CHEM CAL MECHANI CAL PCLI SHI NG PAD W TH CONTROLLED WETTI NG [0001] The
present invention relates generally to the field of polishing pads
for chem cal nmechanical polishing. In particular, the present
invention is directed to a chem cal nechanical polishing pad having a
pol i shing structure useful for chem cal nechanical polishing
magnetic, optical and sem conductor substrates. [0002] In the
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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,
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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.



4 not be subjected to continuous shear and heating sufficient to
cause a substantial degree of plastic flow, or that the solid regions
be configured so that they respond to shear or heating in a way that
di stributes the shear and heating to other solid regions. [0012] In
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wherei n 5 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



the polishing texture has an average di nensionl ess roughness, R,
defined by the followng equation:. R=( -C/(1+tN) where Cis a
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[0013] Consequently, while pad microstructure and conditioning means exist for
contemporary CMP applications, there is a need for CMP pad designs that achieve
higher real contact area with the workpiece, as well as reducing or eliminating the
need for re-texturing. In addition, there is a need for CMP pad structures that
combine a rigid stiff structure needed for good planarization efficiency with a less
stiff conformal structure needed for low defectivity. Also, in some chemical
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



[0016] Figure 1 is a perspective view of a portion of a dual-axis

polisher suitable for use with the chem cal nmechanical polishing pads

of the present invention. [0017] Figure 2 is a highly enl arged,
partial, schematic, cross-sectional, elSvational view of a chenical
mechani cal polishing pad of one enbodi nent of the present irvention.
0018] Figure 3.i.s a highly enl arge artial, schenmatic, n view
of the poli SREREFuEResr R of &v3dt By Boriss hghtes b f ey g

enl arged, pasliowalgeqagdgatic, cross-sectional, elevational view of a
chem cal mechani cal polishing pad of one enbodi nent of the present

i nvention. [0020] Figure 5 is a hilyalyC¥Ml+tabged, partial, schematic,
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P average horizontal projectedparea for the subset of the IlJolishing elements and Nisa
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
the polishing texture is between 0.01 and 0.75; and, wherein the polishing texture is
adapted for polishing the substrate.
[0015] In another aspect of the present invention, there is provided a method for
polishing a substrate, comprising: 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-CY/(1+N)
where C is a tatio 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.



[0021] Figure 6 is a side perspective view of a chem cal nechani cal
pol i shing pad of one enbodi nent of the present invention. DETAILED
DESCRI PTI ON [ 0022] The term "projected area" as used herein and in
t he appended clains refers to the totalé area in a horizontal plane
parallel to the polishing surface of a chem cal mechanical polishing

pad that is occuEi_ ed by a .poli shi ngﬂapel ement or, subsectjon thereof.
The proj ect é¢P18} igure,d s adeighly igalagge AL SPRSTREE | IO ST HOPRIaplg vational

physi cal |y Q&G &leiiaPrnBHahR R RRUsIEhERRINYF ohDEREIARELOF tHe&ERed tO
as the "contact area”) and any enpty space between that polishing

el ement and iugpticidj acent pol i shing el ements in the horizontal plane.

[ 0023] The . A " . i 1. i I a
clai mb 1 of el DL EAEE 35 AR cpfiikel il Bl E}ob Ao HUCRRRRE,
el enent in tvivey dfarchgmithhineqianiod polistiing adpiiysd @abddimad et giegaesbyt t hat
polishing el.enent. [0024] The term "non-contact area" as used herein
and in the aPFB%¥ed claims refers to the total surface area of a
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varies by <20%for "the cross section.
any empty space between that polishing element and any adjacent polishing elements
in the horizontal plane.
[0023] The term “contact area™ as used herein and in the appended claims refersto 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



[0028] The term "substantially circular cross section"” as used herein
~and in the appended clains in reference to the polishing surface
means 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 enbodi ments of
the present invention, the chem cal nechanical polishing pad
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embodi ment s of %pe%e BLige esrllca a ut%&%l'z?r%bmzé) qﬂa?xgé%spe% nft%casefemcoodm}mts

pol i shi ng pa%% ave a p’o I'shi ng textur i Shing
a substrate theﬁ@ctiveqihismmmdmgnmh|aq>hauhsém1ailecnm Iapbine adpe&sl bitheswt e

and a senico Ior s trate. In sone aspects af th se.enbodi nent s,
t he cheni cale“%@ % Py shiasgdss At Oﬁaéﬁaélaﬁﬂﬂl@ﬁ‘? AG Y €urte t hat

is adapted frfilipg! mﬁé@tia@e heBHBAE) a4 SonSelspect R thds® BinBodTRERACHC
substrate. In sone aspects of these enbodi ments, the chem cal

mechani cal pBicIPSPIITRENS AeisOFkels an AnteypericyRingPolERe Be@vorhat | s adapt ed
f li sh
or polis IHE%@&?H%%%%?TI&%O#?@L&%E h{e&!ﬁ ﬂ,]‘(}eﬁi%' &@En&@@%glﬁef%g%maln SOome

aspects of e , em ca hanica I ng pads
have a pol i givlisigng pads hee 4 praishing textiap thedis kdaptgadbi 1shlgga sshefrster at e

selected fro m_conduc Str ne enbodi ment s

o Thes s oo ameled FlhA BREelR L SR 2 s Rk ap s S B O

conprises a spbdtiakhilngoth@ysects OfMhtIeSinbdinels thathdnic imdoRdni&h pAGhing
di nensjonal reticul ated network having a

el enments form ng a thr
pol i shi ng té%%%lga@e a@ﬁ%-‘?*\é‘?%e{“ﬁée Bt Wipieg fraetithing TBIbpFIg erdecied foma
plurality ofy p%%@ﬁ@s‘%st%@aﬁ s@ﬁe%sp%gt@%?fhe&ferﬁﬂagmﬁgﬁ d ﬁf@'cﬁ%gﬁhlefmﬁ cal

wherein the i shing texture has an aver age di mensi onl ess roughness,
R, defined pplisihes wadk have arplishinataxbme 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-CY(+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 Nis 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



R=(1-O/(1+tN) where Cis 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 elenments and Nis a ratio of an
average non-contact area for the subset® of the polishing elenents to
the average horizontal projected area; wherein the average

di nensionless r hness of , 8 th ol ishing,texture is hetween 0.01
and 0. 76:  ath POUHEREIeR i bpo1era 0Rand B aRa e eia R rRtied FBFS Bni ng
t he subst r abgaptddtosSguIBhiag BRCHubstRte. IR 6&Re SpBAdbMBatembbiighents, the

di mensi onl ess roughness, R of the polishing texture is between 0.03

and 0.50. | dim@renlsspeeetacss Ry plgderdithibaiene & betrren dilRend Vol &s
roughness, %m@%pﬁ:&?oﬂﬂéée%mbﬁgitxﬁhegﬁ HE %in‘le?lsigﬁlteyﬁﬁﬂglﬁe&fGRfi@ﬂhpp(ﬁﬁhilng

[0032] In sonme enbodi nents of present 1 nvention, the chemca
mechani cal podirs lsibatyvgsad.0¢anpPiZées a pol i shing | ayer conprising a
plurality of t shin | enents A£ormng .a three-di,nmensional .

reticul at ed [%dé? wrsl%nﬁgs\ﬁoﬁgmgn%oqfiﬂé |rns'ge 34 nul'f)%i‘;?h‘3 hgrrnéclak%teﬁg mﬁ%’l i shi ng

t ext ure compolishe pad pbiipades b polishixdneactmpisgsa ploratityseflpodthind elehents
polishing el enments; wherein > O%Uﬂf (ihe suhset of Or{N%lShi ng_el engnts
havi ng cont &g ehecipepiqnabrefigyisted petypichaying @ rodshing iiriiTei 896SH ¢ he

average contaGlhlidfigfiexture &ﬁ&fﬁis?ﬁ?ﬁﬁﬁaﬁtyﬁ&&ﬁ@&@re@ﬁ&?@'hﬁﬂ%&to‘i’thﬁ%ﬁ%i%
S

t he subset of polishing el enen avi ng contact areas exhibit a
contact ar eglemsas; whergineApPY of thosybset plepodivlinaelemenmharing eaneast aie#s sone

aspects of tej.:?l‘ﬁgi‘:t‘a %ﬁ?&‘i’ 'au[gg %a? is vﬁ%ﬁri'o{ 95- IP(j[% Bpﬁ"le 3 a?: tcoH{actpa?%]aj. f‘lnis&ge .

el ements having contact areas ex a con ar ea at is within
10% of the aspectagéthesmrnaotineanesa>93% of drsuisspepbishidg ¢lwess having

enbodi nents, >95% of e, subset of .polishin | enents havi ng cont act
S oos i b sy i S arph 1ROk P IEgTh STRT ke G Sen Mo
area. |n sogemespeds sf 1Bésclh®ORINRAROIVEBE he sutIQ6r 8blidhiey &GRS ha@ing

pol i shing el ements having contact areas exhibit a contact area that
I's within S99MCa1es ehehibrontashirae thakip 8athind0%s9f thhavsenes cenpdarsted s
of the presgife iNUQNLE R e ehidBamiiai S, Hﬁﬁ?é’t@s&i‘}f B@éfhsrgvl%mving
conprises a polishing layer conprising a p uralltg 0 ol 1 shing

el ement s f orentargargas ¢whetet ek autacbiromthit is eithuudSat eftheevamgelcohtavti angp. dn

polishing t , [ he. i Sy exture.conpri ses a .
D urali ty of kP BEhEe brisfigRBle, SBOGbE KNG SRR s
wher ei n >90%rodct tuess adhiiset confacpatd Sibi i githinefendStho awra@ connt@aeda. ar eas

exhi bit a pi ith an_ adj acent, polishi.ng el enent having a contact
area that P@% #Sﬁmfﬁ%biﬂ J“Pl‘i@ Ogg'grpéﬁéntﬁi“fgeéﬁ?’“’lﬂ?? %Wab§g@@ﬂ§aiof

these enmbodppRAS pad IHpies b BSlishing 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



. subset of polishing elenments having contact areas exhibit a pitch

wi th an adjacent polishing el ement having a contact area that is
within 10% of the average pitch. In sone aspects of these

enbodi nents, >99% of the subset of poli%hing el enents having contact
areas exhibit a pitch with an adjacent polishing el erent having a
contact area,that .is. within 10% qf, .the average pitch. In sqonme aspects
of these ent%emef?@ﬁ’f“é‘f’g%%%t(ﬁ‘feaf Wg"%‘t‘b@ Vg ag‘(ﬁdj%ﬂ?tﬁ’@h@‘ € havi ng
contact areagvigxXhcdithcrare@ithat s Witk +6% Adieasenfke piedhi shing el ement
having a contact area that_ is within 5%of thé average pitch. In sone
aspects of tPde nesamsRpRadinentsefgbs presenhisvanigadhe giempenl merhandeal 9

el ement s haviRgiQRkashpaAtRaS R PiaberdoRbliGhe Mblubuli iABRDEI

pol i shi ng e?benerllt havi n_g};) a _cospr?t act§§$gaot hatﬂ%%bwi t]??lp% %@glggt fa oS
aver age pit dermipgodude-dimensional matbddiedpeitvorkdfavinge potidsentexiuny evieieom,

t he chem cal ' 1 shi c rises a polishi | ayer.
conpri si ng éhégﬁ%ﬁggﬁé fesltug?%ﬁhofrlﬂggigng%eilfye?%gﬁrt’t%c faf)era%oﬁé sybset SMbe potishing

t hr ee- di mensicarals; widreiuHoaved thedubb ki pallshing eRmpnts haVihf Gorttax bidhe;
wherein the palishing texture conpri ses plurality of contact areas
on a subset eg}F‘L‘tt ﬁ@oﬁgqtiagﬁﬁit% ‘%T”é@gf‘fﬂéﬁ %ﬁ@rag‘é?rﬁg%@@%bﬁreﬁf@@%@%t of
pol i shing el>pBnrshehavicnof SARMAE kleRleRBPadXNiddider FefhAGa }ﬁfcﬁ%&%t

is within 10% of the average contact area and wherein >90% of the
subset of pafiremt pR}isBingpicmteat kavingrcontat aea thatrie withiaeH M of the pieragh

wi th an adj agapty LSy | 0 RS

W thi n 109 ofOr H8SayE eBs SFHEFHARRD - FuEBFLAR s R BR ey
enbodi nent s glex@s¥hafing torttin apabeaibitd conaki abd they ievithimnt 19%hefthag

contact are exhibit a contact.a that is within.10% of the.
aver age con? ‘Zeé%geaclpgtémtaaﬁ%? é‘f%{?faﬁn ég@%‘)ggef%e Ciflﬁ’glé{}‘nlﬁ‘d%?’%aﬂvﬁ&
el enents havbmg:teras atiibied siash veihiridjacantPolishhg¥ldierd RaAl) 266HMct area
pol i shing el ement. havi /g contact area that is within 10% of the
average pit &H! lslvﬁt@bﬁw% BERYCTBEe RikEs & WsTapsisE diese gbgdmenthe
subset of pebighirng sBbRIBMNIisNAY LRGeHOR coﬂfa%@a?ea%’%tlh%ﬁtta BnGANACT

area that is within 10% of the average contact area and wherein >95%
of the subs#atistvihén K% afthe kesreget contastareacend oviesedt > e abthe stiishi df a

pitch with - ad] i shi I t..havi ng .a cont act ar.ea that

s it 100 TR M B e

enbodi ment s glem@@¥rvihg blentacthsatthafis pivhinshiNef deerenispiiay ilngmwoNt act
tact area tha n 5% of .the average contact

e it it
o en and whEvE SO R ik it ST PR el RA RS Rieng
contact ar eamtRKitekd dxhit doffcirbthans @%if%%% ofRfé £®Hg@gg%ﬁ'£\’=‘s{a%8%5]

havi ng a cont act area that is within 5% of the average pitc
In some enbdBFRBAYSY I thhyaibpyt €6 aelishingelemenishaving eontan arees exbitsampiah

the subset g@fy, QQE%&»J&BP&iFhﬁE%I&%nﬁEa%ir%%' c%ﬁttagt%ﬁ%#g%qisz&gﬁir 5% ol 1he o

cross-sections, reéctangular cross-sections,
triangul ar @ewgsp8dcti ons, circul ar cross-sections, ovoid

g:}gs |S; fg;h: g’?%}#ggﬁ@ g@?%s%lﬁlrgr?t% o %%%Eésgnqslﬁvcgt?cl)rz %%%%Ltagtra?esa% oft (E::ts:.ll?sgts ’
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

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



[0036] In sone enbodi nents of the present invention, selection of the

shape(s) of the contact areas can be used to enhance the

hydr ophobi city of the polishing surface of the polishing pad. In sone

aspects of these enbodi nents, the shapédfs) of the contact areas are

selected to nmaxim ze the perineter of the contact areas of the subset

of 10 poli shi el ieved t in sone %gllcatlons a
p

| arger cont zi’c?lisr}’gn%ﬂe%%ﬁ? ?@fs brehwefjl%h% %Wmépal%?‘és PIEEL G e

pol i shing suyefiaeer w[ng}aV]ie bmcﬁ@hﬁir@meﬂlpmﬁn‘g s@ffla&dﬁel pr ese][]t _

i nvention, t ticul ated, net wo ri ses, urality of unit

col | s, | V\heré&ﬁw Soa}ﬁﬁf%tr %Weqs% ofﬁﬁ? preet in¥entigyd %tha\#éﬁ%@@twlat h and
an aver age Icam?ms a%ﬁﬂaiﬁ?%fﬁmf‘cé}l@ewﬁ’e‘{ﬁﬁ ﬂﬁﬁbld&lﬁ‘y Br it LdN8 hhkﬂa' 4n a%ﬂagé i's
< the average of the unit cells. In sone aspects of these

enmbodi ment s WI@ﬂh@ng%m@g@el!@r@l mnfé)wh@rﬁ@ thgiverage Midth p§ ths upme@lés it Kéhe
average w dt .

enbodi nent s aberg%e IE%IF ggfélg Iugﬁgtlﬁs 141 Ebn?]eoﬁg ﬁf %SF gﬁlg‘%&l&%ﬁﬁ’rthe s

t he aver age lengdt df tiof urtiheellsisi t tvded the averagesadth oﬁﬁmemtt&em‘ Ihkeme aspects
enbodi nent s, he aver.a th of th it cells is > five tinmes the
vorage w gtk e NGRS, BlivereSt ithf ob e pl Gl o Hrp it e wWitiue

enbodi nent s ,w1ﬁth©f&ié@h&@311d dAgbhe Adpetthef Heetem®edienisSthe al@fgel leiBoft he
average w dth of the unit cells. I'n sone ast;i)lects of these

embodi ment s e Hé csliels agdve tangithe Breragnavidihpf the anit ellss I&SQTW secunef < 15

t th hese
i ree e, 2RERamA bl e LRGN Co Sy S0 ARRECHS skl o5e

of the aver a‘géth\m‘f tilewnamﬂlw{eS@nﬁawgﬁ%)ﬁhesehmbmhmntseﬂhb sveh@gcde@th efhgt h
that is wt t.n r t In_s e of t hese
enbodi ms*ntshh lﬁé" ?l:? t?hté"’?(ffﬁang %g‘ft néesﬁlgev ALY Wb@ﬂefﬁgf%ﬁ el CRFIS 06 of
t he aver age awjeds lof thask Mﬂﬂﬁfd&héht?gge%@ff t}iehﬁltlaalﬂsthaeeh hxadth aive ;{sgmglﬁﬂgt h
that is within 5%.0of the avera 038] .1 n_sone enbaodi nents
of the preséﬁlﬁ/wqii\}@rwfaﬁe Wi f?fﬁ‘f’ 1289%;93 heswtﬁsllsahaé/aaé%nggt@at is
conprises: RAGW Lidgofths h'&b?ﬁg’e%r%tﬁ%%GﬁlggspfeEtQHTﬁEsele%?o%Hm%% 9598 of
magnetic substrate, an optical substrate and a sem conductor™

substrate; @roVitEEhghaye aradihdhat inwithiams G tsovesae wgitlpa@ﬂ Whereing 95%
b T A
wher ei n t he [5B] bhiong ctrhotlimeatsoufivpr presest xavqnhum ahd ﬂhythenﬂ far(pnhﬁ:ﬁ:ﬁg areas
on e POl | SRR LEIRIL MOeel B, o SIue Let e e, an,
equati on: Rsabsrhte G/ dplizdisubstrate 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



where Cis 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 elenents and Nis a jatio of an average non-cont act
area for the subset of the polishing elenents to the average

hori zontal projected area; wherein the average di nensionl ess
roughness fQ¢ eﬁlh@dlﬁz‘alﬂsstﬂb R tHoR 8 caﬁpﬁgeg V‘ﬁ%@ldﬁ}g%o@i@ﬁin méaiupad
wherein the polishing texture is adapted pol i'shi ng the substrate;
and, cr eatdnrigedyagdeiveeen g pedishigg texhee Mltte? w@é‘eateelmseew agprstsciéipse al
mechani cal n 11

t hese errbogﬁJ %gfrrllt%s%lts gh@%g%@ﬁ%ﬁh?%rl? E%r?ér{ea?r&};ﬁh?g%ém%lﬁggﬁgﬁa‘%flage

pol i shi ng dimehsimmless roughiass &r limit hetpsteneiorvitithethp polishingmgedier paresaten d

th bst : _ _ ' chi
I L R e g e e
di mensi onlaemtsraftulgﬁame:sbodxmehts,rﬁm‘. pdlisking xdxent istdesighédcto etkhiditpol i shi ng

medi um per te h olishing .l ert Ie S.t 10%, of hei ght
0F the. hol RERITY e eragh Cuto R SuetSngs 1 ot dPeonh fuhtd B ne
pol i shi ng dogidiitd MeliGmdRshenadné polemgbayer @ 16d4fhidncive ot thy hbighhofaier age

di mensi onl ess roughness to limt_the extent to which the poljshing
medi um periPBatieg ey e [pEITEAIPRYS PH e‘tewog tsy he ROBRAHE X HE ihei ght  of

the poli shicggnday %&mbit@ sﬁﬂﬁﬁnﬁ? Bﬁgﬁfa@ele@a Jzﬁ%ﬁﬁorﬁé@@&gﬁﬁ&fs% hﬁmhe
polishing texture is desi o exhibit a sufficientl % average
di mensi onlesést ooulybinis polishing medium pernesates fie ROHSHAL taﬁeltﬂfféesﬁ ETRRUE(

medi um per H@ﬂél 5 or iR p%ﬂ&hﬁ%g@& lh‘?&ﬁ’ﬁe I eétﬁéﬁhés@%@bﬁ%&ﬁ}t he pgﬁélﬂm of
t he pollshlng a er. aspects o ese enbo

pol i shi ng ®xxuteds @smgﬁd&@@@tﬁ &Lﬁﬁteemiyl‘hlgh avepgé timmnelnnleys ﬂ@u@mea%ﬁer age
di nmensi onl gs r.oy SShilio t h ng
medi um perlf’%z hg {et%ﬁ’\c’) 10}%%“’ ghﬁthm errgec&u&l ﬁ%rélseta{)ﬁaep%gs i3 ?g 3%911 tf%zgl%ht of
t he poI|shmmgv%ayemrw&ﬁ@aahcBﬂkﬁﬁ@ﬂﬂ@1to the drawings, Figure 1
generaIIy r.at.es rlnar ures of a dual-axis c cal
Techant ol OB HAETHES reciby POne shigh ™ bE 1T AbRutthe Jobtn (s

* pol i shing gradiudOdkiPéhetdienl Rlceis@tal haEIRE (CP) Palsheit0Guiasle i dse
general ly includes. a polishing |ayer 108 havi.ng a pollshlng surface

110 for cofithdrelishipeaad 4P4 pEihe Pr%% Hvgatiase HoH s patol 0 asnerplin 12

(process edinél[ldéé%oﬂﬂﬁ§§ BJd: IUS h‘a{/ltﬁ@'é pWRSHARY R6Bce BL0%or cAi@Btng {d at
panel display or ‘magnetic informafion storage di sk, among others, so

as to ef f exticlponthsts semicondedier widts HRdprosessdds annrpeesetd) oR8thibr kpi ece
in the pre f.a i

travel s t h‘?@g ﬁceoe i ggag% f@‘g# r a W%@é&@%ﬁf%gd\fﬁﬁh&gﬁmgé Emi’jzaégmg

[ 0040] Th eothma$e as m aileetpdlvhing efitee gblished mofagel 86 pf thy M@llq:gecpciii thehi ng

layer 108 with a hi n text for .

sor i es of Bitrhigeitan el e Patutd bR 120 s Rt Bite

el ement s |@)ﬁlelrgwme¢nedammgimmelzﬁ mensi ons to sti ffen the net wor k
with respe hear and bendi n Pr ef er abl e nt

i or oscop DI EROmaNTST PEeTR BRI E PO aR Y pint Doy Fes gy a8t 1
be shown tﬁblﬂamﬁmieu@gom(m%mg) fargal feAN Reibs G saailielrweatcdihe pad and
waf er and nore avorabl e slurry flow patterns between the pad and

waf er t hanMagescpriglof momplﬁglee%\?&m%nawaer%eﬁ|nhtjlr$fa4iglensa@1%| | as

provi di ng gisRghfeBRGWIWAG 3idebCh Whéy smenaaguw‘e%amﬁ Aeedmbak npad
conditioning. I'n addition, these features wl own to function

in a way tmwrosp@madu@nsxpns forrasste 3 Bicrdiextprad Thesetiemsueewilt be soaindo

required f [S’l{wiqg Bgth 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



12 planarization efficiency while allow ng conpliance at the shorter
| ength scales required for |ow defectivity. [0041] Polisher 100 may

i ncl ude polishing pad 104 nounted on platen 130. Platen 130 is
rot at abl e about a rotational axis 134 By a platen driver (not shown).
Wafer 112 may be supported by a wafer carrier 138 that is rotatable
about a rotational axjs, 142 arallel to, and spaced fron1 rotational

axi s 134 of PlP&iztion Sficiepay whileallowing copipliansept the sheftes lepsl se8kss ed

| i nkage (notreq%n@gmigwlagfegldlgm wafer 112 to assune an aspect very
slightly non ara lel to polishing |ayer 108, in which case

rotational Pgshen P mayinplade/palishing pghlﬁ“ymam@wn Mtk i 301 Platen
i ncl udes pogbé Eq'gtatsag e. a%ﬁ@t a]r%%&qtamfs 15 §y 81 %g Ian{}gr (Bg%ﬁgw% O&Nainr })fZ a

pl anari zed during er-carrier e ‘sup ort e
carrier s uppmytbeasp;mnbcﬂ by (amt‘ershmmn)ﬁetﬂetpﬁ mchtztbd)a db@haat etataheraxik 132 and

ol i shing | Ayaa st gehnrom tireRreatistat chrsealil: B capsn P

pol i shed surdiagea gﬁ@batdmem@gd @bi dhgwhpseraligs Wagsr POD toshibuies anPRbdcs! her
100 may al so in¢lude a poljshing nmedi um di spenser 146 for supplying

pol i shi ng nﬁewhﬂ@w%)ab@éw oefighingipusr 198an whinhg25e iatatioprd gxes 134,
ordinarily k3 [hede Ldyih t@ratsk HNa @if I%El@s oS edSNBLce 148 t}F?)‘aces

i ncl ude ot her conponent s (not s suc syst em contr
pol i shi ng mediishngdaysr @@ arthid ptﬁnsrmdslumgg mhshlem Whatchmgr $38meynbe

rinsing system varloscon rols for controlli riou ects
of "the pol | SHIRECbP SR B aRRRt i8erfu i N Forplslda BBl S IR ES
sel ectors f @fovm’ea dibﬁ;mb.@td‘lpreisufeﬁétorméﬁbbmad surfit € $10fganif Iamsﬂ,ﬂag layad

olishin ntrollers and sel ectors for var ng the rate
Do T oot D300 o hirsi s srs fhgvesB dhed S8 stigaaei{d Siecolipye

control | er s a8disRkpelhidisy. TNiskenbe ﬁlla!; hRQirdcRRe 9536§§Mgemgdlaarahslp%er
between the wafer and polishing pad, and (4) controll'ers, actuators

and sel ect oﬂéﬁ foo sunpbring polishing megean b@h@lp@hsh@fg lpysrdP8.0nal axis 142 of
t he waf er é@&jn}(?heg’e 5r<amh|y0§ﬁﬁle gﬁln%’é\;/; % ﬂshe?'iﬁé‘%t g LGS

Those skil I art w ers onen are
const ruct ed omambwnmhmmhmemomm kumhaa sﬁteﬁhetca;tﬂoﬁék ﬁodixhaigaﬁedﬁmn @tbrafghem

IS not necess ‘ig‘% ar those n.the art to understawgﬂa

oy acsi ot e Tbehfe PAGER AR Ie T OuRaT S BE YoM 501 TR SO Peni ng
pad 104 andcufolilnglido@ Spécti dtRepARRHE plob@k MsublesPBAbhY §1Y Qtat | onal
axes 134, 142 and polishing_nedium 120 1s di spensed from {)ol i shing

medi um di s pé%r@}leri%d @frlﬁcéﬁff fre one prkatihgf thordtaienslgaisael wrlst | Rrindg
medi um 120 ﬁarsﬁag,%a@m Wongahé@ rgglel:fays Qﬁn%th@%tg%gmmg. gap

beneat h waf er poli shi ng pa 104. g pa waf er
112 are typid@riyef polishingomediond28 & ihe pad; (btcanwleasalsiesbbcmafospeeds of

0.1 rpmto éﬁ%@roflBglthepﬂrgséﬁl%rlgaﬂ;heg bétXrQ nctﬁe waer an ud1 poilsfnng 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



necessarily, selected froma pressure of 0.1 psi to 15 psi (6.9 to
103 kPa) between wafer 112 and polishing pad 104. As those of
ordinary skill in the art will recognize, it is possible to configure
the polishing pad in a web format or i¥to polishing pads having a

di anmeter less than the dianeter of the substrate being polished.

[0044] Referring . now to Figures 2 and 3, enhodj nents | i shing pad
104 of Fi guttEss§atifyFleged &e%mrsﬁareiq%mbmggtpaa ? fpdoggl?@ﬁv@mesp

rel ative t owgbh 112G8d POlidhidl e 108X AV iR s drdihaty GRINtA 8Rtard Will recognize,
conventional CMP pads in which surface texture or asperities are the
resi due of ihisrpassehle ) configyye e redishing prsion A gvep deranas or info rolishing pads

condi ti oni : - 1Sl t i } - i of

i denti cal 2?‘1’ fsnig%ﬂlde{l?é? %2%52 H%é @Fé%m@hgﬁgéﬁﬁﬁeﬁ%&ﬁ{as\l}(fqﬁg a precise
geonet ry. HOP44) Reposesnof td Figusds2amiddn empalimsiis nfpdlisking ped PBIOofi s

shown to consi st, of, substantially vertical. el enents. 208. and .. ..
Suberanti o euid ol S ae- o bt A5G inhtiofiat BHNLE i MepthRoishiae case.
Pol i shing ttextnene0200cdngadt antaivontthalt CMB padd ih mhivheuethcestglirepe! | shi ng

el ements 204 and 208 each hayvi n% aq average width 210 and an average
contact ar edPgitiegare the igeidusica PERUR! reRQya) Oraegiaping grosesiteht s bei ng

spaced at aRn@&%EHAYS cﬂishﬁnl% t&dte 200 a8d] ésia%@riestm%énﬂgﬁrogEﬁﬂ'gﬁpéﬁghing
network of elenents %04, 08 has an average height 214 and average
hal f - hei ghtelau@is 204ang 308 bavingpe presisegeem20D For furpased dctlusiratien, of
hexahedr al Lit: ' L al LS. 0. whi eac ce,(of
Six) is a s%ﬁﬁgélggkau?ee%@gé}fdﬁ Jﬁggéséﬁ%f%%%n%t%%grug v?ﬁlﬁgla I%Irl]eéltﬂst%@ % ges
only of theubpattialy horvontal blementn @04, het thsmtal ncobe drachsd, Fodisldngteafurd he

spatial unij _.as a whole e . 045] .The avera hei ght 214 to
average W 02{091 FHERgERtde qup‘@%@%&#g%@‘sﬁgg g]FmF’étggP4 @%bsﬁéf having y
the averag emh@i:r@%é widllifl2 £00and VR 2@ B gaM ol tabt #2dd)i b akross-destictal hie@@S3220thd S
and nost preferably at least 1. Optionall t he aver age height 214 to

aver age W cU4mePIIeRSPaceHny abheyesagee méﬁs%lfis)féﬁddé&ioq, dggntercgnneadt he

aver age hei 1 I J: ] t,5:204
Ceaui red o uiok PERERRRS 204 208 PHTAGKe Bhe hAEREPINCRELDG B HTENAS
pol i shi ng iThemehshing textnregi®ias il cffectrd sgt dfitexahedhsiir el abatdénsmtiafunits

el ements 208 _projegtin eyond the uppermmst jnt.erconnecting el.ements
204 are f r o0 PisHeT L ER GRS Rt e PEBERBRF i Rl PTGt FRat 181 ght <
of el enent sdg@d@nbestweespatifleinbipieeyih@ihe cenddf 85l thdrentd PP &ie¥Psttal unit as

i nterconnecting el ement 204 are highly constrai ned and forces applied
to any one VM EHPPP08 are effectively carried by many adjacent

el ements 2QdoBNeH2Mragei Mgt 14 j I

buttressi n% I 2 this V\g/?y péol i sh?r?ger'?éeéx»?%r%eﬁgg%ﬁ ?erl?g%ngﬁah? 1% %teleaiséngt h
scal e requikedrelsrablydbelaysragedieighagiddn avdsege wigthl Hdahtio/is evlepdt D& tandit

shorter le i r the | ocal .defqQrmability .
flexibili tyr?‘%é? p‘t%%gg‘bﬁﬁ%ﬂ%atsﬂs@@g"“g‘{r%é s Vereaﬁ%h%glitﬁﬂé%?"erﬁx’{‘g@%]’ The
i‘ nt er connecrﬂtimlgT)eﬂaeearMm?S é!r(hﬁlleamdlolploilsir;dsdfﬂwaglge he&prh&edes tl@aQid h[iﬂiba?ott Od
orma unit ce 225, the upit ce aving an average w dth 227 an
an average l?tgﬁ@?W?C%leW%gMdﬁW”eéé? ftbfkeﬁg%neéw?rgtogéﬂlllsélf%lmems
open-cel | 208 daliny @likkiag ircRiabdsNén kdhefa®loMyttheulBhERIRURRASH ANMents
net wor k. Iapgoma enbodi nents of the present invention, the polishing

| ayer conprlSBLisHng hevepd driwetasharioriceiing tementa @4 arg dree b Bkness

of at | eastyyderdfdat f&@és;'d%iingfaﬁisﬁfr@bme ﬁéigﬁt??f&lrﬁﬂr&lt? .Stbe?\?%ejiﬁlée bas% he

General ly, increasing the height "of the polishing [ayer

t hi ckness édyer 39 asé [thestripatpdshinésryoninenting aasnt 20d akd fiighlyfcotdtainpdbid hi ng

pad as well i I if%‘l t he tter contributi to

i mproved plf(gggsrakjégﬁdlqgﬁhy ?%EO% grﬁ%“%%rr?l?f%%ﬁ'(%@icﬁgﬁgtsby&?a“?ﬁ FBsent

i nvention, elehenia84 agk208, sitdila2d7 widet fessicktedal hiitréssing 0 Uathist wayor

| ess than the aver age Isngth 22% ?f thhe unit cells. In sonme, aspects
polishing texttre 200 isTigid 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.



[ 0049] An advantage of the high average height to average width ratio
of elenments 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 shbwn in Figure 2, at any point
inthe |life of polishing |layer 202, while nost of the contacting area

of polishin ur.e 200 consists o rage cont reas (i.e.,
or 08s- sect | @Hé@%émsmwﬁwie@mé%{ S SohTi ergiot, A4 colfbr e

i nt er connecionid valtepes lhivdell |hawﬂ§arﬁéx§&g@9adtﬁ 20N EndAOFRESe Bngth
wearing down, and these _are designated in particular as contact

el ements 20829 Bhefeariisels havge relisulatedar openseelli sgnetumsrthiispmbrsin &emi ng
el ements 204, 8f:&.- &%Qﬁgﬁa‘?qeﬂéﬂb I‘h@@ﬁnf }éﬁ?&dxﬂ&ﬁ%f ‘ﬂh?gregé}{t Avefitiord thet NE

base | ayer 240 encounters only a sma I on of “interconnecting
el ement s 20ﬁolahmaWemmzsmmmermnmcm nehroringitpoh asd'mgeghwhmﬁds ofrese

contact el efren g%mzr%glsc g,lrg? réblyﬁte] aast E s ce;ls égneramy?fg,u%gﬁelp% ! %e%hwjlf

contacting Srea owWs po g O Vera

simlar polihs boimmghayeacltee;rthsmiukﬁesabﬂthe polivhe layer cihtoasaathedifé behaeed
to periodically dress or conqy the d Thlﬁwneduqtion i.n

condi t i oni nEPlaling Rerkas Wl it b tRessd faesatrbuling BOrpr g cost
Furt her nor epla0pihial perforations through the pad, the introduction
of optional conductlve | i ned grooves or the incorporation of an

opti onal colf¥848tlasome gehodiments atithe bropent fivisetian, the@rerage Widsh 2% eliche

retal ori d g A8t AletiGor G ADSIOLMINS PALR AR S0 come

("el ectrochem ca anica anari z
Opt i onal | y, aspécts of thas smlbbdanteotssthe aveeagaberqdi 229 qialiet undd ceHs ar> thiideehs t o

D et P rvaRtEn R a7 Bl G TR totls” Dot AR BB dhemont o

204 or 208; avehiat 1e|n§zh nblofmnﬂht\eenme thide ﬁ@lksﬁlehﬂgageea&f@mm?&%e unit
preferably eX|sts etween and distinctly outside polishing el enents

204 and 208cellpolsomeappestnd thesperabedinenss, gt avpagpleag@rRR? phinenniteells
pol i shing el;erfntfn20d AR WaBY7 BaSuit &k IR RE 1 HREQYBmSL uct ure.

embodiments, the average length 229 of the unit cells is > ten times the average width
227 of the unit cells. In some aspects of these embodiments, the average length 229
of the unit cells is > twice and < 15 times the average width 227 of the unit cells,
[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



[ 0053] In sone enbodi nents of the present invention, polishing

el ements 208 are rigidly affixed at one end to a base | ayer 240 that
mai ntai ns the pitch 218 and mai ntains polishing elenents 208 in a
substantially upright orientation. TheSorientation of elenments 208 is
further maintained by interconnecting el enents 204 at junctions 209

t hat connect adjacent polishing elenments 204 and 208. The junctions
209 may i ncdlsgdE e Raress Qfevesring Ae. @ad theesride desigseed inpatiaiudss 204
and 209. - Prghk@Rntontd 108C k88018 Xe Y ERERDEiorR b L B4 BANBCAL QU Of
the sane materials and nost preferably a seaml ess | ntercorinecti on of
t he sanme ned0darestageedesd] thattweaasogsnaingmraticltth dte basaliaher240 cagwinggist ch

218 of the | Shi I ) nifo or. nearly. so,.across
2t pol i onidhl) AR SR B elsMeh 2 o o BRG el BHeRE05 " or
uni f or m acrdnsiag seldgingups! thise pohths Richgng266etsdtuBdBsmAADFractisaBDihe,
preferably >95% npre preferably >99% o ol i shing el enents 208 have
a width 21doﬁﬁ%?nﬁf?%afgﬁg{%glfo‘%/w;?m?wfzsﬁ%ﬁalée%ﬁagst“H Wage wi dth
or pitch, nrREAREE INdRIcKristidy ahh@eda@és!ol'i:amagla!e@ﬂ%rneé’&%fae%&@ﬁ@ FORbLACt

menber 206 and hal f height 215. Still nore 16 preferably >95% yet
still nore cprditien wepgd. >didsgedyetiqndn cenditiging cxtpnas e 2ad's ifanddowsrelith

210 and pit i Nl 9 |

pitch, res pog’?:rtalgg%?({/spaifuﬁ{ ht% ﬂgérp’o |lé§|g|l ﬁa &g%cg]frs tt&%@ghﬁé?é\%’éﬁmeﬁ%ﬁcﬁ@g@n
menber 206 cdnptidnal dontedtiyhilin2d Grookdsstr theriedoepcadnion, of 20 bptigpel ¢aldinigr,

el ements 208 ,have i d 210 an itch 218 that remain within 10% of
the average ti %"tcﬁn@cwﬁ %-IE%,S’ CPagﬁgX{)P%?’% mFtﬁlt Qrﬁjfeor ‘quls"ﬁf%ﬁaq ayer 202
bet ween confaasfbrniveieeds Qe GVIR (heidcirodtRingdal medhanichlnplRakikdtRM ! Biolishin

mai nt ai ni ng ¢ross-sectional area of polishing elenents 204 and 20%
bet ween adjPa€%ent junctions 209 to within 30%facilitates consistent
pol i shing pegso By, IoEEiREiBR Y sechRGbRETe PRk ' i i onal
area to w ﬁhi n?z %an()j/ mf;{ plr ef e?egbl y ]to &F?‘E%é%@eﬁgeﬁggﬁﬁ dj acent
junctions 2BmenElfdhed Mt e, polishing el ements 204 and 208 preferably

have a lin t [ cilitate consistent polishing,, A

di rect cong%&zmﬁlgf&%%géég Se%f{t@er %rgsef@ni’fﬁlz MtRe’® f{;‘éc?‘lg‘a‘é%lﬁtﬁf‘gt@’t“ ar ea
(i.e., crossiiséet clemahts20¢a) 208 thaofs, ieideliabimgblighiapeitse 208 does
not vary con§i d@r ably.in the rtical direction. Thus as polishing

el enents 288'4P y\%‘?% bSWFﬁﬁn%‘gFti‘@ Y AYfsidp Rolishineisksingints 294404208 cases,
there is |id0shpicdoandentodicidh® AR RedenBinfitidR PoRSESENE S 9045}@

waf er. Thi s _consi stencoi]ﬁl n contact area 222 provides for a uniform
pol i shi ng 28%may Bavegcholiay ailposis sewsiie.st ent pol i shing for repeated

pol i shi ng Katd : : ﬁrgjl uni f.orm structure allows

pol i shi ng g@gnﬁl tstag% e? “g’g? !tngerﬁne t%al%rgérggt l\i/{mwtn&%ﬁitp °§%ﬁ1‘6%?lf”ﬁ8“? #\éé)?rf‘)ol
settings. Egdlyaffipgbsonotnd fviabasplepdri2id dtat maintadisehppikdhhBngd sur f ace
or texture 20?8§re r ent% the&ﬁgrfac% areg of polishing el enents 204

and 208 nedstl chishyrig elements 2P3 i &10bstantiafly uprght gHpHati Ry hace.

Pr ef er abl y ofidigationtodibletents 208 isuRer 22dniahed) ih&RioRSecthg TRMeSts 208t
tween the initial polishing surface or contact

remains within 2§gﬁje [ | al g

el enents 206°4RE 200 ahegnetafigrnt palship elements 2Pt pedi20% ol hennaipnuni t
cel I's 225. 20dbmhy ReRbehaMntsivt BEcHREA! f i shing
el ements 208 re};mi_ns W t hi ﬁlvlof% betﬁeg&nﬁ%g&}lﬁ%%n%4%§ﬁ?§% surface
and t he haPEfa@iyhenctions Y represepban intsedonusstiomof thé samg maeshls sSn@@bst As
not ed prevjQus [ - r efcerabl e that the vertical

posi ti ons Ig)f izlrl\)‘t{}ég# %:Jgﬁf}l%éwén%&gﬂe%%ﬁf?w%g%gg}a Fi8aggered to m nini ze

t he changel00htltlbtsgireferebthaseiitt 2ifaind aitetel B tHrepotikIE AR Bl 1M 208 BOWN.

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



[ 0055] Optionally, it is possible to arrange polishing elenments 208
i n spaced groupings of several polishing elenents 208-for exanple,
the polishing elenents nay conprise cifcul ar groupi ngs surrounded by
areas free from polishing el enents. vfghin each grouping, it is
preferred that interconnecting el ements 204 be present to maintain

the spaci ngre@eubi}%é%tgre\f@mﬂﬂofef;s}@&&b@f>9f9% o%aiéﬂingg?el@mseio%ﬁﬁ%é 208.

I n addi tion, possi bl e to "adj ust The densit pol i shi ng
el ement s 2@@%?1%@ nitgh 21 thet femaireyithin ¢30%ef tltecavmaﬁ@mdjh er pittiov al

oo A APy e ML YO AT eon EMANRIIRE 204 dnd 153005 ©1 ©

to arrange t ‘i'shi ts I n a manner
open channgls Mnstmrﬁerpbib!i x31i% golisbinpieenc2GR08 darade ws:ltln:ilm:aridantch 218

channel s | channel annel.s or
piral chabRurERRRRR 1 bAGBle SRART S P oM A D R rye
facilitat elayer?dQ dbtvabn cartege nchebier 206ad hadYeighpz1sy én paticslhi, ng or waf er
uniformty 96] 1t is.preferabl hat . hei 214 _of polishing

el ement s 25’@1“%%:n F?Bﬁ"?ﬁcg&%ggaQFP‘%@*“@%WH%%“ PRd A0S betppeapdiagent

hei ght  214juneritak 369 W #/thin +309% fadilifafee caMRIADFoINBING Perforirge.PT ef er abl y,
remai ns w %hl n 10% of the average height, and_even nore preferably,

remai ns Wi t A0 ]&ﬁpﬁdﬁéaiavé’lséfj’és PFéF@IFﬂl afp thwihig d120 %andgnese riefradlp 00.

Opt i onal | yio itlfMEL 09 BeclRéh ﬁ%ace%b'ﬁlhctﬁﬁls 30 nFLfrﬁlenﬁ'é sopiefah efeﬁfeﬂtrs ¥o4
bl ade or |aser may periodically cut the polishing enen

uni f or m hefighA08 prfereblarhabe e lingay shage snirther fawlitamadsw: HOhehmgltAl ng

bl ad I I
B e e, OR SnBL i g it b Ryl AR IS L0yl (o

a circul ar cloﬁmstlcm@b&m@rﬂatof aw: p@hgﬂn@ siethéntpR@Rdioee nat vaextansidenbly in

pol i shi ng at teract w th, the subs Uniformt hei ght

ensures t hEl E%mf}gﬂ e ct1 &y ng'té Popibine sisiep EB@FH%‘W‘HSmi”ég&cﬂ}%gmﬁﬁb‘f

wel | as al the ﬂam‘gmn@maaehse@,gh@e i lagé clehgienhscot@ht hba tiepRiatd tothe
kplece In fact, because

wear, have_t ,ﬂﬁtentlal tp contact iiﬁ

i ndustri al ¥ DFWSHEDEY HeORI2AEA SR Pé‘b‘ﬁ % IO Aeiformpelishipg XeS ur e
at differemi) dnd@abvOBSsREent ﬁﬁls‘ﬁ@l%@dﬁ w@rafédl@sﬁﬁmgeoﬁemmﬁé um eRé;ﬁﬁl%ur e
generated under. the wafer is sufficient to cause the wafer to depart

from a posiheiBiorimsiiciuge ¢ s polishing el mylEple Fptieipef w@fﬁwwaﬂmut wlinstiag
average | eyg Itoo‘PEet@ut‘% @@ppuﬂeaéseb Bf ﬂ%%géé?ﬂic%tl&b ahe E@ﬁﬁmgg{lﬂff F ﬁllg ment s

208 do not contact r 1n any reglon I'ng pad
104 where %@nme%entfdb%sm&a@@mea of pqlghmesiemeatst2ﬂatanch%08rmcgsupdlm 8 hiang

Eur s oo BRI e BhBhhelfr0le, Plbiel SR oDELAG L, B PXE A8i:E850 2°

Furthernore, since tresse ng €
will typi cdémhgnthzioemiaing Wlﬂnm HBAYaheteeanthe a:mnal welkithany susfacd onpohiasthi ng,

SRR T T S L AL

form an anlg’e&chbtyoﬂlesu%f aﬁmcaﬁlda pIEofGhislgese beds 2@ iehQmseRAR & B0 ed
during polj shi nq]ilw ! patterns. [0057] As shown

|
in Figure betweet %Wt%pﬂ 1%%?‘??&%%@%&6@?%%?%075th?/é‘ﬂ“?@?"%ﬂﬁ’é‘ YHay

i ncl ude i nuAaddil 278 &s SbPREvidaddy, il i firheP BRI NRkt tﬁyba%@al%éélubl% not
required and pol i shing |ayer 202 may be secured directly, via base

| ayer 240, oltiBerropestingmelements B4 18 nigggored g minjshiag b chawe ot toflguase 1.

Pol i shing {eay8hl 402.308Y c BB SEGHEES Wi @ base | ayer 240, to subpad 250
in any suitable manner, such as a hesi ve bondi ng, e.g., using

[0055] Optionally, itis possible to arrange polishing elements 208 in spaced
groupings of several polishing elements 208—ifor 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



18 a pressure sensitive adhesive | ayer 245 or hot-nmelt adhesive, heat
bondi ng, chem cal bonding, ultrasonic bonding, etc. The base |ayer
240 or subpad 250 may serve as the polishing base for attachnent of
the polishing el enents 208. Preferablyl? a base portion of polishing
el enents 208 extends into base |ayer 240. [0058] Various nethods of
manufacture re p055| bI for polishing texture 200. For, | arger-scale
net wor ks, tHEETREIPRIR W&I}I’Sm%"aﬂf% an‘f Rlisping ot piafpr Bn’]f%‘?m&t chi ng,

and ot her ﬂ&lﬁ’[ﬁ@ﬂﬁ)r@ﬁt i5pbRMbledo ah@ﬂgk\/tﬁé pdllsAifk Alefifenfstih RehafMrithht IRHS; and
focused | aser, poI ymeri zat i on il ament extrusion, fiber spinnin

pr ef er ent i APHGRA PReq chappslsig t beQﬁsBlﬁg texurgtWapysh aaﬁwceqrweam% Ko¥s of
materi al C%%{eﬁcﬁaﬁ%pcl‘{éﬁﬁlab 'Eu%fl Ir£H1§l loBdrln¥1s SRl %“lﬂlhﬂé@ ThPhtroduction

smal | er-scal e networks, crystallization, see merization

lithogr aphwfdlﬂSQ@me’naltCé@mﬂmgsfaetﬁﬂqm wfnevaof iaage Mtleam@lna;deqms‘iet i on
may be enpl Iectrophor esi s, phase nucleation, or
ot her net hd%}s/l %s‘?’a Iunl ormgya tenpl ate for subsequent materi al

sel f - assemﬂ)@ss [Iﬁ@ﬁ&ferﬁ’ab tbheightell ¢ 6EpilshidR dlemBsks 208 batiel flasRrdsayEr
suitable material, such

240 of t be made of
2e ol ycar IES 1 DOt 8 e GRS ing DY) B & roybegAss et
pol yst yr enggore pfefarhilf, re%ivlgrwuﬁm 109} YiRs mél‘ag@'ﬁte %Hf hd &8 $nore

pol yvi nyl chl ori des, pol yV|nyIquor|des pol'yet enes,

pol ypropyl éﬁ@"@rablpioﬂ%msa’dmh b% of gl ayer@gwhee&‘hé wﬂmwélshlpe tertire2Mhnes,
pol yet her syjlfon acmh%p\g@&% a@h@#@@ fen %‘e@&%taﬁy DLy SLONE 5,

epoxi es, si |con cop mer s hereo ler - po §ester
copol yner s)periadichllyicxt uhneslmhl‘rrgeé@ﬁerEbtblasﬂmfagl bd@maﬁtush@ﬁéreaﬂﬁ 208 and
base | ayer al s made a non er| such as
ceramc, diaé‘éeter éﬁ’eegg? g’ﬁémt%g%deﬁq‘”ﬁm “&(‘f”b‘ﬁ%?@h ?%‘?‘f?ﬁaéan
mat er i al Sléﬁﬁlle@@alte@ the ROLAIEHEDECE! Rff%ﬁélﬁplg%tiﬁé‘ﬂoi%gﬁ anghhashvingyer
240 may al so be nade of a conposite of a pol yner Wltﬁ one or nore

non- pol ynerireulyeressiseqtion af goswje will Ryedvse arfextltrﬁef rHishise tip$ thasintsrachl
for the pol ted
00 OB TS0k A0 dQfRLEdfd nd U
material i @ohslmwcxtw Whraverell @ladhlhtambmecmgmadc%ﬁnmw&ﬁenMar&f

any suitabl u teria nti,oned above f the
pol i shing &l & E glbéfoiﬁﬁlab%zfomﬁ%“ W?rrlfﬁleﬁeao[n% % GRERSH BYNEHa)

i nclude a fiass memnamne@e@uppmgnaqhg fodsh }Er@ssarem: aifﬁfbnt ﬁ)cguonslah@ﬁeen 130
of Figure pol i sher.  The fastener Qfé ., an adhesive

1,
| ayer, suc e aé‘%ﬁ’re%lé‘iﬂhe f@émrp%weeaeﬁte@p r PepeterauBiiion! ronss
adhesive, adRahan et ffr&ﬁfa%%m \Rfe%ﬁélgﬁo{g&%l 9hd &zﬂgﬂﬁ’ei RPfE! on of

a hook and | oop fastener. 'S a e scope’ o
i nvention twerpgegkekehthe @rq(é l‘blﬁ pmsrbée ﬂhatbieme @plishing e1@nents 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



- endpoi nting devices 270 or simlar transm ssion devices that occupy
one or nore of the void spaces of polishing texture 200. [0061] The
polishing texture 300 of Figure 4 illustrates that the present

i nventi on conprehends open interconnedfed networks conprising

el ements positioned at all angles fromfully horizontal to fully

ey of sF Enr QR LBy B ASRRL SRR KREIER ABR Phbb i i e
or shape t bordire, vidiasbniqlamemgneit hiThe bhe lpek Rehongbpedxdnryy @Fvesk @ice
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i nvention pardobef shiiehihg searRats 208 kLkndiae baseQiyeiragg.onol ecul es, and

i nt erconneg]togg]rﬁu_nan nerve gel |s. In each case the structure mnust
possess t &S Sméaiqus nedipds phmapfaciue qinorsjble e pobislting ity 200 For

| Nt er cCoNnegRtdePBealdndtRE:2S, tHERBRThRNMSiciomaBkiRBE Nhsek Or BlidfiEanRcile aver al |

network, that a wearing of the network in a horizontal plane fromthe

top surf acebprpebedsof giagnnbremavakisom 8 siedingselid wess pyd foabet tasessed
ends that OUKELLH60 ML kpi t. lienagth
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t he geonet piptogicRingrewthy pyeethprasthedssif paterip DEGFuctibt vithef erieitiely t o

Fi gure 4, e ' t i,shi 04 of .Fiqure 1
consi st ent @mv\?t ? %B{Eﬂlee' g;ra ggg%%%@%ﬁ%ﬁéﬁi%%%é@%g?%es ec&ﬁ)qhﬁm &8kt to an
al t er nat i vethsgmplaoe offel teshhiggestoytaierentdDRearrisi dipoditi@smap BEtmplogdd, vi ew

of Figure 4 | d, have a simlar gsymmetrical pattern of ..
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angl es bet g A0 se | ayer 340
and the hoﬁrﬂ?%lﬁlﬁﬁg]I&E%g’ﬁ%lﬂg%ﬁgﬁ%&e%wtpgwe%ﬁ%ﬁ%ﬁ B%Ig%%ogﬁlgg% are curved
rat her t hapelgitaliaghs, poletyient hrinenpelyustinedst polgetkdrentodes, Blvhnadde, not

all horizont . [ osition at angles of O 5 degrees
with respeltgs‘lfh?étt%e??l ﬁg@%@?g&@;&e’% e%pfbesasr%gmpﬁsec hr}%%ﬁ{hﬁ}eotfs& 2% As such,
pol i shi ng podwther-@oBefecapsiyatess)ofnd uikiures elierf, Bolishidpelarddis20dany i n
shape and gu.énbgrb of faggg. ThFSE featu es notw t hst andi ng, height 314
of el ement® 308 PEEAYREEY FRY 7158 b 14501 HRQYPITREITMAHENFSHIHEG t ext ur e
300 bet weederdnfie, giak) B&LN goh@ YRIodOsr akelid Sitise 6f £LigFRNha304 saffhstihe hal f
hei ght 315 fﬁf t he polishing texture 300. Se ere is nore

. cond, th
variation TquShing elgmants 204 67d 408 ad baselaves AA0 swkalse e arada of # camposite os's -
20 sect i ongila l@ger WAtHYRARE nltke RAU-pINRLOE AsEACE) 322 anong el enents
304 and 308 than in the corresponding attributes of polishing
el enents 2098601Np genad) be shoipred ey Tordke polishise 6lemebisdi0d snd AES and
essenti al j : LJavent | ts .306 form
Tho. pol | Sh s Lary Say AnjkTey B3GRy By RIbLAD AL B RR Gyt
i nt er connesgteral ip ydetiicd nsn8O9 Siwildry, mbpad2iovonkbs mhéy cionpaaiat i n
t hree di nensions fficient de e to i.npart. stiffnes 0 the
pol 1 shi ng Tz et RafB et b E 84 R P Ba emattdn Brbment s
308 provi di8l Gohdhird @i 16 Indyyoptionatyrifichice 4 fastenevirkpii213@ the pad to a

platen, e.g., platen 130 of Figure 1, of a polisher. The fastener may be, e.g., an

adhestve 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



[0063] In the enbodi nent shown in Figure 4, the contact area ratio C
is the average contact area 322 divided by the unit projected area
equal to the square of the average pitch 318. Because pitch 318 and
contact area 322 are highly variable, 1% is preferred to calculate C
as an average over a |arger area enconpassing many contacting

el ements, in which case Cis the ratio of the total of many contact
areas 322 t@dppatingofavicenedl orpimiladreamisyiendayicepbint edsipigonestmareo300
cont ai ni ng : : non-contact area used in the
ratio Nis %Egmggﬁ%cgﬁftﬁlg%ﬁ%oéﬁﬁﬁ%d&fi ons: (a) the vertical surface
of each upr{0gt] icenbsitin@E8umaN of Feguradillusttated thhethe htes@® hvbytionhi ch
such el ement extends %Itl)?\{gct hn%mu%)gegr st intercaonnectin .el‘fmelt 304,
(b) the vertiCar SUrTPEE EECTE"EEnT A2t OB SpBhen %‘?G%E"Sg&“e At op
hori zont al agka framduly deriacaral tchlly asrgiad. B ckigsioH PeriARSkion

i nterconnecting.elenments 304. It will_ be recognized that these

non- cont act COHPEAENCH 3 cabeerpiQre pyax Heslerde slentants in shechihers isnosdealy a

l'iquid encor'e!ﬁhtaﬁiéé 8% BUhhSIHRE $AXEIAES WiBE {h}%gmi Vt@xtu{epgrqgﬂleéﬁglany

addi tional enbodiment of the invention is shown 11 Figure

consi st s ofclgeinissane highlyaapevred 4gandhadsion gntargied. diandlipadmedgds thagrasonnect ed
t et rahedr al j f 5. 404 and 8. Al elenments 404 and 408
are shown a%fcfog{er{ﬁ‘fq?rgglwarll ﬁg%ﬁﬁn %ﬁaco\ﬂegfl%etl ngm?noalr%glg?gcj TRE Sglﬁg
409, t houghmtdeissofmeeebnnaitcuba, sd.interotivetcd hivadi e catlooWneach be i t
cell is a reqgular tetrahedron in whi &h eachn%éf four) faces is an
equi | at er al® ?tlugﬁﬁlllsépoisf‘f‘é tg S(S]‘Bl.ed'fm%"fr?wr?ssn“i Y Bt eHtioiss of the
network, angtescdhhddtioRifics difeHsids B pseiitio GlfnioRkangtoikyhie four
edges of the spatial unit, |eaving the center of each triangular face
and of the %j3ang af thanptvosising hsigpetalelanefionBhe tapswrfae prhducsy stemster y  of
the tetrah i i : I vi ew of
Filgure 5 veal Farariadeal g uibiectang; BaFbRRE oARaR: B b Eikai-
texture prowedserttidngtihicgleesind thes the dngtistb ivfidthest dfelvotlstendts tonfg ar | y
faceted poItKhedra are non-deformable. As the structure wears, free

ends are fOPHERTEH G RNHY L HEEOP At provide | ocal deformability and

conpl i ance [0E62] Weithnerfdepice ee Figure 3 hese@ideibIBMenSETPMsHife FidOW4er5, the
tetrahedral _network is constructed on a slightly wedge-shaped base
| ayer 440 dJg8ynsdiconggtentavih the areset invpionds desembed vathysaiecitosad exact |y

paral | el tqjikgR! sﬁﬂ@cec}n%)#%ﬂﬂé aShurdMdon§ {8 %gs?sgft(i)dr%léi }qﬁ 'o\f‘%‘[lvtx)lpg ynt in

time only a subset of ers 406 are wearing eir ngest
di mensi on, weild kavapsimibdr assmenetried pattert ofihodonne:taquirronidutieet iyt delle

contact ar N EpRY-N [ 0SSa ti.onal, areas_jn a of polishin
sur f ace) 43%&6413%1%%1%?1 & 3%%%‘%8“&8#&?& f’ﬁglgr"r&lﬁgﬁgﬂ""‘d&?ﬁﬁgﬁﬁ‘i es
Thi s provi des lajee 3d@ataptiendlRabpat bso;%@abﬁt&inaﬂj? BRIuUe BIdPSinBSS &M deal | Y
i nvariant \égr thE, helxght 414 between the &gl ishing | ayer or

pol i shi ng gl nEHEshing6exiwg 300 comrpses plemens 30hand308+ Relighoig texiimeg00
texture 40Qiffe@frblﬁ?§@{/i\/§eh§éng RRGR JARTFIARD2 iir?atsléagpt%%sﬁﬁ?sh iy

repeating series of w e-shaped sections supports € network. The
structure $KEWRASISAS i prlsbing tgxdurg R o inpEtrédtly vorisal lep emtiosigions at a

Simlar to.tk i j .Layer 44 ecyres S ayer

240, Lo op gy BEMeRl vty 4h 85 fng SEAGRCY S MRl e SERIRGT dT g 8

devi ce 470 hofip@6splahn anthe fenbhitie riements BoSure icorvEd eiilied than strlightc QItRCt
the unit

area rati o C.i he aver,age c act area 422 divided by t
pr oj ect ed glfé‘euét%%érﬁnaﬁcg}?%elﬁ‘%i@%?ﬁ e oot Oélﬁ‘ﬁfﬁ?igub?onier?ée BPsiigpedai ¢ hat
i's, the aremglafof@nodfdedradsanitt refgecad TheoabaMy I B48 afd B8 HBAKGH: a1 LRI t Ch
418. The ngn-c nte&csh area usgg inthe ratio Nis the sumof three
contri buti%ﬁél.l&(%l 198 1R 3% ponsisisrod wait eflisela pheupsHs vy ieshepeand 408
over the i Rehvdr@Edcedrer L : : ove

@8 &lced el feﬂ@?esfﬁ%h%’sﬁﬂdlié}%?lgﬁ ﬁ@%leﬁ%@%@§ J30

t he uppernost interconnecting el ement 40 e ver Surfaces
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-



[ 0066] In sone enbodi nents of the present invention, the chem cal
mechani cal polishing pad has a central axis and is adapted for
rotation about the central axis. For exanple, Figure 6 provides a

si de perspective view of a chem cal medhani cal pol i shing pad of one
enbodi ment of the present invention. In partlcular Figure 6 depicts

ingle la ; | 510., Th
mechani cal BO1EHI R AR BL BTG e ) SH FEprEernas YHARA A fpar
central axitfe &kspoideho@tibaiat Bﬂpﬁlﬂlﬁzﬁgﬁlgm&;tézmsl\l&eﬁiéﬁﬁ 0Liddd v

circular cross section with a radius r fromthe central axis 512 to
the outer pexisRAP mbpdiehie serntiahprgesior sfbeprsEt invertiopl vedrees dements
angl e 0 to 3)g&,GeMELa! Sirfade 1 i i

enbodi nent s, ?le porpl sish}?ﬁn%g rad ng%lgﬁﬁﬂé%&ﬁ%%t;s jsaggé(?géﬁnéﬁr?oﬁnm
per pendi cul A4 junciaons 389 ¢ceﬁ1rma:l nea«xork IrBarQonnbmtechmrthreaﬂmmmnmfo d duéfsdent
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enbodi nent sndé bﬁ&l@@érﬂtﬁﬁ&}goﬁa@lloﬁlﬁlekﬁnllﬂﬁtoacoﬂfoa:ﬂao hRakkjisceat an angl e,
0, of 85 to (%5 o.the c ntral axis_.22 512. In sone aspects of these
enbodi ment 0043 dn Ieim§¥? PRenhshevEip Figars 4 the qopiasicrrearatio s Hie axeragig| e,

0, of 89t t
0 Qo%ctta?eamd@ﬁaémlth@zsh@pé}e%ted Féa% tRP ‘ﬁj faﬁ*&h‘%ﬁ‘%ﬁ?ﬁm

enbodi nents, the polishing pad 5 has a pol | Ing s
has a substrilehBES. I@eCéil&emyﬂChﬁl%mis@n@efcmacﬁilmlpghid|va1u¢lﬁ¢, ittie ptefrered

cent ol 21 30 ST ARORR S Bl IS SIROSLIRRL eyt 20 U

r, of the crossS section o % cular to
t he cent r alelemeing, Bilwhiviacdse € 1byhe<f'a?fﬁ)5’/oﬁtbaf totah ©f REOS®NBCArEQRIB22 kdthsone

aspects of .t hese enho e rad r, of .the cross section of
the polsi shmazcgfﬁ%%%ﬁ%@efeap%%@ P isKiupe 09 copining he spntack pRazi.

varies by IhiQ¥htleftadtRfatsasm Befatib Ws tHeQ0Q 6F et Fndtu@ol: IRERE 1S
provi ded a side perspective view of a chem cal nechani cal polishing

pad of one Véﬁﬁ@'cﬁu}’féﬁ“ﬂOfGﬂCft Fight eement 30&0*éfmttheondmldnal|d‘arghi 307 tar whikh gur e
ChaeP ol BuH ey LAYESs EHAHE AbpJRENANLEGncARl SO0 1ARGUP, | The
an| ca

chem cal nec has "a |ng surtdce’ 514 and
a central azxmsaiﬁmﬁ"aceﬂoécqmdqt sllamngs 306, hat &) B}kﬁ’eommhzﬁnﬁuhs& atdiad |y

| {1 f th t 512 t
The.outer SETRBRERY Lo LREpR BRI etpd debemnatt i il pboiseoimiean

angl e 9 t o thddtheeitinF @ntadkardaswteolledBrely the areas that are presented to a liquid
encountering polishing texture 300 from above.
[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
3 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



W claim 1. A chem cal nechanical polishing pad for polishing
a substrate selected fromat |east one of a nmagnetic substrate, an
optical substrate and a sem conduct or substrate; conpri sing: a
pol i shing | ayer conprising a plurality ®8f polishing el ements forning
a three-dinensional reticul ated network having a polishing texture;
wherein the ollshlggFtextu e co pl ur ty of contact areas

on a subset OFPES OpBFINERTH a‘@lpé’ggigﬁlﬁezl%iac ty paWngté it REe P ePRtadivig

texture has @euaﬁeragﬁgﬁeﬂpaﬁt i‘ﬂﬂinﬁéso?ﬂf le%?éi%%em'é’ersd% hf&%aﬁx EIBE%
foll owi ng equation: R where Cis a ratio of the aver age

cont act ar eathgf langest 61ntﬂnalpn,t\yhlgﬁm@s® af e @reapéqsxtacblsmmmwedrlafgbe contact
hori zont al pe{rQe{s?f:é e(goﬁrs@&mngfaréag?n ﬁl%@%&gcﬁghlﬁgﬁﬂ?a%r) 4?2 0? gle r’rent S

and Nis a ratio of an average non- e su se? of the

pol i shi ng el wmmg 8CIDES thtres}wrer digeniionsi Ahistpabvigesoheefehet thatahe contact .
area remains essentially invariant over the height 414 between the polishing layer or
polishing element 406 and the half height 415 of the polishing texture 400.
Optionally, base layer 440 is stepped such that a repeating series of wedge-shaped
sections supports the network. The structure shown in Figure 5 is approximately one
repeating unit. Similar to the pad of Figure 2, adhesive layer 445 secures base layer
440 to optional subpad 450; and optionally includes endpointing device 470.
[0065] In the embodiment shown in Figure 5, the contact area ratio C is the average
contact area 422 divided by the unit projected area equal to 0.433 times the square of
the pitch 418, that is, the area of an equilateral triangle having a side equal to pitch
418. The non-contact area used in the ratio N is the sum of three contributions: (a)
the vertical surface of each upright element 408 over the individual height 407 by
which such element extends above the uppermost interconnecting element 404, (b) the
vertical surfaces of contact elements 406, and (c) the top horizontal arca and side
vertical areas of the uppermost interconnecting elements 404. It will be recognized
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 6 to the central axis §12. In some aspects of these embodiments, the polishing
pad 5310 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



mhereln the aver age di nensi onl ess 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 chem cal nechanica
pol i shing pad of claim1, wherein 90% o2 the subset of polishing

el enments havi ng contact areas exhibit a contact area that is within

10% of the rage contact The, chem cal nechani cal
pol i shi ng pzaﬁgIg ?Igséjln};ﬁ Hpaces ?/ﬁé SéFWb%%SBtF theeolishipg @pd 8¥0 isdn p Blanpgat is

el enent's havi Bgap0s) BASH 8936 ©2S 1Akl aanmtzcth y&ntétasg&t@&htﬁ& gnt
pol i shing el ement having a contact area th IS wthin 10% of the

average pi t @@nbodiments, the P‘I’H@"@ﬁt@lﬁ%ﬁﬂwmmiﬁhmg alrfaso St 4 thianigaspad of
claiml, Vm%@étﬂ}}t%@}/ 0 RfuldrRfoss YREEL B&E%rﬁ?clulzﬁ b A9 c%ttr%ﬂ%@%ﬁ%f gy ﬁrge

cont act areas a contact ar IS Wt of 't
aver age contapactsax gzese embodientsithe 80s,0f oftthecrsssissetonaff ttpaqiolhs}hnglg

el ements havi ng r xhi bit a 0 acent

pol i shi ng eISur Hgv ﬁ%‘? Mo tﬂ?l?ic(tentéqlélélsglﬁ%t’ ar,e\émbm@/ h%I 205t he
a?/eragi p:NL cshcnon Ir;] sonfe asplas @fgtﬁéﬁle@ﬁtbodﬂliﬁﬂt@ﬁh@ﬁﬂkuﬁqt bﬁtth %sf&%@u&{of
claim erein the average di nensionl ess roughness o)

pol i shing t dhe plishing SIH&t:ﬁ,égﬁ rerpersliayay tothg gentral t%qs 512 varies by < 10% for the

cross section.

[0067] In Figure 6 there is provided 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 @ to the central axis 512,



24 cross-sections, triangular cross-sections, circular
cross-sections, ovoid cross-sections, hexagonal cross-sections,

pol ygonal cross-sections, and irregul ar cross-sections. 7. The
chem cal nechani cal polishing pad of cRaim 1, wherein the reticul ated
network has a plurality of unit cells, wherein the plurality of unit
cell s have 32 average wi dt h and an average | ength, and wherein the
average wd ‘he unit cells is < the average length of the unit

cells. 8. A et hedefirhl ;ﬁ&ihh&balrpghs?mfgtﬁaatfér%ﬁsmﬁg)msﬁmegerected
providing a substrate selected fromat |east one of a magnetic

substrat e, éﬁqrrba;sthaéfaqne@ﬁwa@mt@ sabrate. eenticalfubetaisrand @semicgnauctor
providing ag ln.| ﬁ?gnl cal polishing pad having a polishing
| ayer corrprl SI ng a ralfity of polishing elenments formng a

t hr ee- di nensi onah pmlﬁhuxgdam eampiastingr [dutakityi af golshpry dlehémgforeingar e;

vher i1 U1 oL S BA0RA RRSOREA R RLAARLRL, COPLZ0L, ™ o2
aver age di man5| OWhﬁﬁﬁl th@p@ﬁﬁ@g%xnﬁe colepriisaed phyalithef doatabOmbad®n a subset
equation: Rofthe poh )hmg elerhents;

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 Nis 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 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



where Cis 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 elenents and Nis a ratio of an average non-cont act
area for the subset of the polishing el?¢nents to the average

hori zontal projected area; creating dynam c contact at the

I nterface between the chem cal nechanical_ polishing pad and the,
substrate, CrOSSSecqonsyfrianglaneRssHecqns; ccRlar GPESHEFI B RyPidsTrRY-sections,

provi di ng a hp@lgbhdlichds-BRAbHpak saMl bl @8, HALMERTr R RRbaNI NI
texture and the substrate. 10, The nethod of claim9 wherein
the polishing medi um pes shearies megkpgicahpphishingpast oftchémte wgpreinghe t he
pol i shing | a%fftated network has a plurality of unit cells, wherein the plurality of unit cells have
an average width and an average length, and wherein the average width of the unit
cells is < the average length of the unit cells.
8. A method for polishing a substrate, comprising:
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;
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.
[0.  The method of claim 9 wherein the polishing medium permeates less

than 10% of the height of the polishing layer.



