2 8 MAR 2005 WO 02/ 02279 PCT/ US01/ 20904 GROOVED POLI SHI NG PADS AND METHODS
OF USE Shyng- Tsong Chen, Kenneth Davis, and Kenneth P. Rodbell RELATEZR MARfZUUS
APPLI CATI ON Thi s application clainms the benefit under 35 U S.C. 119(e) o
Provi si onal Ww@ple2ewtion Serial No. 60/214,774, filed JunepdBuspfflgs and
entitled "G ooved Polishing Pads And Methods O Use". FIELD OF THE

| NVENTI ON S The present invention relates to the field of making polishing
pads, and nore specifically to providing nmacrotextured surfaces on

pol i shing pads used in t GRODVED POLISHINGHADY AND MRTHODY 0Psk CVP) of
sem conduct or substrates. BACKGROUND OF THE | NVENTI ON em cal - mechani cal
pol i shing has been used for many years as a technique for 10 poli shing

optical Ienses and sem coskisgTehg ORMER SanetlDivEs, ERAKRMNP. REGEHT Cal - mechani cal
pol i shing has been devel oped as a neans for planarizing Intermnetal

dielectric layers of silicon dioxide and for renoving portions of
conductive layers within integrat e@%mmpuéﬁﬂ(ﬁ@s as they are fabricated
on various substrates, For exanple, a silicon dioxide |layer nmay cover a

metal it~to~connect cd8pRligationclaime the bensfit undes3 B8 &5 § 619 abRrovisionshe si | i con

1 S dioxi de | ayer ApslicsioRSaal 165, 66/8M, 7%, i i
corresponding in Ew‘ﬁl lg{:‘h&and w dt h to%ﬁzﬁﬁﬁgzg%?ﬂgg&@ﬁvﬁg@%@%ects.

The step hei ght pthods Qf Usse. upper surface of the internetal
dielectric |ayer have several undesirable characteristics. Such non-pl anar
dielectric surfaces may interfere with the optical resolution of
subsequent phot ol it hographi ¢ pr oc FELNGF THEBPEVENIIONuki ng it extremely

difficult te print hig‘heﬁ&‘e‘xﬁlid%ﬂti@ﬂ'reiaw&iheﬁmfﬁﬁlﬁgrgoﬂm%@%%\égh\é%s the
et

step created in the.tfcot{er age of a second netal r ov I'Rter met al
dielectric | ayerSPeqifcalyiapoyidise macrojeturpdsurfecesomipo bads used inttheschemitak]

coverage nmay be imehifiaBilMarkdida (Cm%fsaﬂ%d&i& Gildafs Maybe foamed in the
second netal |ayer.
BACKGROUND OF THE INVENTION

Chemical-mechanical polishing has been used for many years as a technique for

10 polishing optical Jenses and semiconductor wafers. More recently, chemical-mechanical
polishing has been developed as a means for planarizing intermetal dielectric layers of
silicon dioxide and for removing portions of conductive layers within integrated circuit
devices as they are fabricated on various substrates. For example, a silicon dioxide layer
may cover a metal inte;_qonnect conformably such that the upper surface of the silicon

15 dioxide layer is characterized by a series of non-planar steps corresponding in height and
width to the underlying metal interconnects.

The step height variations in the upper surface of the intermetal diclectric layer
have several undesirable characteristics. Such non-planar dielectric surfaces may
interfere with the optical resolution of subsequent photolithographic processing steps,

20 making it extremely difficult to print high resolution lines. Another problem involves
the step created in the coverage of a second metal layer over the intermetal dielectric
layer. If the step height is relatively large, the metal coverage may be incomplete such
that open circuits may be formed in the second metal layer.
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1 (00002* 28 MAR 2005 WO 02/02279 PCT/ US01/20904 To conbat these
probl'ems, various techniques have bean devel oped to planarize the upg)q,{Ag;mS
‘'surface of the internetal dielectric | ayer. One such approach is to enp
abrasi ve pol iwbiopgeatoo renove the protruding steps al ong_th;cﬂgﬁ?{%ogﬁyrface

of the dielectric layer. According to this nmethod, a silicon sSubstrate
wafer is mounted face 5 down beneath a carrier and pressed between the
carrier and a table or platen covered wth a polishing pad that is
continuously coated with a slurried abrasive material. Means are al so

provided for deposi ti nfo combatalissamoblansstariosyechiiqubd laviRRedevalsed 84Rin@fe t he pad

d for forcibl | ubst r at fer agai ngt the polishing pad,
gﬂch t hat m)ve?/re%eq%?ér élgep%gi% er nenélﬁ@ (feﬁe\é\gg ﬁﬁ?‘t g%t"tsé‘ﬁwﬁ?r@?c_h ¥4 SRRYe to each
other in the pr es@h@évemmshmgtdmoelmﬁwquugm@sﬂphgonghrthemtpﬁda'ahfaa@;fg,@n SI at 23
contacted face of 4 . r h.t r .an e tahl e maybe r _
relative to each od% g?iwtﬁ e?'rﬁ%ﬁ%}w/gf@ﬁg}g%?‘gfﬁﬁﬁ’?ﬁ § o isppquated 6 asi ve
pol i shing pré&cess down begeath angeidr and piebsed breweapthe carterirkiacdlenk plifaecodéred €Ct ri C

| ayer is Substantg:@l by I L Shi e. _ng.of uni form
ma%/eri al .such as ;%‘iﬁ;tlgbrﬁg{nh%ag tﬂé?m E%@Mr%’gsr%%g%dnw %’gﬁrglﬁa e g‘d with a
synthetic resin bi nderMea@mealipW&eéfqrézpﬁmngrﬂl&ahrfmaslu&%/ﬁ?gxbﬁpg\;ﬂ&;tfac?nfhe
havi ng non-uni f or e RO iaffior : ok _
pad. %ol yur et hane pgl iffaghi ng 1We S 5(%5%& ypl E%P@y%oﬁ sgﬂlﬁﬁdshﬂ@?ﬂa’gs“é‘ reactive
conmposition in a MF@OVeReHp Ritien 208 fip sstrateoralr wlativy nedch ethpanthomesenceal , and
then die cubting of ihestRAdesimlifplambrizdtof OF tﬁeh:ﬁﬁgfeﬁ'fa{cggf ttga' vgager.aﬁcg]ix REARE: 'tI)'he
reagents that form tFe 0 pobl yuret hane or the resin binder also may be
reacted within a e'gff He's TR Lo cetiecdpidie to cagif qttesr tomdrawiantye painelrgiskply Thial | y
shaped piece of pastasi@bsiishiag prbdesibibontitbb@urtil S EersiBlce A qie?e‘dﬁ’iﬁ ﬁ?&?s”t l'y used
as the polishing pad. A@%ﬁhcal | am nated pad may have a plurality of

| ayers, such as a® 5%’?% d resilient m croporous polyurethane |ayer

lami nated onto a firrRolilingpeRinlal Bévhad UPORtbrial Yardr@YRéh o5 PORdgRhOG @ porous

pol yester f 61‘15 tw %pnw%végl%b&lsj {n%)tre%rafeﬂ&l with a synthetic resin binder, or may be formed from

b o

multilayer laminations having non-uniform physical properties throughout the thickness
of the pad. Polyurethane polishing pads are typically formed by placing a reactive
composition in a mold, curing the composition to form the pad material, and then die
cutting the pad material into the desired size and shape. The reagents that form the

20 polyurethane or the resin binder also may be reacted within a cylindrical container.
After forming, a cylindrically shaped piece of pad material is cut into slices that are
subsequently used as the polishing pad. A typical laminated pad may have a plurality of
layers, such as a spongy and resilient microporous polyurethane layer laminated onto a
firm but resilient supporting layer comprising a porous polyester felt with a polyurethane

25 binder. Polishing pads typically may have a thickness in the range of 50-80 mils,
preferably about 55 mils, and a diameter in the range of 10 to 36 inches, such as about
22.5 inches. _

Polishing pads also may have macrotextured work surfaces made by surface

machining using various techniques, many of which are expensive and produce

30 undesirable surface features of widely varying depths. Surface features include waves,

holes, creases, ridges, slits, depressions, protrusions, gaps, and recesses. Some other
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25 binder. Polishing pads typically may have a thickness in the range of
50-80 mls, preferably about 55 mls, and a dianmeter in the range Pﬁ %&Zhg
36 inches, such as about 22.5 inches. , Polishing pads al so may have
macr ot ext ur edwaee/m2zur f aces nade by surface machining usi pgry; IP@M§
techni ques, many of which are expensive and produce 30 undesirable surface
features of wi dely varying depths. Surface features include waves, holes,
creases, ridges, slits, depressions, protrusions, gaps, and recesses. Some
other -2 2 8 MAR 2005 WD 02! 02279 PCT/ US01/ 20904 factors which influence
the macroscopic s Usdarehitheniiuance the inagrofaopit Siffhde gex b a bSliskiRepaa la%Ghe sizs NAPE,
and distribution f . spacing of the, surface features. Polishing
pads typically ﬁéﬁ%@%ﬁ%ﬁ@éonm e@P%’fﬁ%{ﬁW’g@"fgﬁﬁﬁyggmefgﬁ,s@hﬁgnggac}ﬁ croscopi ¢
bul k texture of tiypécaliperdayraiss bidve mingotéxined shicésaiie byd hicRdsdosic bk teliBre of
manuf act uri ng Pr OGRS3 ' L shing. oes not .normal Iy occur across the
entire pad surface, a%g/e@%?rgﬁg%?tozsr%m%rcst? 8“}3%1’3“&‘%”‘?%@' gsroliingur es made
by surface michi nidpggnotmaymalinbopurtacrofsdirereatire padtsorfick) anyanicioteRtireof the pdd@ndad over
whi ch polishing i i ng,.t.he pol i.shi rocess, , the
mat eri al renoved ﬁeﬁc{oﬁgﬁrﬁ#,@@%&%{&%ﬁ% o "@%gﬂ%\%%eg@f‘” ROFo88f si | i ca,
in the slurry tendhempad everwhich pobshing tsttetikepiate.enbedded in the 10 recesses,
pores, and other free 101 e, 1] copi G .and, magroscopi ¢ bul k
texture of the poli shi]?]lga%gl pﬁS&g%ﬁ%octﬁ%athin%&zrﬁF‘B‘gég.mn%few el aP%
achi eving and mai feaPmatiYegsush asisitjpp, ey shirishétopbedons hpmgcteding einbedpedaivinei ng and
mai nt ai ning 10he Paddesidif o ind dfkr Rech RANBAN hRRop RS LACHAL | S
SBd y P u

reduci ng or preventing_.a hydroplanihg effect caus e nu p of a
| ayer of water betSXREPI e BOlsking Ref Algnd pres igsudace fOnelfestopnchelsieving26d t he waf er .

|t has also been dabfigR@tih kRabioBOIEARiR% frlMiuidd i hbhainhk ofbud 20 11 2
controlled manner ,.wi || increase %o ishing uniformty, 1.e., ﬂfﬁe unirtormty
of the polished Mcéqaﬂgoe} %{bé\_not er factor is réducing or preventing a hydroplaning effect

caused by the buildup of a layer of water between the abuiting surfaces of the pad and

15 the wafer. It has also been determined that increasing the flexibility of the pad in a
controlled manner will increase polishing uniformity, i.e., the uniformity of the polished
wafer surface, '

Thus, consistently achieving uniform and high quality polishing of wafer
surfaces by conventional pads has presented three problems. The first of these is the

20 buildup of abrasive particles and debris between the pad and the wafer causing uneven
polishing and damage to both the pad and the wafer. Secondly, uneven polishing due to
hydroplaning between the wafer and the pad during conventional processes has resulted
in the relatively high loss of product yield due to the resulting wafer damage. Thirdly,

uneven polishing and wafer damage has also resulted from overly rigid pads produced

25 by prior art manufacturing techniques. Therefore, there is a need for a method and
apparatus for providing polishing pads capable of consistently producing high quality

wafers with uniformly polished surfaces.

SUMMARY OF THE INVENTION
The present invention, therefore, provides a grooved polishing pad that is capable

30 of consistently forming uniformly polished surfaces on high quality wafers. The
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Thus, consistently achieving uniformand high quality polishing of fer
surfaces by conventional pads has presented three problenms. The first %WMRZMS
these is the 20 buildup of abrasive particles and debris between the pad
and t he waf erwoaasizngg uneven polishing and danage to both ¥E?nﬁéﬂmﬁﬂd t he
waf er. Secondly, uneven polishing due to hydroplaning between the wafer

and the pad during conventional processes has resulted in the relatively

hi gh | oss of product yield due to the resulting wafer damage. Thirdly,

uneven polishing and waf er danage has also resulted fromoverly rigid pads
produced 25 by pr iappargystfonmealing the patdompriseenpisteruithposiflontz@ba kR holdihgs € i s a

need for a nethod : Ldin ol i shin ads_capapl e of
consi stently pr odu@?ﬁbﬂgﬁ?%ﬁlbg%&gﬁ F%gﬁg“%a érb ¥“6ﬁ%feﬁmef}?f§9"&rgﬁqf\§“dfbﬂw g
surfaces. SUMVARY sBrfacy pfithq ped/EINDtdeNo Pieeisalprcestenh the Heptieuf this @rooves Bethefagy €,

provi des a groove 4 8hi | ble .3 f consistently

form ng uniform nglgigdidéﬁlggggﬁ&?%nfgg&%%ﬁsﬁﬁpg%ﬂ%ﬁofm[tﬂ??ﬁﬁ?’@?@? SeHREOR 3 7 28 MAR
2005 WO 02/ 02279 Petreetba yvakiopswriagsofibepadsnd the chuelidorigldingendratitigonnbitges a
platen with positigy oA ' 10l § shi. d i i.tion for
engagenent by a r oﬁ{yg%h%%rrglg ﬁ’?ﬁ m@%cg%éég}sﬁﬁhﬂ) he p\%érlg?lﬁ%mlg\ﬁ’r @Z@g’% t he

e
pad. In order to qu@JP’?@PyZO%ﬁFPa?O%ﬁdeéﬁﬂqvabm@daydApmsasheteht&y are
routed in the pad,coﬁen‘ﬂ%ﬂﬁ%%{_mfomaﬁ%ﬁﬂ&oﬂ!' oﬁ?&?xﬁr@in@y%&%& ant and precise
an

separation 5 between the wor |ng surtface o e@t?a & the chuck for
hol di ng and rotating tH&PAbiiPased on thesuppstinecsunie efitheriites withte whikingesfoeei bed i n
U S. Patent Bppli diipaBrebibi eposdito tﬂb%ﬁ&%%tﬁﬁ%mutt{ﬁhﬁtﬁﬂ%n&léﬂ% ictor a0 00, foOra

"Pol i shing Pad G oovi ng Met hod and Apparatus”, the entire contents of this
appl i cati on bei ng THREGF SBRostede tha Radcy s e B spaging wechmien goarises atjidastced on

the supporting surchggefeablytieorplopd, Q6p Ménibars moSintinkihd ¥hns YiifR% % anJag%jufg spaced
K C] drive tor are

rel ati on opposi tetﬁro&f]hﬁ. outer bit. .T% router chuck and c

supported opposite 1 & tHS Baéﬁs@‘ﬁlm&tef‘?‘%{ outprend portion of the bt eroiges bayrrddhpr i ses
at |east one, prefpmeibbey(s), whictosreferalileare fihOfreRtRARAL:S tHABMAL G RMbe bARIf I aMe
adj acent to @n apeg: through, whi ch .passes .t.he router bit. An outer end
portion of tlﬁe bi t% &J%)%Féét@"“ﬁ‘é‘g%sﬁea‘ b %rgwg%?%rﬂp%ﬂ%‘fﬂf‘?ﬂmmiwemﬁ‘éfaé? abl y
are pins threaded ofiia¢ badro pullghefprdifinst againsathe duwerlosd dfXtieadukey bil mdakbh kigkmaithe. A
vacuum system i s RiOM B)f or applying a vacuumto the working surface of

the pad to pull the pad fTiTrst against the outer end of the router bit and
t hen agai nst the st odiqﬁ%lﬁ@@frﬂ(equtetbltby the motor while the vacuum is applied to the pad

causes the outer end portion of the bit to cut an initial recess (hole) into the padtoa

20 depth below its working surface. The recess depth is precisely limited by the stop
member(s), which comes into contact with the working surface of the pad as the rotating
bit cuts into the pad to form the initial recess. After formation of the initial TeCess, a
lateral motion mechanism causes relative lateral movement between the rotating router
bit and the pad while the vacuum maintains the pad in contact with the stop member(s).

25 This lateral movement causes the rotating bit to cut a groove in the pad ext'ending
away from the initial recess and having a depth substantially the same as the initial
recess depth. The lateral motion mechanism may comprise upper and lower plates
suspended from an overhead beam and arranged for relative movement in the x-y plane,
For example, the upper plate may be mounted on the ovethead beam and driven in the

30 X-direction (along the X-axis) by one or more motorized screws; and the router frame

suspended from the lower plate which, in turn, is mounted on the uppet plate and driven
-4-



Rotation of the router bit by the notor while the vacuumis applied to the
.pad ‘causes the outer end portion of the bit to cut an initial reggsmAR 05
(hole} into the pad to a 20 depth below its working surface. The receszg
depth is preoveeimatd nited by the stop menber(s), which cop@pyidiheesont act
with the working surface of the pad as the rotating bit cuts into the pad
to formthe initial recess. After formation of the initial recess, a

| ateral notion mechani sm causes relative |ateral novenent between the
rotating router bit and the pad while the vacuum mai ntains the pad in
contact with the d&ttpYwiseation ¥sne orxgoreingterizedisceemal Avamatiernative, diiphies niajie
rotating bit to cuyl«andofied - e ' ofromt initial
recess and havi ng as@gptyﬁ&sﬁ%(isftaé%% ﬁ&e?ﬁ%@%@gg%% 1?’?7%?1%? ecess
dept h. The | at er alPlafen endgpnieréieme mashemmaytedforqueli mevempp.cln additon, dhewlaterp| at es
suspended from an Qv6s BERE PSRV A : ' nt in the
x-y plane. For exa}lrpl e, th}g upper E)?g{ogﬂ?}gn%%g&ﬁfoﬁ%ﬁ%y%ﬁgggﬁ%%erhead
beam and dri ven i fovesentgtweenithe weeibitand e pdg t he X-axis) by one or nore
motorized screws; and f RfovsFibhithe thiegdi that RRRIMRE I r plate
which, in turn, is nount e%l “on t_hee Sp_er. p a1.gmgﬁcn%'??é\%%n-ﬁ?88¥8 MAR 2005
WO 02/ 02279 PCT/ USSTPZ(sbiod thepad iphe 7 {aloagiZ-%is) s boprovidaddy the veminz ed
screws. As an al t g gk mepaétb@ar@!h@kﬁterﬁm){dQ@stﬁr%nlb@f(gymﬁng%&i fpaduch xy
novenent instead of the router frame, or both 'the pl'aten and routér frane

may be nount ed fofs f¥EK dWedo Eiatge diamster apsmall Bickness, thersimey benaaesd theuideot at ed by
a drive notan to mHigpall everiintd HettHeinPRAdicd AR pad dvertetd BlbAnd ALBI Aty re MOVenent
bet ween the router b({aé\kgnd hhe iﬁag. It follow fromthe foregoing that .

rel ati ve novenent W& Hstiad grogingiie ropieihitatang the Zeaxis,gad heppsing theygoumm i 1 ect i on
(al ong g_— axi SZ:I rrﬁynainamphdbfﬂnbﬁﬁﬂd\bmgIa&falma@uluﬁﬂbaﬁeeinftheﬁﬁﬂah&paﬁge pa?l tOngrd Ejhe
router bit and the st menber.( s ' re_the polishin ad is, flexible due
toits large di arreterc}goﬁvﬁveélf?ﬁfl‘%"%H?Bm@&fhe?ﬁ@?@awggd%&m%wto gui de 10
this pad novement preferablyltver ormioss, pais grojebiinganivad &dmipditdniong h@agrdlibg, Z- axi s
maybe avoid by | V] the.raouter bit along the Z-ax|s, and then
usi ng the vgguum P{g?&nag{%ﬁ?%?snéf?%éo te?Plt'gfglp P Pi%aésolr‘%f'é?cgﬁeaﬁé’%ﬁfent bet ween
the bit and pad. Keywhenritstplatm isgbtatehiey apdatenallicnmpterhend Zeeparisulaiydeail fptii ded by
a plurality, pref gmd-g,:%\@ﬂ] W J | rd fr t he

pl at en al ong axesg{gara_lle t%%%h?ﬂfﬁgg%%ﬁ%%%%%%gg&ﬁ 8mFscsiu0drenr bit.
These gui depost s &naigr dismetes obq plready fndiceds the wiperand lwieiaterahaotion platep| at en i s

rotated by a pl at gidvidé fo¥iBteiDh&emerR B AbEerBR bdidic o e fed - rooving
di Sks ot her than BolTeh e oemet S hetolter bitcleve slfspx%#i&{g%rea)%ge:?ga{lgi ckness

and smal | er 28i anefigpe then-ags. Thagiore theoptat bifmay brmoyed Fltivesedieinadiar | at er al

motion plates provdcoidarkOwitt B EirRtian FOMEIRRER, Pind bvR il bk @hcetiith tee! ative to

the pad al ong thecﬁ(ﬁl )g:lalscoc%crlllgatesR,eandZ.

The foregoing relative lateral movements permit grooves cut in the polishing,
surface or the opposite rear surface of the pad to have either left or right spiral patterns,
25 zigzag patterns each following a constant radius around the pad at different radii,

concentric circle grooves, ctisscross linear grooves, inner and outer circle grooves with
spiral grooves or zigiag in areas therebetween, inner and outer sectors at different radii
and having different spiral or zigzag patterns, or any combinations of these and other
patterns, to provide either a uniform groove density aver the polishing surface, or

30 polishing surface sections with different groove densities. In addition, the patterned
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20 along the Y-axis. Therefore, the router bit nmay be noved rel a_t|v§8t ﬁARtZrdl%
pad in accordance with the Cartesian coordinates x, y and z, or in
"accordance with the cylindrical coordinates R 8 and Z. The foregoing
relative | at ewalozomyenents permt grooves cut in the poli Sfi‘c'?‘_ﬁ]s?]l?id%‘lace or
the opposite rear surface of the pad to have either left or rig spiral
patterns, 25 zigzag patterns each follow ng a constant radius around the
pad at different radii, concentric circle grooves, crisscross linear
grooves, inner and outer circle grooves with spiral grooves or zigzag in
areas t her ebet weerportionnfithe poltthing fuefaceDEhé PidInad be MnfifidloB to thed tre@debr NAVI NQ

i t .spiral or,.zi ttens, ny conbi nati ons of these and ot her
Séngﬁg, tsg proviwé&@?ﬁsﬁggggaﬁ?rfs&?ﬁ#ﬂﬁﬁéve density over the polishing
surface, or 30 polishi OgeBiobet euttigidotd Yattahhslilithel bick Of R BOVR pAERR L €s.

| ddition, the r. > MAR 2005 WD, 02/ 02279 PCT/ USO / 20904
p(r)]r?i olnsI of the pg‘\%l%s ﬁ‘ﬁgg"s”&‘? ' éléo PYRPE® 1 RIS 195ELTRQYRT Gonmeatediate fiost t hose

areas over Which Opmlisleim'smghco’groaveahshhfﬂled@nﬁmbdp&?@ema?ﬁ%moﬁyﬁg@fe of
cutting groove pat  fear surface o e pad is to
increase its fl exipl%iﬁffafc)l/r%lﬁlﬂ\%@? éé%g’gﬁlﬁ%és%“‘.5‘%1"’?56*“%58%°a§f°?@a-r_ grooves
connected to Lhe frontTheslemhrﬁjhﬂufflmtﬁnﬂ/grtsangfo?m?mg%g?mrf?ﬁmﬁzaﬁaeird;ﬁe}reggi \?re rsnllulr(ras
assages to there R ; S

1? rom ? he poli shi ngﬁ‘ %%@fbgggggf @%sveét.ﬂ%rﬁ’g&%@ﬁ?ﬁh R ”‘feg’(l}f‘f:f’ “Q‘FFBF’& rear
grooves may al so peefeabhi spemeteeal ping, dyexislly afiattingtha projeptimpténgthlofthediuthi ng t he
pr oj ecti ng | NGt h fivk [ i PRk BER Sers 0 SV s RECLSLRBL Y8y et £ cal
pins, or by axially adjusting t proj ecting é)ngt oY 0 bit 10
relative to axial |&{POTSs RSy PeaetEyy ipfa ths @ or afigpth Pk i88% of thel padathicknesr Bxds ed )
flexibility, the fgisifyemy MBYbcRGIKSIH R o{lé?zhﬂlu;nbﬁngrg%‘{egér?g(équsg&{]gﬁ%& to 80%

of the pad thickness. Pad flexibilify may al so e overall
nunber gf gr ooves B yragem oift B2, 4564 Spigals. " exanpl e, a pattern of 8, 32, or

64 spirals. The grooves in the working or polishing surface of a CMP pad, either alone or in
15 combination with rear grooves, significantly reduce the hydroplaning effect during wafer
polishing and, as a result, a much higher polishing rate can be achieved. A pattern with a
higher number of spiral grooves can reduce the hydroplaning effect more efficiently than
a pattern with a lower number of spiral grooves because more grooves will pass across
the wafer surface being polished in the same period of time. An increase in pad

20 flexibility due to the groove pattern selected may also help improve the polishing
uniformity of the wafer surface. The groove density of zigzag groove patterns also may
be varied to control the polishing rate distribution within different segments of the
polishing pad surface and this may also improve polishing uniformity within the wafer
surface.

25 To further optimize the polishing process, the body of the pad may be made from
solid or porous organic material such as polyurethane that is very durable because it is
strongly cross linked, or made from a fibrous organic material such as at least one of
rayon and polyester fibers and this material may also contain a binder as well as solid or
porous polyurethane. The pad body may be made as a single layer, or may comprise

30 multiple layers as described in U.S. Patent Application Serial No. 09/599,514, filed June
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The grooves in the working or polishing surface of a CJVII' pad, either
‘alone or in 15 conbination with rear grooves, significantly redlr:% tf'ﬂﬁ
hydr opl ani ng effect during wafer polishing and, as a result, a @1 &W@r
pol i shi ng ratwo ¢epiafe achi eved. A pattern with a higher %01/9{904spi ral
grooves can reduce the hydroplaning effect nore efficiently than "a pattern
with a | ower nunber of spiral grooves because nore grooves w |l pass across
the wafer surface being polished in the sane period of tinme. An increase in
pad 20 flexibility due to the groove pattern selected may al so hel p i nprove
the polishing ung,2000] mlya ‘Mulﬁlhb&re@@élﬁlﬁng&ldgiﬁwé’é&d f&?lﬁbrflﬁ ya%délﬁ‘cgqiﬁgr%fgf

zi gzag groove patterns also . e varied to control the polishing rate
distribution wit h{hﬁerg'ﬁ@g‘ie@ﬁ%%a@ﬁlﬁ’ﬁ?@%mg‘P‘P?B’“ﬁ%‘th@ﬁibﬁ&fﬁS@éF-sur face and
this may al so i nprove Thepdliskihgy@d piaviisany thy plebehithvinkdis Mo RF polisiiaages 25 To
further optim ze gtlh%eogil [ s{;i.aﬁ? Blrogigss,.t, e pody. of th%ﬂﬁad maybe made from
solid or porous ofgani&e Ry rh as sihipen dioxide, dampad-itks cabenBLC), spirenrglesgur abl e
because it i§ st SOGypylysli@amnd silidertiridarThepslfhihg iah Asd thdyibe iRd BRI C
material such as t e 0 ayon, apd pol yester fibers and this
nmaterial may al sog%ecr)h? %?sr? ' %Qﬁflﬁggsrtﬁ'ﬁgmﬁgép CORRET, 2 pungsten, agd alloys of

pol yur et hane. Thethgradndntigtymetaly. be nade as a single layer, or may conprise
30 nultiple |layers as described in U S. Patent Application Serial No.

09/ 599,514, filed June -6 2 8 MAR 2005 WD 02/02279 PCT/ US01/20904 23,
2000, fora "Multilayered Pol i BNERDEFGRIPTIONtOTOGHE DRAWAKGE cat i ng, and Uses
Thereof', the entire . [ I i.on _peing.incorporated
herein by reference. %ﬁgﬁ%tgﬁa%’g?"?%%%&’%lgéd‘%%%%ge IBXICHF%‘@I%P%E%‘F& invention is
i deal for pHl i shigersteddeiom thefolleying detailedidescripdipm of thd jefaned kmbtirsantsitakan

di oxi de, di amondl kR Rlaonea il Braii@ss 5 (SOG, polysilicon, and
silicon nitride. The E_ol i shi ng &a?ds. al so’may )e used to polish other wafers
or di sks such as thos&i8nhijan ¢vaticspyisw of the ipienfiemin pertislgestiemand anvhichlits oys of
these and ot her nmijelcsmpdalidre MERGE fblMa@an;HE DRAWNGS The features,
operation, and advant g%es_ of the invention nmay be better 10 understood from
the foll owing det ai | elBdel e PR FaT-sestionphydevps Hdeng lisedbdefipdt s taken in

conjunctiontsMth the Higtaﬁb@dﬂddg’e&)ﬁ&ﬁw&cﬁohﬂv%io@hfjorﬁonofFig. 1

Fig. 4 shows a polishing pad made according to the present invention wherein

the groove pattern comprises 8 left-hand spiral grooves beginning near the center of the
pad and ending near the outer edge of the working surface of the pad;

Fig. 5 shows a polishing pad made according to the present invention wherein

20 the groove pattern comprises 32 left-hand spiral grooves beginning near the center and
ending near the outer edge of the working surface of the pad;

Fig. 6 shows a polishing pad made according to the invention wherein the groove
patiern comprises 64 right-hand spiral grooves beginning near the center and ending near
the outer edge of the working surface of the pad;

25 Fig. 7 shows a polishing pad made according to the in.vention wherein the groove
pattern comprises a plurality of radially spaced zigzag grooves each formed
symmetrically along a substantially constant radius around the pad surface, and wherein

the groove density of the innermost and outermost grooves are varied from each other
and from intermediate grooves;



Fig. 1 is an elevational view of the invention in partial section and in

whicH its nmmjor conponents are illustrated diagrammatically; Fig.23 MR 7805
pl anar cross-sectional view as taken along line 2-2 of Fig. 1; 15 Fig. 3
i's an enl ar ggglopAgbisal sectional view of a portion of Fig.,dp &iigo.4 shows

a polishing pad nmade according to the present invention whefern ?9% groove

pattern conprises 8l eft-hand spiral grooves beginning near the center of
the pad and endi ng near the outer edge of the working surface of the pad;
Fig. 5 shows a polishing pad nade according to the present invention

wherein 20 the grooveripatiuekas a@ﬁmﬁ@myazicﬁéiae-mgmﬁ%ﬁ:ﬁémﬂ{yﬁgm&e

begi nning near the center and endi n%_ near the outer edge of wor ki ng
surface of the palf3nepgoowdeplomolthe polishumurfcesbtrdade according to the

i nvention wherein the Fjs oauetated dfadiirhuticdMyR backide fodbvé inBltbadd@lithy3hds
grooves begi nni ng, near %ﬁe center and ending_near the outer édge of the

d
wor ki ng surface of° &1pat g grooanf the golishmg gyriace ofa n9d i shi ng pad made accor di ng

to the inven§ion wher eig) 10 flast@leodiRmniafdallfdriscEdidh oS RS odth®bddkebfy Of
radi al ly spaced zi(gzﬁg l%r.ooves each formed symetrically along a
substantial ly conBYEHEEP4yi us around the pad surface, and wherein the

groove density of the HighEillodates ddpthmedti@nydifire croQMedion! Sajedtirad from each
other and frominternedi at rooves, 7. 2.8 MAR 2005 .02/ 02279

PCT/ US01/ 20904 Fi §°°%° 1 e&ﬁﬁ"&'ﬁ é‘gf\*l‘?fi%l?“gmﬁ?ﬁ‘i? 851“%‘99*’&“18 pifemygaterialoy e

i nterconnected by a p&s&yilusthies dagamgtialy@coveosfidiffrniakpthdie te pbliskihg Ng
surface of pad; Fa. .9 illustrates.diagra tically a.backside groove
inter conhec?oed bysugﬁ“%asf s8ge OSI%Badgmaﬁ? orp 2 op ngmgro %eo'{‘/aé“%]f and H%“%B"c?i"?%'f?gﬁb
surface of a pad;m8efEdlg. 10 illustrates diagranmatically crisscrossed

grooves on the backsi q‘?g ?g illﬁstratgsodiejgagx}rﬂgcaﬁfcﬂf’ferent cross-sectional shapes for the
grooves in the polishing surface of a composite pad made from a top pad of one material
and a subpad of another material; and,
15 Fig. 14 illustrates a method of polishing a workpiece with a grooved pad made in

accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The polishing pad grooving method and apparatus of the present invention are
illustrated best in Figs. 1-3. The polishing apparatus has a platen 10 on which a
20 polishing pad 12 is supported and held in a fixed radial position by a plurality of holding
posts 14. Bach of the holding posts 14 fits within a channel or recess 16 (Fig. 4) formed
within the pad body or in the pad periphery and extending parallel to the central axis C
~of the pad so that the pad may be guided for axial movement away from the surface of
the platen, as illustrated by the arrows Z and the air gap 17 shown in Fig. 3. However,
25 for axially adjustable routers and/or flexible pads of sufficiently large diameter and small
thickness to permit movement of the portion thereof being grooved, the holding posts 14
may be replaced by non-guiding clamps.
Positioned opposite to the working surface 22 of pad 12 is a router bit 24
replaceably held in a chuck 26 and driven in rotation by a router motor 28. Router motor

30 28 is carried by a frame 30 surrounded by a casing 32, such that an annular space 34 is
.8.



Fig. 11 illustrates diagrammatically different cross-sectional shapei for
the ‘grooves in the polishing surface of a pad made of a single |aye 8 AR 2005
‘uni form materi al , Fig. 12 illustrates diagrammtically grooves of

di fferent depwbs2pnzd he polishing 10 surface of a conposi t?g?/%ﬁm@%? froma
top pad of one material and a subpad of another material; I g.

illustrates diagrammatically different cross-sectional shapes for the
grooves in the polishing surface of a conposite pad made froma top pad of
one material and a subpad of another materi al ;dland(,é 15CBI;| g. 14 |Ilgstnggt es
a net hod of poli smtm@etabemkthbameenu\icbvhllsa)fgfeme dlth% asi}% tH d¥ whidg &:@" da

with the inventi ogtm, ftﬁ CI§ PTI ON q & FERRED EI\/BCDI MENTS The
pol i shing pad grooving AP EPRET PPf‘“?Wé pY BPEpided mfaepondys ar e

il lustrated best »spacﬁ@wabmer3€Ehahqmmsbusmw@nareﬁwaosbgs Phelafh @is10 ON

d he fi xed radial
\pl)wglsf'tll gnzgypgl Ipisnlr%ﬁeﬁﬂ %gch ?%&‘?{3&%‘3&5@6&?‘2@ Shﬁé\&rﬂllﬁf?x‘aﬁyﬁéﬂ%MF%ao ‘posts 14
fits within & chaMnrs Zﬂrandé&:m&ysboﬂa(be()ﬂ%lxegeveﬁs)ble‘tgpremdmthWtHeE‘du&rblh%rﬂ ebody or

in the pad periph ral_axis of the
. pad sopt halto thg gcg%edqﬂglmbe gul de%m@ |alm%%7£ﬁ’écﬁ‘§é Oalsg ey B sur f ace
Qf t he pl aten, a@ﬂtﬂlulsﬂwmmomysmh@mmm“ﬁvﬁmd the air gap 17 shown in

cuficiently | af go_di anofl®h ndnidah 3Pheind QU3 R BR o rersngoa e of ¢ ne

;S)grt : glnetn he)r/eo?1 g@l“ﬁgblg?ﬁmémhtr¢fét0heind33nyhrpb1smsctizad:allchtayhebmterrepi;og@e]g byd >
rfa of pa

non- gui di Ng 16! anpgistai2e #at ik E&%@ng&%ﬁ&%d&%i EX"%!@%@ tscai"I T2 8%65?11?30,[ ation

is arouter bit 24 replaceably h riveni
by a router notor PSEeenEsprascingsisence ofde pigs 33and the piojedting fistanck oftivero8er

surrounded by a Coisiehge &ln@MoHin bARbrtiBN3 AU REqINFES ddfed dipih Seme 18 MAR
2005

groove to be cut by this end portion, as described more fully below in coﬁnection with
operation of the invention. The projecting length of bit end portion 37 may be changed

15 by rotating a pair of pinions 27, 27 that engage a corresponding pair of racks 29, 29
mounted on router motor 28 as shown in Fig. 1. The pins 33 are preferably threaded into

“the bottom wall 31 for axial adjustment, as an alternative means for changing the
projecting length of bit end portion 37. Pins 33 may have a hex head portion 39
permitting engagement for rotation by a corresponding tool.

20 The router is mounted to an overhead support or carrying member 40 by a lateral
motion mechanism, generally designated 42, to provide for lateral movement of the
router bit in an x-y plane perpendicular to the axis of router bit rotation and the
corresponding central axis C of the polishing pad. The lateral motion mechanism 42
may be any structure providing precise lateral movement of the router 24 in the X-y

25 plane, and may not be needed in instances where the router support member 40 is itself
movable in the x-y plane, such as where the member 40 is attached to or part of a
precisely controllable robotic arm.

By way of example, the motion device illustrated in Figs. 1 and 2 comprises a
lower plate 44 suspended from an upper plate 46 by two pairs of threaded eyelets 48, 48
30 and 50, 50. In tum, the upper plate 46 is suspended from two pairs of brackets 52, 52

and 53, 53 by another two pair of threaded eyelets 54, 54 and 56, 56. Each eyelet pair
-9.



WO 02/ 02279 PCT/ US01/ 20904 provi ded between the concentric walls of t he
Jrameé and the casing, both of which are preferably cylindrical. @Mﬂ%
represented by arrows V, Vis provided in the annular space 34 by a r
36 attached twotyrereasi ng 32 by a flexible hose 38. The pl %/gsujlﬂodof
carried for rotation in either direction by a drive shaft rrven by

pl aten notor 20. 5 Motors 20 and 28 may both be of the reversible type
such that the router bit 24 maybe rotated in either direction, as
indicated by the arrow R, and the platen | O also naybe rotated in either

direction, as |nd|4ea¢8addﬁysalhmeaaea@%gagedbww%@dm%M@sdwmme%l' 31 of
the frame 30 adjaV\Et router bit 24 1s afglurallty

of stop pins 33 15? i %@iﬁe %g?sdfl‘?t‘érl 58{"(?“%"!?@ reoiprpcdl mofip offlgyyer plate

di stance that is laleagtht haxis, bdittuspite] Wakd doghlelnadanne® YO sikiay, a8l

itself. The di fferg%e 9 en t (3{ ecti di stance of the pI Rs 33 and

t he projecting di e g‘% %meﬁcfgﬁf gﬁie yBPﬁageggW?Pé’escpﬁ’éd“}%%Wff‘é)‘f‘soan end

portion 37 of ther@attdlarquaﬂemibbxtaheelé&ﬁdm@de&ﬁir&hd@frecipF&aln%QQM% ppep D€ cut

by this end porti re full w.in connectlon W th

operation of the $%\t?él§§1° ’f‘és ﬁsrlgof‘t" Id%‘P'?fffel‘ld"H'me‘i"’P(”éﬁ’@ dbortion 37 may

ge changeg 15 by rot ?tOpegpumqfwelpad)groqwhgla?ﬁ%w&Yrﬂln&??‘é h@énbte@@iﬂggfe&ncet% .
orr espondi ng pai unted on rou or as shown in

Fig. 1. The pins ?ﬁériealglr@?er a%ﬁ%“?qrq%%&g&f en"t"5°““mt B heSrPREEa . f or

axi al adj ustment, Theva:nmagqnammuuwamﬁmmhmemawgszrmtoupufcun%xtl ng

| ength of big enthQEhte EHHZ% mPﬁx@aﬁcw@g cg&&blgﬁé{ wﬁa %r&z n 39

permitting engagenent or tation COr T &% FPe router -
is mounted to an 6‘?P§PH@%°‘§€J?3E@ ffhmutedmﬂypmdmmnhe&ﬂdsbyst@ piate bal
mot i on nmechani sm A 8t bidendEstiglRat Al l. nmovenent
of the router bit mglgn ;e§ ﬁ&%ngapaggglehn Elfggfh%%u%ﬁ“&ebmgmgﬂ‘t%bﬁuter bi t
rotation and the “E‘B’F&%‘é‘iﬁi%‘ﬁ@t°é%&1t%arouaw preferably tupied opoidiveticatigadpatd The
lateral notion meefea i SaPudis am@%mgwéé ﬁ%&%@fﬂé&\é'ﬂ&é@é’ongrtgﬁ{ se |ateral

novement of ghe router_24 i % | ane, and e needed in
i nst ances wher e tﬁae?u%ut‘ég‘“‘?dbb ??ngﬁ@FFB’é etyesn fhe hP‘E‘@EP‘fStS 1fendediotrespinding he x- y

pl ane, such as whexesd bechameabeg, wﬁ%in&ylfbﬁﬁtﬂ@lkb@?oxttﬂe&ﬁplﬁ@ro?ﬂlgf)adqz gcisely
control |l abl e robotlc X he noti on devi ce | Iustrated
og%7of ebV\gv\E

in Figs. 1 and 2 S6mS FWSP%“EBGYM%%%@P&@@Pxeh%twfap@er pl at e
46 by two pairs 0B0% bifteeeé thickiyesd, m‘clsthdt&hee%ponﬁﬁoamdblwayp%ﬁetra{e'?oi 5%he o
53 by

upper plate 46 is, ro tvvo 2 52 and
anot her two (gal r o?ﬁ?%‘?{eﬁgg&ﬁm epr@ﬁcq'ﬁﬁg @6%8" Besim 32yay ke pair
-9 2 8 MARQQO05 chemged M@@QW@@W@M@@@%M thednidnn 47,30 or ByQurhifig

threaded!y engagegs s 3, L5 IBANAG, HulthaRGLEN ©% driven Tn | rotation by

a reversible y-axis notor provi de reC|proc notion of |lower plate 44
along the y-axis, as |41’16U§?f9%fé’§2ﬁ)§}astph@tr@t@ﬁfmyenteﬂldedi, avdemnided b$Hi i | arI Y,
the eyel et pairs atatenfifttwesdife tﬁﬁofs't:{ﬁpﬁﬁ% SRR %Mm@@\gﬁ%iﬁ o‘%B&ﬁQetﬁebl? is

correspondi ng dri Xle screw 60
en moved radially relative to the pad in an x-y plane, as illustrated by the double-end

25 arrows X and Y in Fig. 2. This x-y movement may be achieved solely by moving the

lower plate 44 and the upper plate 46 relative to each other by operation of the motors 59
and 62, or these lateral movements may be combined with rotation of the platen 10 about
the center axis C, while the router bit 24 is moved in a radial direction to form spiral
grooves.

30 Lateral movement of the lower plate 44 along the y-axis is produced by the

rotation of screws 58, 58 in threaded engagement with the respective eyes 48, 48 and 50,
-10-



5 rotated by a reversible x-axis electric notor 62 to provide reci pégcﬂ
.hoti on of upper plate 46 along the x-axis, as illustrated by the R 2005
doubl e-ended arrow X in Fig. 2. Operation of the pad grooving apparatus
will now be desezaied with reference to Figs. 1-3. The bl oyefusfniess f Umed
on to generate a vacuumV in the annul ar passage 34. This vacuum generat es
an upward force in the direction of arrows Z, Z to upliftand/or 10 hold
the pad 12 against the axially adjustable stop pins 33, which are thereby
used to control the groove depth. The router bit 24 extends beyond the ends
of stop pins 33 by?. labrenl movegieht cfthemprier PatedGminng tho r-asid is panddeedby lotafitiofi Nt 0 t he
pad 12 when the big r Q. ut Is 28...The
router is preferab gl‘ﬁs'?grér?el@&%gdegﬁn aé%l cal ce}es%‘ Sg%%‘f? %Di{ PHQRREthG o cuum i s
appl i ed. Any upwaplitepiiis promidedify rotatin ptitls shaml&bg;;}atanmtotm tAveordibgly, #g@uum V, is

ided by th t t t d di
Pecesses. or &32%3@‘%@?“‘ﬁﬁb@'ﬁ“%(’e‘”@&‘w‘?%ggsﬁgﬁn%e* PRI PIERET L OF 1 he
pad 12. The Send Rthedybndrigat cesdindins Rp? witipraspertilp tiprpolishing pasbl2o iichdditien, theps  of
pins 33 by a | engtdyePhit MB tehovBHa0d d ﬁloﬁ)%tg i-mlsclhrﬁgtgs%om%o H:.E?Enet Nk t[r::e end

portion of the bit nmay penetrate to a ess of
t he pad. The proj é%%‘i“#&sbléﬂ@?ﬂ’{m’@ﬁormotmﬁ@t@@nthhmn@m%‘yjb@nmunhianged to

thereby change t heegHA@YAmARRW By, t Urni ng the pinions 27, 27 or by turning
the pins 33, 33, or by_a conbination of these adjustnents After the router

bit 24 has penetrat ed YRYEFdmqvanent alprg thegaxis ipshotheiagtpsianarcioyligdrical basrdimates

bet ween the1bi ps @falsspOPided b nodanaanst iehsa mwk;liﬂﬂnﬁ%ufrﬁé‘e%%&rlﬁén 1@%&1 12, the
bit is then noved radially relative to the pad in an x- ane,

il lustrated by th&8® s eﬁmwé?smarﬁﬁpwsmfbemmfwcwﬂ@amnmr@awgy

movenent maybe achd. emeﬁad&@dved dbwaarﬂ’QMlgTﬁb zt-eﬁﬁ wheDREVacRinPdeSse é@o@%pg@gzupper
an or

plate 46 relative t sgc%ﬁther t| f the notors
t hese | ateral glﬂ)é(?‘f gmﬂe’“@& ' 1"5 S i fergtoreprrdugsd By B 10
about the cent er p@ssis differendal Aceosé ﬂhepardaiud:kﬁdfss Rigbnerdébd bF thePaseeh VN ARad adi al

direction tgsfor r ral venent of the Io pl ate
44 al ong thg y- a;nla lgegllaé‘%br%%’ﬁce E%em?]%%wa'fsg?g‘ic’f‘g% THYVergf Qi b generis {’3h

t hr eaded engagerremcmmrbssmrheﬂmesnpec&telpwteﬂmg@asetasof&&hal&bri&zles@n&to 2 8 MAR
1005 WD 02/ 02279 REIAHUS01/20904- 50. Lateral novenent of the upper plate 46
along the x-axis Is p)oduced by rotation of screws 60, 60 in threaded
engagenent with the eﬂ@?ﬁ,&Spﬂgkgr@mcﬁfﬁtﬁwdﬁﬁhelﬁaerthMOmﬁreﬂa‘dy@tmt en 10 is
provi ded by rotat b&&sﬂy)gtb@ﬁéﬂﬁxtgen@ogﬂe ?] MJou%Qedﬁéﬁxﬁlgc;fd][ﬁegl y, the

router bit 24 may be noved |aterally in Cart esi an
coor di nat es2%, v, ‘EFP“"S°?W°EW@1R?‘}?fil%Pﬂ@h‘?et@é@#@laﬁlﬁp&bﬂheagmml respect to

t he poli shing padgr$&zesth‘1galljﬂidtﬂxm sp&ahgoovasqupfgrs msmsrameasmeeﬂwgm@nd down
al ong the Z-axis |£p@l Cartesi an and rical coordinates by either

’
hand or notorized® gtgf°8YF38’fF‘$ e Idiigsi b h e geovsy e saiFestied Byisevy splidchani sis

that are not seenblack lines for clarity because the opposing edges of the actual grooves are too close to

be shown as double lines. As careful examination will reveal, a single continuous
25 groove forms the pattern 70 of Fig, 4, the pattern 72 of Fig. 5, and the pattern 74 of Fig.
6, such that, once inserted, the router bit does not have to be withdrawn until the pattern
is completed.
The spiral grooves in the surface of the pad will reduce the hydroplaning effect
during polishing and, as a result, a much higher polishing rate can be achieved. A higher
30 number of spiral grooves within the same surface area can reduce the hydroplaning

effect more efficiently than a lower number of spiral grooves because in the same period
' -11-



Upwar d novenent along the z-axis in both Cartesian and cylindrical
coordinates 10 is also provided by novenent of the pad 12 away frdrﬂtMMEZ[](j};
surface 22 of platen 10 and against the tips of pins 33 in response to the
creation of b thin annul ar passage 34. The pad nov rd al ong
the z-axis V\h\(’g(‘r}\ thewvacuum ceases upon stopping bl ower Sﬁsrgg;@wg%‘\/enent
of the pad 12 along the z-axis is therefore produced by the pressure
differential across the pad thickness as generated by the vacuumV. As an
15 alternative, a pressure differential for causing such pad novenent could
be generated by eftaminmoggrpsveswilliphss @osaihb suBdRE a WaBr Rabld iR ba@ Series of
air holes or nozzle gant I%?wn%h ' Th;ﬁ t he spiral tgeltooves formed by the
present inventi onsuﬁtlgcé’ 8?%961(’53 ng 9t the, foymer. Vi followsfrom this that thy rpte pfigmoveles cent er
of the pad and enthe siemaied breeive wihich isdk@en dohBinah with B8 pad: WHelrS6ildiRg waif t he
spiral pattern cap ei Ehﬁlrh]ggeto the |eft as shown by the eight sSpiral
grooves in Fig. 4 4Rdef iehigher supherof thespiral groovps peppuit ares of the pad yorking ri ght, as
illustrated by thenfad4 Adhmainbgop@ydes chaldoinghke fie pAdindrd Mibledwifich i1l OOVes

are represented by heayy. s Ii%, | ack.l.ines for clarity because the
opposi ng edges of ' ﬁ"(aveé’\éf"ﬁlg"lnm r?{b&? EPOlhINg; 6o close to be shown as doubl e

lines. As careful exafighailiusintesk bibzap gu®@abattemm coisiiiignf ePsikdr Pa¥eI6 28 gr oove
fornms the pattern, FioQ. t.he ttern 7 f Fig...5, and the pattern
74 of Fig. 6, su%’%&gﬁé‘fejg’gaﬁ%gﬂ?eﬁlgee@%a&gr‘f"ﬁ‘if Bﬁbﬁt"é’figgi ThepRQvs§Be MY e to be
wi thdrawn until t$eeargely bestopping the blowpd tevitldraw Phebitspim thd pad/r@oYitdingthelbie
surface of ghe pa i . .ani effect .duri ol i shing
and, as a redj;ul t, gtgﬂ%%ﬁﬁﬁﬁgﬁlgPéﬁﬁd%ﬂfeﬁg@gbéy%gﬁkﬁ%s%%Fléwg’gl?dppﬂd‘hi gher

30 nunber of spi r Beweyerolbeereoves 167$ 89,186 asbitmwoddibefinterwormeate, io svhich edehe t he
hydr opl ani ng ef f eghi.rABsR1 ifdidaki : . . of. spiral grooves
because in the s:%p perui olggtéa-_%&mflbéaWﬁ%%oa%%%@%m /20904 of
time nmore groovesYiidamalathe bitfas e pade Thagrdoucration ofFipyd filstrats destba agai nst
the pad surface gbivk BhsiBhdyHBvitad Ber diftGent SRS of tf)etﬁg:fi er%a&\.’\@ééhrvgﬁgﬁgﬂl s that

the rate of renoval of the slurried abrasive, which I's used in combination
with the palf for W&aYe dsty &4ibA ysed ig cptrol thepoljshingrate distHlutipn igisecordansaber of t he
spiral grooves pewittifticte a3¥a@R isPresich BpaPRdheWoliskinP SadRuiBldl, Rfifis, 1dd, Bl @h, nunber  of
grooves can al so nmake tfhhe Jpad._nmore flﬁxi bl e, i ¢ch can heIE i_ng_r ove the
uni formity of wafBPOSbIF BRIOHYY oEigfer pelishng. Hor genprating the paiermg shoymdnbigs. frat t er n
consi sting of an Datl ethergompleegrdéie patems, ithe pesitioBing Mddrs £8, 59548 61 ¢ ee
i nternedi ate groo nd _82. Thes ooyes are nade separately by
st oppi ng the bl ov%fgé%bg%ﬁng#ﬁflnga%?pﬁfefs%é%trg?f“fvﬂl' pad, repositioning the bit
20 Polishing uniformity is typically controlled by varying parameters such as
watfer rotation rate, polish pad rotation rate or polishing belt speed, or the polishing

compressive force generated by varying pressure from behind the wafer or from
beneath the pad or belt, or by varying other tool parameters. Other variables affecting
polishing uniformity include the properties of the consumables (i.e., the pads, sub-
25 pads and slurries). .
For using slurries with a pad or belt, the size and type of abrasive particles
(e.g., different phases and morphologies of alumina, ceria or silica particles) may be
varied to obtain different polish rates and planarization rates. Chemical additives may
be added to the slurry in order to keep the abrasive particles suspended, to enhance the
30 polish rate, to change the relative polish rates of different materials and to protect the

polished workpiece from scratching and corrosion. The mix of chemicals and
-12-



10 laterally relative to the pad, and then restarting the blower to insert
the bit into the pad. However, the grooves 76, 78, 80, 81, and 82 dHthRﬂBﬁ
i nterconnected, in which case the pattern could instead be nade by a
singl e conti R@YH9fs00ve to elimnate internmediate wthdr %HB%)%he bi t
fromthe pad. The groove pattern of Fig. 7 illustrates tha Pbove
density maybe varied over different portions of the pad surface. Such
variations 15 in groove density can be used to control the polishing rate

di stribution in accordance wth where a wafer is pressed agai nst the

pol i shing pad sur bi@asives ikl foliihSsluriy@eh habdh oifdt Bn pdINBAOMEoiiS bY Bakif) dé mty of
waf er poli shing. F{g lgfgr}eratl n tpcf patterns shown in Fig 47and ot her
conpl ex groove pa Sfﬂé}‘eﬁ@@ 85 A% éj’WrPéﬂBF@t‘*zerl@gem%lerweimare
pr e; erably contr ObdradetdﬁrysuahItﬁd’@lb&tﬁﬂ?ﬁéiﬁéen(Hagbllsﬁmfdlﬁa@ntaﬁhehﬁ@blﬁbg f
uniformty is typicall nero araneters such as  waf ex
rotation rate, poftfTSmgr an Uy eﬁ‘%ﬁa&}? %F%HF%?"%E?IFI’@%%@““‘M t he
pol i shing c6npr emehe\ﬁxecf o]vbmomrim ﬁa&ﬁlm’(pﬂssib&ﬁ@'dd?ﬂoﬂhﬂ&ﬁﬂl@htfyrdiﬂ?regﬁhl nd the
wafer or from be ad. o ot her. t ool
paraneters. O her g@ Sm&ﬁl@‘«g{‘:?m ﬁ%m'ﬁglf?r?%% df‘@ %‘Hﬁ"’%ﬂ’r"}ﬁ 19} sqis Ul ¢ he
Ip;roperti es of thebmmsedmlnidashy(l ., t he pads, sub 25 pads and slurries).
or using slurries wt el t.he si.ze and of abrasive
particles (e.g., di ffﬂér%d?mh a% élhe&a%?sf)ﬂglpf}r@ﬁ °fh¥85qsﬁ’fﬁt]??d“°sf:erl a or
silica particl es) qmmcouwllp@demcs rdhmgtorpoﬂshin@eménmm@ﬂealﬂlerearrmsoand
pl anari zati g ratgs ora%&n%rﬁgxles? eflt'aﬁ/o?x?dlg{:ﬁly éedggrog%jed §i 9t i‘{? Hegp st O| : Sh

order to keep the abrasiv ance
rate, to change t ﬁlellm@lnatdlsv“émmlof slhmr taﬂesvafﬁt sugffedefdgriggpolishirigan aredttematnd t o

protect the polig S68m he m x of
chem cals and -12 tgg 8 MA 11005 %P%%?%%% %ﬂ%@e@%@%i&@%ﬁp i-l ves in the
pol i sh slurry canSRexe ahpaiemeinmsedn dpoire whopypatiaing eferially sippedstikipliy  t he

polish fast at thgneWabfentg6laRiabdnRlpwmat the center or vice versa. Often
key pararrenggrs such as the sel EQtIVIt bet ween the polish rates of

di fferent erials pla§Prest ‘B‘(Fé?‘f“l"df“?’iéhergfﬂ%e Jepsity perpis he@adingrienind may cause

t he degree of pol h@bdvegommng%mw &h&&feb@oﬁpatﬂdngunmww&mgt dove N€Qr 1Y
i npossible to devel fer slurry co 05|t|ons whi ch

are optinized forP} ﬁ‘ﬁda‘?Sf @rf bﬁgp‘%l%‘% IH@"’*F‘B% Q@‘P’@"glﬂ"l"%‘ﬁt‘ﬂ bei ng used
in industry. For pxﬂ;dlsnmtfacmlﬁmppdshmgiwﬂﬂchngasomlﬁhebdp@inaﬁlbﬁryglﬁi‘ the pads

are the nost ”{ﬂa@)s Xlope%ﬂﬁ:ry% R {oeiﬁe hlgehlera é[rtlaor\lrg denst reglulmsslal N the niformty.

Oten there are
20

-1

lower groove density regions. Thus, higher polish removal rates may be realized in
high groove density regions than in low groove density regions. Such non-uniform
groove densities on pads can compensate for lack of polishing uniformity due to
deficiencies of polish tools and slutries, and can even compensate for pre-polish films
of non-uniform thickness or prior non-uniform polishing rates. For example, wafers
25 with an initial film thickness which is edge thick and center thin may be polished to a

uniform thickness across the wafer by using a pad similar to that of Fig. 7 where the

groove density is highest at the edge and center of the pad (i.e., at the inner and outer

edges of the wafer track during polishing).

Alternatively, a pad with a higher density of grooves in the center as compared

30 to the edge would have a faster polish rate in the center and would thus compensate

for films with thicker center profiles. Moreover, this concept of varying groove
""" -13.



10 perforations, grooves or indentations distributed across the pad surface
to help ensure the uniformdistribution of slurry to the wafer surf §NMRZMS
during polishing in an attenpt to get uniformpolish renoval rates
everywhere o fer. In the case of pad grooving, all_patterns in use
to date are Bﬁé gy%?patterns of equal ly spaced straight If&@ggueﬁﬁtentric
circles or grid patterns. 15 The present invention varies the groove

density across the pad in order to inprove polishing uniformty. The

effects on polishing uniformty of varying groove pattern density are

descri bed bel ow. &dasifyaReosdWpati Ry SepslidiXo ﬂfea&@ﬁﬂﬁ@%g}is?r ﬁeﬂ? m}[dﬁg kbS89

surface of the polishing pad in one region conpared to-another region
al | ows nore sl urr§°P% Paleresiaad shapsst Qthennessitirprenve hasierng inolgdesbuterespt y r egi ons

than to the 20 | Ol_ﬁﬂi’cedgd_s,QQiﬁgl_e@&i’t‘iﬁﬁ&ﬂsﬁr@lﬁ#&géshﬁm%&oﬁisl%%rhl ﬁ?é.h-%hbu'iemval
rates may be realized in hi rogve density regions than Fn ['ow groove

h grog ; one
density regions. % %mﬁ'&?PlﬂﬁgWﬁﬁdJﬁPﬁéP}@hd&fémP@g differoptragions afithe padpensat e

for lack of Ppoli shioffr terakchieve AiftedentiiGovt QensifQ drebRBRHEES cRE (opm‘aigﬁhing I's and
slurries, and can,even fﬁ%réﬁen ate for pre-polish filns ofnon-uniform

t hi ckness or pri of® fShoLARef SR RPkng Rad) yhich tre Snely-tpaced jseime eogiongmdr s 25 wit h

an initial film tévasbipesscdiblé régfon®60R: fadi Ck and center thin may be

pol i shed to a uniforr{}thic ness across the wafer using a pad simlar to
t

by g d.
that of Fig. 7 where tH&EPoRRPEe LT denstty dsonayifiagt Propertios of beipalishintl cent er
of the pad (i.e.,padt Ak EwininEigs Pand 9pipedtivel digasoc0Es dulam safii®n tdhack during
of grooves in the

pol i shi ng). ternati vel ad with a higher_densit
center as c%)drar\lpar e‘%%(sg%oi%lbp%deﬁoélaﬁremml u?fg fronf side gLeovesfi6i Backsidi e in t he
center and woul d erumocengyomd &5,es shbon infHig. 18, nwdy bl ddnb kCili@éasC@ONSILiRY 6f i | es.
Moreover, this c . i Qove ---- -13 2 MAR 2005 WD 02/ 02279
PCT/ USOL/ 20904 dﬁ‘gﬁa&f g%;@@@a&‘ %%’gglg%%%’eéfﬁ‘ﬁ’f‘feé‘ﬁb’teo G EHOXPE B shing bel ts
ortt)ads and 'ltoddi‘fa;ﬁfemfﬂlegadm@wfgmmm?ﬁemm f@h@qﬁﬂ&.pac[?dﬂerhemssdn_bl eI groove
patterns include, B - , e_continuou ira
groove sim|ar toort hoeselegﬁg%wign-{hg%dgg_gﬁ& 1%]5%% Qgé\?\%sél?hé)nt‘) h& aé‘gﬁ‘@?ﬁ’é bet ween
adj acent spt¥ al s REPESHramerer k Auid of dombisationoé ks iomale tatisidpatihdpailto or der to
achi eve differ entthfr QR VGO NS hdditS; hoRs oﬁﬁ%‘f‘gg%ig(fhe%gk?h@t% tl(eq*’on&fic{éa' ght

shi ng pad) whi ch

lines in the case of a helt-style poli g h are tinely spaced
in sone regions dRPVCLBARIEFY! 8 samEales K e Faprldepichisctiss theieed eidor Var yi ng
the groove patt erdmgRié dfyhepobhingBiocas, beLhinphRPabove AptiPhdit 8 BRtskivdi NY

pad. As shown in Fla{gsetg ‘agd 9 re%{;e}%tlvel, , the grooves 84 can be added to
the 10 backside of*f HeiyRd Sychhelessy ofher op AlSe marPeksdvitbehtckddee grooves
86. Backsi d® onlgroayes mddsstddd badligned Syith dfair FOAbes bipaksaghs inkbh i@y be done to

i ncrease the flexjhbility of he pad if 0 a e, a front side groove
is not desirabl e&%%nn&ﬁg \a}%s{.h(% ogﬁeéonﬁg??&sé‘iec?géﬁgp‘{%cwngétﬁw&%o

comuni cate to t resodvesomtthegfolighig sjtla thravigh bnetonmotepentirigs 89 reliove wagre hol es 88
through the pad (sﬁétﬂn a§gho$v9 ian%. b,es“gh thrfa £ 4 tsll rérog\r/e isa aosae1 el%a.hﬁgs i]; or

an important consideration since wafer suction may prevent removal of a wafer from

25 the polishing pad when the CMP step is completed. A shot of air or fluid through the
communicating passage from the backside will allow for the timely removal of the
wafer from the polishing pad.

Additionally, the boﬁoms of the front side and backside grooves can be made
with a half circular shape S2 or a rounded corner shape S3, instead of a rectangular

30 shape S1, as shown in Figs. 11 and 13, to make it more difficult for polishing debris to

accumulate inside the groove and/or to facilitate cleaning debris from the groove. To
-14 -



1 S passing air, a gas, or a fluid or conbination of these fromthe

. backside of the pad to the front surface. In addition, holes or oRnMmDE;
fromthe backside to the front side grooves maybe used as receptacl es for
probes capablyo@ty@det ecting the end point or conpletion 3&% ,M}g B?l i shing
process, or a m ninmum groove depth indicating excessive GHUER 20 pad.
Such hoI es or other openings also may be used w thout backsi de 20 grooves,
and instead be aligned with drai nage hol es or passages in the platen
supporting the pad. The grooves on a backsi de of the pad can comrunicate

with grooves on bistﬁmeé&léﬁé}nmy@ﬂaq,@dmﬁ@u%nmbq ywmﬂl%dgmﬁﬁ%gg oobes, 10

relieve wafer .suction as shown in gbﬂ , such p side
groove is close eﬁ?PetﬁlesTWF%"fleS“a“&ﬁfinﬁﬁ? i e tthickaess pErcterpad 9R adbiersd to onaf er

suction may pr eveaﬂaew@&a}edeﬁmauﬁ@{ﬁffaéero@mu%ﬁadbheasmb&a%a'aw OIB eWhen the
CWP step is conpleted. A of air_or uid throu rmunl cating

passage from t he  BRE¥SCH é%\ﬂdlwaﬂ‘ Figw2s 8\l‘ﬂ‘tr1’f§°°ﬁ°m 9? r“é&ﬂ?zfpntmplﬁtqﬁ‘e waf er

fromthe pol 5shi nmaﬂﬁdsubﬁdﬂ@ﬂbtﬁﬂﬂhﬁédm& erbeiweiThe BQ@E&ﬂtﬁersQﬁHadMﬂ and
backsi de grooves aé’ﬁ’d’”%fdﬁ a halt circuyl ar shape or a rounded

corner shape S3, r&“trf‘i?@t“‘aaﬁ@ﬁ.ﬂaé? BPridgpaems in sﬂaioréﬁmmsm Fi gs.

11 and 13, to rrakmmnhurﬁaegeee%ﬁnfdlvwaﬂdccéptablemhcb@ﬂgﬂﬁpﬁ!&@&»blﬁhﬁlgserﬁ&w”u' ate
inside the groove,and/ or facil | te cl eani ngl debris fromthe groove. To
1@5@3’? 4

-14 2 8 MAR 2005 "28 1y obe piepwee of HkotemeglPhi | ity of a

pad having a COWpﬂﬂichtﬁrd:f@ﬁhbuQ@pesToher x(éem&lgr&fveBMnﬂibﬂQE@&oﬁ@d& fQ8ni¢ €ss than

or equal to,pr m)reth thet Q 0 ad, 9 ered to or

ot herwi se seé:)uredp tﬂosf r‘}b"&‘@fg ""8'% @Bﬁﬁﬂm%&g’é‘{g Repggeiested by

respective gr ooveﬂw%pvmnhafmbnﬁﬁotsr(oﬁngnded)znségﬁxbﬂttedmﬁpﬁ@drrﬂoeb didsgi-end3, it is

al so cont enpl at ed%egu%lggﬁe%gtssubpad 94 or an internediate | ayer between the
a

pad 92 and the su y be of a color different fromthat of pad 92 to
provi de a neans in si t'lilllefi@smlxﬁemselbmemlatgtoaneﬂioddﬂomphdlagjgeﬂepeﬂ’form&deMEar

accept abl e for keepipRgidhe p%d“?ngn ﬁ@e o?tmm gﬁ(ﬁ ald C%%Bm%%[&’lﬁlr atteld\{sﬁmy T at or

bottom col ored portion of "any o oove or a
of various t¥pes WWPWE&%‘%WP@@PW%&H@%tfﬂ(ﬂlﬂnbmowdwthbhﬁ@r this 10

purpose. To 0pti Mpgest BEmBE ah® MbIBGkidHint HhyHd YatBRd THRHE A NYdr opl ani ng
effect, the groove _can be contjnuous (open ended) or sSegnente ®into one or

more cl osed- end sBRYSRIRE Pragessetg hedy of the Tadamayde medaftampield anhotes erednist e t o

met hods for opti ninatig sdch s R8fufe@iaRBRR & vefy duldble BRkss Riid o Soss @ these
optim zed pads are with selecte sI urries 15 of the appropriate

i ne
abrasi ve particl e°r§’i“‘%8 o3 Tibfong organio mafgrial such P APPSLATE oo ged RObItHg process
for metal and di efitpedani tid mdterial m@pae cordh i Eiadbr ashellfasEdiB6r poafak | M ze t he

pol i shing process u}r,url;:qh%ody of the pad may be made fromsolid or porous
organi c materi al & as pol yurethane that is very durable because it is
strongly cross |inked Fimi4 isgciliusiratonpfpolishingewafeogeith aslunm S etid 3blishingh as at

| east one of rayop4ag Qavﬂ%lt\)ﬁsﬁrﬁrgrooves 97 and 98, the pad 96 being attached to a platen 100.

Above the polishing pad 96 is a holder 102 for carrying the wafer 95 and pressing it

25 against the polishing surface 99 of the polishing pad 96. During polishing, the holder
102 may be rotated by a drive shaft 104 and the platen 100 may be rotated by drive shaft
106. The holder 102 and the platen 100 may rotate either clockwise or counterclockwise
as indicated by the arrows R1 and R2, and the holder 102 may either rotate in the same
direction as the platen 100, or in the opposite direction. Preferably, both the holder 102

30 and the platen 100 are rotated in the same direction as the direction of a spiral groove

from its inner end to its outer end, such as counterclockwise according to the grooves
B -15-



20 fibers and this material may al so contain a binder as well as solid or
_porous polyurethane. Fig. 14 is an illustration of polishing a Wafer295v1AR2005
with a slurry S and a polishing pad 96 having two spiral grooves 97 and 98,
the pad 96 bewogy@ébisached to a platen 3.00. Above the pol iﬁé‘i‘fﬁ’&lﬁﬁ% 96 is a
hol der 102 for carrying the wafer 95 and pressing it 25 against the
polishing surface 99 of the polishing pad 96. During polishing, the hol der
102 may be rotated by a drive shaft 104 and the platen 100 naybe rotated by
drive shaft | . The hol der 102 and the platen 100 nmay rotate either
cl ockwi se or counslemalimiikui.sAs 45 showaliieBibad, tygrédves S aidIGhavd oudidofRd. and the
hol der 102 may ei ru‘r‘grbalg?éf}n 4% s%{{e l%sﬁéﬂ' on as the platen 100, or in
t he opposite direction. Prefetapt P 2ot % lp migy rogyy endandipleten| at en
100 are rotated i m0tHaefhsidpasagésn eT4ni 02 fasprovicnediongathivad £ firafing Rlufrffro T OOVE
fromits inner eng,legg its outer end, such as counterclockw se according to
t he grooves -15 RIER 2005 WO 02! 02279 PCT/ LTSOL/ 20904 shown in Fi g. 14.
As al so showh in Fig. While tetheldgmabplsien sdrotatad] tRSolia e matteebcila@pRR €nds)
114 and 116, the 6 . 11 d. 120 at the imer ove ends, and
pl aten 100 has fl E@ O%aagggs;ﬂé%%h%@g%%s@ﬁm?%bly ‘%ragwg)llh@ sﬁ%g&r“g’éfl}‘ﬁvays for
drai ning slurry f pastnleslisaleppsitedwa the paishiilg dueface B2 asaabele$ dischalgqall b3t AoLZRI1 88
fotated, the hold [ t.ed. bha nd forth across. . th
pol i shing pad as ﬁfﬁ‘éf?eggi’gg%ggmgﬂg“léirzgégvg‘é%&‘%"gﬁ“ﬁ‘r‘?Sﬁﬁ‘%"f“gg‘ﬁ’?geéil?e“ﬁ‘ﬁti cl es
i s deposited on tHessS maviakg beweillsldagomad forth asess ty pdisidngyeh srighatch py a
nozzl e 108 syippl i gdalyw @ hose 110. The nozzle 108 is nounted on an
oscillating menber 112 so that the spray S may also be oscillated back and
forth across the pol i SditignaysCMishas indolvedttiesdietslopment pfrepasataolish@ig slurries
Traditionally, Cl ¥bkhwi i al. i shin

y witlh @it AR sdo) B WENE) s&g%ma%g%%ﬁp%ha{ﬁ p%gjsl hShi ng

slurries each with a different abrasive such an

sepazat e pol i shi n§hEPROfMEfer aolpr waykpiecpmatoripl. (Qnoof thempia draviorcksd Bise nat eri al .
One of the main dippwbdackse Sepeddbtics of NP S0k thechbrital AERBABRAEE 10 llGVP on bot h
t he chem cahsreacti %% Q)g%)vxeen he Iurr%fei 5 and the workpi ece and the
mechani cal i ht er aftiSVBRIesR H‘é‘iﬂ‘ﬂfﬁl Fration befvpsn thepad, the shipanditicece.  Thi s
has | ed to the devekdgeeTiis b lt hahdgleapantpohé sbéve@pdiats pads of e pliRS ent
invention to inpr . . sl ur flow to and from.the | 'i shi ng, surface of
the pad and to prg%egltrﬁnqglr?d)éc’svfr aﬁ’@%"cﬂ%‘ﬂg" &%Wr&@’é‘igfgrg’ﬁ% 39 pl ani ng
in which the pad prexdniwnddsipbleaechaeica gffpsisichhelldobhaay ip asich hapgdd abd her Wit h
little friction, g, LI ' 20 effective ishing rate. The present

i nvention al so corrgrlﬁ%‘!écsb_t .edogsshgé)%l e%%f%‘?‘é’h‘\eﬁ?ﬂ@ﬁt&rﬁr%(’%%ﬂ“lgrfgd’b@%d pol i shi ng
pad combi na?{ ons ¢ffectiye gelishingralenhance the polishing rates of various

material’s and tO i NPT Qe ek B ok B idetse Byt ARP SN Gnf BReh | CUl ar
slurry/ pad conbi nation, one can effectively enehaﬁce %%ﬁe%l gﬁl Nng process
by enhancing t he PHigipedrd combinptipns iy oxlefo smhaiice Byppeliskingrateeefivariongyaiteriglspol | shed,
as well as enhancind® iinpRveRERARuERImity. | B ch@RinPY particular shurry/pad combination,
one can effectively enhance the polishing process by enhancing the flow of shurry to and
25 from the material being polished, as well as enhancing the mechanical friction by
avoiding regions of hydroplaning. The use of grooved polyurethane based pads and
silica based slurries for oxide wafer polishing is one such example. Another example is
grooved pads made from binder and/or polyurethane impregnated fibers and used with
alumina based slurries for Cu and W metal polishing. To avoid tearing of composite
30 pads made from natural or synthetic soft fibers, the use of polyurethane coated fibers was

found to allow for both pad conditioning and grooving. Thus, by combining the
-16-



avoi di ng regi ons of hydroplaning. The use of grooved pol yuret hane based

_pads " and silica based slurries for oxide wafer polishing is one suglg MAR 2005

exanpl e. Anot her exanple is grooved pads made from bi nder and/or

pol yur et haney ated fibers and used with alum na bas ies for Cu

and W net al ggﬂp@ﬁ?ﬂg. To avoid tearing of conposite 30 pgggﬁkﬂggb@rom

natural or synthetic soft fibers, the use of polyurethane coated fibers was

found to allow for both pad conditioning and groovi ng. Thus, by conbining

the -16 2 8 MAR 2005 WO 02! 02279 PCT/ US01/ 20904 opti mum pol i shing

chem stry for a pafif YoiRkindRbditA6Ea SRlRk! | of the
Péptimteh | %’\6} a x ‘[Mlcés :ﬂatérllﬁwﬁ{ tﬁ%%é%&teo;;ﬁgé

invention, a substantial polishing rate an I'ng uni advant age

is gained. Persdidedpemtiond S‘i‘hﬁ@ﬂﬁgmélmn,g raipid pplishinpiimifgruty advastagsrie s ent

di sclosure, wll ggepgnize 5 that various changes and nodifications to the

el enents and steps of the invention are possible w thout significantly

af fecting their funct Pesspss skiflsd indhearnen leaniag of thamvsent diselosuret willessoguize t he pad

and for the g out ghat videss dRalabl 8d ABSAGEARS QS el&rﬁh%ts%ﬁd)d&?npmg@m?dﬂrare
pply

controlling the depth of the grooves, the arrangenment for ing a
pressure differ erfiopsile wifhgyt sigpitigutiyatfepting hely funghion Jor exmplathpsuprsttber s, and

the structures fofrgiraMbichdyad bidifekthorButd:Othd MibuRd Al sHIBY R Hop RRLVESH, t he
router bit and the pad, all as described above byvva){_of exanmpl e, may be

varied widely in SEEBgsderthptie sagvesciht arspepmentioneolyin aiespuse ) tential

plrovi ding the f:Jnfgiﬂomilfgtl(bfpadi’g@i}?@ﬁi_%)éﬁ)b%ﬁb@@%&%@%ﬁf&tf&-pr{vﬂmg@&mg?, the
platen may _jinclude an arr 0 r .sages apd_ out | et or_ providing a
cushion of I essﬁlf‘tf’ V&’f‘?n%eﬁ‘?‘leﬂ’é efqlfg’?%%‘g% pb‘fg%sdi&s‘”él?efsi“ ve BaYay o5f  t he
pressure diff erendximple, by bdvatie widsly in@ccpmahca gith Qdent hind fof tschaflogi®irber s.

Al so, iui addition t i .rot at ed oth the platen and.the d maybe
noved in an x-y pqr%‘l'r\%nggyc tﬁ%ﬂ?ﬂsf’ﬁbesf %8‘6? %déﬂm%‘ﬁf&e%ﬂb?‘gf‘plﬁ °é’P B8Y al
novenent  mechaniiselnds amartap pf dirgassaedveod ostivts4a piayidingawwshion of frédeurizaisirer not or
as descri bed aboy ) i ' f fr . . back .groove
patterns, depths %ﬁ%ﬁg%%%g%‘é@g{ﬁr)\& B%W%Begsufeo&?e%g%Pogé"gsifrlf?% @g&mg aéll\?te, and
ot her typeslSof f|thdstoppreyberseilsq, i additionta teizgrdiated, bpth the pldtes erplahe taid mgy i@l at en,

may al so be desi r,gg,leﬁ- { i ki jjyrents have
been shown and descn ’é’&égg%g"“%}% .ehtmi ep‘%ﬁ‘@ﬁ?%@?%%ﬁﬁ@%ﬁer
nodi fications arfeechamisedimierte segheristp 43 Hr mpunting thiwuter mideras deseribed bovn t he

scope of the i nveRthdBoratith bf fRcknlkr b0 e6bvR ipiims fbpthsQhd/Br RSO

addition to those described above, and other types of fluid passages in the pad and/or its

20 supporting platen, may also be desirable. Accordingly, while the preferred embodiments
have been shown and described above in detail by way of example, further modifications
and embodiments are possible without departing from the scope of the invention as
defined by the claims set forth below.

-17 -



28~ Mat 2005 -18 CLAIMS 1. A pad for polishing a workpi ece conprising: a
_body having a substantially flat frontside di sposed as a polishing 88 AR 2005
surface, wherein at | east one el ongated polishing groove is arrange iM aZ
grooved portion of said polishing surfacé8so that upon rotation of the
pad, the grooved portion sweeps over a total workpiece surface in contact

wth said paﬁtgﬂksg surface; a backside substantially parallel to said
front si de, at | east one backside groove is arranged in said
backsi de; and at |east one fluid passage connecting said at | east one
backsi de groove to said at |east one polishing groove. 2. A pad according
to claim1l, For ustpad a4 nehiskibg asiorkpiedenompridmgosi t ed on said polishing
surface, wherein said at | east one polishing groove conmunicates with at

| east one fluid outlet such that said slurry may fl ow out of said groove

through said outlet whid dodaihdvipgld siitishgitisly ffRE rdrSsild) dEPBERCHs Wi ;Scﬁisﬁiﬂ%d
wor kpi ece surface. A R}ad.accordi ng to claim1, wherein said groove has a

3
bott om surface extS¥HATHY NCER dllérst Oppeionsried Polishig goove is Argagedan aqrelived t o
claim1l1, further igehdidbNenidtsol; fdy Uk S : C yng said
backsi de groove toda)sai d at Itgagtﬁﬁﬁérléﬁg%lei%ml%gﬂ%&o%\%mp o&g@gﬁdg’egef@%ﬁd
communi cat i on bet ROEHTs AVEEPS ovies hi tatpl sverkpicee awdacenini emttaqorieisls waid. poishidg pad
according to claimd,.Jor use with an abrasive slurry deposited on said
pol i shing surface, Wherei n sai d backsi de groove conmuni cates with said
pol i shing groove for draining said slurry out of said polishing side

groove. 6. A pad accordi a.claiml1, futther including at |east one fluid
passage connecting a bé’g%é;f(ﬂge B&S?&PG{%HW‘ ¢ ©a5aHl Hentsikdsi whersingat least one

provide fluid comaideaibon ibﬁﬁ!%%ﬁi§§éi@b9&ési&b£ﬂw surface and anbi ent
pressure. ~R ~~I 11i[~04474 duc cdg
at least one fluid passage connecting said at least one backside groove to

said at least one polishing groove.

2. A pad according to claim 1, for use with an abrasive slurry deposited on said
polishing surface, wherein said at least one polishing groove communicates with
at least one fluid outlet such that said slurry may flow out of said groove through

said outlet while said polishing surface is in contact with said workpiece surface.

3. A pad according to claim 1, wherein said groove has a bottom surface extending

between opposing sidewalls.

4. A pad according to claim 1, further including at least one fluid passage
connecting said backside groove to said at least one polishing groove to provide

fluid communication between said polishing surface and ambient pressure.

5. A pad according to claim 1, for use with an abrasive slurry deposited on said
polishing surface, wherein said backside groove communicates with said

polishing groove for draining said slurry out of said polishing side groove.
6. A pad according to claim 1, further including at least one fluid passage

connecting a backside of said pad to said polishing side to provide fluid

communication between said polishing surface and ambient pressure.
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2 8 MAR 2005 - 19 7. A pad according to claim1, further including 7% “ﬁfﬁb
one groove on a backside of said pad wherein said backside groove b
comuni cates with said polishing side via a fluid passage for passing a
gas, a liquid or conbinations thereof. 8. 19 pad according to claiml1,
wherein said polishing groove conprises a plurality of sequential groove
segnents. 9. A pad according to claiml, wherein the body of said pad
conprises a material selected fromthe group consisting of a solid organic

material, a-porousg gﬁ@@fgo?ding% Ehirdl, fafdr %cfddmg;éislc%{%gﬁgi g%o%to?lré Blckside

wherein said fibrous organic material " contains a bin at” 1'east one
fi ber sel ected fromstid@admdgreineaid bstksilg gdovercayonuificder withnald poliyidsg side

fibers. 10. A pad. ac ing . to.claim1, wherein each, sai.d | i shing groove
conprises a singP@lﬁgﬁ ﬂﬁd%ﬁ%ﬂgéﬁﬁﬁﬁiég?l?%ﬂpﬁé¥ﬁ8ﬁmHP“88$@@W?Eg a surface
of a workpi ece conprising steps of: providing a pad body conprising: a
substantially flat frontside disposed as a polishing surface,  wherein at

| east one erft ongateBAheAcPEhinnl Jrbblevhaeigspidmplighing ggoovgreeswpsigepopluraity of

sai d polishing suikacRestul Ghdlve PBRediOt ation of the pad, the grooved
portion sweeps over a total” workplece surface in contact with said

polishing surface, and a backside substantially parallel to said
frontside; placin ' 0 rotatable platen i.n._. | i shing tool;.
nount i ng sa?d wor %‘p?%dcgccigﬁoq%g E%@é‘é*% tlb*‘ﬁ%rgindlgﬁa% | %ﬁifﬁﬁlgtp%glc;omp&ﬁ # Jagiah
polishing slurry sdettbe fipol ihshirowp sansisang obh sskd drgaait; mamrelat; R pordlls: oreandé
d d .
oc edg material, and a fibrous organic material wherein said fibrous organic material
contains a binder and at least one fiber selected from the group consisting of

rayon fibers and polyester fibers.

10. A pad according to claim 1, wherein each said polishing groove comprises a

single continuous segment.
11. A method of polishing a surface of a workpiece comprising steps of:

providing a pad body comprising:

a substantially flat frontside disposed as a polishing surface,
wherein at least one enlongated polishing groove is arranged in a
grooved portion of said polishing surface so that upon rotation of the
pad, the grooved portion sweeps over a total workpiece surface in
contact with said polishing surface, and a backside substantially parallel
to said frontside;

placing said pad on a rotatable platen in a polishing tool;

mounting said workpiece in a holder of said polishing tool,

supplying a polishing slurry to the polishing surface of said pad,;

and
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2 8 MAR 1005 -20 noving said workpi ece, said pad, or both said workpiece
.and said pad, while said polishing surface is in contact wth sai ddzﬁ MAR 200
wor kpi ece surface, wherein at | east one backsi de groove is arrange n Bg\“ﬁ
backsi de of the pad, and at |east one flu2@-passage is connecting said at

| east one backsi de groove to said at | east one polishing groove. 12. A

met hod of polishing a surface of a workpiece according to claim1l 1, .
wherein at |east one of sai dYYAKEAIHEOHMRSPeiRi¢ Brnotibelt wad Workpiese ahé aaidl

one fluid outlet of said,goljghi - i i.~et ing. tg claim
11, wherein said pad orq)l%o’th sgiSggipg@%ghnflg%f%epﬂsa@eg&?z}l@ﬁgg}é% I'eat“Bne
fluid passage for drainisnfacai d slurry out of said polishing groove. 14. A
met hod according to claim1ll, wherein said at |east one polishing groove

conmmuni cates with at |east one fluid outlet such that said slurry may fl ow

out of said groove through saieetiut legdt onBibhekssdd glop™ [sSdanged Hf §86€ BadkSidk N
contact with said workpiece surface. 15. A nethod according to claim 11,
wherein said at |east oRéHaRAdgahaldass ope Hyidassageds aorshivimpadei lsast one

bet ween sai d polishing $urfsaee and tg@h%pfeaar&g%m@ Ié%grv(\)/iot met hod accordi ng

to claim1l, wherein said backsi de groove comu cat | sai d polishing
groove for draining said slurry out of said polishing side groove. 17. A

met hod accor.di ng t,0 i;m . wherein. sai al.i shin roove caonprises a
plurality oflgSegué‘n{n %zla}f%dgorf (])O\i/‘%h”sl 6%&?%6. Otg%.a'og\(pﬁ%clef?gﬂ&gw@ot?cﬁgﬂﬁl {10 1CEG I
11, wherein the padlchsidyeiof saitl backsideegrbayessehenirechtds with khRado@d Muid outlet
consisting of a solid orﬁ ni c terial, a porous organic material, and a
fibrous organi c maf &4 &P ©Ph said fibrous organic material contains a
~R ~.1.113[~09474 doc rJg

13. A method according to claim 11, wherein said pad or both said pad and said
platen include at least one fluid passage for draining said slurry out of said

polishing groove.

14. A method according to claim 11, wherein said at least one polishing groove
communicates with at least one fluid outlet such that said slurry may flow out of
said groove through said outlet while said polishing surface is in contact with

said workpiece surface.

15. A method according to claim 11, wherein said at least one fluid passage provides

fluid communication between said polishing surface and ambient pressure.

16. A method according to claim 11, wherein said backside groove communicates
with said polishing groove for draining said slurry out of said polishing side

groove.

17. A method according to claim 11, wherein said polishing groove comprises a

plurality of sequential groove segments.
18. A method according to claim 11, wherein the pad body is of a material selected

from the group consisting of a solid organic material, a porous organic material,

and a fibrous organic material wherein said fibrous organic material contains a
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2 8 MAR 2005 -21 binder and at |east one fiber selected fromthe group
.consisting of rayon fibers and polyester fibers. 19. A nethod acco;zdd'an% 50
claim1l, wherein each said at | east one polishing groove conprise MAR 2005
singl e continuous segnent. ~R \LIDC~04474)dor cdg

binder and at least one fiber selected from the group consisting of rayon fibers

and polyester fibers.

19. A method according to claim 11, wherein each said at least one polishing groove

comprises a single continuous segment.
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