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distribution of applied pressure across a wafer, and removal of reacted products. During CMP,

the chemical interaction of the slurry forms a chemically modified layer at the polishing surface.
Simultaneously, the abrasives in the slurry mechanically interact with the chemically modified
layer, resulting 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/wafer
interfacial region. The extent of normal & shear forces during CMP 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; Chemical-Mechanical Planarization of
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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

lining comprises the step of patterning the silicone lining using lithography or embossing. The



patterning a silicone lining, placing the silicone
l[ining in, or on, a nold, adding CVP pad material to
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solidify. In sone variations, the silicone lining is
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provi de a schematic of the inpact of grooving on the
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGS. 1A and 1B provide a schematic of the impact of grooving on the

hydrodynamic pressure (P) generated around the pad/wafer region.

[0012] FIG. 2 provides a cross-sectional view of how the silicone lining method

described here may be used to produce in-situ grooves.

[0013] FIGS. 3A-31 provide illustrations of suitable groove designs as described

herein.



hydr odynam c pressure (P) generated around the
pad/ waf er region. [0012] FIG 2 provides a
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descri bed here may be used to produce in-situ grooves.

[0013] FIGS. 3A-3l provide illustrations of suitable

groove designs as descri bed herein. DETAI LED
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to produce CMP pads havmg better tolerances (e.g., better groove depth, etc.).

[0016] In one variation, the methods for in-situ grooving comprise the use of a silicone lining
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 example,
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.



[0016] In one variation, the nethods for in-situ
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nol di ng, Advanced Materials & Processes, vol.
padgrci% G%%é,gs'ppSQ-m, Jan. 2003; and D. Snock, Mbdern
Pl astics, vol.75(4), pp 64-65, April 1998, which pages
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silicone lining (206) has enbossed or etched patterns
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injected 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 mold 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 melted and placed

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



plate (202), it need not be. Indeed, the silicone
lining (206) may al so be adhered to, or otherw se
wo edoaiomads i n, the |lower nold plate (204). The BCT/USIN®025330
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) i i,on e.of particular interest in pads for
from ag%@%iltf)fﬁﬁlwpgggggn uch as |owK dielectrics, Cu
renmoval, STI, SoC, and the |ike. Novel G oove Designs
[0022] FIGS. 3A-3I provide illustrations of suitable groove designs as described herein. For

example, shown in FIG. 3A is a CMP pad having reverse logarithmic grooves. FIG. 3B
provides another depiction of a novel groove design where the grooves are overlapping circular
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 double spiral
grooves. FIG. 3D depicts a lassajous groove design, and FIGS. 3E to FIG. 3G depict variations

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



[0021] Novel groove designs are al so described here.
These novel groove designs were | argely devel oped
whamed20n3 f | ow vi sual i zati on studies. These stPdi/@S2005/025330
hel ped to identify the flow patterns of the slurry on
top of the pads. In this way, desirable trajectories
of the grooves were cal cul ated. At smaller radius
concertAé YRSulkd grBovesRBdpatdiagahtB seRO4stih PMGOG L BEniPRAS In some variations
grooves mere desi gned Wi th concentric circul ar grooves
the axiply teivedgraaves ard @ﬁ@nlampertg 4s| depicpest indflGS. 3Aenddgher

>

radi us val ues (| e., near the outer portion of the
p ~1 L0V ES rt.all
[0023] aﬁﬁ} Pﬂs éNSSI agc}]elmﬁg r&pﬁglly ogfrerglgppmg ax%ﬁ‘fcé%%dv%roov%s This

demgnﬁﬁﬂdﬁmlba[rtl@ul@ﬂly Glelfiel ffomﬁpptﬂﬁhmgy FIGABT Glovewer MotidASesign
range from apout 50 to about 500 m crons, while

comprisiig ACCEHS 6Wellafeds0pves ARG exially 6HivaS SLR0VeD Vhersin fs axially curved
groove%%gcpdlgl&%@%us [902¢4 1aﬁl)1([;§1ay30% p%gtééglg%\é’e%@ 1|f(l>11‘i§&15c%t1$ Qﬂﬁy loss.

sui 't e groove eS|gns as ere
exanple, showmn in FIG 3A is a CWP pad having reverse
[0024]I oglease mhwelrgnealesigns MhEbe PR duced bylesy auitableenethod. For example,

| .
they iz Be Ghasbioed briRg T ol AT iils dose DOquPIS: phCy 3SR roduced using
ex-sitidt@Bh&dh8RichméEh&s, §§hﬂ{s Qa&f (Vh‘ﬁ%@toﬁ Euttﬁn@ e\)iat&%%fjcﬁﬁﬁg,@ef) printing,

FIG 3C provides an illustration of a novel groove
thermqfersr,linge angh eﬂ@mh@rmm, gricrocioptact fsmife, bbtsst@ppme jor printing, and the

like. o%%%gm % l%geD d por %%151%;? ?ﬁl @ﬁ%g’t?églgr atf)%gg §u1 a&?ees Hhirable

dlmenﬂOﬂilCA@ desceibed a’ﬁdﬂeafyp%mw}ﬁ&can&g axihalphds ig lb@@ﬂ&f{aon:ﬁﬁe size of the
shown there, in sone variations, theconcentric

wafer 9 becglighedyr gereivadimensians veap dpseribpd 2kws, as in FI G

3G Simlarly, in sone variations, the axially curved

L i ng as depi cted in FIGS. 3F and
A agée i ML%E%QBE’F&%?M\AB a design having nultiply

over | apping axially curved grooves. This design may be
[0025]pakader whiging pr ositihgimalyde vsed to pakd @himgel grodse ctéﬂigshdmribed

heremyﬁs%ano %rg Eypggeﬁ g%?)951§t%é§) %\{%g 2%01 Ié?(':re{":’ ic ﬁ%l%rounted ona

mechaﬁ?éhﬁ‘ﬂf bonteolled §dsibRiAY afechifsiHl SCARE SYURMSHal T8 S plastic, is placed
variation may be particularly useful for redtcing

under dieyariing gsen ofjthoRagr tRrbewismo ey thg lasevevates b@qumda”yrtb ever the pad

surfac% tl?edﬂgeg Eén%g %%Hﬁ%ﬂgll I mst Baosdm%lﬁ%&s EE?YIEYea& hg%%%/n’g}/n which

the laser hltsf’tﬁy suriyce b&hp E@dlﬂﬁlg(értbk‘ﬁwe%uﬁkrétyﬁ)ibany abRedtaahd pfemse and
net hods, such as laser witing or cutting, water je
requirg:Rg gyrRGe Timishgy | TypiGady, ERRYIRE PSRN h@t%@av &e @mﬁrammed into the

f
laser c%f;l’llﬁq%"lﬁe%gnf@ E\g&te E]Igﬂaf ﬁ‘%on %}lgkéggn&sth%m% g ng ? %(enal e(g ral, J. Laser
Applicstiasecl.AS(4ymclisezt), dlov@08Bywhkich qaagésar@heldle;smba@lomted 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

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

7



di mensi on. As descri bed above, typically the scaling

of the pads is based upon the size of the wafer to be
w@oeloedads |1l ustrative di nensi ons were descri PerUS2005/025330

above. A Laser Witing (Laser Cutting) [0025] Laser

witing or cutting may be used to nmake the novel

groove desi gns descri bed herein. Laser cutters

geometr¥ddl path! Wdd@HiabdeseifipteondIwiney et &iagh dglﬁlai/ 88 €5undih TP Dusirte et al,
nount ed on a nechanically controlle ositionin

Abrasifye shatan i R ivixia Redielelr grea weli H(2), ep gl 7- ZQPaMm éxpn?é998 which pages
ced th rk4 f the | aser nmechani sm
mehm%s$PH01%g%§éb rgk%ﬁ EﬂlmﬁuFa?th over the pad
surface, the Iaser vaporlzes the material formng a
C. 3-BPeidtinghannel or cavity at the spot in which the |aser

[0027]h| Threk nmn@ﬂgl&@q @rintie(dr 8SY Iphhﬂﬁg)glrs QAVABSY HiYEdss 28 may be used to
cal y accur at e and preci se, nd require no surrtace

produqeutﬁfl? BOWah groovy gesiany descigheddigih gIno%Daﬁympat paétsmrm’alyltb@ layers. A
compu%r({@ W(gc}]él g?} 816 rQ nleaﬁ)%['t i§ i’ﬁ‘stt npa%ﬁggtg e 1M¥1§ aFléorlthJP maps the

1nf0rmat10n for ehaselbyAp @vb@ahy@@&,rts\b@f w1tﬁ a(thih, dippbw - o'cf@@wder spread over
2003, whjch ages are hereby |ncorporated
the Surlfaéﬁaf SmowdeRDEh ek Chese, pjtgiey magsiaj s e S@ﬂvebmom@rtlcles where the
r (% t
ot AR ML TR A AR oS PL ULOPUE R roges s
lowergdrin oeks fostbs nextj petvdef laperetssburfommﬂ \Maftareaélelagel;, tleessalriegfrocess is

0 po uare inc ooves in
repear g Dot beeRiiar 1o e Phai SR aA R PG bhn exercise
local cbhif6! SARF AR matdhhlCBripdsitibh, trﬁicﬁo%tﬁ@ﬁ&@ and IR S, ﬁﬁﬂ'y new (and
good edge finishing. In order to achieve grooving o

previodgs |1rta@deqsﬁuﬂ¢)@®pvetg¢emwatee mayete debievgpivithlthiy method. More

infornf3iii BA 39 SRS bl B ot AchyfR A S G abiclif bttt Bhototype dev.,

Moldi Fenps€¥olc3H(5 408, P auiiieh pAgek.-al hdAey inBorPbradd by reference
%fjgm ve ma%gér) jﬁgt R vista De F/b% al urgi ca, vol®34(2) g

in theipgntpety. 219, Mar-April 1998, which pages are hereby
i ncor por at ed by reference intheir entirety. C. 3-D

D. Thphkghj Q03 WachikER nsional printing (or 3-D
[0028]pr 0([:}{ %ss%s ﬁa%?ﬁgg e ngé)dc %oélllqc%tt rmé’ve?% 08%1 8651gns descrlbed here

e nove roove S|gns escri eres

are thesmafq@mmg atigvacpamtisrnaing. Wybicklly, ﬂhésa)pﬁfdésseéoﬁl@'mfﬂir thermoplastic
nodel of the required part is first made a

materlﬁlﬁe hn ﬁlegpi)@i“ﬁﬁlgaﬁ dlat $heﬁfrﬁfdae\@%wﬂhbrquamdn ﬁﬁﬂﬂw%; mold after
heatm%?ﬁ ¥ Eut : oRreo 06 v\%@&ﬁﬁmﬁf ggsoﬁl\r/ééﬁ’fhéﬁnto%rﬁnﬁgeghmques typically

er spre
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 entirety.

[0029] 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



the surface of a powder bed. A chosen binder materi al
then selectively joins particles where the object is
wo 000b®2(165 med. Then a pi ston whi ch supports theCposzies025330
bed and the part-in-progress is lowered in order for
the next powder | ayer to be fornmed. After each |ayer,
the sane process is repeated followed by a final heat
plastic, th%Jaﬁljﬁg 5 bfin ”FKl@lytcB%pﬂ@J rﬁoldﬁlg@ Cﬁqd%e@cepédrﬂlglbﬁ grdeRB patterns, may
exercl se local control over the material conposition,
be achienecreishh vammoy moldamgivihrdlatoe qaext ure, many new (and
previously i naccessi bl e) groove geonetries may be
E. Mi h this nethod More information on 3-D
‘%P'CRP ;5‘

00301 8t P PR L sy B s PO B e

gmoveé@arﬂée eS8 dMbii&Bd Qﬁlﬂﬁﬁoﬁf AROYTHi S Qb RefiRbeehaddeterized as
reference in their entirety. D. Thernoform ng and

“Soft Dithegraphy=orTis gleflmdzeg:s 1 eri@atorper@@@tsme $o trhmferma@af@@ ore ghe CMP

uce the noy ove DS, A8p&n
pad. Tl‘{l%g@%ﬂ a5 %c%xbveghe 3%\8 3:8 Pf ?Sitagthﬁ;§rap ;élnllek%ﬁ“oc% E? e Bhfation and
manufARfu@Ee ST cRRIrMCIWRE khalt 0fin bMeHQQ loasives TiRdse Ifneaﬂuﬁds mhdy be used to
thernoform ng, a flat sheet of plastic is brought in
generate patteias apd stRIGuTRp having featurnaiges nghesmemeleicog mlcrometer (e.g., 0.1
or mechani cal pressure. Thernoform ng
t°1“”?532 gges typi cally produce pads havi ng good
tolerances tight specifications, and sharp details in
F. Hogﬁimmmngdﬂiuyﬁmg I ndeed, thernoforned pads are usually
[0031]cC (Hmata’ﬁdqhﬁg tan beauxtd $0 pEterdte thearoenl @ebtardeslgnqdeﬁcnbyhere as well.

t han, j ection_ nol ded piece e costi
In this pyogess, wﬁw&npﬂlﬁ%}rwlwaﬁ 8% P%E‘P%?ﬁ%ﬂ%@&%@u pa5 {5k 8- a piece
of metétl ﬁé Eﬂh’éﬁe{}ﬁ%rﬁﬂ fat ﬁés ap dReMy erﬂﬁbs%c?ﬁﬂt Bk Wll‘ﬂgtaﬂ(ﬁ elevated temperatures,

stic pO S J. m cronechani cs and
and hamtrfﬁdemgugléﬂy tm@lamﬂﬁép@@nermad R bedainesmidased szlmmpressed into the

N X CONY T N N —

After cahﬁﬁhhfg tb @ﬁ@sh%pg 881Heaehns]) a%ﬁ be %géhem)fe,%mlﬁg 5&1ba;rth@§1ass
he warned plastic onto a nold. Vacuu ormn be

transmgs eannpematmﬂ &@osme oatteres pﬁdléﬁer@é twss ol Ibagtﬂinéved‘ lmsr varying the

y | ex,; ol an
miil AR g By et SR o B R B o MR G of
nanostihuidsNghvdhthay B¢ Bplivactas Eirgdfsurfuﬂcésf lﬁkllﬁig)mbﬁﬁﬁg S theinhdplastic
0030] Using mcro contact prlntln which is a

matenqaﬁx ere- r@sma&mug@rﬁtwp withiggrapecelif dUECtﬁeréo@*lé@l LA pyructure may be
used togﬂ‘fgg g ?c%ap ar Z%r%\nﬁ% gn gges@m%aﬁacﬂat rﬁy e i ful for several CMP

eriz
processes. W.Spalte, Hot—stamping for surface-treatment of plastics, Kunsstoffe-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.



"Soft Lithography."” This nethod uses an el astoneric
stanp to transfer a pattern onto the CW pad. This
wOoreiloeh15s a conveni ent, | ow cost, PCT/US2005/025330

non- phot ol i t hographi ¢ nmethod for the formation and
manuf acturing of mcrostructures that can be used as
grooves. These nethods may be used to generate
patterns and structures hayjmgg eature sizes in the
nanoneter and mcroneter (e.g., 0.1 to 1 mcron)
range. F. Hot Stanmping, Printing [0031] Hot stanping

We claiigh " pe used to generate the novel grooves designs

describe here as well. In this process, a _
1. th %e[m 8P Bfoﬁu&ﬁ%yﬁirtu g@évg’seillll%l\/@’ oD Ee @ har d
master (e.g., a piece netal or other terial that

steps oftas a pattern enbossed in it, can withstand el evated
tenperatures, and has sufficient rigidity to allow the
pol ynmer pad to become enbossed when pressed into the
HEW%HW§%$§ﬂPTKVH%ﬁgWhe pol yner is heated to a viscous
state, it may be shaped under pressure. After
iR HeRfidofe lilRgSAaRONA nidke stanp, it may be
har dened by cooling below the glass transition
tenperature. G ooving patterns of different types nmay
B@da@HﬁM$é@davﬂva#¢@ﬁgfﬂﬁ@nphpﬂ@a| pattern on the
master stanp. In addition, this nmethod allows for the
Qﬁﬁ%ﬁﬁiﬂEQH@?§B§ﬂ9§ﬂkf tures, which may be replicated
on | arge surfaces using nolding of thernoplastic
materials (e.g., by making a stanp with a nano-relief

2. stheunethpépt clsue b veherein thestilicont linmgnimnade fipgea siligone

rovi de | ocal grading/grooving on these materials that

y be useful for several CMP processes. W Spalte,

Hot - st anpi ng for surface-treatnent of plastics,

3. Komessédbd of Seinrarvidids theodep ¥Qattéidthe stitodd Bk 199,
Dec. 1986, which pages are hereby incorporated by
comprisgs be stspf patterpbigthesitipons fningpeng Hdweregh® i nf or mat i on
on hot stanping. CLAIMS W claim 1. A nethod for

. e . . o t he
4 CPRSHERPRoLud) b R AR RS o RO RSB BhAE,
comprsed the otep df ipatterginigrthe siticar, lirangrodidg emblokisingg. CMP  pad
material to the silicone |ining;

elasto

5. The method of claim 1 further comprising the step of adhering the silicone
lining to the mold.
6. The method of claim 5 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.
7. The method of claim 1 wherein the mold is metallic.

8. The method of claim 7 wherein the mold is made from a material selected
from the group consisting of aluminum, steel, ultramold material, and mixtures

thereof.
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allowing the CW pad to solidify. 2. The nethod of

claim1l wherein the silicone lining is nmade froma
wa@2doboznss el astomer. 3. The nethod of cl ai m 1wheT/@52005/025330

the step of patterning the silicone Iining conprises

the step of patterning the silicone |lining using

l'i thography. 4. The nethod of claim1l wherein the step

9. Ol‘helqﬁéth@& Bf Oint h‘%vh%ténh ﬁﬁ:r@M'P' PN EITRbPASestNe St ep
patterning the silicone I'ining using embossing. 5.

ﬂwﬂﬂﬁpkéuﬂemhmmlof claim1l further conprising the step of
adhering the silicone lining to the nold. 6. The

gﬁ}q%gh Pfﬂ?ﬁ% vge %Eﬂk lyﬁrwﬁggﬁg@?gﬁggﬁéﬁﬁﬁhe gr oup

therom@ens4tstialng of gIU|ng, taplng, cl anpi ng, and pressure
fitting the silicone lining to the nold. 7. The nethod
of claim 1 wherein the nold is netallic. 8. The nethod

11. o?hecm%rhﬁﬁi of Gl &ivrerstl thedt MP| Rad paaierial ippelEUistiaas i al

selected fromthe group consisting of alum num steel,

12. Ufﬁer rﬁ&ﬁb&’ oL 1 Fhrth QQ%&% ESstt6F }?a@tferrg r%{ﬂé%&ﬁt hod

claim 1l wherein the mat'er 1-al rises a
thernDpIastlc material. 10. The nethod of claim1
13.  whéMNP pad bempingad material conprises a theronset
material. 11. The nethod of claim 1 wherein the CWP

c%g %g Encathar Sfo@@es%ﬂ{l%%ﬁ@?%ﬂrv%& groobf met hod of claim

ep of “pat ernlng t he nol d.
13. A QWP pad conprising : concentric circular grooves
14. dhet @iPgladyfeinimdd wliceavake cddentfibeirGMB padvafarel ai m
13 wherein the concentric circular grooves are spaced
spacedghaptin §§{S-sets. 15. The CWP pad of claim 13 wherein the
axially curved grooves are

15.  The CMP pad of claim 13 wherein the axially curved grooves are .

overlapping.

16.  The CMP pad of claim 13 wherein the axially curved grooves are

discontinuous.

17.  The CMP pad of claim 13 wherein the concentric circular grooves and the

axially curved grooves intersect.

18.  The CMP pad of claim 13 wherein the CMP pad is made from

polyurethane.

19.  The CMP pad of claim 13 wherein the grooves are produced by a method
from the group consisting of silicone lining, laser writing, water jet cutting, 3-D
printing, thermoforming, vacuum forming, micro-contact printing, hot stamping,

and mixtures thereof.
20. A CMP pad comprising reverse logarithmic grooves.

21.  The CMP pad of claim 20 wherein the CMP pad is made from

polyurethane.
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over | appi ng. 16. The CWP pad of claim 13 wherein the
axially curved grooves are discontinuous. 17. The CWP
w@awento163 ai m 13 wherein the concentric circul BET/US2005/025330

grooves and the axially curved grooves intersect. 18.
The CWP pad of claim 13 wherein the CMP pad is made
from pol yuret hane. 19. The CMP pad of claim 13 wherein

22. the omé@%f@ra%nmoqdm&ﬁ Y oo TR RO FrJdtedn 18 n@fRidp
consisting of silicone lining, |aser witing, water

from tljleegroum vonsmying 34 Bilispnatining, laseh @frﬁmgowmen@t cwta@gn,LﬁTD

prmtmlgi O} %er{rlnnggagﬁgrﬂt Bﬁn%%@gré rc]gntg% glgo

andnﬂg@g&nmgﬁafc grooves. 21. The CWP pad of cIa|n120
wherein the CVWP pad is nmade from pol yuret hane. 22. The
CWP pad of claim20 wherein the grooves are produced

23, pf QVRwed semprYRg PHElgPBgSIEBIRE BROOVRY of SI I | cone
lining, laser witing, water jet cutting, 3-

24, PIREMPad dTRIARI B M Ein HAGHY %19 PR g? %’(r& £ont act
printin hot stanping, and m x s thereo 23. A

off-cer@P pad corrpr| sing overlapping circular grooves. 24.
The CVP pad of claim 23 wherein the overl appi ng

PN AR T ap G P

polyur@[(hb]yé,lr et hane. 26. The CWP pad of claim 23 wherein the
grooves are produced by a nmethod fromthe group

conS|st| of silicone |ining, laser witjing, water
26.  jEhe Mk a%@f chip Z5rwharpinghe gioaverre PrAdyged b/yaé tgiRod

from tﬁ@éﬁhﬁ Qons‘iQ tﬁ%éb;f%ﬁﬂbﬁ&ﬁmﬁg,' 184k DitindOkvatet MTRLBG g, REF

printing, thermoforrnmg, vacuum forming, micro-contact printing, hot stamping,

* and mixtures thereof.
27. A CMP pad comprising lassajous groves.

28.  The CMP pad of claim 27 wherein the CMP pad is made from

polyurethane.

29.  The CMP pad of claim 27 wherein the grooves are produced by a method
from the group consisting of silicone lining, laser writing, water jet cutting, 3-D
printing, thermoforming, vacuum forming, micro-contact printing, hot stamping,

and mixtures thereof.
30. A CMP pad comprising double spiral grooves.

31.  The CMP pad of claim 30 wherein the CMP pad is made from

polyurethane.

o]

32.  The CMP pad of claim 30 wherein the grooves are produced by a method

from the group consisting of silicone lining, laser writing, water jet cutting, 3-D

12



27. A CWP pad conprising | assajous groves. 28. The CWP
pad of claim 27 wherein the CVWP pad is nade from
w@oelogoedashane. 29. The CWVP pad of claim27 wheP€i/mS1008025330
grooves are produced by a nethod fromthe group
consisting of silicone lining, |laser witing, water
jet cutting, 3-D printing, thernoformng, vacuum
inti ' h & RACG AR bR eind hiBio-Qtach SintSh 2 MBI R8mpRRd

prlntln%%étﬁl??g?%%r eof . 30. Aé)CI\/P pad coﬁn%t)ri sg?ng douglg

and migtpiesahergufooves. 31. The CMP pad of claim 30 wherein
the CWP pad is made from pol yuret hane. 32. The CWP pad

~n f i m 30 ej A a
. ALeRbE SRR oL RONER SRl BRRMGRRL P
| aser witing, water jet cutting, 3-Dprinting,
34.  tihedmP @aiongainy a8 wherdiothei CIP pail és madofibact printing,
hot stanping, and mi xtures thereof. 33. A CWP pad
POIYurf'é]éﬂ%ri sing multiply overlapping axially curved
grooves. 34. The CWP pad of claim 33 wherein the CW
35.  Aad dNip ?Q Sf LR R AW £ iHRANEove3 Are ProudiyPadebd
clai m 33 wherein the grooves are produced by a nethod
from thergpomuyt ¢rensigtiogpf sitinwiedinimg laskr wiiting.ovatel jeh¢uigne,3aler
... wjtin wat er jet .cutting, 3-D.,printj.ng, .
printing hermmi Dt 2GR SOIP R O PRL R SL PRy i ng,
and mik@testh@d®i Nng, and m xtures thereof.
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