Pol i shing Pad with Concentric or Approximately Concentric Polygon G oove
Pattern TECHNI CAL FI ELD [ 0001] Enbodi nents of the present invention are in
the field of chem cal mechanical polishing (CW) and, in particular,
pol i shing pads with concentric or approximtely concentric polygon groove
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used in seniconductor fabrication forPpitanarizing a seni conductor wafer or
ot her substrate. [0003] The process uses an abrasive and corrosive chem cal
slurry (commonly a colloid) in conjunction with a polishing pad and
retaining ring, typically of a greater dianeter than the wafer. The

pol ishing pad and wafer are pressed together by a dynam c polishing head
and hel d i nTHCEHEIGHLFEELLt i ¢ retaining ring. The dynani f p]?I i shing Iheadd
is rotated [ ol k:shi s dd et d h.atds 1N ren ~0f material an
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formation of additional circuit elements. For exanple, this mght be
necessary i PRPHER'THYIFHYCPRIIMEIPE BlilfHece within the depth of field of
a photolithography system or to selectively renove naterial based on its
position. Typical depth-of-field requirenents are down to Angstrom |l evel s
for the |at B&ACKGREINRanonet er technol ogy nodes. [0004] The process of

material eiﬂaﬁé‘f s nehmsuiczr{ip:ln}échtag%%[ p%na?ﬁ{it?osij c\)/r%hgl%{c%mn%gi’lanical polishing,
commonly abbreviated CMP, is a technique used in semiconductor fabrication for
planarizing a semiconductor wafer or other substrate.
[0003] The process uses an abrasive and corrosive chemical slurry (commonly
a colloid) in conjunction with a polishing pad and retaining ring, typically of a greater
diameter than the wafer. The polishing pad and wafer are pressed together by a
dynamic polishing head and held in place by a plastic retaining ring. The dynamic
polishing head is rotated during polishing. This approach aids in removal of material
and tends to even out any irregular topography, making the wafer flat or planar. This
may be necessary in order to set up the wafer for the formation of additional circuit
clements. For example, this might be necessary in order to bring the entire surface
within the depth of field of a photolithography system, or to selectively remove
material based on its position. Typical depth-of-field requirements are down to
Angstrom levels for the latest sub-50 nanometer technology nodes.
{0004} The process of material removal is not simply that of abrasive scraping,
like sandpaper on wood. The chemicals in the sturry also react with and/or weaken
the material to be removed. The abrasive accelerates this weakening process and the
polishing pad helps to wipe the reacted materials from the surface. In addition to
advances in slurry technology, the polishing pad plays a significant role in
increasingly complex CMP operations.
[0005] However, additional improvements are needed in the evolution of

CMP pad technology.



|i ke sandpaper on wood. The chemicals in the slurry also react with and/or
weaken the material to be renoved. The abrasive accelerates this weakening
process and the polishing pad helps to wi pe the reacted materials fromthe
surface. In addition to advances in slurry technol ogy, the polishing pad
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approximately concentric polygons. The pattern of protrusions has no radial

protrusion continuous from the inner most polygon to the outer most polygon. With

the lid placed in the mixture, the mixture is at least partially cured to form a molded

homogeneous polishing body including a polishing surface having disposed therein a

pattern of grooves corresponding to the pattern of protrusions of the lid.

[0009] In another embodiment, a polishing pad for polishing a substrate

includes a polishing body. The polishing body has a polishing surface and a back

surface. The polishing surface has a pattern of grooves including a plurality of

discrete linear segments orthogonal to radii of the polishing surface and forming a

portion of a, but not a complete, concentric or approximately concentric polygon

arrangement.

[0010] In another embodiment, a polishing pad for polishing a substrate

includes a polishing body. The polishing body has a polishing surface and a back

surface. The polishing surface has a pattern of grooves including nested incomplete

polygons having continuity there between.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 illustrates a top-down plan view of a concentric circular
groove pattern disposed in the polishing surface of a conventional polishing pad.
[0012] Figure 2 illustrates a top-down plan view of a concentric polygon
groove pattern, with radial grooves continuous from the inner most polygon to the

outer most polygon, disposed in the polishing surface of a conventional polishing pad.
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[0009] I n anot her enbodi ment, a polishing pad for polishing a substrate
includes a polishing body. The polishing body has a polishing surface and a
back surface. The polishing surface has a pattern of grooves including a
plurality of discrete |inear segnents orthogonal to radii of the polishing
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[00111Figure | illustrates a top-down plan view of a concentric circular

groove pat t @H4Hi spos EurntA hduspatcs ¢ imdovsuplbacevost accromisapolypari
po s o Paf ARE) DA S RSl BB BLATHE Form v
i nner nost  polkeygost fodydohediepdsed imms boldinpgaRface SRR90ehtidhal fiftisRRLIpsdi Ng
surface of conventignal polishing pad. [0013]Figure 3 illustrates a
t op- down pl 3}913] ew of 'iUEGHE EHISHRIES pEIPHdsoT Rrbbve Patccarmirinpelliceio r adi al
i Sposed | nepae Rl G R LS brdogp R e S Lo IBSL RS W T an
enbodi nent  ofitet inestpoggens disposedin the polfbb4uHugusfe phiishink pad,riat es a t op- down
plan view Ogcc%rd%lqgecv%i fl I::l{l G %i%%%pof the present invention.

f0016] Figure 4C illustrates a top-down plan view of a concentric polygon

groove pattern, with a radial groove between successive polygons, disposed in the

polishing surface of a polishing pad, in accordance with an embodiment of the present

invention.

[0017] Figure SA illustrates a top-down plan view of the trajectory for a

circular groove of a concentric circular groove pattern disposed in the polishing

surface of a conventional polishing pad.

[0018] Figure 5B illustrates a top-down plan view of the trajectory for a

polygon groove of a concentric polygon groove pattern disposed in the polishing

surface of a polishing pad, in accordance with an embodiment of the present

invention,

[0019] Figure 6A illustrates a top-down plan view of a concentric dodecagon

groove pattern disposed in the polishing surface of a polishing pad, in accordance with

an embodiment of the present invention.

[0020] Figure 6B illustrates a top-down plan view of a concentric octagon

groove pattern disposed in the polishing surface of a polishing pad, in accordance with

an embodiment of the present invention.

[0021] Figure 7A illustrates a top-down plan view of a concentric polygon

groove pattern, with rotated successive polygons, disposed in the polishing surface of

a polishing pad, in accordance with an embodiment of the present invention.

[0022] Figure 7B illustrates a top-down plan view of a concentric polygon

groove pattern, with alternating rotated successive polygons, disposed in the polishing
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groove pattern, with radial grooves continuous fromthe inner nost polygon
to the outer nost pol ygon, disposed in the polishing surface of a
conventional polishing pad. [0015]Figure 4B illustrates a top-down plan
view of a concentric polygon groove pattern, with no radial groove
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groove patt gfpyglisposed in the polishing surface of a polishing pad, in
accordance with an enbodi nent of the present invention. [0020] Figure 6B
i 1l ustrates{®28pbp- dowhigptediB iliustnmtef a @pamaepitu iviewostaagaentric polygon

groove pattern, where one of the polygons has a different number of edges than
another of the polygons, disposed in the polishing surface of a polishing pad, in
accordance with an embodiment of the present invention.

10026} Figure 10 illustrates a top-down plan view of a concentric polygon
groove pattern, the pattern interrupted by a local area transparency (LAT) region
and/or an indication region, disposed in the polishing surface of a polishing pad, in
accordance with an embodiment of the present invention.

[0027] Figures 11A-11F illustrate cross-sectional views of operations used in
the fabrication of a polishing pad, in accordance with an embodiment of the present
invention.

[0028] Figure 12 illustrates a top-down plan view of a concentric polygon
groove pattern, with distorted polygons, disposed in the polishing surface of a
polishing pad, in accordance with an embodiment of the present invention,

[0029] Figure 13 illustrates a top-down plan view of a groove pattern having
continuity between incomplete polygons with a general appearance of concentric
polygons, disposed in the polishing surface of a polishing pad, in accordance with an
embodiment of the present invention.

[0030] Figure 14A illustrates a top-down plan view of a line segment groove
pattern with a general appearance of concentric polygons without inflection points,
disposed in the polishing surface of a polishing pad, in accordance with an
embodiment of the present invention.

[0031] Figure 14B illustrates a top-down plan view of a line segment groove

pattern with a general appearance of concentric polygons without every other edge,



groove pattern disposed in the polishing surface of a polishing pad, in
accordance with an enbodi nent of the present invention. [0021]Figure 7A
illustrates a top-down plan view of a concentric polygon groove pattern,
with rotated successive pol ygons, disposed in the polishing surface of a

pol i shi ng p@@goécﬂ IRARYUIMGE sl ()@Q p@!’@?ﬁlﬂg‘ PR, &anrdhﬁ:cmnﬁ?ﬁm i nvention.

[0022] Figure /B illustrates a top-down plan view of a concentric polygon
groove pattéWﬁOdIWOPhOfdh@qufi@lttlim‘g:nh@m ated successive pol ygons, disposed in
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of the pres&mor WV@Wﬁhéﬂe“ﬁ@é@ﬁ@#P@%ﬁ@“@%ﬁﬂ@%ﬂ§@¢ates a top-down plan view
of a concentric polygon groove pattern, with interrupting non-polygonal
grooves, disposed in the polishing surface of a polishing pad, in
accordance WHIMARERSORENEIGY the present invention.

[0033] Polishing pads with concentric or approximately concentric polygon
groove patterns are described herein. In the following description, numerous specific
details are set forth, such as specific polishing pad compositions and designs, in order
to provide a thorough understanding of embodiments of the present invention. It will
be apparent to one skilled in the art that embodiments of the present invention may be
practiced without these specific detaifs. In other instances, well-known processing
techniques, such as details concerning the combination of a slurry with a polishing
pad to perform CMP of a semiconductor substrate, are not described in detail in order
to not unnecessarily obscure embodiments of the present invention. Furthermote, it is
to be understood that the various embodiments shown in the figures are illustrative
represenfations and are not necessarily drawn to scale.

[0034] Polishing pads for polishing substrates in CMP operations typically
include at least one surface with physical grooves formed therein. The grooves may
be arranged to balance an appropriate amount of surface area for polishing the
substrate while providing a reservoir for slurry used in the CMP operation. In
accordance with embodiment of the present invention, groove patterns based on a
series of concentric polygon shapes are described for polishing surfaces of polishing
pads. As an example, a polishing pad with a diameter of approximately 20 inches has
a polishing surface with a groove pattern based on concentric decagonal grooves.
{0035] Groove patterns described herein may provide benefits for, or may be
advantageous over prior art polishing pads for, polishing substrates in a CMP
operation using slurry. For example, advantages of groove patterns described herein
may include (a) improved averaging of a slurry-based polish process across a polished
substrate as the polishing pad rotates and the individual grooves transtate radially
inward and outward, (b) improved slurry retention on the polishing pad relative to
pads with radial grooves. Both concepts are described in greater detail below, e.g., in

association with Figures 5B and 2, respectively,



[ 0025] Figure 913 illustrates a top-down plan view of a concentric polygon
groove pattern, where one of the polygons has a different nunber of edges
than anot her of the polygons, disposed in the polishing surface of a

pol i shing pad, in accordance with an enbodi nent of the present invention.
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averaging of the polish benefit, which might otherwise be diminished as the number
of sides of each polygon increases and approaches a circular shape. Another
embodiment includes groove patterns with concentric polygons having a center that is
not in the same location as the polishing pad center.
[0037} More involved embodiments may include groove patterns with
concentric polygons oriented to have a small angle, theta, relative to one another.
This small angle theta can be positive or negative relative to the direction of rotation
of the pad on the polishing tool. Such embodiments may provide a visual impression
of the straight line angles forming a gentle spiral {from the center to the edge of the
polishing pad (see description of Figure 7A, below). Such a pattern may also provide
a varying land width as a polishing land is followed around the polishing pad. There
may be further advantages in polish performance and slurry retention stemming from
such a skewed groove pattern.
{0038] Conventional polishing pads typically have concentric circular groove
patterns. For example, Figure 1 ilfustrates a top-down plan view of a concentric
circular groove pattern disposed in the polishing surface of a conventional polishing
pad.
[0039] Referring to Figure I, a polishing pad 100 includes a polishing body
having a polishing surface 102 and a back surface (not shown). The polishing surface
102 has a pattern of grooves of concentric circles 104. The pattern of grooves also
inctudes a plurality of radial grooves 106 continuous from the inner most circle to the
outer most circle, as depicted in Figure 1. The potential drawbacks of such a groove
pattern are described throughout with respect to specific embodiments of the present

invention.
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pattern with a general appearance of concentric polygons without inflection
points, disposed in the polishing surface of a polishing pad, in accordance
wi th an enbodi nent of the present invention. 10031]Figure 1413 illustrates
a top-down plan view of a |line segnent groove pattern with a general
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to the outer most polygon 208.
[0042] In contrast to Figure 2, and as exemplified in Figure 3 below,
embodiments of the present invention include patterns of concentric polygons without
the presence of radial grooves continuous from the inner most polygon to the outer
most polygon. By not including such radial grooves, slurry retention on the polishing
pad may be improved relative to pads with such radial grooves. For example, such
continuous radial grooves can act as drainage channels, effectively draining slurry off
of the polishing pad before utilization of that slurry in the polishing process.
[0043] In an aspect of the present invention, a polishing pad may be fabricated
with a polishing surface having a concentric polygon pattern of grooves thereon. As
an example, Figure 3 illustrates a top-down plan view of a concentric polygon groove
pattern, with no radial groove continuous from the inner most polygon to the outer
most polygon, disposed in the polishing surface of a polishing pad, in accordance with
an embodiment of the present invention.
[0044] Referring to Figure 3, a polishing pad 300 includes a polishing body
having a polishing surface 302 and a back surface (not shown). The polishing surface
302 has a pattern of grooves of concentric polygons. For example, in an embodiment,
the pattern of grooves of concentric polygons is a pattern of grooves of concentric
dodecagons 304, as depicted in Figure 3. In accordance with an embodiment of the
present invention, each of the concentric polygons has the same number of edges. For
example, in one embodiment, each of the concentric polygons has twelve edges. In
contrast to the polishing pad of Figure 2, the pattern of grooves has no radial groove

continuous from the inner most polygon 306 to the outer most polygon 308. As



[ 0034] Pol i shing pads for polishing substrates in CMP operations typically
i nclude at | east one surface with physical grooves formed therein. The
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may be furttew Oadtcamtcagesaodygopgtmsfh ppiegrh ad Panicle na i Igurdws rcl&taen:tiu@n

S G SR BB R SO E TEL Bela
Figure 1 ildiusd pbes imehi@hr dRIA a@d@'@va&’ HewriBbd B &KBNLBNLSIFatiSh rv&ﬁ';' A groove
pattern dlsposed in the polishing surface of a conventional polishing pad.
[0048] Instead, Figure 4C illustrates a top-down plan view of a concentric
polygon groove pattern 420, with one or more radial grooves 422, 424, 426 between
successive polygons, disposed in the polishing surface 428 of a polishing pad 400C, in
accordance with an embodiment of the present invention. Thus, in an embodiment,
the pattern of grooves further includes a radial groove between two successive
polygons of the concentric polygons. In one embodiment, the radial groove extends
between only two immediately successive polygons, such as radial groove 422. In

another embodiment, the radial groove extends beyond two immediately successive



[0039] Referring to Figure I, a polishing pad 100 includes a polishing body
having a polishing surface 102 and a back surface (not shown). The
pol i shing surface 102 has a pattern of grooves of concentric circles 104.
The pattern of grooves also includes a plurality of radial grooves 106

continuous fp) $E%ﬁsh§mh%Q?Jduﬂgféoﬁiélrzgsﬂl %x%tﬁcli]@m‘%‘(ﬁﬁﬁn%?I:ongldgtcll)? 4 S depi cted

in Figure I. otenti al awbac such a are descri bed
t hr oughout ﬁﬁmhﬁﬂéﬁpedﬁﬁﬂdhspﬁﬁﬂﬁm@n@n@mﬂnnmﬂd8Hbésmbeomhega@gmmmyent|on

100401Pol i shin ving r d|a roove y exacerbate slurry |oss
duri ng pollgWF%anﬂﬁ%CgJB§t¥§ i8S e 55%5&%? Figure 2 illustrates a

t op-down pl gw4y] ew of Ba i GORGENE amﬂ@t&g@aﬁg& orP&bbesNverWist h radi al
gr ooves con?ﬁ%u%us froﬁ1the ﬁﬁngr nost pol 9 ?g the outer nost pol ygon,

di sposed i ncqeEnpsrirshsngrsyee avaagng af @mﬂ rmc@smmwpbcb pahiivied agrask a
100411Ref er {)61'& od Qi@ d?t[%g@%sl?ﬁ% pch nq ? Eélgwé glg)?ﬁﬁ%qtf0| l!fﬁfhl ng body

having a polishing surtace sur

pol i shi ng suﬂﬁﬂgan&ﬁaahaSumm@@tAeamuﬂinQEQQMQSSthG@ﬂ@ﬁﬂﬂbp@oﬂﬁbwﬂons For

exanpl e, in an enbodi.ment, the p ?ttern of grooves of concentric polygons is
a pattern o\"l“&r“gé]\lﬁe%al‘bqtmé’cgﬂ‘c‘éﬁ’ﬂcr‘ﬁ Y g&@f&é@égéﬂ%‘:e%@ C“ﬁ‘éladélﬁpl’,‘(t paietth Fi gure 2.

Hovever, thgspatd ﬁﬁ'ik%f)hﬁﬁ@pé{@ﬁc@bﬁ@c Peh i (ﬂlsH gkl F ﬂupc:f5}§ adi al grooves
61

210 contlnuous fromthe 1 nner nost polygon e ou nost pol ygon
208. [0042] ilnsteaien a @etdovm pimguuew o 1eatmmje<asl yémempdiygamyomw <E' lagienenfidel ow,
enbodi nent s t he nven ns of., congcentric

pol ygons wi ?(ﬁf ot ﬂlﬁgveﬁjr‘lgtglé]nch?%? P“a}g? 2\ ’SJ:}Plé{gg\'} e (gj RONSH0E P#%-dn t he i nner

nost  pol ygoscblabdvewitieEmbBEeROIMBO PresddY ild@htiddcl udi ng such radi al
gr ooves, slurrg retention on the polishing pad may be inproved relative to

pads with slf8&0k adi al @?@ﬁ@é@F%F@@Séx%ﬁﬁp@ow§ﬁBHJmansamubﬂggfdﬁmawhgrooves
t he
can act as s NaskIShANNGY Sp0 RESEELLIALY ALa 51“'18%%@ Y %g?ﬁnﬁbc brocess.

pol i shi ng pad Frzation o arr
[ 0043] I n arciaspegtooot phiren disesexdtin itevebishias surdacp ok i S&hmu@@d pOBhie

fabricated wt pol i shi surface having a concentric polygon pattern of
grooves t heﬁ‘aéloﬁ-heﬂéjeéwif&%ieé“mﬁ %FrdeO“SthF FIrgidaneaes 96t Eprigbmhnthel an vi ew

! oy Soncenii polades s ears B4 30 L1t 0015 Y D
pol i shi ng stipdEcHooByacopthitshir mgCtpa/oﬁmBmcaﬁs@lpdhsimé substiateif4 Brivadi rrent of
the pr esentpoh@l\ﬁﬁgtp!ﬁ)g@OB rotates along a polygon groove 508 of a concentric polygon

groove pattern disposed in the polishing surface of polishing pad. The trajectory 5028

translates radially inward and outward for polygon groove 508, increasing the amount

of surface of substrate 5048 subjected to the polishing process from polygon groove

506.

[0051] In another aspect of the present invention, the number of faces of cach

polygon in a concentric pattern of polygons may be varied depending on the specific

application, as well as the size, of the polishing pad. As an example, Figure 6A

llustrates a top-down plan view of a concentric dodecagon groove pattern 602A

disposed in the polishing surface of a polishing pad 600A, in accordance with an

embodiment of the present invention. Figure 6B illustrates a top-down plan view of a

concentric octagon groove pattern 602B disposed in the polishing surface of a

polishing pad 600B, in accordance with an embodiment of the present invention,

[0052] In an embodiment, the number of edges of each polygon is determined

by the diameter of the polishing pad or by the diameter of the substrate to be polished

by the polishing pad. For example, in one embodiment, the diameter of the polishing



[0044] Referring to Figure 3, a polishing pad 300 includes a polishing body
havi ng a polishing surface 302 and a back surface (not shown). The
pol i shing surface 302 has a pattern of grooves of concentric polygons. For
exanpl e, in an enbodi ment, the pattern of grooves of concentric polygons is

a pattern o @iOpnesiRhicGORGENE G IRHREAIPNR s30%raidS aP@Bkﬁﬁd‘?& 9 Figure 3.
I n accordance wi th an enbodi nent’ of the present invention, each of the
concentric palhygand tvamntdngrisprizzons rvennofntedyesdedagonseXanpbtrer i N one

enbodi nent, .of the.concentric polygons has twelye edges. |n contrast
to the poli Eﬁlﬁjﬁg%‘&& “gef d’&ﬁnﬁﬁ_ﬁ’r %[t t&‘,‘ p?wgllilgﬂ’g?a[&é? APREPX G %@“%E% HS radi al
groove cont idbuedgs dfri@reubiiead RABHroRRSAclP Gl iMERE, 3AGhd &kARriOPLSLRSE Pol ygon
308. As described above, in an enbodi nent, the absence of "a'radial groove

continuous FPwhtielerageas. owtenpwdign Bebned allvactoedeeof Hestutgalosgon 308
aids in ret i,Qn: Qf , 0] cicghi syr.face of .the.polishing pad
300. More pgg%%fsgdlp P)F})!XH{i{rl]tglg(r?\lgth%Eg%g%iér%ﬁt ,&%ﬁ’é’%ﬁ%ﬁé @Ftﬁ O(gh](’év%%‘%}gsoqhas no
radi al gr ootessubbtatis wehegrolisiasl. depiahedtnbodrhgurepdishin@@4dtoiteiplatea be
understood {hat t he%lo_ute. edg%s_‘of the polishi rﬁlag pad 300 mag not be able to
accomodat e "FGHPF & [Bé’l‘){)ﬂb% DSEYGEPERS 2 digeserphgPexunadrd>9 o i ncl ude
grooves at hhiginuigr nost reaches of polishing pad 300. For exanple, in an
enbodi ment, one or nore broken polygons 320 is included near or at the edge
of polishinifl§all 300, Aagutabtyddspadtcettic polFEoger Bn@.of &6 bne anshdigmagspect

of the pres Jdnvention, .a polishing pad may be fabricated with a

pol i shi ng sﬁlﬁuééc%%’é%'?t I e{[ﬁ%%éél}f(ldgc%cgwgéﬁlflP‘(l g g?@‘Bﬂulﬁﬁ?f fg‘r”hy df grooves
and one or hetgortsadicad thglag! glolj@nNole LioAdd. THALS, {d ABtdasBngr nost
pol ygon to the outer npbst polygon of the concentric. Inclusion of such a

radi al gr ootf§ HEsFNHEYERERUTEFsaEe Rolierkiay teoolatdl relatise b dreanather. ofort he
pol i shing pad,o4 PO Al; | ] ry..l.ocal i sl urry.transfer. Also,
such a radi al r%ov mmag/\ 1E{e;4t%%§getg dg%éﬁgnalla\ﬁﬁigp gfgz?&g mélcp?égf SPabti¢at i on
process. [ OBAR}Korvitlcompat susansivEpgygensddispdsed it thatpelstand opfdowna pl an vi ew

of a concentr,i¢. pol ygon groove tter 02, wi.th radial grooves 404
cont i nuous' pcfifsgﬂfgtqfl‘é’ 1i“h‘ﬁg‘?f88r?8§ 1@&”?&&?ﬁﬂ@@tpgthﬁhﬁe%ﬁ&18}’ef’r‘%’|9§t liears gon 408,
di sposed i nilkbLaROh icphicRe pw\ti@%lfﬁ?egn&fmﬁe ﬁ&fg%%%&m?au%', iwafRi ng pad 400A.

Such a pad was described in detail in association with Figure 2. Al'so by
contrast. Fiiurasinggotaed gseoessiespady goop-dowsedindhe polshingfsugfacorfeent ri ¢

o aon T SRMRUBENAT et L BEPRL SR SRR L 1,
enbodi ment @h5¢he pr esentompuBoh kONusBME MctabBadcomRepdRSGHhPEhih I detail in
association with Figure 3. [0048]1nstead, Figure 4(?7 | lustrates a top-down
pl an vi ew Igurec it @htppediment, each polygon of the concentric polygons has no degree of

rotation relative to its successive polygon. However, referring to Figure 7A, a

polishing pad 700A has a concentric polygon groove pattern with rotated successive

polygons 702A. That is, in an embodiment, one or more of the polygons 702A of the

concentric polygons has a degree of rotation relative to its successive polygon. In one

embodiment, the one or more polygons has a clockwise rotation relative to the

successive polygon, as depicted in Figure 7A. In an alternative embodiment, the one

or more polygons have a counter-clockwise rotation relative to the successive

polygon. Referring to Figure 7B, in another aspect, the rotation is staggered such that

a polygon 704 is rotated relative to it immediately successive polygon 706, but has no

degree of rotation relative to its next successive polygon 708. In an embodiment, the

degree of rotation is determined by the total number of concentric polygons in the

pattern of grooves. In one embodiment, the degree of rotation is selected such that

inner most polygon is progressively skewed through to the outer most polygon by one
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pol ygon groove pattern 420, wth one or nore radi al grooves 422, 424, 426
bet ween successi ve pol ygons, disposed in the polishing surface 428 of a
pol i shing pad 400C, in accordance with an enbodi nent of the present
invention. Thus, in an enbodi nent, the pattern of grooves further includes
a radial gr chetween, .t j ok:y 00N J . 1he.. ric polygons.
In one enbogﬁﬁg%??k?ﬁgn%é%?g?Hggggégmgi?éﬁggggg?&égﬁygﬁﬁga%ﬁg;innediately
successi ve pabydjonst, aslichchamlishidi ahd grobakee 1d@nctmriadedabens. divobdi ment, the

radi al grooye extends beyond t . medi at el uccessive  pol ygons, such as
radi al groo§§£§§5@C@ﬁgﬁﬂﬁ?ﬁgguﬁﬁﬁhﬁ?%%%gvm%%“g%ﬁﬁ%é@%”?%”#@d?ﬁ?“brooves 422
and 424, theredadsar dgé@owe is positioned at the sides of the polygons as
opposed to the corners, such as radial groove 426. 100491By including a
pattern of tWREENt ri clgsloigsasgeodieasntoyef basorseniciemohigonciiacgresye i npr oved
aver agi ng of,a..PRlJSh . RL OCeS ]y, e . eved ,across a pol i d substrate
as the poliéﬂ?ﬁgﬂ%gzﬁ}§§§ﬁ§§§%n (#ﬁéxﬁgﬁpgpggéﬁné?%BBQSﬁPVﬁﬁgﬁﬁ? l{I‘T“’é"dially
inward and tptdenohlafsicarfexa@npdresic polgedreprbévd daktist ahes offséiRnE@ewn pl an

vi ew of the Irajgct@%y Fqn a circular groove of a concentric circular
groove patt SFPOSEY 8hbs #alising #itase pf & R ingrer aldacemdance srthert i ona

pol i shi ng padbodiin@ht & ifBpkbdiafkaliSs @ top-down plan view of the trajectory
for a polygon groove of a concentric polygon groove pattern disposed in the
pol i shi ng sﬁlﬁgbe of As pebinghiiseg tpatstrae thcdordanwepwiditrriap agribadi nent  of

the present.invention. JOO50]Referring.to Figure 5A a trajectory 502A
across a poi%&H@h‘%ﬁb@?&%ﬁ@ﬁéeﬁﬁ‘ﬁgkhgﬁﬁFﬁgﬁﬂﬂbmﬁa gg@bﬁﬁ?%ﬂ%&%Q%along a
circular greamwe oBOf pelisidng PRCENbE Cor Clefcbtih @ IIERO¥E: RMLRLR pdiyeResed in the
pol i shing surface of a conventi onal pojlshlng pad. The trajectory 502A
remai ns fi x&QO¥nPatKE! 842 i disapscgrio Sheerdighbing sedaceiof # ipnlgshirepaint®inthof surf ace
of substratg,,R0 i 1ot 1SNl F ocess om.ci reyl.ar groove
506. By contPas?éugyg$g?%%ﬂ%%ﬁxgggﬁp%%%%%gﬂgmg% w@fgébéagéeggﬁ§n§@4g as a
pol i shing ped HO0Burlbtatieamgamengnay Popygdial Braome sERE OfubatrGe a&as bl C
pol ygon groqﬁglpattern di sposed in the polishing surface of polishing pad.
The traj ect ¥ty 85 tansl ates radially i nward and outward for pol ygon
groove 508, jgsnr easi ngisth e AU 0@ that el RES cQcs SRR 204 jected to
t he poIishinggrocess Pronfpolygog ngo&e 508.gf%%@??%ﬁﬁgﬁﬁpﬁggﬁgghect of
t he presentndlhyebleitoascotrmeodatendserplat phhgess. dovearch thapo g b aintedtoconcent ri ¢
pattern of . nay .be varied dependi ng on the specific application, as
R R O A R e S TS G

well as the sSizes

i |1 ustrat esendbddpperd o @ hdite phew B6ly@ors 80 aAd/bi @edm%@gmegg@@\g&qspat tern
602A di sposed .in the polishing surface ollshlqg pad 600A; "in
28

) : . O-f a . Pt

accor dance $w4tihishidsdBedionahtc sflgg %@%‘ﬁ@@érﬁﬁg Bl entsi dsmictad ig ligue B
i |l ustratesgsg;op- dovwp, A.E'_ of .a.con o ctagon.,gr.oove pattern
5028 i aposel it he e B SbeE B sBeBREFOELF oo TR BB R
accor dance witlt horapolggdrogiboent Fof etdueplpriigentAiilvgntdsanop 0@k 3ldnian
enbodinent,flhe nunberiof edges of each polygon is determ ned by the
di ameter of® taﬁgng:gpiwsrpﬂ Y PR 0 GrPab Wémdi“éi’f‘r"_é@té‘rg 9R-RMEOsULELY G to be
p?l It ?]hEd PYdiiﬂé%(ﬂﬁ'th@ﬁ@iﬁﬁil@%@fl’h&%f EIAIRIE pad I QOB LRPOYHBAL . the di ameter
o e polishin

P embodiment of the present invention.

{0059] Referring to Figure 9A, a polishing pad 900A has a pattern of grooves
of concentric polygons 902. One or more non-polygonal grooves 906 interrupt the
pattern of concentric polygons 902. For example, concentric polygons 902 and 904
are separated by a non-polygonal groove 906. In an embodiment, the center of each
non-polygonal groove 906 is located at the center of the concentric polygons 902, as
depicted in Figure 9A. In an embodiment, the non-polygonal grooves are circular, as

i1s also depicted in Figure 9A.
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pad is approxi mately 30 inches, the dianmeter of the substrate is
approximately 12 inches, and the concentric polygons are concentric
hexadecagons. | n anot her enbodi nent, the dianeter of the polishing pad is
approximately 20 inches, the dianeter of the substrate is approxinmately 8

i nches, and jconce L G0N (e ) . Jnaan

embodi rrent . el 1 engt b o sacraqgs BpS RN RURIRER S e

appr oxi mat epyl}’[,(bnStdiﬂehdrvamgbc &ﬁnfﬁﬁhmbeﬁﬁf 86k Idsnemamrpgﬁ, Rigoafe ¢Mdlhdiratoeh er of

t he substra{ &\N Q@ not.her enbodi nent, . a pollgqlng pad

cont enpl at ed "Rer e‘??la é” Ws c?‘toé}“%]éﬁl? E‘HY%ODSMB%W%WSI“P\&\?FWQ’%0 Ynet er  of

appr oxi mat epylyd&@ Hak kldi @t msmbbOORALA Bhy LA hd BT afe %ﬁé‘tdiép%s&mﬂﬁ%ons i f
not of fset from one another, nay induce a rain gutter fect
|nadvertentP%*ﬁéﬂﬁ%ﬂh@3?%¥@éBbWﬁ@wﬂsnéﬁx%¢um¢wl mnhaﬁﬁﬂnm%@0ﬁm@maﬂmhe edges
of the polygons;&re aligned. Instead, in another aspect of the present

i nvention, successive polygons nmay be rotated relative to one another. For

exanpl e, F|ﬁW6é]7A i | Raetmiaf eSigurt OB; dpwishplogiad V08w hed a pacoReefbbiG pol ygon
groove patt wi t.h rotated succe S|ve pol ygons, disposed in the polishing

surface of %{?5’8%‘%? REYEAY, ¥ 1Pn g F@&?B%""qu i?P[‘ét%P”é ABod Rt spmbHfpr esent
i nvention. Eig@uifin4Bohk} oishé @feeniRc hoRx &%Wropk N e;gonaﬂ@% &Y C

pol ygon groove pattern, al ternat i ng rotat Sive po ygons

di sposed i neddss H@d)}fgosﬁ’ila@aslﬂnfsé@e josfl @npﬂjléhlmheuggt @@ds, and palygon BEnea Wi th an
enbodi ment he presen . a conparison to illustrate

t he above c%ﬁgégp%s I%P &t éﬁng’?%ea anﬁmieé “%18 ééfv%’ hgs AL s ‘rfg?]f““e’éach

pol ygon of tibe mrg@amsrdcgmml i¥ Fanse YRS TAR HaGFS P nal QhAIE RiediBh ki ve to
its successjve poly wever, referring to Figure 7A, a polishing pad

700A has a K©BEESHES ?‘@&%‘élﬂy w@r%vbleps@h@efrthe Wlmwtﬂ@hcapéddgfawesmdve
ol ygons 7 ol ygons 702A
bF ¥ e concantes arbuRuk afto ARG Eher I Bl ERERaP .l 1GBEe Pe

successi ve mogygdg:thmsmpmemnmﬂmhﬁguhemﬂmx@ﬁéwthmnhgpaﬁbyg@ﬂ%v&ﬁs a
cl ockwi se rotation relativ succeiglve on, as depicted in

t
Figure 7A HHUSRIREAQGEHRAY 6%“3%8 A Rpls ﬁé“kﬁﬁém(’? hangs Locatipr anad have a

count er - cl oghmhe ph@t ation relative to the successive polygon. Referring to
Figure 7B, in anot her aspect, the rotation is staggered such that a pol ygon
704 is rotdﬁ@@ﬂrelatH@@mﬂmhmhmmmﬁmhduegpM§ub&Bﬁ$dMacpghwgan;mﬁﬁun@ut has

no degree of .rofa e ol 708. In an
embodi ment LGS 408 SHEehE rlmn e iiRBaRRl SFHE S SHEF. mber ot
concentri c guathylgdnspalishinfeupaticer Mhofubdi AOWRS beloic ARR) igTROGNTEBMducthhe
degree of rotation. is selected such that inner nost polygon IS

progreSS|véP?“g%%WéﬂaWﬁ?%ﬁ@ﬁK@@9ﬁhéméhﬁﬁﬁuﬁﬁ§@VWéﬁ9§é%0bvﬂ@ﬁ@wnSurn of a
face of t he{h%'s&?ﬁﬁ%oﬁoh A0S HARBLsuER llg%lc,lﬁ R BV &I SRaGL

enbodi ment, a 30 inch polishihg pad |nc concentri c decag ons Each
succe55|veEmbﬁ&g@dbl@Hﬂdtdbedﬁgmutha<ﬁanhzdmde £|mmmbyjﬁuﬁﬁtde@rees

relative to |ts C r. dec 1005511 n .anot her aspect, the center of
t he concenﬁ?ménﬁ %gﬂ an%>bﬁgg9@9pé?f% “ﬁ%@dSHBF“Eét%%mpﬁﬁméenter of a

pol i shi ng naggaﬁghﬂgéggpggnnﬁggure 8 illustrates a top-down plan view of a
concentric E :%gon groove pattern, wth an offset center, disposed in the

pol i shi ng d0P§Hce ofIﬁﬁ@@mb@Whn@ﬁp&ddthHasmﬁnd&w@dnmgpm1aﬁ)éﬁhﬁﬂlnent of
the presentygpveits oo 1009185 RATRA, AL & Bobb HE§ h2% Ly 3PSV

concept, erring’a
homogeneous polishing body of a thermoset polyurethane material. In an

embodiment, the homogeneous polishing body is composed of a thermoset, closed cell
polyurethane material. In an embodiment, the term “homogenecous” is used to indicate
that the composition of a thermoset, closed cell polyurethane material is consistent
throughout the entire composition of the polishing body. For example, in an
embodiment, the term “homogeneous” excludes polishing pads composed of, e.g.,

impregnated felt or a composition (composite) of multiple layers of differing material.

12



Figure 3, in an enbodi nent, the center of the concentric polygons is

| ocated at the center of the polishing pad. However, referring to Figure 8,
a concentric polygon groove pattern 802 is disposed in the polishing
surface of a polishing pad 800. The center 804 of the concentric pol ygons
I's offset frpim &g deRRiehe 806 MerhldserP ! ds8tNGaRAd a}%@mélﬁlﬂnerﬁam (ff rangement
may be practical for sone specific substrate design r polish processes.
1005711t i sirteyetsdlueutes, stiodbe pileatrsartie tlieuheeriddheseoirdvesipphitsm ng pad 800

may not be able to accombpdate conplete polygons. However, there may be a
need to i_ncI%E%Igzblbrigsooitgbg%y{nﬁé“‘gwg&byrr%g Er _ﬁgb%@p&% o F’@h‘i’“ﬂ’@j’“‘b‘a&%oo. For
exanmpl e, i ntean “erocicienicludes folhin¥Riags Bahpdsall oReloy JaRsmBR s RtShisone or
nore broken polygons 822 is included near or at the edge of polishing pad

800, as is ®ephémealapiesi-giese ngterpdpsBmasehntn permestheicurnstheligodcent ri ¢
pol ygon pat {eLn, By Jnter d .l Q. - pol n.@r.ooves, .For exanpl e,

Fi gure 9A i%ﬁ%g?raté@gé&pgg}ég&%gﬁ#%%§g?%&ﬁ%’(gxggﬁ%@%gﬁﬁ% %51@6%ﬁ gr oove
pattern, withht paisking ppdd medabompledringsn ahat@iadome sypidils pasrdiet frobhewee! i shi ng
surface of a g9|i$hi“31$§du in accordance with an enbodi nent of the present
i nventi on. PEOBYPREFS THTRGTEYS FAGEOIA™ 4 PREIMCS K hefopuer| 9Biohadiils pattern
of grooves @fds&QRAE SR e ¥ GO NS1udD% arORS QLY TR ARA D3 Fﬁ%t}{%%g%iﬁu grooves

905. Eor exa e,

906 interrupt the pattern of concentric polygons
concentri c Postingansngn2o eavde 9 Phawcbasgspartixtadobishisg pahis foinyegomal gr oove

906. In an I ent e center of each non-polyqgonal groove 906 is

| ocated at @ﬁggggﬁ &0 &YW§5%8%@§H??$§WQ8@§66ﬁ§“§%§Ecﬁg%ﬁégwg?'Hgin Fi gure
9A. In an epdighing®ads ddshiébaddRrdiv by balhgr AMIEtheAhSl Bl hekdh@ficalas is al so
depicted in Figure 9A. 100601l n anot her aspect, the concentric pol ygon

pattern neeldfPR3HES Helstdee foihy gheiaical anviranmner. andderdeney foumser reostapdiges. For
ar oove patt Vel ypor " REhAp A BR0ENLE A0 Bl R ARIIT Sagea
t han anot hepads0t H¥Bp6DYGAHOB, A0GRADEB, 700 A OB RO os A00MGec@fe A
(o061 1Rer er gt Bt Ef 60 omsiiag Jorl s g pamoBooHas: B BREReRoF gr ooves
of concent rlidndehd @9 Psliskkd bddRas Rfimkden £ ANERNLE IR YALRBd a5 di f ferent
nunber of edges than anot her of the concentric polygons. For exanple,

pol ygon 910ickuakbelae invessedeens wighFiggms 19421 Hadntaiermbdddies:nt,plod ygon 914 has
ei ght edge J . 916 has si X es. 1n an embod| ment,. the outer
nost polyggir%)n gm%§%égggﬁgéxFﬂaﬁKWﬁ@ngﬁﬁgvgﬁ%g@lB@F@ﬁ%ﬂbmﬁkmﬁﬁ '€ted in
Fi gure 9B. sThus anglangesppidximalenaid enpebentisqhic@is kengekn 8gase | ®ngt hs
that woul d be achievable if the sane nunber of edges was used for each
pol ygon udee§H§P@§EWFﬁH3@HEO%@ﬁFéﬁmbﬂ“ﬂ&émbbPp@hﬁﬁﬁnﬁﬁﬁwﬂBﬁkfetaining
I onger edge,olignat,ngs YRORsHRARPERBED hl}l}(@? of '@:{im(?ilze(l)); @%?] Hﬁ&’oﬁ%ﬁo%gm%d’ a
nore even polishing process nay be dchieved as a polished substrafe changes
| ocati on arsqusd trhan poebddehemgthpddmogencous polishing body has a storage modulus at

25 degrees Celsius approximately in the range of 30 — 120 megaPascals (MPa). In

another embodiment, the homogeneous polishing body has a storage modulus at 25

degrees Celsius approximately less than 30 megaPascals (MPa).

[0065] In an embodiment, polishing pads described herein, such as polishing

pad 300, 400B, 400C, 500B, 600A, 600B, 700A, 700B, 800, 900A or 900B, include a

polishing body having a plurality of closed cell pores therein. In one embodiment, the

plurality of closed cell pores is a plurality of porogens. For example, the term

“porogen” may be used to indicate micro- or nano-scale spherical or somewhat

spherical particles with “hollow” centers. The hollow centers are not filled with solid

material, but may rather include a gaseous or liquid core. In one embodiment, the

plurality of closed cell pores is composed of pre-expanded and gas-filled



[ 006211 n an enbodi nent, polishing pads described herein, such as polishing
pad 300, 400B, 400C, 500B, 600A, 600B, 700A, 700B, 800, 900A or 900B, are
suitable for polishing substrates. The substrate nay be one used in the
sem conduct or manufacturing industry, such as a silicon substrate having
devi ce or othgr s n te may be one
such as, bughﬁéph?Fgltgghﬁﬂﬁigggﬁ @%& hgyﬁ%@&wgggé3§§§§hl§€%lcles or
sol ar nDduIé@ﬁwﬁhugusp@%@n@ﬁwdyDme@obﬁhm§thgnpaﬂmﬂb¢mﬁ&hhﬁhhmgma

substrate,’ in end dto ass se and rel ated
possi bi | iti &g jﬁ%@@%lP&llgﬁﬂﬂg ! IFAHECd é%WVB@HPWG e?ﬁhOEﬁEH3Q§‘b6llshlng pad
300, 400B, 4Q06& cdHOfBes @@%laxﬁ&&&ppm@memﬁ Bhe ﬁﬂ&b of900A (9;1 mRPQR, gry be
conposed of a hompgeneous polishing t hef nbset pol yur et hane

mat eri al . ﬁ“aﬁ$@Wﬁ6@iﬁ@hﬂuuﬂhéﬂﬁ$Wﬁ@éﬂ£D@§Sp@hﬁshmngs%@Uycd$cmampmsed of a
thernDset el | the term

" honoge neous%l](??igg &{g 1%9019 iy fcr}{n‘?tlapqgg 8 &c‘ﬁ e()l%SOV\rfrlrlJigI% Ry §F. C 1}110&&? ﬁ%??ﬁ) set |

cl osed ceIIdmmhyuhﬂmghnﬁmﬂnxﬁmhaiﬁm&aﬂﬂbﬁﬂﬁkﬁﬂktﬁhb@Mgﬁﬁ%bmhﬂelﬁﬂﬁére
conp05|t|on o% & ollshlr body For exaggé in an enbodlnent the term
§moagg} the 4

"honpgeneou égdbﬁi FiPrg GsH deres ol Vﬂc%sbﬁlﬁﬂﬂv%égﬁaﬂéﬂ felt
or a conposkibRPekh R Qﬂé%ib‘é@ @k, Wﬁﬁdtlﬁh %n{bg}{ﬁﬁc?n qf vﬂ‘;&f gefch %9 1I{Eact (?s,(,!j al . In
an enbodi nent, the term"thernoset” Is used to |n i cat mat eri a
t hat |rreveﬁ@ib@ysd@ﬁé@lH@h@ca;mh@uﬁsbﬁhdsancumommmMHM&wmﬂﬁnw@Qﬂ@es

irreversibl an,.i.nf usi bl e netmor curing. For
exanpl e, |n&gkm3 Sl @'&fﬁgﬁpgyﬁyﬂﬁ%h¥ﬂﬁigy“i%&%W§8@§)ﬁﬁéﬂ@ﬁing pads
conposed of maergi ofa lﬁdﬂﬁdig&l@é@%hs[ﬂﬁg B(dea| s or "thernoplastics" - those
materials conposed of a polyner that turns to a I|qU|d when heat ed and
returns to #0068y gl absgn @ﬁl%ﬁdémwﬁelrlit dovbeenesus pilishimgtbody islapaijse. otoad t hat
polishing p h t, fabricated from
| ower nDIecﬁﬂggﬁggﬁbﬁﬁggﬁgcﬁiggfggP%g% &ﬁéibgpmun%Phg%P r in a chemca
reaction, wyrexipaddy htfder lasomisttieligmpd asss o omi @fiboliSerdl @et ypi cal |y
fabricated E heatln @ EX|st|ng paol ymer to cause a phase change so that
a pol i shing %Q‘ﬁqungo‘fs ng jody isRpaquean "&Sb%éé’l dpsopnfiele i dbreine Weionos et

pol yner s mayr heomseireah @y ng ed herein
based on their g?abﬁegtqg¥ggtﬁgﬁgkﬁ§§'%n?ﬁgfwgpgggf%?g%ngﬁ§&ih?ance to the
cheni cal enWNﬁ@ﬁW@ﬁ%1h@nuﬂﬁeﬁd@ﬂcylmobuw@amemﬁwmsﬂahmehoﬂﬁ@ﬁﬁﬁhm an

enbodi nent i ads describ h i such as. pol.i shin ad 300,
400B, 400C, PC@%B@%@&“%E}E& e B’(S’i““ @d@e O%‘ﬁﬂyl‘@é@%‘%’ﬂf *éé@@i‘gﬂiéwﬂd’de a
mol ded honoge beaiss lipolet $hi bkgobﬁﬁlb{dc Theurh eratdeny eﬁﬂ)ﬁﬁc drphis ediotie,i Ndi cat e
that a honn%egggus pollshln body is fornmed in a ornatlon nmol d, as

descri bed i gt life. meqte 1“Wﬁ§§§®b1@ﬂwalw}hﬁ>ngﬂ@éﬁwmumh @F. In an
enbodi ment , ¢dyg, honogeneous pol i shing body, upon conditioning and/or
pol i shing, has a polishing surface roughness approximtely in the range of
1 - 5 microlf§6Tloot nedir sgjuantthe homopecenbpdistienthody hay beraganeous

pol i shi ng bodg upon condltl%nlnﬂ?and/or polishing, has a FO|IShIng surface
roughness of CABIERiRBYG YN @59'18¥0ﬁéwﬁb%¥mﬁﬁﬁﬁf%ﬁﬂéﬁﬁbd‘hmaﬁfenbodlnent
t he hormgeWiﬂﬁlﬁ@%h&&slhbiﬂglnbc;*QMl @%n@ybc%t&f %@i%i@ﬁg%w o%;ipaag 1dg@y ees Cel sius
approxi mately in_ the range of megaPascal' s I'n anot her
enbodlnent‘xmhﬁﬂﬁ@ﬁhgéﬁﬁﬁugLwopmsﬁﬂmgV@DwyhhaswauswmnhgmcmnduMmsmﬂt 25

degrees Cel OX%fi rat | ess than 3 ascal s f0065] I n an

enbodi nent ﬁb%ﬁlsgB uadﬁg ¥ Ye S ednﬁ%Péaﬁm’gﬁgﬁ“§§m6@¥F§h%%@eﬁﬁﬁm 00,

40013, 400@;1\/«5@16&&110 ﬁG&AgmﬁG@s’L@)hsEﬁ@/Bodﬂ OB, (h8RHess APRDx Rat@PPl g 1 nCl ude a

pol i shing bod q a plurality of closed cell pores therein. In one
‘E‘E%irep %a Q]Pdl“

enbodi nent ,™@ ?Fﬁt%pie@BE@@SéélWPE@KE%M¢§lﬁﬂﬁhwnﬁhﬂﬂQJﬁﬁJporogens
For exanpl &yi[fiNeeteHonPONE TR |

nano- scal e spheri cal or songﬁﬁg?tsp‘@§¥%§(gmgﬁ?mﬂ'{%% Wt h gHMPV’m/ centers.
The hol | ow c@emen&cbme theotangd ¢f128dnetict o 3®B iicthentegr, Ia@broxbﬁﬁ[e ey cieat her

i ncl ude a gaseo i qui d core ne enbodi nent, the pluraljty of
cl osed cel I'"BSrds? 7c%ﬁ§8§5ﬁ3G?dB?%ﬂg&ﬁ%%ﬂﬁﬂwﬁﬁﬁmﬁg%umé¢P%H3mCE%ﬁANCEI|rm

di st ri but edi2tihetRy; Uzippﬁ@%zﬁl-atclﬁ% tRAgdb £ 2 PDRLT COMRRRALYT 11 dpl. & honpgeneous
pol i shing body of olishing pad. T'n a specific enbodi nent, the
EXPANCEL| mOPBbOfiinllﬁfDédh e RogaReEnelishing Andehtsadiore fensite agrosimaidie iplhar al i ty
of closed cell pores has a dianeter approximtely in the range of 10 - 100
m crons. In an enbodi nent, the plurality of closed cell pores includes
pores that are discrete fromone anotheg. This is in contrast to open cel
pores which may be connected to one another through tunnels, such as the
case for the pores in a commopn sponge. |In one enbodi nent, each of the

cl osed cell pores includes a physical shell, such as a shell of a porogen,



10066] I n an enbodi nent, the honobgeneous polishing body is opaque. In one
enbodi nent, the term "opaque" is used to indicate a material that allows
approximately 10% or less visible light to pass. In one enbodi nent, the
honbgeneous polishing body is opaque in nost part, or due entirely to, the
i nclusion ofyyan Fo £ t, t i t-l epal
conponent | n)ﬁ’ Ozaﬁ]or%;g/gg)éég% dﬁﬁggﬁgs@ti%g#&g dgél%‘{ mtdg% it ?r%gﬁ)tél%t eri al
of the honogeﬁ%d@@lpwﬁwghmngIb@dypmbmﬁamspéulﬁnmg@n@mﬂmnbﬂmmrmha paC|fy|ng
| ubri cant ﬁg to:, boro n|tr4 cerium

fluoride, g%a%ﬁg?gﬁhélglagﬁﬁj(teg LP/P‘U(S‘H‘E]S«Q“B%T T S9! 2R BBEY A sul fi de,

tal c, tantalpuressi dricdenbotitngstigal 16|1h1§gtinfcblﬁlqaoli‘§ﬁln-r%f)li Ras aj&:gﬁ)?ésl_hﬁl[ bgi ng of
t he honngeneous pO|IShIn body may be varied accor g to application.
3

Nonet hel ess APRIBKHRHY par an@t%lﬁ@nw@@nmt a@asl@pm@gqtm%@ pp liishbovly Ipads
|nclud|n S i b h conventi onal
o ocoast g CEiE ABASRACRGOHP LR R M I EA SRR AT hlbeER oa

processi ng dﬂmﬂhtlonshuﬁmtu£EQMQm&mnhmiaepﬂﬁdamﬁanwmth;@ﬂsﬁﬁ%@ﬂi@ﬁmh of the
present invention e honngeneous pollshlnq body has t hi ckness

appr oxi mat ePy ﬁ?ﬁ&ﬁ? Ar BRI CRECHEC PRl AR PRLISIHO g@@°“ﬁéﬁ%§“”@”§“
appr oxi mat eliptlddas & hﬁalrﬁW§alﬁba1%n% @A&)%@lell lifs ?&feg iPthe p@hﬁﬂ? [ﬁ [oqd) ment,  t he
honmogeneous pol i shing bod as a dianeter approximately in % he range of 20
i nches to 3ex@nmlpdhgye lejl éistia@ppn@xdm glay viaw vhecanaogec pblysh grodic

contl 1ot er S BET ARl P e e BB 9E Bl Pl 0o

i nches aln one

embodi nent, uidlitﬁubmmggﬁn&@pl@scam tlﬁf@io[lﬁhlhlg?m{fd&éiso@z @piﬁolgﬁnglpaar 16@PLPxi mat el y
inthe range of 6% - 36%total void volune, and possi ﬁ% approximately in
2 ¢

the range oficpiice withan gnhpdigsneolibe biegent itventien. ehvotdicatint, LA Resgion
honmobgeneous 1§99 h e descrlbed
above. due to 1nCFB§%8 r1]1‘?§ c%oﬂ?l?ﬂé b{)é'y[ (ﬂf poﬁlgﬁng g&? iz nOC o‘/%sede r% t he
honogeneous [ dhd thmwdedj%%ammpmmnmtesﬁoftgrdm&y obéomaﬁnopbwgér@ I}OIQ 5% In
one enbodi nt, th honD eg QEOIIS has a density approxi mtely
in the rang grent,thg, ?\au*‘éi nJap4 ?Q?S 5 rifetoyplentln basied ividinet her
enmbodi nent H&n@gf&ﬂuﬂfs%ﬂﬂhné B(Y@'E{‘tf?@pol%hf?@lﬂaﬁhbﬁﬁ P%lﬂl’tstﬂ BiRgL i ?\H* ng
surface having a concentric pol ygon pattern of grooves thereon urther
i ncl udes a Te8EaP agrisscribed s Par. oyt a(nphwz)timaelgﬁ/w 4isspebedSemerhbe 3ol i shi ng
pad. For exﬁﬁ%'%%ﬁ{l@Hgﬁc&Qm#% ﬁ&ﬁﬁtes a top-down plan view of a

er

concentric pol r OOVE H@'pattern interrupted by a | ocal area
t ranspar encw{](i!qAT) r e[gldﬁﬂthaﬂdﬁﬁtl’du@fﬂml adbieatdopmdraei OPolisfingRased in the
pol i shing surface 1002 of a polishin P pad 1000, in accordance wth an
enbodi ment %ﬁ“ﬁ&ﬁéﬂﬁ?égéﬁdeﬁvbﬁﬂW§h0 é@%ﬁ%ﬂ@%%ﬂ“@ﬂ1@1L¢H¢ﬁégkﬁnﬂm®04 is

di sposed i nt, ng b 0 pigled in Fi gure
10 "t he. LATE o Bt SOy Al oREh S dBaREted 0 o RUEAER, 1 1

pol ygons 10%Qnﬂbduamcé&hb@p@&hﬂ%gmﬂeumeZKégbbﬂni@@ﬁlHmodmswﬁsad in, and
covalently bgnqu with ﬁ h%npgen. gs p0|l @ body of the pollshlng pad
1000. Exanp8&ad isEiop ABPe mdieptiia gie relign T és ¢i%aleidn digpescddahent

appl i cati onbatRk@9kc 46 thefljoligkin® paPeioe M8 he é%boc%%ﬁv tlﬁﬁﬁ&h@ﬁ% 1%{2101\'6)( Pl anar
Corporation. [0Q069]In another enbodi nent, a polishing pad a polishing
surface half0 @nﬁlwaﬁ@éﬁﬁmpﬁIp@WVQéNO@@mﬂemmﬂﬁﬁmgﬂ@bhws1ah@me¢pamunther

) s g G5 SR LOT 5 s GRS oo oot o
1002 of poldeﬁdcumgle}gaﬁhs 100G sérteklua €5S, a}j‘aldnﬂﬁﬁﬁﬂﬁhﬂl@ﬂﬂ/@@ 9% 1096, 1 ndi cati ng
the locatio in the back surface of the

t i on iQn di spose
pol i shi ng ﬁgﬂufﬁﬁb &Qﬁ?@ﬁéﬂé @Wﬁﬁfmgkﬂ@ﬂpmﬂpéatlon regi on 1006
i nterrupts |pgidiern 0fI1191'i<99u%§ &k o FAGRALL! BOY g%mgxﬁﬁégds Wiyh a second

pattern of grooves 1008, as plcte igure es of suitable
eddy currenmndEMGnmﬂnnmmggnmnmnamend@ﬁedmheﬂﬁﬁnnwnSMhﬁgb&mbﬁawplication

12/ 895, 465 fllep n ﬁnq%r 2010, a53|9ned t @ NexPl anar Corporation.
example, l(rures LLSEI ate cross-sectional views ol operations used in the
fabrication of a polishing pad, in accordance with an embodiment of the present

invention,



[0070] I n anot her aspect of the present invention, polishing pads with
concentric polygon groove patterns nmay be fabricated in a nolding process.
For exanple, Figures 11A-11F illustrate cross-sectional views of operations
used in the fabrication of a polishing pad, in accordance with an

enbodi nment e present . hnv.erti on.; L1l hk i to Fgure, . LA a
formation NSP%?ITNO iz&r%pi)rlgi}@é(gg{bh%gfié\f %?%é?a]{t@?&ﬁ)&'}g@l lg%é) idgteld'p‘r:f{(-"f’-I b[Paymer
1102 and a dafguiakl B agse-arkynmr XER 4rd f orativa 1D« tuermeixdd Q6foim atthignfror mat i on

nol d 1100, epicted i.n Figure | 1 C. In an e ingent, mxing the
pr e- pol yrrerqﬁgﬁﬂgﬁzm 80&‘}}02%1 ﬁoeo Tﬁ@%“’rt?fgil H%‘é“gﬁggi ﬂga‘hﬁ“?%’@ﬁ&hate and an
aromatic di anking teORYPINEneTIa0PREd ihb@Idativé M @G cRIROG Ry iscfé}ﬁnem: %1_(89

further includes adding an pacifying |ubricant to the pre-polyner 2 and
the curati véb fromicsliamine samepyndp raspecdiaclan loparprebadoheedhn orivige heds

ot er al such st Hdee BE B S BTRREE R e HOR PR b2 ghd iebrdor 1 b °
graphi te, graphintelf providede, opmpleyhdend maogdikee, ponisiahl baays hfisgdesifit al c,
t ant al um sul fibd , tungsten disulfide, or Teflon. [0072]In an enbodi nment,
the pol | shi REURGITHF SRARGHY e Jiuicaisa oBafcsiolsish ot Sulinet el iy: Poran
mol ded hOmﬂﬁﬂ@é}'é@{ilﬁ}?|ﬂu|%m1@,ggr£ﬁ%¥, gﬁ%m@f{ﬁﬂriﬁée, 1%F%hm%ﬁfﬁd-ﬁlﬁ8§ﬁgq cel |

pol yurethane nmaterial. In one enbodinent, t I'ng pad’ precursor
m xt ure 1106ulfide,vgledantelugt sil fidt, eingsteodimubideasdlgflad. and only a single type

of curative sed. |n anot her enpodi pgnt, the polishing pad precursor
m xture 110éd®%rused kl})alh‘fl?é%ﬁ?’éﬁn;m“é?Hﬁ’én%%dtp‘B‘gﬂb"éﬁﬂx‘éﬂg"cE ihEESddA of a
pri mary anduBingRe@msar y melfedihion®gbious 86lishi@roa¥ 8pRb&ed bPa thetE&f 1 ©

enbodi ment, the pre- ?Ol yner includes a pol yurethane precursor, the primry
curative i neloges!laebardhane mateiignimencamissliment. tindolithénssclanetarsorcur at i ve
i ncl udes a QUNE s hayd. ether |inkage, .ln a artiwlar enbodi nent
the pol yur et hane p(réggil\r@s('g?o ?Is?lngatrtf’q?g%h{fglﬁ%?@d ‘inhdeon[%f flﬁlg?’@{&ﬁ%qu{f s an
aromat i ¢ di smsed, [nandthchenbatopdarhe olsldahg ¥& precas@uiiaticy €1 ®Ushs@b but not
limted to, 1ﬁol Y eh)r,arret gil ene gl yﬁg}l,, .am no-functionalized glycol, or

ami nof unct i BN 26 Pot SR RASrSPyI e .“mFlﬁnéﬁaéﬁﬁ’é}HﬁE}?‘érﬁlts,ecqll!ﬁlél‘yml@tbf@llyner, ‘a
primary curgdelly@or d0hfe, €6 QPAM YoM RLEMEHBRYEH@ Tl@lpiplElgééth e molar ratio
of 100 parts pre-polyner, 85 parts prinmary cura‘F[)l e, an 5 parts secondary

curative. |poliwetendpregides dregudarhatratear inauilons aémathedinaticeomppube used

to provide pof.ishi ads with varying hardness val yes, or based on the
specific na@ﬁirdelé?) CB? ﬁifg)e/l gﬁlélwﬁ%lwﬁ@f’“_ Y “Q%@gfhi‘"r“gg 4B fgpe %‘&[@ﬁﬁ Ut ati ves.
[ 0073] Ref er partigularentiodiment 1hBpoBuleithnd 3R8ubr & he ifoeymaid 90 iple, 1100 is
| onered into the mxture 1106. A top-down plan view of [id 1108 is shown on
top, while FUEPGEIsaBaRayR dnyaAg anpéhegicaendani auitivedhomratel owh an bk gur e
11D, In an eiiadicaRityolfdieahdifh ddOfy 03Sdhe RAR A HNEN EQR B PALLE! N Of
protrusions 1110 {’i_nc’lptﬁ)d% ng Icoﬁ%entéf i ’pé‘ﬁ%}g@ﬁiﬁgﬂ‘ﬂgg%gﬁf%lr o %mﬁr ot rusi ons
1110 has nofupggivalizprpiyuybepyeont innuaushotiimomithe prenRgymaps pripalygon to the
outer most pol gvgofn. The pattern cﬁf' rotrusions 1110 is used to stanp a
pattern of GFEETe¥Y 5oy POFHER Y Vs R FRRIBXBTLGMBEN FERiohg VP adr's Bkned i n
formation mligndl@9padpidnsPeektive LII9ILARY ondRERAGSL QS pPT Ot rusi ons
1110 has no radial protrusions.

understood that variations of the ratio may be used to provide polishing pads with

varying hardness values, or based on the specific nature of the pre-polymer and the

first and second curatives.

(0073] Referring to Figure 11D, a lid 1108 of the formation mold 1100 is

lowered into the mixture 1106, A top-down plan view of lid 1108 is shown on top,

while a cross-section along the a-a’ axis is shown below in Figure 11D. In an

embodiment, the lid 1108 has disposed thereon a pattern of protrusions 1110

including concentric polygons. The pattern of protrusions 1110 has no radial

protrusion continuous from the inner most polygon to the outer most polygon. The

16



1007411t is to be understood that enbodi nents descri bed herein that
describe lowering the lid 1108 of a formation nold 1100 need only achieve
a bringing together of the Iid 1108 and a base of the formation nold 1100.
That is, in some enbodi nents, a base of a formation nold 1100 is raised
tovard a |i¢addA8rafond B@gmtdg)ﬂera%% { peehl! 5 alid
1108 of a fgjr mat i ogmrrlns'i 00 1| sb 0\/\/err1g§5'{]t}(L)dvve(irldo[g:’l &M%ﬂpqﬁﬁ cﬁ mat i on
mol d 1100 atsutiins céarmlmu@peaisfotrhai dsendt®nmadld dd0f.olkar cpetitfie chibddihtas.
[ 0075] Referr,n 1106 is cured to provide a
‘“Hg%%%“%éﬁﬁéﬁﬁwagﬁg% mTET§é¥LmPH8m?%?natlon nmol d 1100. The

nol ded honogene
m xture 1106007 heat edl iyrdey uRleRsRM Rt CBILSdimMd dbst iR dlHetid #384ds011Rl ace) to
provi de the nol ded honpbgeneous polishing body 1112. |In an enbodi nment,
heating i n t9vermgrifalid bH 8wl adomoon melludee nead ¢rdnathiparativaiging togatiang i n

t he presenc fs i [ ture n on nold
1100, at a %gﬁbeggqggég£%b$%£gnat@ﬁkaﬁSHPﬁgﬁﬂgg gﬁéjbéaémnﬁhﬁ %%6?@@5
Fahrenhei t ambdscaofpriessaioa nagdpr 080 vahietd/toward HEd N adger Ofor@atidZmp@uUnds per

square inch 0076] Referring to Figure 11F, a polishing pad (or pollshlng
pad precursSQ&EIQOAWH% “E%F §d4gg$@a®ﬁv@%yon%mgbb%Waﬁ GﬂﬁdﬁWWﬁd-1108
and renmovedphdeQITy| f%f?ﬁétlo‘i’i%ﬂﬁllq{)@%ﬂﬂu tSEQI LAY lAg: g'ﬁggc?tto@v H@&l
honbgeneous polishing body 1112. A top- omm plan view o | onogeneous
pol i shi ng bddys.-1112 is shown bel ow, while a cross-section along the b-b'

axis is sho ove i ur.e J1F. s note at fu ther ur|n hr ough
heat i ng nay“g%ggesiragfgn &ﬁﬁu%éwééb?g?ﬂﬂﬁ ©EbﬁﬁEF B BRY b%P}gﬁﬂng pad
in an oven andofwabisn@lisHingSoedy N QNG IRMBAGAIIRITheldAUDDNGNLE hﬁxtmcmms% 1106

i ncl udes flrs Eartlally curing in the formation nold 1100 and then further

curing in aR deEpesiare (Repy, Wish e lliddn Dhén plaek)ite poviderthe wlojdegr ovi ded,
wherein a hi of . t he in d has a
pol i shi ng gﬁéggggg%%%%ﬂangggmﬁgéﬁés&Q ggg%i%é%glemuﬁlnl(P%VﬂﬁﬁW?n ﬁe

nmol ded honngé}ﬂeiuclsdqzsadt ilc&t;u' pagleblgrcthﬂlgﬂzﬂt 1k presorieas did 1008 aviiibieennset

pol yur et hane.. gﬁ g faLll éy of cl osed cell,pores di sposed in the
t her moset pBt i}a Hieet A Hboh’ﬁf‘réc?l %?Pd - 481 terRBCAG O YuReE atehoii tBhienge ®lody 1112
i ncl udes a pey i 540 grsyFERCCLLLE AkRg . atgern of
grooves 1120 corrégggndln fg th eagg¥iérﬁggﬁRg§§§ E@?%ﬁgﬂfq{g %ﬁthe l'id
1108. The pﬁﬂﬁ@ﬁﬁudﬂugﬁa es 1120 may be a pattern of grooves as descri bed
above, th res B 6A, 6B,, 7A, 7B, 8, 9A
and 9B. [OBW%I n an Ig{‘ Ié%g%ﬁfé‘ E‘fsfePrPOHg"‘é%a% Of Bl hiRE R PIEWOREL i xi ng

further incfusiescuaiddingqair) i @phtaiedafonpha Qg@@&lcﬂﬂa&%vt@ Lbﬁ‘ﬁoﬁﬁcﬁmﬂm ymer
1102 and the curatlve 1104 tq provide cl osed Eores inthe ultimately

formed pol i $Rldg 0 BéﬂWOTHGé}Cﬂ%méﬁéﬁ@ﬁ%b@Nﬁ%ﬁﬁmﬁéd@ shihpbedy ddl] Apope has a
physi cal shglln pih . i ure 1B, the

m Xxi ng furthern?n@v%gggh?ﬂﬁgggﬁﬂgﬂﬁaaméwﬁggﬁé|n oﬁﬁglgﬁggw}mim%ﬂwn% 1102
and the curamwvewiﬂ@ﬂﬁomgtmm$wcavpseMumtﬂkmbmeﬂqﬁM£rH‘ﬂtgmwuﬂqmprOVIde

cl osed cellfﬁﬁres in thelﬂltlnatelﬁ for polls ng pad. Thus, in one
enbodi ment , “EdEH ' Lugughdiepting nay EQC?\ KA ines) CsFH’é[IOF meqd by plegipgticnat i on
enbodi ment, dlf@lfhnmplidl Bohrf Mich BB hbNhkbUdess a4 Qh@&n@ocﬁ&%@lzuﬁ é tﬁé pRaLegens 1122
to the pre-pol ymer 1102 and the curative 1104 to provid Irst portion of
cl osed cel | %ﬁﬂ@%uﬁéémﬁmavagbaumhy@h@hmﬂﬁh@nhmkhhﬂmﬁmﬂuhmnhnmpecnn@g a gas

1124 into t. nd the ra ive 11 into r oduct

f or med thefg%ggﬁ% %g%% @%m? é&%%ﬁ’%gp?(%%WSVIS ’%@%uﬁéﬁmogﬁfes each
havi ng no [i’fqnﬁ}geﬂiousbelhslhmglm)ayretl1@60&6@6[1@1‘@9@6@&3% olibgnpEafRelyper 1102
is an |socya ate and the mxing further includes ad J) water (1-120) to

the pre-pol ba&ié‘}?%ﬁél{%e[n@urtath%iénqlidhc e fbﬁidwnwscmoagé@hs@ewboémes
each havi ngi 0o ipOAVSiSal omﬁbmos[,p&ﬁﬁ R4S m@ AR AN SRS Ml ated in

embodi ment of the present
pores disposed in the thermoset polyurethane material. The molded homogencous

polishing body 1112 includes a polishing surface 1114 having disposed therein a

pattern of grooves 1120 corresponding to the pattern of protrusions 1110 of the lid
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invention may be forned in-situ. For exanple, as described above, a

conpr essi on-nol di ng process nay be used to form polishing pads with a

grooved pol i shing surface having a pattern of concentric polygons. By using
a nol di ng process, highly uniform groove di nensions wthin-pad may be

achi eved. Fyrdderfml.aerntfih&IRE Y 15 ERE gﬂ&bg & gféggﬁ %hﬁ?s’&ﬁg@cp'ﬁi ghong with

very snooth, clean groove “surfaces nw rod o) ages may

i ncl ude red@@edvltlhelﬁ%t«@mém@llm &rids, 9€r a}B,O(ﬁE,ﬂhﬂA aBge,dat |rd Ukabl e groove

dept h. [007 i vidu oves of t.he concentr.ic on .groogve patterns
descri bed hﬁ110 ﬂ gled’ OB el RS Lo 1115‘6"&% ‘%Hé‘@bmétﬁ“gm gi ven

poi nt on eagkl L@é@@kﬁng ; 4 PlusOiio BB Nt S0 th@ﬁlc%(@ﬁl\{ﬁsl 1@2 End@ PRt ©
about 50 m|s deep at any given point on each groove. The grooves may be of
un|forn1depﬂHMWOé¥Wﬁ@1@0ﬁépﬁHpOUﬁleﬂvi@oﬁﬂﬁhdbwmnexﬂﬁEneoad|ﬁm5onenw

embodi ment Smnf)&ﬁn@ﬁ@@t’cﬁ%ic% Cal L)Olgfhdé'l ‘Jlfl)%al()rﬂ g%eﬁt Ii]ll %}?EIICng]t%ﬁRIH}LHL t he grooves

of a concentric pol ygon pat ern ave ‘Sone

enbodi ment Skcfemrrgaga‘m tdﬁlég,glrcdd‘ﬁeﬂlcoﬁxxalgdﬂnﬁﬁﬂhcfltt@osﬁ@bcylﬁﬂgrh fatter mgey have a
certain unlforn1d ﬁﬂble of her grooves of the same pattern may have a

di ff erent u%efpb‘?ﬁ? ’élb’t A ”é‘x‘dﬂ%“éf 18?‘0@3\)@%’6‘159@%&?“?@@%@@%\“ h
i ncreasing ghosidaneRed E&ﬁﬂ)&zg@uﬁﬁ@ﬁl@fn yw?ﬁlcfmbhﬁ{]ﬁ ﬂgldpaf(fllus iNor®

enbodi ments, however, groove dept h decreases W th d'ncreasing |stance from
t he center @ﬂbmh@L@oﬁm WngipéUmehaSWHﬁnewbbdmﬁehtacmgmomues of uni form
depth alter r.0o f var 1008011 ndi vi rooves of
t he concent?ﬁ%x%%'@g% “&Pg%jggwﬁﬁ?%P%§d§$§é pﬁé@”ﬁ@ BPTREPRE | g ¢ 6m about 2
to about 10fkespolignoni1de? aid aBYuGkiven EOloHroQh: SAEH p&ﬁl@ﬁ\éeclohcﬁi & Pres

enbodi nent s, the grooves are about 15 to about 50 mils wi de at any given

poi nt on eatd Q?HB&éPhWW@léﬁok@@%ﬁﬁﬁW1%émbﬂémﬁmfUﬁﬁvmdehmcﬁabmable wi dt h,
or any conbjnpat.i fioal rQoV.es
1 1@% @ LARLRA 104, d}a‘ﬁﬁgrﬁ%‘gum ?&ogﬁmi&dﬁ ﬁom PIQY oelﬁ%(%ii ments.

concentric polygon pattern ar’e
however, sqnncombfdhgdgempm&semm‘mvmgnmqumLmspaLyQQthﬁﬁM£Eﬂmb@m%na

certain uniform w,dt | e ot her ves of the sa attern have a
different u FPB?W?WFHtH%B‘ﬁa%ﬁﬂ%@“@%ﬁﬂgﬁﬁeﬁ%§¥fgﬁ@ﬁV@ﬂW$ fHding svaEsses with

i ncreasi ng (@i,84 ange pf d—@c{}f%ﬁl@ﬁ GeNhne rthcocmﬁth% @k 't@?lo‘@g{ Refed bdl E?o%‘%ecqc

enbodi nents, groove w d decreases with increas di'stance Oﬂ]t
center of tﬁ*el%mmiémiﬁ@sbeiﬂ In sonme enbodi nents, grooves of unlformvvi dth

alternate Hg9rooves, of vari wi dt h accordance with the
previ ousl yvmes ri bed };L\lﬁ’t%O%Y"FCP{\?FHFHO%’“WH&?C@HSC nboﬂ’('f?‘vlf 86@? PEFOYves of the
concentri c ipodyigamagredyendqihtaungodesaipided dheriBédubpay, L& nffeddhf orm

vol une, varléble vol une, or any conmbi nations thereof. In some enbodi nents,

the gr oovesPAFBSAIPCest man P Bigeh 1o doiheolshinggens with aiseniivad neléshitoneber
groove vol qﬁ@m‘gﬁﬁfaﬁ@ﬁﬁﬁ \A‘L&htﬁc %%%L g%ﬁ%%\%ogdﬁ%%m&&e u@ﬁ NL&E B the

polishing pad. "I n sone other e gases Wit h

|ncrea5|ngzﬂo%ﬁahmewﬁmmnmthepeenmemcotnbhﬂopohh&hknggpadndbnqﬁaﬂ&ﬂ)

enbodlnents %%f(gves or nlforn1volune alternate mﬁg grooves of variable
Ve

vol une. 10068 @W@?ﬂﬁaqmmW%%H%eﬁ¥W?@-ﬁBW&@SﬂWgﬁb Wﬁﬁ@%@ﬁ%“ﬁéscrlbed

herein Other advantages may include reduced defects and micro-scratches and a greater
usable groove depth.
[0079] Individual grooves of the concentric polygon groove patterns described
herein may be from about 4 to about 100 mils deep at any given point on each groove.
[n some embodiments, the grooves are about 10 to about 50 mils deep at any given
point ont each groove. The grooves may be of uniform depth, variable depth, or any
combinations thereof. In some embodiments, the grooves are all of uniform depth,
For example, the grooves of a concentric polygon pattern may all have the same
depth. In some embodiments, some of the grooves of a concentric polygon pattern

may have a certain uniform depth while other grooves of the same pattern may have a
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may have a pitch fromabout 30 to about 1000 mils. In sone enbodinents, the
grooves have a pitch of about 125 mls. For a circular polishing pad,
groove pitch is neasured along the radius of the circular polishing pad. In
CWP belts, groove pitch is neasured fromthe center of the CVP belt to an
edge of the J{IFed@hifornT BEBINOR ¥R RY: B8 eQfepNh b PR RLL &in il%%ahiﬁg l e pitch,
or in any conbinations thereof. In sone enbgdl nment s, tLhe grooves~are all of
uni f or m pi t értance frgpirtbe egrvodil tempadishing wed.eln, sogreaovedpited honereasesvan t h

i ncreasing di nce. f 1,the center of the palishi d..ln some other
embod nents oaraauest P S Bkl i B Pen NG P ied Ay B ¢ e
center of thempembsdihegspadovdsdaoi®neadadhemMs withifokict shvefabiche grooves
in one sectqar varies with increasing distance fromthe center of the
polishing p 8hil e the pitch of the grooves in an adjacent sector remains
uniform In enbogj I o T= T o1 90 oY es | n.one sector
i ncreases V\,i[(tﬁ%@?ncr eagild%&%?&&gggse&;tbggﬁnﬁ Eghgg)ﬁ%&?é]‘f()%f/ %8‘“%6‘% (Zch?lhbédpad

whi |l e the phtich oy beigorgrbomestoiahoatri (adpioeiit asast Gven fuineas@sh aloode.

di fferent \rM?te. I n some enbodi ments, ‘the.ﬁit,c of the grooves in one sector
i ncreases wi't P RHEPRELIHES GRSERAKES 4§ HhAv hetocaboresO wils fride Yony shehg pad

whi l e the ppbigho®tachifodt O doleARa el SCEHorRSHHE vASHIERRRE oMhiy)

i ncreasi ng distance fromthe center of the pol1shing pad. In sone

enbodi nent scoypigatias tstealnild erme phbedimants.chagtooven el grooespdfgonar i abl e
pitch. Ins £nhodi t; ectors of grooves of uniformpitch alternate
with sector gﬂge# ﬁg‘? gig\?ggl Hl(g m%/gf(lﬁf?ib¥I%SOB}°t%IFPO%iIBﬂ§§]hIOEN e ?‘Bncg%gtﬁ?]ﬁ‘é’%‘isood

t hat enmbodi okntmcodirit elypsiesarin haveenkien uiBymaksOhl WE{l4 @05 08isRgs of

pol ygons that are not precisely concentrjc. In such enbodinents,

i ncr easi ngl el%‘i“@@?‘“eﬁ%ﬁs‘/%‘é‘ffﬁ’feét PrEyMdEEh. Jasomgembedinegnts; groosgefdth

I ndi vi dual %l*f%%%iﬂﬁﬁg'e@ﬂ]twHﬁgﬁﬁ&sl%zhlﬂ- Inle?@fﬁfé%%hklﬁn%&& hRgngenter of a

precedi ng or successive po %/gon. Nonet hel ess, su near SconcentTic or

appr oxi mat etipbedbmerint groevepoldyigdmscasgsevidoinsicdgng distancdfomi thdbdntdriv€ thepi ri t

and scope of the present invention. [0084]1f i.s also to be understood that

enbodi nent sp(%)lfsmnﬁé’ag‘r ﬁ%sé’me EinﬁQPéiHPF%h Ry e; Ht’i‘lﬂgiémp‘ﬁ’ld%@%“%éfﬂl%, for an

i ndi vi dual gobygelvagidibeidiihe edge lengths are not all the same, the

angl es between edges are not all the sanme, or both. As an exanple, Figure

12 i |l ustrald88lla t op-laawerrgingn witheiie ofevipuslyricemibei deppblagdeadigr oove patt ern,

wi th distorg; - Ai, sed-hn the polishing surface of a.palishing

pad, i n accarands Aol bARESEH A0S UE PR ol Rl it

[ 0085] Ref erlidreig ntay beiogungorh2yolampoldrdbicnglpad ol 28Pcdrmisihades tar@®! shi ng

body having a pol. shi ngg surface 1202 and a back surface (not shown). The

pol i shi ng sifaERPoiBpoTh A gopyisies Hl of ugospvedingg. lssresbodinging: or t ed

pol ygons. Fgfw&¥RRRoRe vbRnRNn&TRRH IR Hered G (?ﬁaﬁc%rf'f%lﬁtlleg:reg@y&sth- f

concentric pol ﬁ[gons is a pattern of grooves of concentric distorted

dodecagons 2BUing asd.depiosteadhdr enfiodureats] 2roo8t nelantchiecpaley gonsnataing

di storted, .igt 1ilcse [,t_(? He_- qntder__ tood .t ha;t t hg out er d(ﬂes of the p )l i shing pad

1200 may not B CABR ESCAEERhEagid t ‘E‘éOIB‘OF@i‘g% CNiSRQOES Olt here may

be a need tnifonglvédengtieene@swah gtdiReoMt R aPRSbIhgaches of polishing pad

1200. For exanple, in_an enbodi nent, one or nore partial polygons 1220 is

i ncl uded nd8P8%r at tHreowsgd et coapetitgnpelyepagtospomitesss descrdbepihetedd i n

Figure 12 nd00R8Lfich fofl Aut % REIIFRIDSRT ih gk SHROGLMER feof the
grooves have a pitch of about 125 mils. For a circular polishing pad, groove pitch is

measured along the radius of the circular polishing pad. In CMP belts, groove pitch is
measured from the center of the CMP belt to an edge of the CMP belt. The grooves
may be of uniform pitch, variable pitch, or in any combinations thereof, [n some
embodiments, the grooves are all of uniform pitch. In some embodiments, however,
groove pitch increases with increasing distance from the center of the polishing pad.

In some other embodiments, groove pitch decreases with increasing distance from the

19



may i nclude groove patterns with continuity, e.g., with a spiral effect, of
"open" or inconplete polygons that provide an overall feel or appearance of
concentric polygons. For exanple, Figure 13 illustrates a top-down plan
view of a groove pattern having continuity between inconplete polygons with
a general apgQgar £ nt.rd ! < di SPO. A, . I.shing
surface of a pof??ﬁﬁﬁgmggg?g?nhg%@%r éﬁggﬂér%ﬁhﬁﬂaéﬁgg{%ﬁ%ﬂ%bgf&khe pr esent
i nvention. QO08WphRes erth meeatiog Fisance 118y tha cpabi hhaygp!phiolg b30O/hiladicudes a

polishing b aving a polishing surface 1302 and a back surface (not
Choun) - Thebiid (K e LR ab 8%t SRR REING: PP aes ubo g e
continuity piediverenc bid6osh 0he sRe ) 888&ed I inchhgin@\ueliAlch fak! @PgeENr of

i nconpl ete polygons with pontan|t¥ there between 1304 gives a general
appear ance ©Ff PeBtanpa| whigolhy gyals of thaarepveaingarmdincertagctal isorchwss descri bed as
a spiral argangerent Qfhns & . Poly, QL. . nested arrangenent of
continuous,&ﬁgg%inéd%%ﬁgké%ggpgggﬁg£ﬂ%ﬂ%%@%%ﬁ% 1%‘&5%%%5*§HP¥§%5MT§02 may,
i n an enbodivitemicredsingldidacorioyn inecenpt et @e polighgensdwitill teopitdiufitky t here
bet ween 1304. For. exanple, the continuoqus pattern may begin at or near the
center of tHEOKOIH ERANGEDY FIHT e SHES AT ReFgasda i gancs o die cenisr ofiher
region of thaishRlipall NOsor dA6RIih3RE, o HAWE Y Bl fdrfh ARALNE: L gsnt, only
a portion o@ﬁ;he&gﬁ[ish?ng suerCe I§62 incFJﬁeé éﬁgﬁéggédﬁggggfﬁgﬁ%th

i nconpl et e Porayigols ithlay oy mecmbiodiients, sheors df gtoseeno180drm Bach eicanpt e,

referring in to Fhgure 13, the continuous pattern 1304 begi ns away the
center of ?ﬁ@hﬁ%%¥58¥%8°§ #ﬁé@%gﬁﬁﬁggle.g. at location 1306 and ends away

from the oumes3|r egi onit &f totbhempebioshiRg cmYEdiAees B8R pr&ellt invd@ioh QAL | On
1308. [00891l n an enbodi ment, the pattern of grooves including thé pattern

of nested i HELRPIEE 819BINEEERROIYRAN th¥td wuiprspisehieoactssiandanudB04 gives a

general appggy c@?ﬁ@ni&ﬁv&@&ﬁ%ﬁ]}% ok 1%89%81%93@§tiov%dq?1 et adil j hgure 13. The
pattern is not formally a patternror concentric polygons sincé&t he pol ygons
are not conpilizidal palysucivednoaracassgelyaiipn ckadly alithghe oues ofayrakdifgyr not be

di sposed al ong the radii of the inconplete polygons. In an enbodi ment,
conpl ete poi* g%ﬁ‘é’? p%léfé’z‘?fl'a@‘”ﬁ%@"\iﬁ%ﬂr&“:%%@j"oﬁg‘vﬁ% YEPBROXIREFIY FaACIHIG he
pattern, e.@hlyeodt ale®niingbde Of wih§ (hOGRRPLRLLoRAU M M LR GORE i nui ty
t here betmég%ﬂ1303i o?}a% t he oﬁtsing%? tﬁeEﬁﬂ@ﬁ%%ﬁgﬁégﬁ%Fgﬁgﬁghmjth
continuity [O¥tle bet wesrmlsp30de updersiobd thas cinbodlmpits oé theipnesBhguventib8. 1 n an

enbodi nent, I han one pattern of nested .inconplete polygons with
continuitytpﬁgwgmggpagélwi Ny ?hﬁb@f“@ﬁﬁf?m§3¥?ggpléﬁﬁﬁﬁﬁﬁgﬁgFﬁérﬁﬂof
nested i ncophetanahygRNs boividen capdsi Muhdoall thhgne: BRbWBEAsaHkAHAded by a
second | arger pattern of nested inconplete polygons with continuity there
bet ween. | ' @HEt ReluEhIss dilAeAL ™I SHEHY ISV e bR s&ICORTTE Relyapl Broevppliicgon i s

approached \graguakbky 88 «ORP > RS 8 (B W se succession is
depicted in Figure 1§§§°®%’gﬁ@%bgﬁlg%ﬁ%&%%@ﬁ%éﬁ%EéF?Pg%@gk f@’@f t he
patt ern f oldcowdaitchatithofn anbaduecspiltlad presvhemeerithoe. radi us of the pattern

i ncreases ch inflection point of the.inconplete polygons as the
pattern tuﬁhgﬁr om t f#é“ TTHASFC Mgyte ]s?jcé@f’ﬂﬁb’%%dnpo_gé“cthl‘@s6[11’9_8?1“%@?@
finishing paiikadoB9R0) TheRe 1063 8Fd i BRLKAGRLE: 08t FoOM5 eTHBpolisRind"
enbodi ment, a polishing pad includes a polishing body having a polishing
surface anduaisalcid2das f asieern Theropwts ghioneensir dislodehpyenpat termmple, gr ooves

i ncl udi ng ' lL.ete nol ygons hawing continuity there between. In
one enbodi2@%%?9%%@8%5?%%?%“@¥]%ﬁ%gvggOﬁgggﬁg“Fgaﬂﬁ?mdF68W§?“P one
enbodi nent ,grédves patdreentriotlisgrred\dedcdaasnsal 20adisalepREQAaN @ik@OME Knktagius of
t he polishinp surface. o

polygons are distorted, it is to be understood that the outer edges of the polishing pad
1200 may not be able to accommodate complete potygons. However, there may be a
need (o include grooves at the outer most reaches of polishing pad 1200. For

example, in an embodiment, one or more partial polygons 1220 is included near or at

the edge of polishing pad 1200, as is depicted in Figure 12.
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[0091] It is also to be understood that enbodi nents of the present invention
may i nclude groove patterns with groupings of discrete |ine segnents that
provi de an overall feel or appearance of concentric polygons. For exanple,

Figure 14A illustrates a top-down plan view of a |line segnent groove
pattern wthogs enerahtggggqg G512 [ ns without .inflection
p0| nts, di Sgose(g in the poli Sﬁ?nl Lssd?(fcﬂﬂ%q,ﬂ#godﬁn&% Xlﬁt(?l KB%iH “W(‘H“%bcor dance

with an errb@lcﬂ}’rrerit-ld@gIOtmepepmesem1wmrnermty,@rg \{/10&9@:]18%5%{&1 MYopen”rgur e 14A,

a polishing olrshr body having _a polishing surface
1402 and a B‘E%k iﬂrra&%ﬁﬁ ‘P\"dQ%H O Vel f%ar ‘ilslﬁPfhbd%ﬁrr SeECNUie2 has a
pattern of gope¥es Mf cdiBFIEetiBuli N8I SRARBALS)- &61\% 1&3'\%&\6?5 gxlo'ov@ fignaerent
of discrete |ine segments 1404 gives a general ap earance o con r|c

pol ygons. FOAViagsapifaity batvesn dppoiareprlyzank evihat geaenl eppagronovels of d| screte
| i ne segnen ;. & concentric, dodecagons, as
depi ct ed inkép%ﬁgélgﬁ%ﬁﬁ%EWQB&tIgr%4£§€%8QSW%Fﬁ&FFQOQqB%%Pﬁrﬁ of concentric
pol ygons srauan&hmumﬂhhﬁ@hﬁmdmmmilt&c@&mgunnhﬁﬁaﬁlOn 1406) are removed. In

such an arr Fral rQoves _nay oOr not be disposed al ong the
radii mhere nfleg%‘%ﬁp% m8§°d6u1@3ﬁbﬁé@@ﬂéeo%éwh@@aﬂedﬂmﬂmf@dé

enbodi ment 1Q¢§Lh gréshy Q9mthespatlier r ct.ed in and
descri bed |R &sso?ratr@% mﬂt |dﬁ$§l%LﬁgﬁﬂkE§ tgﬁgﬁﬁ%gU% do ot touch the
discrete |ipefaedathhssa Mtc.anofemmb hevitg caoimpltebewaoh m@ﬂ@lcusptﬂjfgom

pol ygon 140 e |nc ttern. [00931lln anot her

exanpl e, Fi gu(?'%a?ll}féwc i apg 18‘5“ é??f“SBme}WfP BoWs \‘i‘i”é’\ﬁoBFm‘é}W thers bswgwint
groove patt ¢pmi yivedn gergei dr@alaa&p@iadoawﬁl@ﬁoryg%e%é hraR %régprra g hout
every ot her edge,  di spose in the polishing surface of a polis |ng pad, in
accordance W fifscHbeckasominbrtangemetiof preesehte priyemsioon nedBOSMdRementr i ng t
Figure 14B, ;858 | udes a polishing body having a

pol i shi ng su acéh%%5%g§&%g§%§9@5ygﬁ§face (not shown). The polishing

surface 1450088k a paﬂ"h@paﬂmhfnog;mf@c\ee&OQfmz@I BCheinebddimentsReneabsly 1454. The
overal | arrange nﬁ 9 drscrete | i.ne segments 1454 gives a gener al

appear ance BFCUBRERRIYFOES paihygatauityphere Beiaesn &304. ek xamblsdilgent , t he
pattern of @REUES Qe S5 Bl MiNG HIGE g
appear ance of concéﬁrfrc %% ébggonse eﬁ?gﬁggﬁxﬁk%ﬁgsaﬁg%2é6f he pattern
i's not forn@ﬁYyﬂ@ﬁmam@@ﬂhbG@Ktmgmemﬂtwqmpdhygemﬁwsﬂﬁﬁh Bveryeroher edge

(e.g., loc i S re ved from each on suc an arrangenent,
r adi al gro%{e@%ﬁém%ghnr%i OH patieH Qb 81 C‘.ﬁ\l?@r%‘%l?‘h"‘elr AelUgEier 809¥e oni tt ed
edges woul dp:tehewivh $&obsldi@sal&shs hhﬂng’@@rﬂﬁﬁlﬁ?@ﬁd"@ﬁuwc&hﬁd@q*o@l grooves do
not touch the discrete [ine segnents. In another enbodinment, only a slice

or portion %@“EW@r@c%ﬁﬁéﬁénéﬁﬁguﬁeréﬁb@éunwéﬁm%@mnﬂnﬂ#écwnbmmpohmts

| eaving a plaureal,ring 2f S air joined by an
inflection 6bﬁht d lgq#ﬁghg&gl %?? n%qggg?ﬁ bgﬁmj“¥§§Mp &0 L@L1413, in
an enbodrnenﬂmiagpmbi§MerQpagmuhmbmﬂE5L@ mokmshnﬂgxmody havi ng a poli shing
surface ang0 ﬂack surface. The polishing surface has a pattern of grooves
i ncl udi ng E? ral i t yRSH cgibe W&P'EQ%ﬂ%@ﬂ1%ﬁﬁﬁ%%¥$n%#¢ﬁ@§@ﬁélm@@fradl| of
the poli Sh'rf@glcﬁl&h‘ico@fﬁﬁet@Pglﬁé&{smnﬂgccﬁmﬁﬁ)rw 1OR Rfwén 1BYY AR a%ccfu(?crﬁp | et €,
concentric or approxi mately concentric ‘polygon arrangenent.
enbodrnentcmpﬁ@a%@ﬂﬂﬁgmxoﬁwnh@e@@ﬁmemidmmn@fuﬂﬁgmnxbnﬂﬂekmu@ﬁmﬁmﬁtr|c

ol ygon arr ne. or cti oints fro or nore of
Phe pol yaorc T el A Safiante iR oRer BF nobteReagancentr v G
appr oxi mat elyh soacanRkhet, RAIA AR vaY HaNFERBNhot ¥ di$ho9RLaI0h: meﬁ&memr?é from
one or nore of the polygons. In one enbodinment, the pattern of grooves has
no radi al dP%HWé“LPHWBH@;éﬁﬁé@ﬁﬁ@ﬁ@w“tﬁéﬂmhiqmﬂrbmﬁ geboy pelygas (d1¢,adi al
gr oov e, & 0N el b1 PALdS N G: S A6Eor BRI pERS ARG 1 the
continuity there between 1304, or at the outside of the incomplete polygons with

continuity there between 1304, or both as is depicted in Figure 13. In an embodiment,
more than one pattern of nested incomplete polygons with continuity there between is

included, e.g., a first smaller pattern of nested incomplete polygons with continuity
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[009611t is to be understood that enbodi nents of the present invention may
al so include discrete |inear segnents that are not precisely orthogonal to
radii of the polishing surface. In such enbodi nents, the discrete |inear
segnents terma portion of a, but not a conplete, concentric or

appr oxi mat e'tiﬂt&@&%@l{ §Lh[9)t19@ud>4ﬂ'oc{‘sc@51'i@ﬂ9 Qtrleim Qggul Ia'?nc,o% Sp%tb églly@élﬁoc' ation

with the corresponding radius in not prec “rat her,
per haps a fM@@Kmohnwﬂ/wcwéQMGﬁntblaﬂﬁemmdégdmest@ﬁﬂlwmuﬁﬂvdegmep&u

Nonet hel ess ch. near - orthogonal or approximately orthogonal discrete

| i near segn@%@gmlPéWE%ﬁ%FﬁéW%@ @%dhﬁﬂﬁfgL rPPREIE | ?H“ﬁ%&”@@ﬁﬁﬁ1%f t he
present i nveaiciedin LEQR 7RO Sibh AY cRBESindSS Glkd tﬂﬁgctdﬂ?l LEHR JARYmRsISM tabl e
for use with a varlet of “chenical mechanical polis i ng apparatuses. As an

exanpl e, Fi §if el aBug ml@étwl&tee@c sl ssofribe pattery ix@m&m aweew Ocaoqwd)msm ng
apparat us Cﬁmﬁ’édnﬂ I@te?bb/ho@s c@%(, ﬁll ST it %}%Yl‘l(@?ﬂ(ﬂ" n(%(?shngtgmnééae}%{??? %\/ent i on.

groove pattern, gance W an e
100981Ref er putagmbst [Figumepdift, a pol i shing apparatus 1500 i ncludes a platen
2 of Iaten 1504 may be used to support a

1504. The t rface. 150
pol i shi ng pg@()ﬁ]u th a &é é"r{?‘l“i“ g 1) BreHKS haaﬂlé?‘yblﬁm@ﬁlﬁrﬁi EOiﬁéiWég?@ﬁ gr oove
pattern. Pl alcRed B4l %y%gﬂhbg%ﬁ%ﬁ@&m&g Lge, BRIk :}qlfgccr Gl]t tion 1506 and

slider oscillation 1508." A Sanpl e carri er IS use e.g., a
seniconducté@“%%miﬂuMwKMDadmaﬁMaaégdunmmgmb@hushﬁmgumbmmRQJaﬂmmnmnductor
wafer wth | i shin 10 ,is further supported by a
suspensi on ﬁ@@ ﬁ?%ﬁ?%%@ﬁ”’%ﬁ%?ﬂrﬁ9°?%@88T%T%“ g“ﬁﬁ@@d@ &“F8¥5@¥dvud|ng
slurry to arsgin baoec.ofn dhepalbogithdrg, Badatirh OF ploBva@nds Q%dlﬂ%t&ﬂh'aﬁh%@g of the
sem conductor_wafer. A conditioning unit 1596 may al so be included and, in

one enbodln%ﬁﬂm(ﬁﬁﬁﬂﬁﬁ@@néSWﬁﬁﬁDnd tip for conditioning a polishing pad
[ 0099] Thus, %Vgi]' shi ngy, S *111188@&)%9%{‘1%%&1% 1;11?1‘928[8 o)flt["gatxgsc}/u ﬁgﬁﬁ%ﬁt ric

pol ygon groove patterns have een i'sclose
enbodi nent wohy tmhldprgmnfntpait@vewlth(gmupamgmﬂ|dsshtelughrp>a§dgfheﬂits sjc!] p@hld@@na

substrate incl pol i shi ng bod pol i shi ng body has pol i shi ng
surface and® %3%g§ﬁ[@dwpﬁﬁﬁmep 8”&6YI§HP 0§%r%§ééaﬁa%rﬁéw§ Wattern of

grooves i ncilluehAe £OPCRMN IS AbwATRNRXISERhE! Yr&RB g:%r@lﬁ 'vﬁtllpioz,c}’l&gps The

pattern of grooves has no radial groove continuou ronlt € 1 nner nost
pol ygon t o ipeaisuaeert cangamtrpopoygrons withoohie flestbodiomentdjspesedhn dfe fohiehippl ygons

hes e Sermy U L 953 SRS Pl SO T TR L o one

enbodi nent mb@exmattern of grooves has no radial grooves. CLAINMS
[0092] Referring to Figure 144, a polishing pad 1400A includes a polishing
body having a polishing surface 1402 and a back surface (not shown). The polishing
surface 1402 has a pattern of grooves of discrete line segments 1404. The overall
arrangement of discrete line segments 1404 gives a general appearance of concentric
polygons. For example, in an embodiment, the pattern of grooves of discrete line
segments 1404 gives a general appearance of concentric dodecagons, as depicted in
Figure 14A. The pattern is not formally a pattern of concentric polygons since the
inflection points (e.g., location 1406) are removed. In such an arrangement, racial
grooves may or may not be disposed along the radii where the inflection points would
otherwise be located. [n one embodiment, distinguishing the pattern from the pattern
depicted in and described in association with Figure 2, the radial grooves do not touch
the discrete line segments. In an embodiment, complete polygons, such as polygon

1408, may also be included in the pattern.
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What is claimed is: 1. A polishing pad for polishing a substrate, the
pol i shing pad conprising: a polishing body having a polishing surface and a
back surface, the polishing surface having a pattern of grooves conpri sing
concentric or approximately concentric polygons, the pattern of grooves

havi ng no r?@h%g grOO\(l?q[ﬁQ;ELtt L%iﬁgl%dl ib @étﬁlg‘%ir%hsiﬂ clqgﬁttloglgg)}/cﬂlo\ﬂ%\k%hé he outer

nmost pol ygon The polishing Wherein e
pol ygons hasing h@nmmelmmm@tcxmvnédg@sua Bpedhecepdlcosdnng pddroaf withanm 2,

wherei n the IS dete by ti meter of the polishing
pad or by tﬁangghé?%# ggp?ﬁgl%'%é?pgﬁ¥5““gxt?ﬂ%mgﬁngﬁﬁﬁg“ﬁéH”§@“EIaim:&
wher ei n t he wdihaim®heiodthed: he tHeQhésshd ingnpiad, | s approxi mately 30 inches, the
di anet er of the substrate is approximately 12 inches, and the polygons are

hexadecagond?0945.  The Rﬁ&ltul%ﬁ@rigupad%fa polzhingpad A Bineludesa golshiteer of t he
pol i shing p@gd}l l%dvﬁ%g( g@ﬁlsﬂﬁ% ﬁd&olﬁl-'SB%pg ﬁbaék i d(glu, %Lgowqé tiﬁllh go grs}tb;ﬁlt ﬁ gl S

approxi matel'y 8 ygons "are deca
pad of clai ruBiceHEe basn paverd @ﬁlgbdi‘vc,@f)f&la@htcedlgec@flelﬁshﬂﬂu'[EH(, desil pol ygon

I s appr oxi mat el ran e of 50 - 60 %of the | ength of the dianmeter of
t he ggbst raf“éd“é’}élﬁmﬁﬂgi%?‘? A¢ Fr"5aL 9P+ 81vaP maaneylnepeiance E copteaeien of

grooves haspfQqdRdiral L}%&QL‘!Qﬁ an eBboditRnP Al LR RAChRL o£l; 1@16 lch\’her ein
dia

the pattern of “grooves further conprises a ra groove
successi ve prmpgisnistodfgitche ceoncleappedrancorofl aq}lmemmcrdatlaiagomom:éa]itmcbmpoI ygons.

Figure 14B. The pattern is not formally a pattern of concentric polygons since every
other edge (e.g., location 1456) is removed from each polygon. In such an
arrangement, radial grooves may or may not be disposed along the radii where the
omitted edges would otherwise be located. In one embodiment, the radial grooves do
not touch the discrete line segments. In another embodiment, only a slice or portion
of every second edge is removed between inflection points, leaving a plurality of
discrete line segment pairs, each pair joined by an inflection point.

|0095] Thus, referring again to Figures 14A and 14B, in an embodiment, a
polishing pad includes a polishing body having a polishing surface and a back surface.
The polishing surface has a pattern of grooves including a plurality of discrete linear
segments orthogonal to radii of the polishing surface and forming a portion of a, but
not a complete, concentric or approximately concentric polygon arrangement. In one
embodiment, the portion of the concentric or approximately concentric polygon
arrangement omits one or more inflection points from one or more of the polygons. In
one embodiment, the portion of the concentric or approximately concentric polygon
arrangement omits one or more edges from one or more of the polygons. In one
embodiment, the pattern of grooves has no radial groove. In one embodiment, the
pattern of grooves has a radial groove along a radius of the polishing surface, but not
in contact with the plurality of discrete linear segments.

[6096] [t is to be understood that embodiments of the present invention may
also include discrete linear segments that are not precisely orthogonal to radii of the
polishing surface. In such embodiments, the discrete linear segments form a portion
of a, but not a complete, concentric or approximately concentric polygon arrangement,

but the relative association with the corresponding radius in not precisely 90 degrees

N
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9. The polishing pad of claiml, wherein each polygon of the concentric or

approxi mately concentric pol ygons has no degree of rotation relative to its
successi ve polygon. 10. The polishing pad of claiml, wherein one or nore

of the polygons has a degree of rotation relative to its successive

pol ygon.  1hyt Fier Bellwdﬁm ngc[%dntafdcgllcélt&n&&v d&ﬁ?&wmbﬁd@%edﬁ% ee of rotation

is deternined by the total numb concentric or approxfmately concentric
pol ygons i nNoRethplasst sch ngfr- @ﬂt@@ve@ ot dﬂ}ZO‘ﬂ“ﬁhéclpoith(sjwr!ﬂghp:atdu thearl ai m 10,

successi ve BaryBrr LSRR IBEN AT 1S b SBY EPar R TS Hothe. one or
nore pol ygofIips a cpolishefeGlade KidcEBed Rdraihimdy Heahuakhly fb[tugc {fvlﬂﬁ aSMEEESSi ve
pol ygon. 14, The polis pad of claim1l, wherein the p %qons are

hi.n
concentric Ahehepnet B"éh'ﬂfé’rl&gf’o YshineapraEhises. cApwl ggemie. I ;t‘bull@l: bidiraes t he
center of tRe; BRI PAMy of:lt%t)h BFE R@aﬁé{"\t\;@ c%dﬁﬁg Qi1 ggﬂ [ﬂ V\A&ler ein the
e conc VoS

pol ygons are concentric and t cente entric AsUis of f set
from t he cehawng ofoitchetr 1pqmbly3hm Q@O}Q@.ﬁaﬂeiﬂ.ﬁﬂ addvedqpot ivithiangmpadineht f@em |,
wherein the pattern of grooves further conprises one or nore circular
grooves i nt BFPAHETE T he concentric pol ygons the pol ygons are concentric,

and the cenfogvspf eacRe@hhifubainE 09\endIRhinRGabAsual sdNReIent.ef@h the
concentric EOl ypons ?L?,i ['i:he [l)%l i sh |ﬁpgd pé.m ?]Sc giéim v gér%erﬁ%atolne of the

pol ygons has3Q. diteftep antacnlpiest Mitcr dges mah an usadoo hlamod‘fa porhlelupglpy@ons 18.

The poli shi er y
edges t han t@ hB?ﬁfﬁcemm 'S TpBiOIXim%@y “2@“"“%%%?03%40“ Yoo} pﬁg(d n ?' %‘F“af@ﬁ
wher ei n onemay berogidip@fed (B er@ody/@dRBe f3attinStV6LAd slider oscillation 1508. A

sample carrier 1510 is used to hold, e.g., a semiconductor wafer 1511 in place during
polishing of the semiconductor wafer with a polishing pad. Sample carrier 1510 is
further supported by a suspension mechanism 1512. A slurry feed 1514 is included
for providing slurry to a surface of a polishing pad prior to and during polishing of the
semiconductor wafer. A conditioning unit 1590 may also be included and, in one
embodiment, includes a diamond tip for conditioning a polishing pad.

[0099] Thus, polishing pads with concentric or approximately concentric
polygon groove patterns have been disclosed. In accordance with an embodiment of
the present invention, a polishing pad for polishing a substrate includes a polishing
body. The polishing body has a polishing surface and a back surface, the polishing
surface having a pattern of grooves including concentric or approximately concentric
polygons. The pattern of grooves has no radial groove continuous from the inner most
polygon to the outer most polygon. In one embodiment, each of the polygons has the
same number of edges, the number of edges determined by the diameter of the
polishing pad or by the diameter of the substrate. In one embodiment, the pattern of

grooves has no radial grooves,



20. The polishing pad of claim1, further conprising: a |local area
transparency (EAT) region disposed in the polishing body, the EAT region
interrupting the pattern of grooves. 21. The polishing pad of claiml, the
pol i shing surface further conprising an indication region indicating the

| ocati on of ¢q g@kgction region disposed in the back surface of the
polishing pad, the indication region interrupting the pattern of grooves.
22. The poli shi n§/lpath ddinetdas:m |, wherein the polishing body is a
honogeneous polishing body conprising a thernoset polyurethane material.
23. The polishing pad of claim1, wherein the polishing body is a nol ded
pol i shi ng bodw polidBing Patredusiaihy i adbistiemt 8 GoBsHRRY hahiongriad: for pol i shing
a substrate, the nethod conpr|5|ng m Xxing a pre-polynmer and a curative to
fmmanndmé%@ﬂ%%%@%m@W&Wﬂ%ﬁmﬁ@m%wmwﬂmwmmwthe
formation nold i 5‘.&@&0& ﬂg\/i 8391{1@111 Otf P[%Ollésq,on Y Sil fg’ Cg (?‘plg%ce&! &nge()rxﬁgﬁc pat tern
of protrusions conprising ncentrFc or r ox ntric pol ygons,
the pattern of pmnmﬁM&LQDSngMMquﬂannﬂ@u&hcﬁh@mmymjQﬁu@gﬂhwﬂuous fromthe
i nner nost polygon to the ou er nost and, with the |id placed in
the nixture, ?‘E‘é‘é”tlo‘bgalﬂ?l?“élq ‘F“@d?‘?i’ﬁg ’r?i‘l%‘f Ofter P8SR9INECR: ol ded
honogeneous pollshlng body conprising a polishing surface having di sposed
therein a pattern of grooves corresponding to the pattern of protrusions of
the lid. 25 Tihpolmbtigaddef chiimilpwvhacingael of the polygpmughas e smoiedeuhber
honbgeneous R&ﬂ%ﬁhlng body conprises formng a thernoset polyurethane
material. 26, °The method of claim24, wherein the mxing further conprises
adding a plurality of porogens to the pre-polynmer and the curative to form

a plurallty of . cl osed cel |l pores
. The polishing pad of'claim 2, wherein the number of edges is determined by the

diameter of the polishing pad or by the diameter of the substrate.

4. The polishing pad of claim 3, wherein the diameter of the polishing pad is
approximately 30 inches, the diameter of the substrate is approximately 12 inches, and

the polygons are hexadecagons.

5. The polishing pad of claim 3, wherein the diameter of the polishing pad is
approximately 20 inches, the diameter of the substrate is approximately 8 inches, and

the polygons are decagons,

6. The polishing pad of claim 3, wherein the length of each edge of the outer most
polygon is approximately in the range of 50 — 60 % of the length of the diameter of
the substrate.

7. The polishing pad of claim [, wherein the pattern of grooves has no radial grooves.
8. The polishing pad of claim I, wherein the pattern of grooves further comprises a

radial groove between two successive polygons of the concentric or approximately

concentric polygons.
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in the nol ded honbgeneous polishing body, each closed cell pore having a
physi cal shell. 27. The nethod of claim 24, wherein the m xing further
conprises injecting a gas into the pre-polyner and the curative, or into a
product formed there from to forma plurality of closed cell pores in the

nmol ded honogengeus;Peld shidrgibad - e i.-ng no physi cal
shell. 28. The #efhod’%f clgin1ggﬁgaﬁgfgbﬁﬁﬁggﬁﬁgm%EQQ%?E@E%Iyner and the

curative coBprpsiawialy xeregnisin priygeysdrane dapae af raatomatiatvaiodsisnecesonpound,
respectiveléoL,&Q. The nethod of claim 24, wherein the m xing further
conprises a dyhg'an paci fying lubricant to the pre-polynmer and the curative
to forman opaque nol ded honbgeneous polishing body. 30. The nethod of
claim 24, wherejn curing the m xture conprises first partially curing in
the formati % bt BelaAtetrda! flam hevhesiniang or moanobihe polye®s haThdegret hod of
claim 24, ereln the-natter Nl ions has no radial protrusions.

32. A po|i2ﬁfﬁ§hgﬁgag%gﬁ%é fgﬁg%ﬁah&%ﬁ%é%rate, t he polishing pad
conprising: a polishing body having a polishing surface and a back surface,

the polishin rface. having a tern .of grooves, conprising a plurality of
discrete |i hBal PRy REREST P RO | RSB ST e et €P it K tERMEd 0% theadi | of
the poli shi pgalSurhHBCS: conddhricl B pBRIx: Sk BLRBhE pAl & Bhe MIGHGEN the
plurality of discrete |inear segments orthogonal of  approximately

ort hogonal &®&°F&dii of the polishing surface forma portion of a, but not a
conpl ete, concentric or approximtely concentric polygon arrangenent.

12. "The polishing pad of claim 10, wherein the one or more polygons has a clockwise
rotation relative to the successive polygon.
13. The polishing pad of claim 10, wherein the one or more polygons has a counter-

clockwise rotation relative to the successive polygon.

t4. The polishing pad of claim 1, wherein the polygons are conceniric and the center

of the concentric polygons is located at the center of the polishing pad.

I5. The polishing pad of claim 1, wherein the polygons are concentric and the center

of the concentric polygons is offset from the center of the polishing pad.

16. The polishing pad of claim 1, wherein the pattern of grooves further comprises
one or more circular grooves interrupting the concentric polygons, the polygons are
concentric, and the center of each circular groove is located at the center of the

concentric polygons.

7. The polishing pad of claim 1, wherein one of the polygons has a different number

of edges than another of the polygons.

18. The polishing pad of claim 17, wherein the outer most polygon has more edges

than the inner most polygon.
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34. The polishing pad of claim33, wherein the portion of the concentric or
approxi mately concentric polygon arrangenent onits one or nmore inflection
points fromone or nmore of the polygons. 35. The polishing pad of claim 33,
wherein the portion of the concentric or approxi mately concentric pol ygon

arr angement [9Mrhs QNG R 1EHIe S hELABRE nffic TPHE 1pgﬂc F&s}&% H%h%&&ns' 36.
The polishing pad of claim 32, wherein the pattern o 3 ooves has ho radi al

groove. 37. The polishing pad of claim 32, wherein the pattern of grooves

has a radi ah,grQove. .al ong a radius of the polishing surface, but not in
cont act mﬁt%Ogﬁggﬁﬁﬁ%gwﬁpgC@F&ﬁchﬁﬁﬁ‘1V¥W%§P@segnents. 38. A polishing pad
for polishing aslosilbgdaraiepartdis (DAY BpidnaliRRGCANRS pStisAGi BIPeht BRITNG body
having a polishing. surface and a back surface, the polishing surface
having a patt er n"SfOgRrisHHEENE Biepritaneg eivestsed i nconpl ete pol ygons havi ng
continuity there between. 39. The polishing pad of claim38, wherein the
pattern of grooves has no radial groove. 40. The polishing pad of claim
38, wher ei nZ2t.héhpptlisbmg pafl ofciaon ésthhaslicingdicate grvevenahdng & radi us of
the polishi Hl%icsagcr)rfl ?e%?dn indicating the location of a detection region disposed in the back

surface of the polishing pad, the indication region interrupting the pattern of grooves.

22. The polishing pad of claim 1, wherein the polishing body is a homogeneous

polishing body comprising a thermoset polyurethane material.

23. The polishing pad of claim 1, wherein the polishing body is a molded polishing
body.

24. A method of fabricating a polishing pad for polishing a substrate, the method
comprising;
mixing a pre-polymer and a curative to form a mixture in the base of a formation
mold;
moving the lid of the formation mold into the mixture, the lid having disposed
thereon a pattern of protrusions comprising concentric or approximately
concentric polygons, the pattern of protrusions having no radial protrusion
continuous from the inner most polygon to the outer most polygon; and, with
the lid placed in the mixture,
at least partially curing the mixture to form a molded homogeneous polishing body
comprising a polishing surface having disposed therein a pattern of grooves

corresponding to the pattern of protrusions of the lid.

25. The method of claim 24, wherein forming the molded homogeneous polishing

body comprises forming a thermoset polyurethane material.

26. The method of claim 24, wherein the mixing further comprises adding a plurality

of porogens to the pre-polymer and the curative to form a plurality of closed cell pores
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in the molded homogeneous polishing body, each closed cell pore having a physical

shell.

27. The method of claim 24, wherein the mixing further comprises injecting a gas
into the pre-polymer and the curative, or into a product formed there from, to form a
plurality of closed cell pores in the molded homogeneous polishing body, cach closed

cell pore having no physical shell.

28. The method of claim 24, wherein mixing the pre-polymer and the curative

comprises mixing an isocyanate and an aromatic diamine compound, respectively.

29. The method of claim 24, wherein the mixing further comprises adding an
opacifying lubricant to the pre-polymer and the curative to form an opaque molded

homogeneous polishing body.

30. The method of claim 24, wherein curing the mixture comprises first partially

curing in the formation mold and then further curing in an oven.

31. The method of claim 24, wherein the pattern of protrusions has no radial

protrusions.

32. A polishing pad for polishing a substrate, the polishing pad comprising:
a polishing body having a polishing surface and a back swface, the polishing
surface having a pattern of grooves comprising a plurality of discrete linear
segments orthogonal or approximately orthogonal to radii of the polishing

surface.

33. The polishing pad of claim 32, wherein the plurality of discrete linear segments
orthogonal or approximately orthogonal to radii of the polishing surface form a
portion of a, but not a complete, concentric or approximately concentric polygon

arrangement.
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34. The polishing pad of claim 33, wherein the portion of the concentric or
approximately concentric polygon arrangement omits one or more inflection points

from one or more of the polygons.

35. The polishing pad of claim 33, wherein the portion of the concentric or
approximately concentric polygon arrangement omits one or more edges from one or

more of the polygons.

36. The polishing pad of claim 32, wherein the pattern of grooves has no radial

groove,

37. The polishing pad of claim 32, wherein the pattern of grooves has a radial groove
along a radius of the polishing surface, but not in contact with the plurality of discrete

linear segments.

38. A polishing pad for polishing a substrate, the polishing pad comprising:
a polishing body having a polishing surface and a back surface, the polishing
surface having a pattern of grooves comprising nested incomplete polygons

having continuity there between.

39. The polishing pad of claim 38, wherein the pattern of grooves has no radial

groove.

40. The polishing pad of claim 38, wherein the pattern of grooves has a radial groove

along a radius of the polishing surface.
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