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|l east 10 ml| and a width, W5 wth any two adj acent grooves bei ng separated
fromeach other by a | anding surface having a width, W.,, wherein the
quotient W/ W5 is less than or equal to 3. In a preferred enbodi nent, the
surface of the pad defines a series of concentric, substantially circular
grooves. Preferably, each groove has the sane WG, and each | andi ng surface
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defines a spiral groove



having a depth of at least 10 m| and a wwdth W5 and a spiral |anding
surface outlining the spiral groove. The spiral |anding surface has a
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U.S. Patent No. 5,921,855 to Osterheld er'al., U.S. Patent No. 6,520,847 to Osterheld
et al.,‘and U.S. Patent No. 6,736,847 to Jame§ etal.
[0006] While conventional grooved CMP pads have certain preferred performance
characteristics over, for example, perforated pads, there is still a need in the art for
improved pad performance features, such as improved pad lifetime (e.g., due to
reduced wear rates). The present invention addresses this need.

BRIEF SUMMARY OF THE (NVENTION
[0007] The present invention provides polishing pads for use in CMP processes.
In one embodiment, a pad comprises a surface defining a plurality of grooves with
landing surfaces separating the grooves, the landing surfaces together defining a
substantially planar polishing surface, each groove having a depth of at least 10 mil
and a width, W, with any two adjacent grooves being separated from each other bya
landing surface having a width, W, wherein the quotient W /W is less than or equal
to 3. In a preferred embodiment, the surface of the pad defines a series of concentric,
substantially circular grooves. Preferably: each groove has the same W, and each
landing surface has the same W
[0008] In an alternative embodiment, the surface of the pad defines a spiral groove
having a depth of at least 10 mil and a width W, and a spiral landing surface

outlining the spiral groove. The spiral landing surface has a width, W, and defines a



surface defining a plurality of grooves, preferably concentric and
substantially circular grooves, with |anding surfaces separating the
grooves. Whbeolizmsding surfaces toget her define a substantcalusgoionpioanar

pol i shing surface. Each groove has a depth of at least 10 m| and a w dth,
W5 with any two adj acent grooves being separated by a | andi ng surface
having a wwdth, W.,, wherein the quotient W/Wsis |less than or equal to 3.
Pref erably, each of the plurality grooves has substantially the same depth,
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60 ml. WG for groove prefte In sone
pref erred enbomwﬁnnnmmm-ty@éewomsm@ablzcqnﬁemqfeanﬁiatrhg@m@ily PCUT| to 40
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groovi ng di nensi ons suit abl I ng pads of the present invention.

Table 1. Pitc hde(fﬁp p §qmare1m1y ):qml_an(tq\;qo|1§lmswgw| Eqeh groove has a depth of at least

10 mil and a width, Wg, with any two adjacent grooves being separated by a landing
surface having a width, Wy, wherein the quotient Wi /Wg is less than or equal to 3.

Preferably, each of the plurality grooves has substantially the same depth, and/or
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substantially the same Wg. Each of the landing surfaces preferably has substantially
the same Wy, as well. The width of each groove preferably is substantially uniform
throughout the majority of the groove depth, although the bottom of the groove may
be rounded, resulting in a decreasing width near the bottom of the groove.

[0018]  FIG. 1 illustrates a top plan view of a polishing pad of the present
invention. Pad 10 includes a surface layer 12 defining concentric circular grooves 14
separated by landing surfaces 16, with peripheral surface 18 framing the pad surface.
Landing surfaces 16 are substantially coplanar with each other, as are peripheral
surface 18 and central surface 20. Collectively, landing surfaces 16 define a
substantially coplanar polishing surface.

[0019] FIG. 2 shows a partial cross-sectional view of surface 12 along plane 2-2
of FIG. 1. Surface layer 12 is affixed to base layer 22. Grooves 14 have a depth, Dg,
and a width W, while the landing surfaces 16 have a width, W,.. The distance from
the beginning of one groove to the beginning of the next groove is defined as the
pitch, P, which is equal to the sum of Wy, and Wg. In the pads of the invention
WL/Wj is less than or equal to 3. Landing surfaces 16 are substantially coplanar, .
thereby forming a coplanar polishing surface for contacting the surface of a substrate
to be polished, while grooves 14 provide a reservoir for an abrasive polishing slurry,
and aid in channeling and distributing the polishing slurry over the entire surface of
pad 10. _

[0020] - In an alternative embodiment, a polishing pad of the present invention
comprises a surface defining a spiral groove having a depth of at least 10 mil with a
spiral landing surface outlining the spiral groove. The spiral landing surface defines a
substantially planar polishing surface. The groove has a width, W, and the landing
surface has a width, Wi, wherein the quotient W /Wg is less than or equal to 3. FIG.
3 provides a top plan view of such an altenative embodiment. Pad 30 includes a
substantially planar surface layer 32 having a single spiral groove 34 formed therein, -
which is outlined by a nested spiral landing surface 36. The pitch, P, which is equal to
the sum of the widths of groove 34 and landing surface 36, is also indicated in FIG. 3.
[0021] In each of the embodiments of the present invention, each groove in the

surface of the polishing pad preferably has a depth of not more than 50 mil.” In some
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preferred embodiments, the depth of each groove is in the range of 10 to 50 mil, more
preferably 15 to 40 mil.

[0022] I desired, the quotient Wi/Wg in any given embodiment of the polishing
pad of the present invention can less than or equal to 2, or less than or equal to 1.
[0023] In certain preferred embodiments, Wy, for each landing surface is not more
than 80 mil. In other preferred embodiments, Wy, for each landing surface is in the
range of 30 to 60 mil. W for each groove preferably is not more than 50 mil. In
some preferred embodiments, W for each groove is in the range of 20 mil to 40 mil.
[0024] Table 1 illustrates some specific examples of different grooving

dimensions suitable for polishing pads of the present invention.

Table 1.

Pitch (mil) W (mil) Wy (mil) We/Wy, Wi/We
80 20 60 0.33 3.00
80 30 50 0.60 1.67
80 40 40 1.00 1.00
80 50 30 1.67 0.60
70 20 50 0.40 2.50
70 30 40 0.75 1.33
70 40 30 1.33 0.75
60 20 40 0.50 200
60 30 30 ©1.00 1.00
50 20 30 0.67 1.50
50 30 20 1.50 0.67
40 20 20 1.00 1.00
30 10 20 0.50 2.00

30 20 10 2.00 0.50

[0025]  The polishing pads of the present invention are particularly suited for use
in conjunction with a chemical-mechanical polishing apparatus. Typically, the CMP
apparatus comprises a platen, which, when in use, is in motion and has a velocity that
results from orbital, linear, and/or circular motion, a polishing pad in contact with the
platen and moving relative to the platen when in motion, and a carrier that holds a
substrate to be polished by contacting and moving relative to the surface of the
polishing pad. The polishing of the substrate takes place by the substrate being placed
in contact with the polishing pad of the invention and then moving the polishing pad
relative to the substrate, so as to abrade at least a portion of the substrate to polish the -

substrate.
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[0026] Suitable materials for forming at least a portion of a polishing pad of the
invention polishing pads include, for example, polymers of varying density, hardness,
thickness, compressibility, ability to rebound upon compression, and compression
modulus. Non-limiting examples of such polymers include polyvinylchloride,
polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester, polyacrylate,
polyether, polyethylene, polyamide, polyurethane, polystyrene, polypropylene,
coformed products thereof, and mixtures thereof. The surface of the polishing pad .
defining the plurality of grooves can comprise any such material. In a preferred
embodiment, the surface defining the plurality of grooves or spiral groove comprises a
thermoplastic polyurethane. If desired the pads of the present invention can be
composed of a single layer of material or can include two or more layers of material,
e.g., a base layer and a surface layer.
[0027]  Desirably, the CMP pads of the invention can further comprise at least one
light-or other radiation-transmitting window region for in sifu inspecting and
monitoring a polishing process by analyzing the light or other radiation reflected from
a surface of a workpiece being polished with the pad. Many in situ polishing endpoint
detection systems and techniques for inspecting and monitoring the polishing process
by analyzing light or other radiation reflected from a surface of the workpiece are
known in the art. Such methods are described, for example, in U.S. Patent No.
5,196,353 to Sandhu et al., U.S. Patent No. 5,433,651 té Lustig et al., U.S. Patent No.
5,949,927 to Tang, and U.S. Patent No. 5,964,643 to Birang e/ qI. Desirably, the
inspection or monitoring of the progress of the polishing process with respect to a
workpiece being polished enables the determination of the polishing end-point, i.e.,
the determination of when to terminate the polishing process with respect to a
particular workpiece.
[0028] . The following examples further illustrate the invention but, of course,
should not be construed as in any way limiting its scope.

EXAMPLE 1
[0029]  This example illustrates the suberior removal rate stability and removal
uniformity stability obtainable in copper CMP utilizing a polishing pad of the present

invention.
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vork
polished with {%&lpad! I\/EHWS‘F’I‘FS etcb““ﬁﬁi“l"g?ﬁeﬁﬁm@ﬁ“gﬁg?mrsuﬁl F Pon systens
and t echni queswhfess pblishpeot eaagoandpmmhdvdng thgjretmoenl papdsicblainadjatpraber d8§& by

anal yzing |ight r ot her, radi.at he

wor kpi ece are |6E&t¢‘15 S gw?‘en\% ﬁ ‘&é %‘g hggleg%gosng%{{"%gg\g/ o‘rﬁt exanmple, in
U.S. Patent NOgreﬁng T35Bibital Slerrdéve ne@nmemovalm& whidg therpadigb the Bresgis 651 t o

Lustig et al. H\,émog) g ﬁﬂ}r WIE& ob lgéﬁub?tggﬁxtlﬁe%agd inérefle it G refmdat Rite. NO

5,964,643 to Blran e 1nspection or nonitorin of t he
progress of thkﬂopﬂl i sﬁervgsméwawntfﬁﬁv%%@bty perseniasgotelipedas &V IET ¥ g

pol i shed enabl g5y \Q&‘?&ﬂf)ﬂﬂﬁfﬂh@ﬁ(l@f refall€e RMAL4r8 BévidioR BEICPRMBYal adro®. , the
determination of when to term nate the O“Sh(#ﬁg’é roces h. respect to a

particul ar wor Rppaiwidianetsnsean aHRatrRGTAfRE Rt g Mg & Sf%%?ﬁ%‘f‘e Vi &R at e the

I nvention but, pofis S@pHed t FISNO Wr theR@he WaTers.ONSEah be skeA tn FIG. Hithe padylthe mi ti ng

i . EXA LE 1
ts scope present invention exhibited an unexpecledly consistent removal uniformity stability

compared to the conventional pad.



[00291This exanple illustrates the superior renoval rate stability and
renmoval uniformty stability obtainable in copper CWP utilizing a polishing
pad of thwopoasesdisi nvention. 7 100301A polishing pad eQmprS2&i00g2083

t her nopl asti ¢ pol yuret hane surface |ayer including a series of concentric
circul ar grooves each having a wwdth, W5 of 30 m!|, separated by
concentric | anding surfaces having a wwdth, W.,, of 30 m!| (pitch of 60
ml), with WOAG equal to |I. The polishing was repeatedly performed with the
sane pad on copper bl anket wafers using the comercial polishing slurry
C8800 (Cabot M croel ectronics Corporat$on, Aurora, IL) on Mrra polisher
under the follow ng polishing conditions: down-force of | pounds-per-square
inch (psi), platen speed of 93 revekuhppgs per-mnute (rpn), carrier speed
of 87 rpm and a slurry feed rate of 100 m lliliters-per-mnute, (n/mn).
For conpar i son{003Ydppetissamrle tilusiges e offest af te §'6°¥563?°§‘ﬁ%‘ﬂ“t15’ﬁ88?aq he same

conditions W themrftd M| ar pol yuret hane poli shi ng pad havi ng concentric

annul ar groove par concentri.c annul ar.lan ur.faces, but
naving W of DO Eire palshite BiE G st RBROB I AN b ve) WG of 7.
100311FI G 4 I pdlyiféthiame a&fatehlayeﬁ hﬁh@ﬁgn&remmmncenmmuaﬂarlgmbeesmrmezi nunber of

waf ers polishe show ng. th obt ai ned at
waf er |1SO and g?,éfg‘\f" ?gweﬁsteits ev?ia(enatsl)‘?r omlec% qpééﬁ]\éﬂém{j‘ﬂtﬁg@?ng a
convent i on W./ ¥Bditibniog deetncforce, 1af rpm platkn dpeedeahdd 00 gun emditionenraiiondnoval rat e,
while the pad gled NEnRGGREIAS b S0'CABoaliRLBI DA (MG O uled aﬁ&(rﬁ'e@stt ed an

unexpect ed i ncrease In renmoval rate. 100321The observed renoval
unifornity st albbtifprdp mieyteseWeargate waesaloylated ysing dajguitorp prinpger 1919 pinjgerdQy

non-uni form t Yar{d'noﬁmhfzédm) ?xﬁl‘-ﬁéﬁh&&%{/‘dé&@ d@‘l(é pdb ﬁzﬂi R fofllwin £ BfnéadionsCr 0ss 49

poi nt di aneter scan of enti exclu bt ai ned
with each pad P@@(@pl’f&j’:?%mﬁi% éﬂf"(b‘rp‘fche 69&1%“8&’% §§8}§é\n I¥€ seen in
FIG 5, the pagyafi, Whewhﬁsﬁ&h—IG()\ﬁﬂnWLDMGex’mnblPﬁﬁd)/ﬂn W@expﬁmtde:y

t ent | fq t d to t t | pad.
S EXAVPLE 2 [ OOBI-AIFS- 8 BpN W T st Ko BEites Sy DGR g

configuration p:[allﬁadg madntﬁoainmlarjgaﬁaés]ﬁ;mmbpcabneeulnnngmpadhnd)ﬂg the i nvention
corrprlsmgathem) th reh series of
concentric ci r&‘hfa&e’r’c’pbé’ oV s W8 ufse O%Hétqﬁiﬁtclh%ygé'ahmyq{ est QfThe t est
was perforned @(PaAISO/INBE@smiedsher W|th 7 fl-1b cond| tioning down force, 105
rpm pl aten spe 0 r (SRGEFLF tfePagd tioner was
from 3M Co (l\/bﬁﬂ?sl d@%Pp}BQ, sCaV%ﬂJh kazggxyeﬁggg ?ﬂgﬁkﬁe t est Iast for 40

m nutes. Wear e)atr@lewaés tha date indfilEd6 showp ghecpad éleéffrf@?ﬂ"ﬁﬁe?ﬁﬂ% foragivengroRviut e 40,
and normal i zedy |, @l 29%1)@[2/\)@6&&{?&%&12{Bhe(mﬁ%ﬁlzbaﬁhdohm f ol | owi ng

di nensi ons: Pad 60/ 50 WL = Eltch ? rlzo Wi WG =2;
Pad 60/ 30 - V\GWﬁlﬁeiy) Ippdditiay ﬂmea"mefﬂéwwe@esw ViR piEes- L0y pag

40/ 20 - = 28 oox)é&m&'th RreAiek froxlﬁlfomo-mlﬂ@’adﬂdo./m%d W30:re1pecﬁ:iblly)

conparison t hane polishin con LS annul ar
grooves separ afé’a(’]by %‘gﬁgg‘ﬁtﬁ H"&H'ﬁﬁ?@? "lvﬁ §Tff‘¥%‘ﬂ§§em H‘ﬁfgﬁ%w ng W, of
70 mi| and WG bdst thOdekinbwi foi theciivenforSior ¢utrlying owutehm\AhﬁMG\@hatRmé #iabos80/ 10) was
e L T LT )
i ncreases for wmadjnythnfaegoomgdessription. @be@\entoziFXWF%kllé@éWﬂEd@mases from 2
to 1 (Pads 60/ gy QMué&/agQ[H)er%%Q%ﬁ'lh\é%v)éx)n)ors iffer@d6lithd iRVenibd @ year rate al so

increases for a given pit as the groove wi dth increases
from20 to 30 WFIICGWHWGGIWasa%ﬂ@F'@@ﬂB@FS"ffbé%b“é@{‘| Hesogdingly) BIBYEPHEY er r ed

enbodi ment s of jjchu& anfi%@mchtms ﬁ{d%qﬁtea%‘nwd@aﬁ sitécenbuer rdtabdidiR@laie best node
known to the inventors for car aélﬁtlae i nvention. Vari.ations of those

preferred embodRReRdsd Serpiays PRERYY b‘él?ﬂ?ﬁ? . MPTROIEE 3By © maH%Pr%{“?k. Il in the
art upon readi ﬁlﬂ)vé B&cnﬁ&ﬂ@@ﬁﬂeﬂg|ndﬂi%fslbﬂbwaﬁmonﬁ'dh&ebmyaiablﬁliagseé)bpGiet skilled

artisans to e oy. such vari ati.o propri ate, ventors intend
for the mvenﬂj F‘I}/‘PBU@?SB&' 176d% be?ﬁ'g?&n £ ?rﬁésﬁd%r%'scﬁg%ti ﬁteéjgyl y descri bed
herein. Accordtemgxy, this invention includes all nodifications and

equi val ents of the subject matter recited in the clains appended hereto as
permtted by applicable | aw. Mreover, any conbination of the
above-descri bed elenents in all possible variations thereof is enconpassed
by the invention unless otherw se indicated herein or otherw se clearly
contradicted by context.



9 CLAI M5 1. A polishing pad suitable for use in chem cal - mechani cal
polishing of a substrate, the pad conprising a surface defining a plurality
of groovesowntimoBandi ng surfaces separating the groovespcrhms2éiandgions
surfaces together defining a substantially coplanar polishing surface, each
groove having a depth of at least 10 m| and a width, W5 wth any two

adj acent grooves being separated by a | anding surface having a width, W,

wherein the quotient W/ W5 is |less than or equal to 3. 2. The
polishing pad of claim1 wherein the plurality of grooves conprises
concentric, substantially circular grogves. 3. The polishing pad of

claim1 wherein the grooves have a depth of not nore than 50 ml.

The polishing pad of claiml wherein Ehﬁ ﬂﬁpth of each groove is in the
range of 10 to 50 m|. 5. The polis pad of claim1l wherein W
for each Iandind- sur aelishing passuitablsyfer yspyehguicgimechanical polishing ofge pol i shi ng

pad of cl ai éﬁbslfatéhﬁé &idf}oéﬁ\&nsﬁ]@r a A% dkmmy ar]ﬁurﬁu{; Bpgi&wbsswmaﬁmg quange of 30

ml to 60 m | The polishin 0 ere WG for each
groove is |%‘iP"c'ﬁé‘gr‘h§r$§@"§f ﬂ’?b‘"ﬁ‘f@ S‘F%Ce&g’gﬂgT‘de't'“‘"g“s“g%am‘% ‘BBM'shi ng pad of
claiml \Ahegommngesaﬁrhbegaraaogfeodmwﬁgw@ebﬁmmakdsmotdﬁemﬁarmatdewg,rwim any 9. The
pol i shi ng ﬁf claim V\/nerel n@?‘ ?fglg ‘5@ ﬁ‘ ]subs(rhg whe%mpe same WG
10. The pol'i“’gﬁ APV ET &gasfqﬁqte e & YiRgR g s’ur "dce has

subst ant i aldu)btnédnwmrelé@lthanorequaltom A polishing pad suitable for use in
chemi cal - nechani,cal .polishin r g a surface
defining a spi r &l gr@‘O\? Rk lg%a&)')f"‘%'ral % il e é&r§§¥$§é§%&gg%34 Z‘Hgng the turns
of the spi r@hcegmmmbstantlhlb/ csrpulnraﬂmdvemdl ng surface defining a substantially
copl anar pol i shizng ihing AL HARY SnbrK! Rilhrdon B b Bpupdr bt 10 1 |
and a w dth, V\G;3 an zﬂ{eﬁg ) mﬁé?n% surface . g\g}%rr\gva wi d a p \/\L,n wherein the
quot i ent WHhwSamil| ess t han or equal to 3. 10

4. The polishing pad of claim | wherein the depth of each groove is in the
range of 10 to 50 mil. .
S. The polishing pad of claim 1 wherein Wy, for each landing surface is not

more than 80 mil. .
6. The polishing pad of claim I wherein Wy for each landing surface is in the’

range of 30 mil to 60 mil.

7. The polishing pad of claim 1 wherein W for each groove is in the range of
20 mil to 40 mil. ‘

8. The polishing pad of claim I wherein each groove has substantially the same
depth.

9. The polishing pad of claim 1 wherein each groove has substantially the same
Wa. _

10.  The polishing pad of claim 1 wherein each landing surface has substantially
the same Wy A

11. A polishing pad suitable for use in éhemical-mechanical polishing of a

substrate, the pad comprising a surface defining a spiral groove with a spiral landing surface
separating the turns of the spiral groove, the spiral landing surface defining a substantially
coplanar polishing surface, the groove having a depth of at least 10 mil and a width, Wg,
and the landing surface having a width, Wy, wherein the quotient W/Wg is less than or

equal to 3.



12. The polishing pad of claim 11 wherein the spiral groove has a depth of

not nore than 50 ml. 13. The polishing pad of claim 11l wherein the
dept h of wbeogrosme is in the range of 10 to 50 m|. PCT/US2610/0910e3
polishing pad of claim1l wherein W. is not nore than 80 m . 15.
The polishing pad of claim 11 wherein W. is in the range of 30 m| to 60
mi. 16. The polishing pad of claimll wherein W is in the range of
20 ml| to 40 m|. 17. The polishing pad of claim 11l wherein the
quotient WIWGis less than or equal to 2. 18. The polishing pad of
claim1l wherein the quotient W/W5 i 40l ess than or equal to . 19.

The polishing pad of claiml wherein the quotient WONG is | ess than or

equal to 2. 12, %ﬁaepmnﬁsngﬁido%@iamgm@&r@ﬁmeL@;angrbooe*as;@&eamt&ﬁmquoti ent
WL/W) is |ess tthhasno orl equal "to 1.
more than mii.

13. The polishing pad of claim 11 wherein the depth of the groove is in the range
of 10 to 50 mil.

14.  The polishing pad of claim 11 wherein W, is not more than 80 mil.

15.  The polishing pad of claim 11 wherein Wy, is in the range of 30 mil to 60 mil.

16.  The polishing pad of claim 11 wherein W is in the range of 20 mil to 40

mil.

17.  The polishing pad of claim 11 wherein the quotient W{/Wy; is less than or
equalto 2. '

18.  The polishing pad of claim 11 wherein the quotient W /W is less than or
equal to I. _ |

19.  The polishing pad of claim 1 wherein the quotient Wi/Wg is less than or
equal to 2.

20.  The polishing pad of claim 1 wherein the quotient Wi/Wg is less than or

equal to 1.



