| CHEM CAL MECHANI CAL POLI SHI NG PAD W TH CONTROLLED WETTI NG [ 0001 ] The
present invention relates generally to the field of polishing pads for

cheni cal nechani cal polishing. In particular, the present invention is
directed to a chem cal nechanical polishing pad having a polishing
structure useful for chem cal nechanical polishing magnetic, optical and
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[0004] Chemical mechanical planarization, or chemical mechanical polishing (CMP),
is a common technique used to planarize or polish workpieces such as semiconductor
wafers. In conventional CMP, a wafer carrier, or polishing head, is mounted on a
carrier assembly. The polishing head holds the wafer and positions the wafer in
contact with a polishing layer of a polishing pad that is mounted on a table or platen
within a CMP apparatus. The carrier assembly provides a controllable pressure
between the wafer and polishing pad. Simultaneously, a slurry or other polishing
medium is dispensed onto the polishing pad and is drawn into the gap between the
wafer and polishing layer. To effect polishing, the polishing pad and wafer typically
rotate relative to one another. As the polishing pad rotates beneath the wafer, the
wafer sweeps out a typically annular polishing track, or polishing region, wherein the
wafer’s surface directly confronts the polishing layer. The wafer surface is polished
and made planar by chemical and mechanical action of the polishing layer and

polishing medium on the surface.



pol i shing nmediumon the surface. 2 [0005] The interaction anong polishing
| ayers, polishing nedia and wafer surfaces during CVMP has been the subject
of increasing study, analysis, and advanced nunerical nodeling in the past
ten years in an effort to optim ze poIFshing pad designs. Mst of the
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The the points of contact between the pad and the workpiece. Additionally, debris from

the CMP process can clog the surface voids as well as the micro-channels through

which slurry flows across the polishing surface. When this occurs, the polishing rate

of the CMP process decreases, and this can result in non-uniform polishing between

wafers or within a wafer. Conditioning creates a new texture on the polishing surface

useful for maintaining the desired polishing rate and uniformity in the CMP process.

[0007] Conventional polishing pad conditioning is achieved by abrading the polishing

surface mechanically with a conditioning disk. The conditioning disk has a rough

conditioning surface typically comprised of imbedded diamond points. The

conditioning disk is brought into contact with the polishing surface either during

intermittent breaks in the CMP process when polishing is paused (“ex situ”), or while

the CMP process is underway (“in situ”). Typically the conditioning disk is rotated in

a position that is fixed with respect to the axis of rotation of the polishing pad, and

sweeps out an annular conditioning region as the polishing pad is rotated. The

conditioning process as described cuts microscopic furrows into the pad surface, both

abrading and plowing the pad material and renewing the polishing texture.



condi tioning process as described cuts mcroscopic furrows into the pad
surface, both abrading and plowing the pad material and renewi ng the
polishing texture. 3 [0008] Although Qad desi gners have produced vari ous
m crostructures and configurations of “surface texture through both pad
materi al preparation and surface conditioning, existing CVMP pad polishing
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m crostructures are not optimal. Defect formation in CVMP has origins
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damage. [0010] Beyond provi di ng. potential defect formation. source
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allow | onger pad life. .  [0011] The ke to elimnatin ad conditioning is to
devi se a pHIPsS ﬁl@pg}jypﬁ&@ctpzﬂ sqbg_;lectst workpiece to normal stresses averaging

150 psi (1 MPa). Stresses of this magnitude are sufficient to cause surface and sub-
surface damage.

[0010] Beyond providing potential defect formation sources, conventional polishing
pad microtexture is not optimal because pad surface conditioning is typically not
exactly reproducible. The diamonds on a conditioning disk become dulled with use
such that the conditioner must be replaced after a period of time; during its life the
effectiveness of the conditioner thus continually changes. Conditioning also
contributes greatly to the wear rate of a CMP pad. It is common for about 95% of the
wear of a pad to result from the abrasion of the diamond conditioner and only about
5% from contact with workpieces. Thus in addition to defect reduction, improved pad
microstructure could eliminate the need for conditioning and allow longer pad life.
{0011} The key to eliminating pad conditioning is to devise a polishing surface that is
self-renewing, that is, that retains the same essential geometry and configuration as it
wears. Thus to be self-renewing, the polishing surface must be such that wear does

not significantly reshape the solid regions. This in turn requires that the solid regions



self-renewing, that is, that retains the sane essential geonetry and
configuration as it wears. Thus to be self-renew ng, the polishing surface
must be such that wear does not signi fJ’ cantly reshape the solid regions.
This in turn requires that the solid regions 4 not be subjected to
continuous shear and heating sufficient to cause a substantial degree of

plastic flow, or, that the solid,regions be copfigured so that they respond
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mechanical polishing operations, it would be desirable to have a chemical mechanical

polishing pad with a polishing surface that is non-wetted by the polishing medium.

Specifically, for these polishing operations, it would be desirable to have a polishing

pad with a textured surface that is superhydrophobic such that the polishing debris

generated during polishing are mostly removed from the polishing surface of the

polishing pad before they can foul the polishing surface; thus, reducing the need for

periodic conditioning of the polishing surface.

[0014] In one aspect of the present invention, there is provided a chemical mechanical

polishing pad for polishing a substrate selected from at least one of a magnetic

substrate, an optical substrate and a semiconductor substrate; comprising: a polishing

layer comprising a plurality of polishing elements forming a three-dimensional

reticulated network having a polishing texture; wherein the polishing texture

comprises a plurality of contact areas on a subset of the polishing elements; wherein



| ayer conmprising a plurality of polishing elenents formng a

three-di nensional reticulated network having a polishing texture; wherein
the polishing texture conprises a plugality of contact areas on a subset of
the polishing elenents; wherein 5 the polishing texture has an average

di mensi onl ess roughness, R defined by the follow ng equation: R =
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DESCRI PTI ON. OF THE DRAW NGS 001§%jgégure 1 is, a perspective view of a
!

por ti on ofPolskinafexilirwhsspingdhepol prigreromprigeed Murdity RECRIAESR
rechant ol L A Jafn Ly AT OB gFpeR 2 2
chem cal megdimessc Rl defiledyi theg fqiRavind eqadoenbodi nent of the present
R = (1-C)/(1+N)
where C is a ratio of the average contact area of the plurality of contact areas to an
average horizontal projected area for the subset of the polishing elements and N is a
ratio of an average non-contact area for the subset of the polishing elements to the
average horizontal projected area; wherein the average dimensionless roughness for
the polishing texture is between 0.01 and 0.75; and wherein the polishing texture is
adapted for polishing the substrate; and, creating dynamic contact at the interface
between the chemical mechanical polishing pad and the substrate.
BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Figure 1 is a perspective view of a portion of a dual-axis polisher suitable for
use with the chemical mechanical polishing pads of the present invention.
[0017] Figure 2 is a highly enlarged, partial, schematic, cross-sectional, elevational
view of a chemical mechanical polishing pad of one embodiment of the present
invention,
[0018] Figure 3 is a highly enlarged, partial, schematic, plan view of the polishing
pad of Figure 2.



i nventi on.

view of the polishing pad of Figure 2. 6
partial, schematic, cross-segtional, elevational view of a

enl ar ged,

[0018] Figure 3 is a highly enlarged, partial, schematic,
[0019] Figure 4 is a highly

chem cal mechani cal polishing pad of one enbodi nent of the present

i nventi on.

[0020] Figure 5 is a highly enlarged, partial, schematic,
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such as abrasive-free and reactive-liquid poljshing solutions.
[0027] Theanyeimaty sRAss bareeathay pelivhing elgmeniand apy agjas @it ROUHENG FlCHBRS appended
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[0023] The term “contact area” as used herein and in the appended claims refers to a

subset of the total projected area of a polishing element in the horizontal plane that is

physically occupied by that polishing element.

[0024] The term “non-contact area” as used herein and in the appended claims refers
to the total surface area of a polishing element that is without the horizontal plane, for

example, surfaces of the polishing element that are at an angle to the horizontal plane.

[0025] The term "fibrillar morphology" as used herein and in the appended claims
refers to a morphology of a phase in which the phase domains have a three
dimensional shape with one dimension much larger than the other two dimensions.
[0026] The term "polishing medium" as used herein and in the appended claims
encompasses particle-containing polishing solutions and non-particle-containing
solutions, such as abrasive-free and reactive-liquid polishing solutions.

[0027] The term "substantially circular” as used herein and in the appended claims
in reference to the polishing elements means that the radius, r, of the cross section
varies by < 20% for the cross section.

[0028] The term "substantially circular cross section" as used herein and in the

appended claims in reference to the polishing surface means that the radius, r, of the



varies by < 20% for the cross section. [0028] The term "substantially
circular cross section"” as used herein and in the appended clains in
reference to the polishing surface neans that the radius, r, of the 7 cross
section fromthe central axis to the outer periphery of the polishing
surface varies by <20%for the cross section. (See Figure 6). [0029] In
sonme enbodj nents.of ~th resent . nvent | .he ¢ 1 . j cal

pol i shi ng 88&5%%H%}ﬁg §bgg@b5 %@ﬁ?%gmfgggpmégﬁ%x?gﬁ%éggﬁgﬁgggg%gnetrating

network, it ®lyr0hefor teedrpanetticd. | (3ge RRuw®6k conprises a conti nuous
non-fugitive ghase and a substantially co-continuous, fugitive phase; and

wher ei n t hE0083] Insyeimeembgdimenia of the psesenisiRy §nionyihe shemisabipedwnicgt pol i shi ng
t he substr ] ect - th ' . gt phase
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active (e.g.; f Il {.zer, el i Gi r.bi.ci spects of
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pol yner netmbodkimeh@OBOuditive piiase dodrasbi tBithin abfashveqriheent cdrivvieotidgn, t he
chem cal nechanical @ polishing pads have_ a polishing texture that is adapted
for pol i shmaaganesudgde stlica, dumang sigcompmimspgyreeste of thsse embedimghtsopt i cal
Substrate - 1 C ct Qr b :
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texture thahbbdimeseptheduditve piedse abésnit dombinsiragticulaehlentied(d.g.0m a magnetic
substrate. In sone aspects of these enbodi ments, the chem cal nechani cal

pol i shi ng fratdlézendniechcigelicshiridg). tlaspme aspaststofithess gmbedimandrtherol i shing a
substrate . C . qpt.] Str I aspects of these
enbodi ment lsn,%grb ﬁneeﬁr%fé‘ﬁ%&@gﬁ&ﬁ%@ H*ét%?déa?ﬁ%‘?}?ip?ﬁ?‘%egr ngf'fggﬁave a polishing

texture thpg030FIresdamd @abddihentdof itepréd@n@insemdh @it @h&tlcaLinechahfcam a

sem conductor substrate. [0031 ] In sone enbodi nents of the present

i nvent i on, Pelisbingnads bave apeishmgdexturedbatiis pdantpdfatpelépng sB®sEatpol i shi ng

| ayer conpgisi I | I ol i shi | ]
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t he poli shiegg el enents; wherein the polishi r]%‘,t exture has an average
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(1-O/( 1"'I\l)nagnetic substrate. In some aspects of these embodiments, the chemical mechanical
polishing pads have a polishing texture that is adapted for polishing a substrate
selected from an optical substrate. In some aspects of these embodiments, the
chemical mechanical polishing pads have a polishing texture that is adapted for
polishing a substrate selected from a semiconductor substrate.

[0031] In some embodiments of the present invention, the chemical mechanical
polishing pad comprises a polishing layer comprising a plurality of polishing elements
forming a three-dimensional reticulated network having a polishing texture; wherein
the polishing texture comprises a plurality of contact areas on a subset of the polishing
elements; wherein the polishing texture has an average dimensionless roughness, R,
defined by the following equation:

R = (1-C)/(1+N)
where C is a ratio of the average contact area of the plurality of contact areas to an
average horizontal projected area for the subset of the polishing elements and N is a
ratio of an average non-contact area for the subset of the polishing elements to the

average horizontal projected area; wherein the average dimensionless roughness of



where Cis aratio of the average contact area of the plurality of contact
areas to an average horizontal projected area for the subset of the
polishing elements and Nis a ratio of an average non-contact area for the
subset of the polishing elenments to the average horizontal projected area;
wherein the average di nensionl ess roughness of 8 the polishing texture is

bet ween 0't?%g@itﬁé%t@ﬁur&@%et%ﬁrﬁlrhntdr(ﬁij‘ah& améﬁanttﬁestﬁldg&exta&expt ed for

pol i shi ng rate some aspects of these enbodi ments,
di mensi onl xigpted dergiohislsiag thR, swﬁtrathelrwhnesdspms ofetheastreemboshlbmtmhm 0 03 and
0.50. In
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enbodi mentgnfashhigs &rtﬁés%r&nuoﬂﬁﬁém QKb diteBsi6HIBEY I%aghﬂe@@ ht@ra)lfw polBRihshi ng pad
conprises a polishing |ayer conprising a plurality of pO|IShIng el enment s

form ng a tekiueas detweas 0dland0eds. cul at ed networ k having a polishing texture;
wherein t lishin xture ris Iur ity .of. contact, areas on a
subset of @ﬁ%ﬂg B15PLiC ﬂﬂf %ft:tggBWﬁ%‘} é’?vﬁn }ﬁ% h%ﬁgalsn%célg? gt pol i shi ng
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the average contact area. In sone aspects of ese enbodi nent's, >95% of the
subset of fbuhmthhqeehmm@rsal nediculated repmorkdiavingea lisking e xturg; whereiact ar ea

that is w 10% of the avera aont ct ar ea. of these
embodi nent ep9 gotFth‘ﬁeecqé%éséfagfur%l}Vl ﬁ‘?'ﬁ@“éfe@ﬁ%tasguﬁ%g?ﬁég Shﬂll%t ar eas
exhi bi t a GQRLAWIREER 08 ofi e VLA T 93{919% eleR@n@MARGRORABLA6ds area. In

some aspects of these enbodi nents, >95% of the subset of polishing el ements

havi ng c onhilit a comgans arer thasiis Withioort0&cof the everageatontast aieahims®@ne of t he
average contact ea. In . SOITE Q3pec of th nbodj >99% of the
subset of aﬁBT"‘i%?\ﬁhﬁseeelnélWél aﬁ%rf t@%ﬁ‘fbasﬁtt ﬁge@ngfilﬁ {s@ VB¥nt act area
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of the present invention, the chem cal mechanical polishing pad conprises a
pol i shi ng doamp@ﬂm@frth&em@dphmﬁalﬁ%% @ﬁthq:)slhsstmfn@hdhlegehnmntsﬂ@wmgng a

th -d I | at dnet rkh shn t ext ure; erein
e ol | ST Bt Soigbh a8y Biuss 0P BOe Slerass eoiden. Hbcet "of
the poli shioh aspd@®MNhsse emiRdthéhts g@%’/@(‘;f tﬁé‘ﬁib%b'ttlﬁ%hglimggiehﬁmsnﬁvﬁll ement s

havi ng contact areas exhibit a pitch with an adjacent polishing elenent
havi ng a mmtaatareasr@dmhlhacont@ctwetahhat is Wobinaf5% hétha\a&clagecwtmmreal Ansome

aspects of these i ment.s bset. o eI ement s
navi g corPHESRIEHS SR BT Ui Y A oL st SRS G BEenent
having a CQRtREired e@@u&h@&odt&t‘é’retahhdi 131@%&&5%& @M%‘&@ﬂge E’éﬁt&cﬂ ardal  SONe
aspects of these enbodi nents, >99% of the subset of i shing el ements

havi ng [0033] In some embodlments of the present invention, the chemlcal mechanical
polishing pad comprises a polishing layer comprising a plurality of polishing elements
forming a three-dimensional reticulated network having a polishing texture; wherein
the polishing texture comprises a plurality of contact areas on a subset of the polishing
elements; wherein >90% of the subset of polishing elements having contact areas
exhibit a pitch with an adjacent polishing element having a contact area that is within
+10% of the average pitch. In some aspects of these embodiments, >95% of the
subset of polishing elements having contact areas exhibit a pitch with an adjacent
polishing element having a contact area that is within +£10% of the average pitch. In
some aspects of these embodiments, >99% of the subset of polishing elements having
contact areas exhibit a pitch with an adjacent polishing element having a contact area
that is within £10% of the average pitch. In some aspects of these embodiments,
>95% of the subset of polishing elements having contact areas exhibit a pitch with an
adjacent polishing element having a contact area that is within +5% of the average

pitch. In some aspects of these embodiments, >99% of the subset of polishing



contact areas exhibit a pitch with an adjacent polishing el enent having a
contact area that is within 10% of the average pitch. In sonme aspects of
these enbodi nents, >95% of the subset gof polishing elenments having contact
areas exhibit a pitch with an adjacent polishing el enment having a contact
area that is wthin 5% of the average pitch In sone aspects of these
ebodi Ment Somz? Kahe LORaR RIS b bitAMiteR Nifhhnthd RLATRINRind @Yol cON' act
areas exhi pItC Wth an ad j acent po |s 6 el ement “having a contact
area that hasmvget&nmac’cﬁﬁéa(hhatuhmthmeifié@efmetaahagc{ pd3dd] In sone enbodi nents of
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havi n cont act .area ibit a contact area that t 5% of the
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aspects of these embodiments, >99% of the subset of polishing elements having
contact areas exhibit a contact area that is within +5% of the average contact area and
wherein >99% of the subset of polishing elements having contact areas exhibit a pitch
with an adjacent polishing element having a contact area that is within £5% of the
average pitch.

[0035] In some embodiments of the present invention, the contact areas of the subset
of polishing elements are selected from square cross-sections, rectangular
cross-sections, rhomboid cross-sections, triangular cross-sections, circular
cross-sections, ovoid cross-sections, hexagonal cross-sections, polygonal cross-
sections, and irregular cross-sections.

[0036] In some embodiments of the present invention, selection of the shape(s) of the
contact areas can be used to enhance the hydrophobicity of the polishing surface of
the polishing pad. In some aspects of these embodiments, the shape(s) of the contact

areas are selected to maximize the perimeter of the contact areas of the subset of



sections, and irregul ar cross-sections. [0036] In sone enbodi nents of the
present invention, selection of the shape(s) of the contact areas can be
used to enhance the hydrophobicity of ke polishing surface of the
polishing pad. In sone aspects of these enbodi nents, the shape(s) of the
contact areas are selected to maximze the perinmeter of the contact areas
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is wwthin +10% of the average w dt d wherein >90% of the unit cells have
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texture; wherein the polishing texture conprises a plurality of contact
areas on tﬂneupnlwlskdqlnavga\Elldei‘néatlsw1thme1té%mfttlhﬁeavgwig|eshdﬁlgﬁnﬁexhanﬂe >94% an

aver age o TEg, o0L S5 QU iy By S Y15, LR 9 equaton: R -

of contact [RRgRR dotheAMmbodiments of the present invention, the method for polishing a
substrate comprises: providing a substrate selected from at least one of a magnetic
substrate, an optical substrate and a semiconductor substrate; providing a chemical
mechanical polishing pad having a polishing layer comprising a plurality of polishing
elements forming a three-dimensional reticulated network having a polishing texture;
wherein the polishing texture comprises a plurality of contact areas on the polishing
elements; wherein the polishing texture has an average dimensionless roughness, R,
defined by the following equation:

R = (1-C)/(1+N)

where C is a ratio of the average contact area of the plurality of contact areas to an
average horizontal projected area for the subset of the polishing elements and N is a
ratio of an average non-contact area for the subset of the polishing elements to the
average horizontal projected area; wherein the average dimensionless roughness for
the polishing texture is between 0.01 and 0.75; and wherein the polishing texture is
adapted for polishing the substrate; and, creating dynamic contact at the interface

between the chemical mechanical polishing pad and the substrate. In some aspects of



average horizontal projected area for the subset of the polishing el enents
and Nis a ratio of an average non-contact area for the subset of the
polishing elements to the average horigontal projected area; wherein the
aver age di nensi onl ess roughness for the polishing texture is between 0.01
and 0.75; and wherein the polishing texture is adapted for polishing the
substr at e; thagthm KJdfAéntH Gh& R BIvd FutRR cBmpridds: tphévilinkrjolisking RRldeeA: t he
chem cal mechani cal polishing pad and the substrate. In sone aspects of 11
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roughness tq.limt th extent 1q ich it he |i.shi medi um per neat es t he
ol Lon ng Pelisbir@ibyek ofuscit it B i dnbelfg Bt (RO pRBHIE U oyer - 11
sone aspeci&igkd thegebiearbaEicEany fightaverape insdtsidvalest eotigHh&sitslifgshgned to
exhibit a sufficientlg hi gh average di nensi onl ess roughness to |limt the
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extent to @hénho whichgbe pelishing medibmrpepaeatesthe pokishengplol ersthilesg thamdde of o | ess
than 1% of ,the. height of .the polishing | ayer...[0039 ef errjng t.0.the
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wi th a polishing pad 104 of the present Invention. Polishing pad 104

general | y lilmidéhaerdentdo phidhsthe pelishingomedion neameaies the polishing ligestarlessce 110 for
confrontin@ng%ﬂigh%E&gmﬁiﬁﬁ$%§§hﬁpqiQgpductor waf er 112 (processed or

unpr ocesse . ., glass, flat panel display or
nmagneti ¢ i R9NREfeRhgSb AiPdrawih SKFigaf®Ngenc@iIneillBstra6s @8 prithaef featiredol i shi ng
of the polished surface 116 of the workpiece in the gresence of a polishing
medi um 1200f #dial-gxis shemisdl mashpaal paishing (EMwghskastl 0B suitable firua¢  gr ooves

124 havi dept.h..128. Th g ti tion erall i ncl udes
e nowlin AR fithiAg BeL i 6 eihe PSR SRGn | PUERI RGBTy (07 1S
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macr oscopi ¢ or mcroscopi ¢ sl ender el ements interconnected in
article, such as semiconductor wafer 112 (processed or unprocessed) or other

In

workpiece, e.g., glass, flat panel display or magnetic information storage disk, among
others, so as to effect polishing of the polished surface 116 of the workpiece in the
presence of a polishing medium 120. Polishing medium 120 travels through optional
spiral grooves 124 having a depth 128.

[0040] The present invention generally includes providing polishing layer 108 with a
polishing texture 200 (Figure 2) having a polishing layer 108 formed from a series of
similar or identical macroscopic or microscopic slender elements interconnected in
three dimensions to stiffen the network with respect to shear and bending. Preferably,
the elements have microscopic dimensions to create a microtexture. These features
will be shown to provide both higher real contact area between the pad and wafer and
more favorable slurry flow patterns between the pad and wafer than are realized using
conventional polishing pads, as well as providing a self-renewing structure that
reduces the need for pad conditioning. In addition, these features will be shown to

function in a way that imparts stiffness to the pad at the length scale required for good



three dinensions to stiffen the network with respect to shear and bendi ng.
Preferably, the elenents have m croscopic dinensions to create a
mcrotexture. These features will be ghown to provide both higher real
contact area between the pad and wafer and nore favorable slurry flow
patterns between the pad and wafer than are realized using conventional
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may be su he bVYéﬂ&%tfx SRS o&a& %P%@g @Plvﬁ?ﬁ S@f?&x\%ﬁig 3&5%&% to
rotate waf gry; [ YENE 1 BSSuU : | shed
surface 11@6133';%%%2}%968??2%}3353&?&5%% 1(%p Oglgﬁ?%altwa afgrd%aagrll%%%;t}l sséur e exists
bet ween t haippottedhied cavief appoandsehtidy okt slsdwmgdapted er rothue imater 1d2 asdi ng.

Pol i sher 100 may al so include pol i shi ng medi.um di spenser . 146 for
suppl yi ng PEVIdsRidoyy et B lie PSP P%'h%ﬁ%Slllréaférﬁﬁ@a@mfto’@lﬂ@}m&éﬁwhose

ordinarily i b b SRE G . i Jncl ude

ot her com%@é%oitgﬁ%n%e{glré(ﬂgﬁ&%é\%hﬂsgs a E%ﬁﬁsgﬁﬁ%dg%%é?dl&gﬁ %Hfll g medi um
storage ahgerdiusipgmslistgngyBolisher Hifahaynglss ystwaa polisking gnesiyet dispemsdr var i ous
controls f contralling various aspects .qf the | i shing process, such as
fol | ows: (ﬂ‘s @bé@aﬂwe&ﬁ?l?%ulmgemg&aﬁulsﬁ’épé’%@v%g ¢ 8% or both of the

rot ati onal : : : 1 Shi i 104: rs and

sel ectors H‘OI())?Q é?ﬁorslg t earr%ltgkelﬁgﬁgltpggg?lhgEg%r?@lqg’epl&\llsgr%i%(gﬁg%Fr?hslklﬁng medi um

120 t o t heothadson{pdhemo (riatahden)suaknds & eyseat osgrdller, potistihg aleldiung stotagepr essur e

F applied betyween the wafer and polishing pad, and (4) controllers,
act uat or s lggpgegéysgerpol}eaggglgysgqnp,irﬁﬁll{gﬁgstp@@;]ivgﬁogs,cqngpiﬁﬁognm axis 142

1Ay BeECLST LRIl kst REr s ey oihe s, Thoee

i mpl ement ecbnsrotlbrs and selectors for one or both of the rotational rates of wafer 112 and
polishing pad 104; (2) controllers and selectors for varying the rate and location of
delivery of polishing medium 120 to the pad; (3) controllers and selectors for
controlling the pressure F applied between the wafer and polishing pad, and (4)
controllers, actuators and selectors for controlling the location of rotational axis 142
of the wafer relative to rotational axis 134 of the pad, among others. Those skilled in
the art will understand how these components are constructed and implemented such
that a detailed explanation of them is not necessary for those skilled in the art to
understand and practice the present invention.
[0043] During polishing, polishing pad 104 and wafer 112 are rotated about their
respective rotational axes 134, 142 and polishing medium 120 is dispensed from
polishing medium dispenser 146 onto the rotating polishing pad. Polishing medium
120 spreads out over polishing layer 108, including the gap beneath wafer 112 and
polishing pad 104. Polishing pad 104 and wafer 112 are typically, but not necessarily,
rotated at selected speeds of 0.1 rpm to 150 rpm. Pressure F is typically, but not



that a detail ed explanation of themis not necessary for those skilled in
the art to wunderstand and practice the present invention. [0043] During
pol i shing, polishing pad 104 and wafer 112 are rotated about their
respective rotational axes 134, 142 anc? pol i shing medi um 120 i s di spensed
from polishing medi um di spenser 146 onto the rotating polishi ng pad.

Pol i shi ng I ME M udi ng t he
gap beneatrﬁ?g\g/g@’ %fe%tezﬁj&ﬂq ré’slé}ﬁne;b‘é%pa hd f‘ﬂ) %g? ?%&g%db eii‘84 and waf er
112 are t ypafeal 12yandpalishiap paeee4sAs iloge of dildirﬁt‘}eﬁklﬂtm delagtowidrespagats of 0.1

rpmto 150 rpm Pressure Fis 't |call% but npot 13 neces arily, selected
from a prdssnossible tocaniymyre th pp s}pggpQ ing yep gmakpantoRalizges radiht er 112 and
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i s possible cont Igure e poll |ng a ormat or into polishing
pads havi[pg44 Rifamigipeow eRighhsn ztddes dmnéltnmntmf fohichiap lpsd 164 ef bei ng

pol i shed 0044 F@ferrln now t o ures 2 and 3 enbodj nents_of polishing
pad 104 ofl‘ngFng wall be desen %md@%ﬁr i50lin PRrione TaiBling fo Sllir%%a?lﬁhem ar

relative !QqaHJRCnBBhANd by ithl eV WARAGLAR: kQuRogvent | onal P

pads in whi surface texture or asperities are the residue of a materi al
renmoval oraspeitieaprafe pesidess a(thaterial removl or eashaypg ppokisgheng texture 200 is

built as a series of identical qr sim/|ar polishing. elenents .and 208
having a m‘)@éit@@“@é&%‘ﬁlﬁli)g taxgire dP poudk app S‘FW@EE&&F?%I‘W Smb‘lﬂrlp@h? texture

200 ho d
0 S Pk s SO0 Bl BRI, ST Skl nd
Pol i shi ng Iscﬁbshmgeextﬁ@(ml)ss {hinaoRumdisttof sabsmankibily uetticalfelatiats P8 arghi ng

el enents 204 and 208 each having_ an average width 210 an n aver age
contact arwhstantiadly hogizenial dements 444, béEF@éﬂneZ’é?‘)t Phihe catce fesRIngdixiyespaced at

an aver ageqyil Giigrdims | e%ﬁ%ﬁ!}{n&ééﬁ%u%}ﬂgolm‘i a0 ﬂﬁ??@ﬂan&%{%ﬂ’\%ﬁ hQ\f/ 'e”e”ts

204, 208 has an averag el g ave eig 215.
pol i shi ng dreaverage vAAH 219 and aefab @age eomsaet areh (fmxcahﬂekreailonarhatea):mz,sshe t hat is

spatial units in which each face ( i X) isS a square or rectangle and
sol i d menbdfEens peing spaseE Aan LS pe}ﬁh?l%f If‘t"rﬁ@lté’é‘aﬁhedmetﬁ‘PPPeCt?dzavi ng the

center of & g\ﬁg'rkzo?%?en%?s 4 &Wh%&@%%h hf"?l4§h Vﬁ%@la e‘ﬁgi%% gh [ 2ft5] The

aver age hei 10 average w rati o of S at |east

0. 5. Pref eTlyolishing textee 200 1shﬁhl affett :2§e4 of bemhedralg&uwdil&hhaﬂl@ spaial onitss at
| east 0.75 and . nost preferably at |east ignally, the average hei ght
214 to avelpaaécwaabﬁa@ief SIX hiSiac AHRG Obée%ﬁngleeaalétsoladmerr&tera @RHongdhe A5 t he

average helgy tln#l?%?{fh%% §na1tu'ﬂﬁ H’%Hﬂ'ﬁﬂhel%n }Qf@arﬁ?%ea%'o@% SRS 2604

required tos en thée networ po |s Ing e
a whole empty.

[0045] The average height 214 to average width 210 ratio of elements 208 is at least
0.5. Preferably the average height 214 to average width 210 ratio is at least 0.75 and
most preferably at least 1. Optionally, the average height 214 to average width 210
ratio may be at least 5 or at least 10. As the average height increases, the number of
interconnecting elements 204 required to stiffen the network of polishing elements
208 during polishing increases. In general, only the unconstrained ends of elements
208 projecting beyond the uppermost interconnecting elements 204 are free to flex
under shear forces during polishing. The heights of elements 208 between the base
layer 240 and the uppermost interconnecting element 204 are highly constrained and
forces applied to any one element 208 are effectively carried by many adjacent
elements 204 and 208, similar to a bridge truss or external buttressing. In this way
polishing texture 200 is rigid at the length scale required for good planarization, but is
locally compliant at shorter length scales by virtue of the local deformability and

flexibility of the unbuttressed ends of elements 208.



208 during polishing increases. In general, only the unconstrai ned ends of
el ements 208 projecting beyond the uppernost interconnecting el enents 204
are free to flex under shear forces dyying polishing. The heights of

el enents 208 between the base |ayer 240 and the uppernost interconnecting
el ement 204 are highly constrained and forces applied to any one el enent

208 are. of BgS) YR iR LAt VRN 20FLACRINng LRIRALS etk €08, o1 | ar

to a bridge truss or extern uttress I's way polishing texture
200 i s ri giosmatunitroell228gthh uataklk havang an ebriger wigdo2R pdrainar dveedge dengtlbut i s

| ocally conpliant at. shorter length scales by virtue of the | ocal
def or nabi |ff9y Theee vy %{hséiawwetwfamﬁ*eormsraﬁﬁ(é%%wemgo ingte M s 208. 14

[0046] Thegy Eﬁr@é—ﬁ%ﬁl{h@%&%l%gﬁb&ﬁﬁﬂ%&m@thb@&ﬁ%eﬂ%‘ drshd ps&t GRRAS,, 2R8_corbi ne

to forma unit c e unit cell having an average wdth 227 and an
aver age | epdishing22@r cTinpsesaniitterehhetdianeewarkrveith aubharagt thickoge of atel |

structure that conbjne t rm, the three-dipensional netwqrk. .ln sone
orhodi Mot Ehes UGS GetiRrab st ShumE Flls SERFRHTnEcreaytE Tediciah e o
i nt erconn : it : this f; it cells;
pr ef er abl 5&‘ g? 911212%%'\53&&8 (\tIJVFu Pl e?&c?fé%@%gﬁlgrdglh%ﬂ;f?gi g@é%%%%sgg tﬁﬁgifﬁgifgﬁﬁt of the
pol i shi ng pdigkmg(piad @s wetlhe its bulkkatiémsssothetldteer pohtribhiimgytol impesvedi ncr eases t he

life of the polishing pad as well as its bulk stiffness, the latter
cont ri but i NgI4B2i%br oved pl anari zation. [0047] In sone enbodinents of the

present i“:;()ﬁﬂﬁ]i B@On{e%lﬁ)\ﬂ% ?3%‘fhg1t;)pesg1?t7in _ntibﬁ',eclhef gmrlg%ec\%ldﬂ?ﬂ‘ﬁoﬁﬂ@al to or

| ess t han e ‘average length 2 the unit ce sone aspects of
t hese enbowhineetls $s5 equiabtoaréesagiean thergtdrag@Aengih 229 ef theiunitewells.sln onre t wi ce t he

average width 227 of the unit cells. In so spects.of these enpbodi ments,
the aver aﬁ@e‘{t%ﬂéthﬁseﬁﬁfgb%iﬁmf’lﬁé tﬁ?]?‘fer%%qqf"%gtggzgOfﬁﬁeélé“ttcflr]r%&??t%cea rage width
227 Of 1 NCqdflch wilfl 129 ofk SAMTIRS AP el 08P MetBAGIIIRIAS, mEhe average

| ength 229 of the unit ce is > five nmes the average w dth 227 of the
unit cel | saverags derestta@?fecf the ahit cbldsie > threb didiaveint sveradeevidthe22dge thewgjt h 229 of

the unit cells is > ten tipes the average wdth 227 qf t uni.it cells. In
sone aspectedisofn %%@pé%Bgﬁ‘ﬁ%?rgl?oqlﬁém B %"éageelﬁ’@ﬁthgégg?ﬁ@fu@ﬁ@ﬁﬂni t cells
is > twce . i : i i l's. [0048]
In the enblggrﬁn\g:t%rﬁs tg\%\nggéﬁéég?bﬁﬁ{gﬁsﬁgﬁg%g%I,aelt%zhgn é(g{)nrll% a te &glroggl%rgéati o Cis the

aver age coahbalimenteah® 2% rageviengt 209 of the uniticellpisgi eattmtbsaheaveeapealidtio t he
squar e of eg used in the ratig N is the

sumof ¢ hr i el \tni(f'ige&%égﬁ% _.15}3% g%géﬁ% of feos 512 IBGRabe aytrage R ght
B e M
[0048] In the embodiment shown in Figures 2 and 3, the contact area ratio C is the
average contact area 222 divided by the unit projected area equal to the square of the
pitch 218. The non-contact area used in the ratio N is the sum of three contributions:
(a) the vertical surface of each upright element 208 over the individual height 207 by
which such element extends above the uppermost interconnecting element 204, (b) the
vertical surfaces of contact elements 206, and (c) the top horizontal area and side
vertical areas of the uppermost interconnecting elements 204. It will be recognized
that these non-contact areas are collectively the areas that are presented to a liquid
encountering polishing texture 200 from above.
[0049] An advantage of the high average height to average width ratio of elements
208 is that the total polishing surface area of an average contact area (i.e.,
cross-sectional area) 222 remains constant for an extended period. As shown in
Figure 2, at any point in the life of polishing layer 202, while most of the contacting
area of polishing texture 200 consists of the average contact areas (i.e., cross-sections)

222 of upright elements 208, all or part of some interconnecting elements 204 will



vertical surfaces of contact el enents 206, and (c) the top horizontal area
and side vertical areas of the uppernost interconnecting elenents 204. It

wi |l be recognized that these non-conjact areas are collectively the areas
that are presented to a liquid encountering polishing texture 200 from
above. [0049] An advantage of the high average height to average width ratio

of el ementg, %ﬂﬁéﬂépﬁ)@@s& of W2afifld Bwi ol HUsO GreSHSoAREd 8 fRiOlIaAR aver age

contact area ,© Cross-sectional” are mai ns tonstant for an
ext ended p@hiaotklerAsnts RO Pieferathly gthie @eRicalgiosaioys phintdrcomettivey dlehentof
polishing |ayer 202, while nost of the cor‘[tefcti rea of polishing texture

n
200 consi 204 a7 staggered such Jaat MEAT areuITyiedRER %th,e%effegége-réé&egsmewzzz of
upright el : : i i nts 204 wl |
B Al a0 I AR et e R e R R D L R Nt e i
par ti cul arduing pobistiag tané tlexse ndrsta @GemdateI(6rbtytntetaenalefradtoalof pasi t i ons  of

i nterconnecting elenents 204 are staggered such that wear Qccurring
paral | el t!8taf ¢Nt3HIag aregy dihi @V@rft@i‘élﬁggpgsev&ﬂ??u raled WIS RERS on of

i nt erconn i - S i i i j : & ol i shi ng,
and theseqf:otgrsllﬁig ? h%?@?rﬁeﬁltcggé%gédggé;\%%rigzlﬁlﬁ%t%qgﬁg %d”t]p ?ggtg?lgﬂ%fﬂatgs h(g t ot al
cont act i ngoadiien tHehpasl. alhiowdug@ain iakbndjtioding extendsd the phd’s diddt &sl ivets isi mi | ar

pol i shing characteristics and reduces or elimnates the need to periodically
dress or rdngicey: fHEDgmpre Aptienalogferatigns hepvieh s P@domenlatrei‘f@ﬁas t he

pad's |if btsy ' ; . -
perforati gonfg) Bﬁﬂéég\ggﬁa{chgé Bg%c?@{o%&ésﬂ%ﬁf#%@%gﬁé%ﬁoﬂg? g@% tll%%glt:&gagﬁ{c%’cti ve-1lined
grooves orsuthes condactper filiergronductine agivodg adetd @ndue tnoetal wiseichnas conducti ve

fibers, conductive nefwork, tal grid or netal wire, can. transformthe
pads intot rp-thg r”éf@f?&kﬂ%é?el Oflemieal|meshapigaliplaparigapion E)B&?S%H}gng pads.
[ 0050] OptﬂataFally, it is possible to secure abrasive particles or fibers to
pol i shing ~ el'enents 204 and 208. [00511 In sone enbodi nents of the present

i nvent i on, [0650]vOptibnabl Lt pexsiBleso vedubd abrasividpariidesdr Eheesrenicdising or 208;

that is, all void volume in polishing texture 200 preferably exists between
and di sti rfeemsntsHR4au20801 i shing el enments 204 and 208. [0052] In sone

enbodi ment g of) 1hREmRAHEAmdWYEthE B%B%E%Jeflﬁjnpglogjo?ﬁ&gﬁle%%gtsa\o in208 may

have a hol1ow or porous structure. sonme enbodi ments of the present
i nvent i on,ingioidushdlegerets 20 ot 208 Gidat &, ell voidgiotiinge af falixbihga¢xtonre200nd to a base
| ayer 240 that maintajns the pitch 218 and jntains poljshing el enents 208
in & substBRETAMY ?‘lﬂbi’?t&ﬁ‘?n hd élﬁ&l%&tﬁ&wﬂwhs ing efement!"204 and 208,

[0052] In some embodiments of the present invention, polishing elements 204 and
208 may have a hollow or porous structure.

[0053] In some embodiments of the present invention, polishing elements 208 are
rigidly affixed at one end to a base layer 240 that maintains the pitch 218 and
maintains polishing elements 208 in a substantially upright orientation. The
orientation of elements 208 is further maintained by interconnecting elements 204 at
junctions 209 that connect adjacent polishing elements 204 and 208. The junctions
209 may include an adhesive or chemical bond to secure elements 204 and 209.
Preferably, junctions 209 represent an interconnection of the same materials and most
preferably a seamless interconnection of the same materials.

[0054] It is preferred that width 210 and pitch 218 of the polishing elements 208 be
uniform, or nearly so, across all polishing elements 208 from end to end between
junctions 209, or uniform across subgroups of polishing elements 208. For example,
preferably >95%, more preferably >99%, of polishing elements 208 have a width 210
and pitch 218 that remain within +50% of the average width or pitch, respectively, in

the polishing layer 202 between contact member 206 and half height 215. Still more



orientation of elenments 208 is further maintained by interconnecting

el ements 204 at junctions 209 that connect adjacent polishing elenents 204
and 208. The junctions 209 may includgsan adhesive or chem cal bond to
secure el enents 204 and 209. Preferably, junctions 209 represent an

i nt erconnecti on of the sane materials and nost preferably a seanl ess

| nt er connegLionPboshe GATR Rk prireltty J90BHF pbfisiy ALALASHOY rbhad Wi dth 210

and pitch e po i shing enent's” orm or nearly so,
across al prbhill;(hamr@p@d@i@rthst 2@8inf witlim e20% of thaal coegeweidth o1 piteht | ons 209, or

1959 " mor creBner B AP s 0 E e S E et J0gPR Rt 220 and’

pitch 218 ﬁfsathermf@ra\w B»@@%+p"&f’§m§ eldARnAVRIBaHCe Wllith 290 ARl 5 218
respectively, in "the polishing |ayer 202 between contact nenber 206 and

hal f hei ghthalaiSwithin snivfeoflthe awregewablh gr pl%l%esyeitlvskyg inl therppleshpngef er abl y
>99% of lis el emrents 208 e a th 2 It h 218 that remain
wi t hin ZO(Vi%éS?r {Iﬁg’%é WenL£gatag ’G‘FWbBrr %ar”éﬁl\l\qfqﬁﬁk@b%& aﬁ’eﬂ% # t he polishing
llayer 202 B%fn%ﬁiﬂg%%&-@@éﬂo‘?ﬁl”&?@i oS B ehz@ﬂefntm4%ﬁ 208 berwd¥RsljRERS er ably,

>95% pol i shing el enents 208 have a w dt 10 and pitch 218 that remain
within 10j)ztnotliortsri@%tvMmgei&@%dtfemlaatepmmlrstem psheing peformanee.t he pol i shing

| ayer 202 hetween cont act. nenber 206 an hal f hei arti.cul ar,
ot ai i b CEGR8. GERRT GHATEIAT SRS Grea Sy "aTEne’ B8RS bet ween
adj acent  jJupgitih 2189 A09wE& A’&J éé@ht"juﬁ@c@nfs 209 Fﬁﬁﬁ&&o?@?@h%ﬁé‘&leﬂ@hﬂs 20ing

performance. Preferably, the pad nmaintains cross-sectional area to within
20% and nosid Mi8girefeedhly havea l\metahshape td Othbefasditaic actjsastenipolishmeg.i Sns 2009.

Furt her rmrg,, ol i shi n h s 204 %208 ref erably have a |inear shape
to further ‘F%FEF?I?SF%‘EGQ €8 §‘| e8G AT df fhélm gVeri e&‘?m%cétar%c(hgequence of these
features '&oﬁéﬂetcu&m af4 Q%Sfﬁ@%ﬁﬁﬁnfél@ﬁe&t’s 268 doe&{o@%rysc%ﬁglu&raai iAr ea) 222

of the polishing el enen s 208 does not vary considerably in the vertlcal
di recti on. thehesicakdipmtipshilhygs &l pishing eRo&ntsr208vane wodudumg gdishisgiang and t he

hei ght 214 decrea there is |it change in the coptact area 222
pregent ed t %F‘rgg‘ Ef@@%’ﬁ“%?@%ﬁﬂ@%&@ﬁg?ﬂ tﬁ‘eEBW%I@Fe d’rﬁgf?t‘%r 8\%1?edes for a
uni form poly,ghi msfceﬁwéﬁcy i8Q8n@bchréd i%oﬁaes'%fo% Ta%ﬂifoﬁﬁ#)bﬁmlﬁgtekﬁ{re repeat ed

pol i shing operations. For “exanple, the uniformstructure allows polishing
of multipl éOQ)atdt@lomeetommtemtspal\ushlhglﬁmr raplqaﬁtsitpqh]ghmg lopertatios. sl“eirtexatgple For

pur poses of t hi ecification, .the surface or .textuy. " represents
500 the. sulRAEHOm %u%vreﬁﬁpveﬁphan%g BBl S5t vttt dhline pl ane
paral I el tg.hhg s%hgsshl”d}%eﬁ%fsé@&ﬂhls P@Jlﬁ&ﬁf‘% &ghglﬁﬁ burfRPLARKnRE €@ 222 of

pol i shi ng eIerrents 208 Ins wth 5A) en t e|n|t|al pol i shi ng
sur f ace or reponemts 200 the surface area of polishing elements 204 and 208 measured in a plane

parallel to the polishing surface. Preferably the total contact area 222 of polishing
elements 208 remains within +25% between the initial polishing surface or contact
elements 206 and the half-height 215 of the vertical column of unit cells 225. Most
preferably, the total contact area 222 of polishing elements 208 remains within +10%
between the initial polishing surface and the half-height 215 of the vertical column of
unit cells 225. As noted previously, it is further preferable that the vertical positions
of interconnecting elements 204 are staggered to minimize the change in total cross
sectional area as the elements wear down.

[0055] Optionally, it is possible to arrange polishing elements 208 in spaced
groupings of several polishing elements 208—for example, the polishing elements
may comprise circular groupings surrounded by areas free from polishing elements.
Within each grouping, it is preferred that interconnecting elements 204 be present to
maintain the spacing and effective stiffness of the groupings of elements 208. In

addition, it is possible to adjust the density of the polishing elements 204 or 208 in



el ements 206 and the hal f-height 215 of the vertical colum of unit cells
225. Most preferably, the total contact area 222 of polishing el enents 208
remains within +10% between the initigl polishing surface and the

hal f - hei ght 215 of the vertical colum of wunit cells 225. As noted
previously, it is further preferable that the vertical positions of
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to mamintain the spacing and effective stiffness of the groupings of
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obr s and R R EP G STl VG BT G Pt R e OR8] 1 ¢ s

pref er abl ' iPfo, RS ' ; iwhengpacross al l

el enent s. eqr%ﬂg?ibl}g‘r%%r?geih gvé-tﬁ%rﬁg{ Q’%E}?%&%i%%gﬁngihﬁlg Zl%%ts 1%?%%3%%}0‘8 gph t he average
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nore prefera i

ly, rempins within | % of the average_hej ght within polishing
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pol i shi ng enent s pol’i shi texture 2 as a
i nt er connguilishigg coxnira 200 edsendhdsall2@@réionnedimgpbataet elaheme 0 irthe planbe
potential to contact the workpiece. In fact, he rial tool s

. . (f:ause i ndys C\VP
have machi HeYsprdgvaisiRriamiagia-aoniss) the popkriecsy e fagt, beepyse st EME ons on
e oS G L W EIBYFBR BER e et T
hor i zont al wafad apdbedalisd tht éluidiyeressure generated under the wafer is sufficient to cause
the wafer to depart from a position that is precisely horizontal and parallel to the
average level of the pad, it is possible that some polishing elements 208 do not contact
the wafer. However in any regions of polishing pad 104 where contact does occur, it
is desired that as many polishing elements 208 as possible be of sufficient height to
provide contact. Furthermore, since the unbutressed ends of polishing elements 208
will typically bend with the dynamic contact mechanics of polishing, an initial polish
surface area will typically wear to conform to the bend angle. For example, an initial
circular top surface will wear to form an angled top surface and the changes in
direction experienced during polishing will create multiple wear patterns.
[0057] As shown in Figure 2, polishing pad 104 includes polishing layer 202 and
may include in addition a subpad 250. It is noted that subpad 250 is not required and
polishing layer 202 may be secured directly, via base layer 240, to a platen of a
polisher, e.g., platen 130 of Figure 1. Polishing layer 202 may be secured, via base

layer 240, to subpad 250 in any suitable manner, such as adhesive bonding, e.g., using



average |level of the pad, it is possible that sone polishing el enments 208 do
not contact the wafer. However in any regions of polishing pad 104 where
contact does occur, it is desired that,as nany polishing el enents 208 as
possi bl e be of sufficient height to provide contact. Furthernore, since the
unbutressed ends of polishing elements 208 wll typically bend wth the

dynam ¢ contact nechanics, of polishin i nitial i . area w ||
Lot cal |y dparbRoore Aneb PR 2n a7 et Melsh i BB b3hing hiARRL
circul ar tgghdsdl iR&SoME bbndiBaretd. 0 ThobiBedllyea 20 8l sitpRd 280 hageepRds e changes
in direction experienced duri ng@pol ishing will create nulti Bl e wear
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patterns. pUGbing base fmetrchimentphihe @obshipgelpwpanta d0Balrefgablynebasges pol i shing

| ayer 202 an i hcl ude | ition. bpad . It is noted that subpad
250 is not pqrga%gfé%}lsﬁ%e %%?WQ%M%XW%&%&O%?DI%?Z%Q secured directly, via
base Iayer@é@} Vhows Rétab& o fGharfifadd@tk iafdWissibR for polihaigeexthad20) Horgure 1.
Pol i shing [ayer 202 may be secured, via base |ayer 240, to subpad 250 in

any sui t ablaegemaemie networkesh these mghels imieropshiingng, laserpr fluidjdi gteh@g, angr essur e
ensitive hesive.l ayer, 245 or - el hesi heat ngli chem cal
Eonzz nlgv uf ?rali%%%s %yﬁﬂ%lf%égl,re PXQ(}%@EB{%@& Sé);ﬁ:g\rﬁ%fi’oa%grfogﬁﬁggagngSO may serve

as the popdishefigatidaselaiRht éltfdhEbdr spinnidpe predremil 0ptied eaknt,s 208.
Preferably, a base portion of poflshl ng el enments 208 extends into base

| ayer 240. bipBeEg] grvarth,.cug oter meadods fof reataifaheenstractigrewpbiagingniéallyr  pol i shing
texture 200. For. larger-scale networks, t e include mcro hi ni ng, | aser
or fluid-j SPPY VOl Ig%[nsgla St A& %Wﬂrﬁ(ascrﬁ%%aelﬁﬁ?té%’ ﬁﬁegrpg%@%fzg%%m a starting
solid rmssnth@gﬁpﬁpsy&ﬁ@r te@fifidues PP byeT@EMZA aRial BepRIBDAMBXES stfploed,f i ber

spi nning, preferential optical curing, biological growh, and other nethods
of mat eri abs welhat ¢lewstapbaregist phase avcleationi e qther negtheds af gbtabkshimng

smal | er-scal e networks, crystallizatiaon,,seed polynerization, |ithography
or other t g}pha:%ahgssugﬁeqbqghag%rmlfé 'a%ﬁfn@pi‘al deposition may be enpl oyed, as

vel | as el prsoPPHhaS demBidsRmRHE20310h@208 aid BiskelyciRihofmiRbstesiuadl i shi ng
a tenplate for subsequent material self-assenbly. [0059] Polishing el enments

el enents 2200 mayl be ovdenflamjasbtablgymeaterdal osugh asrpelyearbenatesupelysdimesray be nade
of any suitable terial,, such as pol ycarbonat es ol ysul fones, nyl ons,
pol yet her st e pRBEER P et RN GG REP T nsRep LS5 P et ny

net hacryl aﬁl@&ac@%é\r/%lybmcmdr%§,,polgsvliwhﬂﬁbfléeh,wye@l%aeneefﬁd{%rbgh@ﬁ@,s,

pol ypropyl enes, ~ po ut adi enes, pol'yet'hyl ene im'nes, polyurethanes,
pol yet her palybwadisnesppilyethyldesimings pykyurethanesyipabssthep slljdoss,qrodgamidesoxi es,
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polyether-polyester copolymers), and mixtures thereof. Polishing elements 204 and
208 and base layer 240 may also be made of a non-polymeric material such as
ceramic, glass, metal, stone, wood, or a solid phase of a simple material such as ice.
Polishing elements 204 and 208 and base layer 240 may also be made of a composite
of a polymer with one or more non-polymeric materials.

[0060] In general, the choice of material for the polishing elements 204 and 208 and
base layer 240 is limited by its suitability for polishing an article made of a particular
material in a desired manner. Similarly, subpad 250 may be made of any suitable
material, such as the materials mentioned above for the polishing elements 204 and
208. Polishing pad 104 may optionally include a fastener for securing the pad to a
platen, e.g., platen 130 of Figure 1, of a polisher. The fastener may be, e.g., an
adhesive layer, such as a pressure sensitive adhesive layer 245, hot melt adhesive, a
mechanical fastener, such as the hook or loop portion of a hook and loop fastener. It

is also within the scope of the invention to implement one or more fiber-optic



208 and base | ayer 240 may al so be nmade of a non-polyneric material such as
ceramc, glass, netal, stone, wood, or a solid phase of a sinple materi al
such as ice. Polishing elenents 204 a 208 and base | ayer 240 may al so be
made of a conposite of a polymer with one or nore non-polyneric materials.
[0060] In general, the choice of material for the polishing el enments 204 and

208 and basg layer, 240 j5 limted by its suitability for polishi an
article na?ﬂﬁ’&n%ég Sngf?Sc%FI%a?r silgt Fqnglfllsiswngeﬁlégﬁ W&gao%ﬁ%g?goré?lﬂﬁel Ora%? ly,
subpad ZSOﬂ@aMkp%a&gQ¢p@ﬁgﬁﬂgu§uﬁé@mye material, such as the naterials
menti oned above for the polishing el enents 204 and 208. Polishing pad 104

may opt i onHI0bY] Thepalsding texiyrecH¥roffiigureckilivptrajes thet thaarosentanvestigien, e. g.,
| aten 130 _of F aure . of li,sher., T te Q. an
Pinearve | agftprehdith fpdyinthre bRl BOSon MR ARG AR Ko Bone an 51

adhesi ve, angléErdiafilbahoriRstae aefully veaftaB By beefaqk tey ink@afpnpor tion of a hook
and |oop fastener. It is also wthin the scope of the invention to

i npl ement  eveprohends pe entitgbt rapgern erray of dptlss clements idaxhidetherragne elegilyi | ar
transm ssi on devi ces that .occu one or.nmore of.. .the void spaces of

pol 'ani ng. RERIEe 558 ShitsaR I P BPFsr PR Be PRttt of BEGIp e,

i1l ustrat eglefnbits a1y REARY, briaMEHRHi SentHRNHAI FARNGH iMRL thitt & connect ed

net wor ks conprising €l enents positioned at all angles fromfully horizontal

to fully veicrognicturgy wexltdhalivothin thescopaeliihe rvestoomare badgs tragsesnticlk el y

random array .of slender elenments jn which there is ng, clearl [gpeating
Size or shg‘égaﬁ 8§Pﬁ%ro{%)ll?fugeﬁa%r@ntﬁctoﬁf’%&?%léu%%} PLRY 1t ISt &f i} eias%ﬁlQMer e many
el ements agguchirg fukt foLsa8he PHANGHRE) feRure8MaANGY @fht siffidichi ar i mages that, as
m crostructures, would fall within the scope of the invention are bridge

trusses, sinterRonngeiiiel is thice diaensiams écpresant toasidenrihee woalhaeiverk. fligkan nerve
cells. In each c the .structure t possess the.sane critical features,
arel y ¢ hateGiigqiane Rt B Biesel it ROT e bR pii s iftsent 1o
stiffen theem¥skahlink oMy kinblthadsed end¥aBit Aviaé cdhplidRE Wathka Whrkpida@r i zont al
pl ane fromthe top surface produces slender elenments having locally

unbut t r essevershers lengtht scples,and éhat dinpliength ¢ width nat afsh& pliceeats contormgnor t
| engt h scahes and. tha& t.he Iengt%) to wwdth ratio of the elenments conformto
the geomet PCEPMREIIIS IXCHPEYOBY y. [0062] Wth reference to Figure 4, a

second enmba@isDEMithrkfeR@ice 3O Fidhireada IQ8n@EmbbdigiehEoflp ARAREPagID4 WF L h the
present invention is described with respect to an alternative surface

pol i shi ng Figurel sosigen veituide pressui-igeantion iradeseritag with fispestéo a0 woul d have a
simlar aSXI‘Eg;rnee{tlrvice %Srlfac%a};[o i%ﬁi?lg ?gxtlilrgt.’:%g—oans? ecé[rce)gs-sreg‘[tici)rfa lvﬁetwegf ﬂ"igh}'e § ells
would have a similar asymmetrical pattern of interconnected reticulated unit cells
within polishing layer 302. Similar to the pad of Figure 2, adhesive layer 345 secures
base layer 340 to optional subpad 350; and optionally includes endpointing device
370. Polishing texture 300 comprises elements 304 and 308. Polishing texture 300
differs from polishing texture 200 of Figure 2 in at least two aspects. First, the
elements 308 of polishing texture 300 are not strictly vertical but are positioned at a
variety of angles between 45 and 90 degrees with respect to the base layer 340 and the
horizontal plane, and a few of the elements 308 are curved rather than straight. Also,
the interconnecting elements 304 are not all horizontal but some are positioned at
angles of 0 to 45 degrees with respect to the base layer 340 and the horizontal plane.
As such, polishing texture 300 consists of unit cells, but the cells vary in shape and
number of faces. These features notwithstanding, height 314 of elements 308 does
not vary substantially within polishing texture 300 between the polishing layer or

polishing element 306 and the half height 315 of the polishing texture 300. Second,

there is more variation in the width 310, pitch 318, and contact area (i.e., cross-



wi thin polishing layer 302. Simlar to the pad of Figure 2, adhesive |ayer
345 secures base layer 340 to optional subpad 350; and optionally includes
endpoi nting device 370. Polishing textyre 300 conprises el ements 304 and
308. Polishing texture 300 differs frompolishing texture 200 of Figure 2
in at |least two aspects. First, the elenents 308 of polishing texture 300

are not stri.c R . L ANi {(Ext 2s bet ween
25 and 90, deGrual aelih bR KA PARLY B0 GhoRl oty AR dhdosihel £ DO

pl ane, andtha cbewspohdinpattabeeeof sol3hBgaicendty 2080 Naielteiest hhiskihgai ght . Al so,
the interconnecting elenments 304 are not all horizontal but sone are

posi t i onedtexture 3Hhfralodigs the eesentinl pepediss afiherpresapayenticn vhge slegsnisayer 340
and t he hogd ) i.shi tadl 0 j of unit
col 15 but NERR s BB sufftod dbanRldr AL PR 4045, d 903 FABRORS, 0

not wi t hst andum@ionh80Ptot fodh4d mtwakenerbansadfd idaese dimdnsions yo ssilicent | al |y
wi thin polishing texture 300 between the polishing | ayer or gol i shi ng
el enent 30€ceasrdoimpan sliffingssiteythe pokishipg texhise pod Whplenyhile fenbutissedsecond,

there is nofg o¥afel his%sip%\;iﬁflo%ldﬁ ilgigi .to%hﬁf&ﬁn"t&?w&?&gﬁe"”t act area (i.e.,

cross 20 Sectional area‘in plane o ishing surface 2 anong el ements

304 and 30R0bREamM the embbéineat stesyaindiifgre a1 the icbithetsared rafiolG Bhhagveedgenent s 208.
Nonet hel ess, poli shi n%, texture 300 enbodi es the essenti al &)rﬁoperti es of the
present i ntaRct aisa ¥k dividadenpthe ynit pogedtest #ea peuabl the savage efiheayerags n
particul ar . el . I r Lunct | to form
a network Plrt1 hgﬁ gbr%gg{h %Z"ﬁéﬁét‘ ﬁrglgdeg’o ?a}rc%%%e?g%ggfkgrﬁghlg 3}1@?{&@?’5%%3%@ ngrg‘ze to

impart stifofoaksiutd O ok Ag apahpsbidid lﬁ?xlt Ateer@dmbavigd ManyWortgctinge unbuttressed
ends of elenments 308 provide local flexibility to conformto a workpiece.
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by which such el enent extends above the uppernost interconnecting el enent

304, (b) tsticaleraap ehthegipperarassinggroqrmgeting clemened®d BoGl bamerogaized he top
nor 2O Lt GRS ALt S b R L SR
col | ecti vetneohiteridg paASshidpabx @30V ReaAbSE. t0 a |iquid

[0064] An additional embodiment of the invention is shown in Figure 5 and consists

of polishing layer 402 having regular-spaced interconnected tetrahedral lattice of

elements 404 and 408. All elements 404 and 408 are shown as identical in length and

width that join at junctions 409, though this need not be so. In the embodiment

shown, the unit cell is a regular tetrahedron in which each (of four) faces is an

equilateral triangle, the side of which is the pitch 418 of the network, and solid

members having a width 410 run along only the four edges of the spatial unit, leaving

the center of each triangular face and of the spatial unit as a whole empty. Because of

the symmetry of the tetrahedral lattice, a side cross-sectional and plan view of Figure

5 would form the same reticulated pattern. This polishing texture provides the highest

possible stiffness because triangularly faceted polyhedra are non-deformable. As the

structure wears, free ends are formed on elements 408 that provide local deformability

and compliance to the workpiece. In the embodiment shown in Figure 5, the

tetrahedral network is constructed on a slightly wedge-shaped base layer 440 so that



encountering polishing texture 300 from above. [0064] An additi onal

enbodi nent of the invention is shown in Figure 5 and consists of polishing
| ayer 402 having regul ar-spaced intercgopnected tetrahedral lattice of

el ements 404 and 408. Al elenments 404 and 408 are shown as identical in
length and w dth that join at junctions 409, though this need not be so. In

ength an t juncti not be so. |
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non-deformable. As the _structure wears, free ends are fornmed on el enents
408 that pPisdreRainoessentiady dryasignt evey thedisight did betaiger thegpolisingdmRpplece. | n
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| ongest di sastenOPPOts the ngieark ofThe peucire shown dohigaee Sisappreumaedy eRe t he
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uni t. Sim tRrpith 41818haad e akh ghieeqhilafe @Sinste hayes a $45 et U pischbase | ayer
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[0065] | n #He Hitwdreantact sisanped in th gipN B the sien ebhresceonsiiiiionst{ad C is the

average cgontact area 422 divide t nit projected,ar al to 0.433
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triangl e haMicAGuéh SleMenteidlds hBowel the ippetmBst iR oRMLtGR RIckEdnt 30£3byieed i n the
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upri ght el e¢riigal sud@es g€ eontens ejametings 4loainde) gisttombarigontal whdagindsideh el enent
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that these non-contact areas are collectively the areas that are presented to a liquid

encountering polishing texture 400 from above.

[0066] In some embodiments of the present invention, the chemical mechanical

polishing pad has a central axis and is adapted for rotation about the central axis. For

example, Figure 6 provides a side perspective view of a chemical mechanical

polishing pad of one embodiment of the present invention. In particular, Figure 6

depicts a single layer chemical mechanical polishing pad 510. The chemical

mechanical polishing pad 510 has a polishing surface 514 and a central axis 512. The

polishing surface 514 has a substantially circular cross section with a radius r from

the central axis 512 to the outer periphery of the polishing surface 515 in a plane at an

angle 0 to the central axis 512. In some aspects of these embodiments, the polishing

pad 510 is in a plane substantially perpendicular to the central axis 512. In some

aspects of these embodiments, the polishing pad 510 is in a plane that is at an angle, 6,

of 80 to 100° to the central axis 512. In some aspects of these embodiments, the

polishing pad 510 is in a plane that is at an angle, 8, of 85 to 95° to the central axis



vertical areas of the uppernost interconnecting elenents 404. It wll be
recogni zed that these non-contact areas are collectively the areas that are
presented to a liquid encountering pokjshing texture 400 from above. [0066]
In sonme enbodi ments of the present invention, the chem cal nechani cal
polishing pad has a central axis and is adapted for rotation about the
central axi | &, El | : i I i.ew of a
chert oal - reihanome SHRLR i SRRk paf SPFITRE TN e

i nvent i on. atlan apglet 6,c1f189rto 9F? guthe céntrallayis 513. I sinitdspedtaiytheschem cal
mechani cal poljshing pad 510. The chem cal . nechani_cal polishing pad 510 has
a pol i shi ngniesimgpts, the polishingpadeHilrhas a pofishing surfapp §14 Hat hatd ng surface 514
has a subs ' ol i ' I t he central
i s 512 T par e A KRR ARENLON M hOeA R AiSIE W O ' P e et
an angl e &petas dbhtheseshbalimants sthd tadius n of dieecraspection afth¢ pelsshirgnbodi nent s,

t he polishing gad 510 j.s in a plane substantjally %rgengicular to the
central axtufagg5l4 pﬁpgmlardgﬁ}éece@trak apih e evagies Bdinelve 40T thé€08%1 i shi ng pad
510 is in n t .l : t : tral axis
512. In soérfc‘\gﬂglgp@cs:ogﬁ oafsb ?%%éfetﬁgsﬁb%%% SFS tlﬁgﬁ%{gﬁ@ﬁﬁ%&%@ﬁgﬁﬂl sin a

pl ane t hat thepohshiansiafigt 614 PerpofidiBiat 1o tBbScdntral ids SENVArdds baxd B0%BZor thd2. I n
sone aspects of these enbodinments, the polishing pad 510 is in a plane that
is at an HRHFIECUY. of 89 to 91 to the central axis 512. In sone aspects of
t hese enbgg {15 i.Shi 1shi :syrface 514 that
has a subg$§2f?5 9*%?9@%%%ﬁﬁﬁgggggggg%géﬁﬁgégﬁgﬁéﬁgﬁ?ggnﬁﬁ the centra

axi s 512. meclsmital pahagtmdef ohd esbodimeatsfithe peserit ievehadh.ulky particuddr, t he cross
section of _the polishing surface 514 perpendicular to the central axis 512

varies by Eigpaged depicsiesingleayer demisalmechsnicnd peliginepadSk theedgmica

enbodi nent i f i L& urface
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section. [péBhinglsarfecegifdchal atshbstentiably pirovlatdadsssesiicewjtnypdios r ienvi ew of a
chem cal nechanical poglishing pad of one enbodi nent. of the present

i nvent i on. thegenyeal axis u‘ﬁaﬁq themuggs peripheys of thepolishing syréace }&in 8 Riape aban

mechani cal hshi 1Qq»The chem cal nmechanical polishing pad 510 has
a polishinaﬁgi?ﬁg@g%g%%gggéqubentraI axi s 512. The polishing surface 514
has a substantially circular cross section with a radius r from the central
axis 512 to the outer periphery of the polishing surface 515 in a plane at
an angle 0 to the central axis 512. 23



We claim 1. A chem cal nechanical polishing pad for polishing a substrate
selected fromat |east one of a magnetic substrate, an optical substrate
and a sem conductor substrate; conpriging: a polishing layer conprising a
plurality of polishing elements formng a three-dinensional reticul ated
network having a polishing texture; wherein the polishing texture conprises
a plurality. of..contact areas on a subset of the polishing elenents; wherein
t he poli smo-(’-lgrgcjgl-@v’(ture has an average di nensi onl ess roughness, R, defined by
the foll owi ng elquat i ®ohetRca rhdchanichllpdishinh @aé fdE posisling atsibstafe deleetadver age
contact area of the plurality, of contact areas to an . average, hori zont al

proj ect ed fEreat least opp et & megaticoTubstraie,3819PER TbWIat B SSeaHEOMUEYT 2 ratio of
an averagesuggﬁ-t{:%pﬁl ﬁg-mgr ea for the subset of the polishing elenents to the
aver age horirzonta gr 0] 8cted area; wherein the average di nensionl ess
roughness of t hepgdishinghiyeg comptising aipturalivgofpelishihOdemeants Gordbng and, wher ei n
the polishing texture is adapted for polishing the substrate. 2. The

chem cal riBERzhmeryonsbrstishiated neavorshayingiaRolishigs &X&H8: 90% of the subset of

polishing ele Nayi ng: t . Lo is
Bthin T 209 onietsid e AshR ek o BBt P UM AT el 60 WM,
pol i shi ng g¢fakk pdlishingietendsntsyher ei n 90% of the subset of polishing el ements

havi ng contact areas exhibit a pitch with an adjacent polijshing el enent
havi ng a cont actheseiadhe prlishing toxtire hes 2ooyypee diaeasienlssrerogehness. Ra.  The

chem cal Lcal i shi d of claim1, wherein 90% of the subset of
TREAThe Bl BALL AR D8 RAC

pol i shi ng enent s havi ng®con areas exhibit a contact area that is
within 10% of the average contaRt=@reg(l+and wherein 90% of the subset of
polishing elenents having contact areas exhibit a pitch with an adj acent

pol i shi ng shesereris a rataefihe aveseen coptacharea of thaplyralityiaf kppfactingeasdp ak he aver age
pitch. 5. ] Lcal L.Shi g i Werghn the
aver age di%@%&?@ﬁ eoglzilrpgﬁg g@g%?m&ﬁ%%@{éh@&gf?%lﬁhn e?éerﬁ%%t?% IS 1%%,[ ween 0. 03

and 0. 50.rafle offteaveheRimal coneehan talthpalbsahif ig: RAGheg etdngsn® tb,thevherei n t he
contact areas are sel ected fromsquare cross-sections, rectangul ar
cr oss- sectdverage hpngmsgipgojected area;

wherein the average dimensionless roughness of the polishing texture is
between 0.01 and 0.75; and,

wherein the polishing texture is adapted for polishing the substrate.

2. The chemical mechanical polishing pad of claim 1, wherein 90% of the
subset of polishing elements having contact areas exhibit a contact area that is within
+ 10% of the average contact area.

3. The chemical mechanical polishing pad of claim 1, wherein 90% of the
subset of polishing elements having contact areas exhibit a pitch with an adjacent
polishing element having a contact area that is within +10% of the average pitch.

4. The chemical mechanical polishing pad of claim 1, wherein 90% of the
subset of polishing elements having contact areas exhibit a contact area that is within
£ 10% of the average contact area; and wherein 90% of the subset of polishing
elements having contact areas exhibit a pitch with an adjacent polishing element
having a contact area that is within £10% of the average pitch.

5. The chemical mechanical polishing pad of claim 1, wherein the
average dimensionless roughness, R, of the polishing texture is between 0.03 and
0.50.

6. The chemical mechanical polishing pad of claim 1, wherein the contact

areas are selected from square cross-sections, rectangular cross-sections, rhomboid



24 cross-sections, triangular cross-sections, circular cross-sections,
ovoi d cross-sections, hexagonal cross-sections, polygonal cross-sections,
and irregular cross-sections. 7. The chem cal nmechanical polishing pad of
claiml1l, wherein the reticulated network has a plurality of unit cells,
wherein the plurality of unit cells have an average wi dt h and an aver age
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contact arsesvenige tiéthpatiaahvaggeleapgmnisd wikreinahe atdiggepwidils bf thg uhext ur e has
an average di nmensi onl ess_roughness,, R_defined by the follow ng equation: R
= (1- )/ ( 1M isih Bieaverape lengthngfithe wnit e¢lls. aver age cont act area of the

pIurallty of coit act ?ﬁ?ﬁﬁi&PﬁﬁﬂﬂmﬁﬁgﬁﬁgEMQQ%nﬁg . projected area for the

subset of the pollshlng "0 “0f an aver age non-cont act

area for the suhseildimfa ubstrtokelsdiedforl M6 chetod atmiggnetly suitRgeteh@r | zont al
projected area; creating dynam c contact at the interface between the
chemi cal netisals Ué%tratem?@&qtmﬁgn Eprawestiaite substrate. 9. The nethod of claim
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ayer. network having a polishing texture; wherein the polishing texture comprises a
plurality of contact areas on the polishing elements; wherein the polishing texture has
an average dimensionless roughness, R, defined by the following equation:
R = (1-C)/(1+N)
where C is a ratio of the average contact area of the plurality of contact areas to an
average horizontal projected area for the subset of the polishing elements and N is a
ratio of an average non-contact area for the subset of the polishing elements to the
average horizontal projected area;
creating dynamic contact at the interface between the chemical mechanical
polishing pad and the substrate.
9. The method of claim 8 further comprising:
providing a polishing medium at an interface between the polishing texture
and the substrate.
10. The method of claim 9 wherein the polishing medium permeates less

than 10% of the height of the polishing layer.





