicone lined mold. In the case of a thermoset material, a reactive mixture is
typically fed into the silicone lined mold. The reactive mixture may be added to the moid in one
step, or two steps, or more. However, irrespective of the material used, the pad is typically
allowed to attain its final shape by letting the pad material cure, cool down, or otherwise set up
as a solid, before being taken out of the mold. In one variation, the material is polyurethane, and
polyurethane pads are produced. For example, a polyurethane pellet may be meited and placed

into the silicone lined mold. The silicone lined mold is etched with the desired pad pattern as



can be replaced easily if it breaks or if there is any wear or tear, and the
silicone lining itself typically has a very long lifetime. Similarly, it is easier
W8 867 e pad from the silicone lined mold as compared to & TAYIR12533¢
where the patterns are engraved therein. Hence, grooves produced using
silicon lined molds may be more accurate, and damage to the pads during

descf@m\mamepmdm@m@m RAORST N6 SIVEISIZ CIPENGES A, The

using silicone lined molds ma%/lgbe better controlled and better defined.
pad {hgh RIS RRHREDY CAF STRAITIEHS ARsR S &g Slisraaliarfirifzontal grooves

in the micron to submicron ranges) may be achieved. Better control and
[002Bpttdihd phnitionl of groieyes difpenbidng nayrherobparticulatihteieshinipass method
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shown'in FIG. 3A is a CMP pad having reverse Idgarithmic grooves. FIG.

3B provides another depiction of a novel groove design where the

No VES are overlapping circular grooves. While the grooves depicted in

100 .NO: e, O-Q%nter, theg/ need no b§., FIG. 3C provides an illustration )
Of a hovel §To3Ve Gay R RS L e S i T omps 88 GoaMmavEsiraiens were largely

dev@p@o@é@sﬁi @n ﬁ@@epmmdmsa]mhm g r’ﬁmse sledign hdpéﬁl%b@t&n_ﬁﬁ; - Gw patterns
o S AR e S R SSs  lo
calepletdy $2005025338Es values (i.e., near the inner portion of the pads), grooves were
designed with concentric circular grooves to follow the identified flow patterns. At higher
radius values (i.e., near the oufer portion of the pads), grooves were designed to curtail the flow,
e.g., by designing tangential grooves and removing the concentric circular grooves. Typical
‘groove widths range from about 50 to about 500 microns, while typical groove depth ranges

from about 100 to zbout 1000 microns.

[0022] FIGS. 3A-31 provide illustrations of suitable groove designs as described herein. For
exémple, snown in FIG. 3A 1s 2 CMP pad having reverse logarithmmic grooves. FIG. 3B
provides another depiction of a novel groove design where the grooves are overlapping circutar
grooves. While the grooves depicted in FIG. 3B are off-center, they need not be. FIG. 3C
“provides an illustration of a novel groove design where the design comprises doﬁble spiral
grooves. FIG. 3D depicts a lissajous groove design, and FIGS. 3E to FIG. 3G depict variations

having concentric circular grooves and axially grooves. As shown thers, in some variations, the



concentric circular grooves are spaced apart in sets, as in FIG. 3G.
Similarly, in some variations, the axially curved grooves are overlapping

“@2?&%'%%1 in FIGS. 3F and 3G. [0023] FIG. 3H shows a d%%ﬂl@ﬂ)\@&%ssa
multiply overlapping axially curved grooves. This design may be

particularly useful for soft polishing. FIG. 31 shows yet another design
comprising concentric circular grooves and axially curved grooves,

conceMRIEiRENE Sxdallys Ghsveebearanyem ases HSGartimIows. JiRigiariatiemBayriations,
be particularly useful for reducing slyrry loss. 4], The ovel groove

the el R L5 B Br ok e PP aé%%&ﬁ@%&ﬁ%%éﬁ%@a%ﬁpue, they

: may be produced using the in-situ methods described above, or they may

[0023e plodateshoving desigsifipornmaeianicar sietios 258l e Ta8eraiang Hhis

desigRHEHBR G WRIGLISHEURING: 3R g&kﬁgﬂaﬁg. theEMAfQIBIRG ARAMRGUY o

forming, micro-contact forming, hot stamping or printing, and the like. The

COmPKSHE FAAYAISE BBATFE 48P GSABH BdRatHCAI €y Bty WhftaBldisraxially curved
groo e SHABIe. ARSI THS/HesesbaR Ao Yey YRISa!ibrISTRloe Ofhe Radss.

is based upon the size of the wafer to be polished. lllustrative dimensions

S Ver hg scribed above. A. Las riting (L. r Cutting) .00 ASE ‘
e R el bR S O Bl e,
they ey dsireadurerbiningbe ivatte rsaoitdissconsistiviva ¢oWawar: fzcmgduced using

ex-sit@SemMRIGRLS MOMBIRARL3s Meshanically:contrledROSHIRNAg:. 3-D printing,
mechanism. A sheet of material, e.g., plastic, is placed under the working
thermp oy S B dHERiam AL S MR SR E B bR BN S SR SV Eg R the

like. pathspsiReeatheslaserivaporizesthe materdablorming asmall chrenglier
.___cavity at the spot.in. which the laser hits the suyrface. The resulting. .
e AR AT Rl AT B L RGP P W ot of e
wafefinishipglidygdicillystoproovitgafsany pattedasnriyedebpregrammed into the
laser cutting machine. More information on laser writing may be found in

A LHEIMEERho) 388 CARRgAtions,vol.15(4), pp 255-260, Nov.2003, which

pages are hereby incorporated by reference in their entirety. B. Water Jet
o 58 S0P Mol oo sy boused patetee e o
herenvaterséeqyitas tyighads 66;6600cpeundsperdsipsare lanchiModnakegrooves a
mecﬂ&ﬁ@ﬁl?%gm%f%%’ﬁgﬁt}gﬁ‘{ﬁé }ﬁegﬂé(l%gn\{v itﬂ %Qegp£§%x%1!f5€ 9?%%39%? %gfaiaced
under the working area of the laser mechanism. As the laser sweeps back and forth over the pad
surface, the laser vaporizes the material forming a small channel or cavity at the spot in which
the laser hits the surface. The resulting grooves/cuts are typically accurate and precise, and
require no surface finishing. Typically, grooving of any pattern may be programmed into the
laser cuiting machine. More information on laser writing may be found in J.Kim et al, /. Laser

Applications,vol.15(4), pp 255-260, Nov.2003, which pages are hereby incorporated by

reference in their entirety.

B. Water Jet Cutting
[0026] Water jet cutting may also be used to produce the novel groove designs described

herein. This process uses a jet of pressurized water (e.g., as high as 60,000 pounds per square
inch) to make grooves in the pad. Often, the water is mixed with an abrasive like garnet, which
facilitates better tolerances, and good edge finishing. In order to achieve grooving of a desired

patterr, the water jet is typically pre-programmed (e.g., using a computer) to follow desired

7



facilitates better tolerances, and good edge finishing. In order to achieve
grooving of a desired pattern, the water jet is typically pre-programmed

.. Using.a computer) to follow desired 7 WO 2006/0201 ”
v@C&m@g]gé5/025330 geometrical path. Additional descripﬁjgch(l) Swﬂgltae?zjsestw

cutting may be found in J.P. Duarte et al, Abrasive water jet, Rivista De
Metalurgica,vol.34(2), pp 217-219, Mar-April 1998, which pages are
geomBEIERpMACOMMBIac NI LEiIRRACE Ndhejeenttely nfay ITXRAHAING YOOk o al,

_Three Dimensjonal printing, (or 3-D rinting) is.another process, that mayb
AR o O3 D S G e R e S L g peees
are hppabisiacerbuittted ayersréhcetmpeitem{EAPD) model of the required part is

first made and then a slicing algorithm maps the information for every

C. sjgyp;irﬁl\f%ry layer starts off with a thin distribution of powder spread over
fooz2he ?Mé@@ﬁrﬁ&%ﬂaﬁﬁ\l%{rﬁﬁ%_(& ehosendipder maerialthen aglecively used to

joins particles where the gbject is to be formed. Then a piston which

prodiggdheRSHEHENETHEY dngRedartinThrobresBtee Rt deriRdldarases. A
compernedpowees layes e deréarmeds AfleneachiayaetheiaMpelpiRERSSH8ps the
. ._repeated followed by a final heat treatment to make. the part. Since 3-D ]
A L SOk T LA B Bk e Al E RO RO e Sprad ove
the sunigrosfraicturd camd surfeloede iurer manyiaiehfaidepiesipishs particles where the

] ible) groqve tries ieved.with this method..More .
o S SR T B S
lowergsdsdsdsrdiotipendeipowdetdiyg: 3y Srefornedl. BEI8) cpp X0etr]1theg9rs process is
repeéfélai @8118%@%53%%[%& incorptAie iy ﬁ%@fﬁﬂc%lﬁérﬁﬁ Eﬂﬂfﬁ@/cg exercise

Thermoforming and Vacuum Forming [00281 Other processes that maybe
local ;eaH thPFE AR Ha AP RIS HIE JRETGRSGESEribRUSHERS® Srghure, many new (and
previRHN@URINGaNey@ReuLtBionRING ayl ¥BiCaiitvHIBSRIPIOS @RSRSIONIoYKOrk
for Ihermg%%?stic ,materiair[% In thermoforming,_a flat sheet of glastic IS
[ &t ¥

inforAloRHiT dORTHRERGITRA ARl A%EH OB HG b RRSRSFEs o Bpe dev-
Moldmgchanriesl wessidne pf Hermoidiingitebhrigues dypicdihvnprgdusedads:ference

. haviqg ood tolerances, tight specifications, and sharp details in groove
in theaz eIy ‘
esign. "Indeed, thermoformed pads are usually comparable to, and

sometimes even better in quality
D. Thermoforming and Vacuum Forming

[0028] Other processes that may be used to produce the novel groove designs described here
are thermoforming and vacuum forming. Typically, these processes only work for thermoplastic
materiais. In thermoforming, a flat sheet of plastic is brought in contact with a mold after
heating using vacuum pressure or mechanical pressure. Thermoforming technigues typically
produce pads having good tolerances, tight specifications, and sharp details in groove design.
Indeed, thermoformed pads are usually comparable to, and sometimes even better in quality
than, injection molded pieces, while costing much less. More information on thermoforming
may be found in M.Heckele et al., Rev. on micro molding of thermoplastic polymers,
J.micromechanics and microengineering,vol.14(3), pp R1-R14, Mar. 2004, which pages are

hereby incorporated by reference in their eniirety.

[6629] Vacuum forming molds sheet plastic into a desired shape through vacuum suction of

the warmed plastic onto a mold. Vacuum forming may be used to mold a specific thicknesses of



than, injection molded pieces, while costing much less. More information
on thermoforming may be found in M.Heckele et al., Rev. on micro
Iding. of thermoplastic polymers, J.micromechanics and .
“@%@Q%r%?%eering,vol.14(3), pp RI-R14, Mar. 2004, which p%%gg %P§5i923330
hereby incorporated by reference in their entirety. [0029] Vacuum forming
molds sheet plastic into a desired shape through vacuum suction of the
plastiVaRehRasH eraNte AlNeishMae RN Mak DeHSeek tersatnatterns, may
specific_thicknesses of 8 WO 2006/020153 PCT/US2005/025330 plastic,
be ackysyed Srth vasTHIR RGNS B BRI FRGRRgs, and hence complex groove

patterns, may be achieved with vacuum molding with relative ease. E.
E. Mioroosemtaptipiming [0030j Using micro contact printing (MCP), which is
[60304 hi@iﬂmMimWhﬁﬁg&@@lﬁh@eW@@om i@gﬁ@@ﬁb@ﬁéﬁmifﬂ@@@ﬁe
gmov[ﬁgﬂ g CMb Rad fhisis sapeimes shaacterized ahemoll LIQorany as

. his method uses an elastomeric stamp to transfer a pattern onto the
Soft Eieigaly ThidinmeribelisscBhvariuRe oMyt feRsSHOeRiRsE IpRike CMP
pad. ’ﬁé@@tﬂ@%}m&%m@aﬁa RRdcsanUastuting L MigHoSHMBHT €S- thateaiation and
e used as grooves. These methods may be used enerate patterns
s P T A& ST e FEe(bp SR Rt vsed
generfe: @atlrhs thd Micror)sreanges Fatlat Stanipitg, Rrinting {8038 tlidrieteter (e.g., 0.1

o1 I%%%Qw irn can be used to generate the novel grooves designs describe

e asWal. In this process, a thermoplastic polymer may be hot
embossed using a hard master (e.g., a piece of metal or other material
F. Het peiapatétitinbossed in it, can withstand elevated temperatures,

00314 n P04 SRR FRTHRR B A IRARF SR ORTRIr32RY B st srmibo dgerys well
In thivheBepsesgeahinisdie havchmasien) WiemBiespolysngraisdieatacdo(ag., a piece
viscous state, it. be shaped under pressure. After, conformin the
o e BFURELEAMALT Rag B A GBRRITBy Raoil BV NG BlAge s persures,
and httandificiartenapinatu rdlGrdovindy patterdsobelifferentbppes! whyrheessed into the

ot A8, AR 0SSV S
Afterrepiforddeon ihegbangrfades Wi Friokling bixdreah opleeisng below the glass
transition temperature. Grooving patterns of different types may be achieved by varying the
initial pattern on the master stamp. In addition, this method aliows for the generation of
nanostructures, which may be replicated on large surfaces using melding of thermoplastic
materials (e.g., by making a stamp with a nano-relief structure). Such a nano-structure may be
used to provide local grading/grooving on these materials that may be useful for several CMP
processes. W.Spalte, Hot-stamping for surface-treatment of plastics, Kunssioffe-German

Plastics, vol.76(12), pp 1196-1199, Dec. 1986, which pages are hereby incorporated by

reference in their entirety, provides more information on hot stamping.



materials (e.g., by mating a stamp with a nano-relief structure). Such a
nano-structure may be used to provide local grading/grooving on these
materials that may be useful for several CMP processes. W.Spalte,
Hot-stamping for surface-treatment &flptd3tics, Kunsstoffe-German

Plastics, vol.76(12), pp 1196-1199, Dec. 1986, which pages are hereby
intGridFted by reference in their entirety, provides more information on

hot stamping, 9,CLAI We clajm: 1..A method for producing a.CMP pad
ing i g A LR C s R D e R o

to a patterned d which comprises an upper mold plate. and a lower

o ol e e B R T er B RGNl plate
gfBEvde™s Belddiptednd Yhereivplgredbiie Reticaisd sl Ubthecmspupiglgrooves
plates tondeadlfowing YHep@MP: podsmieridlthe splicifydd foxfw amditu grooves

in the curesh&alyiBe pad Hatatiddrial B wietiiotfer-prodicingaveRRagred CMP
haying.ig-situ grooves comprising the steps of: adding CMP pad material

to a patterned mold which comprises an upper mold plate and a lower

mold plate, and wherein ridges of theapatterned mold that correspond to

grooves AG'BEIGRBEPTHGHIE T 120 bire it W-Sirace 6F fRERSiRER i iers of
plate; artdidilaWwhy paé T Paback priteried teosdNdifshteofertivdmagitprpobolislate
inatile: towetnoM Blapachthateriah 3dgEhefmethadateithed Bhclaimspodt to grooves
claim Zowharsimiienagieraedimeldranaprisesirsilitenpedining having the
ridges, apd e alleaneining s grade R 2 slione slastamets, d Thes cwe
method of eithér claim | or claim whereir t e patternedgmol comprises

a P&ffit8HEining having the ridges formed using lithography. 5. The

method of either claim | or claim 2 wherein the patterned mold comprises

a 3silicorightimagdiaviinghthefridges! formied dswigreimbegsingn &l hhil comprises a

mathesk ohalaimva furhel cenpaisivgithensteRef At N he SilicAB iastomer.
lining to the mold.
4. The method of either claim 1 or claim 2 wherein the patterned mold comprises a

silicone lining having the ridges formed using lithography.

5. 'The method of either claim 1 or claim 2 wherein the patterned mold comprises a
silicone lining having the ridges formed vusing embossing.

6. The method of claim 3 further comprising the step of adhering the silicone lining to
the mold.
7. The method of ciaim 6 wherein the step of adhering the silicone lining to the mold is

selected from the group consisting of gluing, taping, clamping, and pressure fitting the
silicone lining to the mold.

8. The method of either claim 1 or claim 2 wherein the mold is metallic.

9, The method of claim & wherein the mold is made from a material selected from the

group consisting of aluminum, steel, ultramold materiai, and mixtures thereof,
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7. The method of claim 6 wherein the step of adhering the silicone lining to
the mold is selected from the group consisting of gluing, taping, clamping,
and pressure fitting the silicone lining to the mold. 8. The method of either
claim I or claim 2 wherein the mold is metallic. 9. The method of claim 8
wherein Yhemegiddistimidate diom aomasendl sktested SkOMPtel gaowjal comprises a
conrsaistisigsad mltenium, steel, ultramold material, and mixtures thereof. 10
10. The method of either claim | or claim 2 wherein the CMP pad material
comprisesamthrimerlasticimatetabidiy Pheathad el aitharelaimil Qhprises a
claim 2.wherein the CMP pad material comprises a theromset material.

12. The method of any one of claims 1-11 wherein the CMP pad material

pris olyurethane. 13. T e method of an f cl |ms 1-
??Eer AT OhaPSEs BT AER e, DHE ST oo FHL TR oy
oH B ERYs 1-13 wherein the CMP pad material is added to the mold in
one step. 15. The method of any one of claims 1-13wherein the CMP pad
midterial 1$s@edgdeiin mold deite Istéparthe: cPhwmsethbd Wireefypatrendfe the
claifss 1-13 wherein the CMP pad material is added to the mold in more
than two steps. IT A CMP pad having in-situ grooves, the CMP pad

COMPrising: nCONGEMEEyGIFRWAE HinSitL O Q0¥RSARE @RI CHEVatI N SHlkd (o the
grRaMes daemegl by the method according to any one of claims 1-16. 18.
The CMP pad of claim 17 wherein the concentric circular in-situ grooves

aﬁ% Spacﬁ% IQQ%BIQF 3 tson]é%fTE?mgM FBQ/%QI‘%B? @ﬁg;&ié}aa Crl added to the

aX| CI,EJI‘V g IN-situ grooves are overlapping claim
W eremn tiﬁepamally curved in-situ grooves are

16. The method of any one of claims 1-13 wherein the CMP pad material is added to the
mold in more than two steps.

17 A CMP pad having in-situ grooves, the CMP pad comprising :

concentric circular in-situ grooves and axially curved in-situ grooves formed by the
method according to any one of ciaims 1-16.

18. The CMP pad of claim 17 wherein the concentric circular in-situ grooves are spaced
apart in sets.

19. The CMP pad of claim 17 wherein the axially curved in-situ grooves are overlapping,

20. The CMP pad of claim 17 wherein the axially curved in-situ grooves are
discontinuous,

21 The CMP pad of claim 17 wherein the concentric ¢ircular in-situ grooves and the
axially curved in-situ grooves intersect.

22 The CMP pad of claim 17 wherein the CMP pad comprises polyurethane,
23. A CMP pad having m-situ grooves, the CMP pad comprising reverse logarithmic in-
Situ grooves.,

24, The CMP pad of claim 23 wherein the CMP pad comprises polyurethane.
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discontinuous. 21. The CMP pad of claim 17 wherein the concentric

circular in-situ grooves and the axially curved in-situ grooves intersect.

22. The CMP pad of claim 17 wherein the CMP pad comprises

polyurethane, 23. A CMP pad having in-situ grooves, the CMP pad
comprisil fVErRd BlFthmic i dhihgidovdszroaves A eiNamabizibathanehod
28 whersirpfhi@MPIgad comprises polyurethane. 11 25. The CMP pad

of claim 23 wherein the in-situ grooves are obtainable by the method of

any one pof claims, 1-16. 26. A CMP pad having in-situ grooves, the CMP )
o contbSePSL R ey B e BN e S b A o -
clieZ6Yherein the overlapping circular in situ grooves are offcenter.
28. The CMP pad of claim 26 wherein the CMP pad comprises

polyuret I in IN-Situ grooves
oDt oy e et o e A A T e R S e
halRsgtHh-situ grooves, the CMP pad comprising Lissajous in-situ
grooves. 31. The CMP pad of claim 30 wherein the CMP pad comprises
potyurethhanendZodd @M%%a&ﬂaﬁm@@mﬁm%&%ﬁ%%&@m@&%@s

are obtainable by the method of any one of claims 1-16. 33 A CMP pad
having in-situ grooves, the CMP pad comprising double spiral in-situ

grSoves Toerhatl 1ypdiee daberddr Aot disg s Bng Sesef ciimsabla By the method
TheaBMP:padighelaing.33 wherein the CMP pad comprises polyurethane.

12 35. A CMP pad having in-situ grooves, the CMP pad comprising

mB%I.t Iply Rvg&%%%g]gav%ﬁ%ﬂ}gﬁj Q{ggfelzg, tsﬂteu r%op\g?isc'omprising Lissajous in-situ

grooves.
31. The CMP pad of claim 30 wherein the CMP pad comprises polyurethane,

-

32. The CMP pad of claim 30 wherein the in-situ grooves are obtainabie by the method

of any one of claims 1-16.

33 A CMP pad having in-situ grooves, the CMP pad comprising doubie spiral in-situ

grooves formed by the method according to any one of claims 1-16,

34. The CMP pad of claim 33 wherein the CMP pad comprises polyurethane.
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36. The CMP pad of claim 35 wherein the CMP pad comprises
polyurethane. 37. The CMP pad of claim 35 wherein the in-situ grooves

are obtainable by the method of any one of claims 1-16. 38. A CMP pad
having in-situ grooves, the CMP pad comprising : concentric circular

insitu gfobYEs It AFsEiagithatere phdEE rdacearsitgayibinhod tréapping
padadisljaseet wdhedirsveagion and radiating in-situ grooves which radiate
linearly in the first region of the pad and are curved in the second region

ofghe patle Wharein e ladiatingiaisitd grPVAS Ciossihe ROnCenbie.
circular in-situ grooves, and wherein the CMP pad is formed by the

method feCEMNELILANYANS AheliMAnrdSod8 SMBRA% RS 3INRShod
wg}%@gr}pgff&@&{?gjp@ is closer than the second region, to a central axis

of the pad. 40. The CMP pad of claim 38 wherein the CMP pad comprises
polyurethan. 41. The CMP pad of claim 38 wherein the radiating in-situ
gP8oves’afdHoprthiyifg imtrgiaccphe 48t vidirAmTiieerein the

radiating énesituigeoovesiarenc gribnens 3. rdhienCMR padlanl elaireddd region

W&%%iﬂa%ggé\élﬁ DR SRPRURGS RONMEEINARE A4 JNR YRR FRimy in

43 wherein.the circular in-situ grooves occupy a majority of a surface of

RS ST RS BALr ST RS AR e o
grebvestmvisyseoaveijunishsfcehecninifater 46 1A @R havirgrinagdite CMP
greeverrnhieseindhe GdR-padiig fermedbthamethed of any one of
claims 1-16. 13

39. The CMP pad of claim 38 wherein the first region is closer than the second region, to

a central axis of the pad.

40. The CMP pad of claim 38 wherein the CMP pad comprises polyurethan.

41. The CMP pad of claim 38 wherein the radiating in-situ grooves are continuous.
42. The CMP pad of claim 39 wherein the radiating in-situ grooves are continuous.
43, The CMP pad of claim 42 wherein the CMP pad comprises polyurethane.

44, The CMP pad of claim 43 wherein the circular in-situ grooves occupy a majority of a

surface of the pad.

45. The CMP pad of claim 44 wherein the radiating in-sita grooves traverse a majority of

the surface.

46. A CMP pad having in-situ grooves, wherein the CMP pad is formed by the method

of any one of claims 1-16.
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