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PLANARI ZATI ON OR POLI SHI NG PAD W TH SECTI ONS RAVI NG VARI ED, GRQOVE PATTERNS
FI ELD OF THE I NVENTION 5 The present invention relates to &?;p(ﬁ]@?fhlf@@!rpad
for use in chem cal nechanical planarization applications. Mre '
particul arlywddepresent invention relates to a pad used ipgrhR6yGE8M cal
mechani cal pl anarization or polishing of sem conductor wafers. BACKGROUND
OF THE | NVENTI ON Sem conductor wafers are typically fabricated with
multiple copies of a 10 desired integrated circuit design that will |ater
be separated an€CHEMICATI MECHANICAL PEANRIZA TIONOR POIHSHING PAD f or mi ng
the circuitry on a WITHSEUTIONS HA VING ¥ARIEINGROQVERATTERNSe

phot ol i t hography process requires that a special canera focus on the wafer
to project an irrlgﬂe of the circuit on the wafer. The ability of the canera

to focus on tRELAYPFIIEINVENIIQNf er is often adversely affected by 15
I nconsi stenci es or ' . f ' 1Sk . IS
nccor uat ed wi ¢ h_t S ERSEATEREioR i WP Etishitlrad for wiOLUHRARG! ethdnteal B
circuit desi gplgnarBetivrcapplioatians. Murepatieulerly|tbopresmbimvintionoristes tcd pal i n

| ayers, where_a.portion of.a gircuit is. cteated..qn a rst l.evel d
conduct i ve vi §ESEF e elernical neclamical plagsrizalion r Belisting ol ssmiopapstar wilbts,
After each layer of the circuit is etched on the wafer, an 20 oxi de | ayer
is put down aBAGHGROUNDWOWRTHEINMBNTIONough but covering the rest of the
previous circuit |evel. Each layer of the circuit can create or _add
unevenness to the Seafieenduptar wakeryare tynicably absicated math ravltiplscppice ofener at i ng
t he Xt circpl ) : 1 ¢.a, | anak, i : i ques
are itnjdseed to p as%rgc# ?Qz{%?tﬁ%&?%]\}v&g\eg er %ﬂﬁh gagiécrtyglsgé}g'!t%?ﬁ drrtglg deegllgal\qal}lgig e f

t hereafter. Aclapd. abkemfivh techaiqaafor faimiag thndidcyityadnl eetmicdndactpoisi sher s,

often use a raqtat.i fer, holder .that. brings the waf.er into contact with a
ool i e oadoiavieras et e A priatctithoantd Froch Fhutes bl nartidl kPP, A
pol i shing fl ufodus &8 vasferdo pRHEdt aRkmAR fsid AGuR GA e Wifek | THY 4biletpRE teni Ng

m croabrasives, is applied to the paolishing Rad to polish the wafer. The
waf er hol der ¢camerafo focuson the surface of the wafer is often adversely affected by

O

15 inconsistencies or unevenness in the wafer surface. This sensitivity is accentuated
with the current drive toward smaller, more highly integrated circuit designs.
Semiconductor wafers are also commonly constructed in layers, where a portion of a
circuit is created on a first level and conductive vias are made to connect up to the
next level of the circuit. After each layer of the circuit is etched on the wafer, an

20 oxide layer is put down allowing the vias to pass through but covering the rest of the
previous circuit level. Each layer of the circuit can create or add unevenness to the
wafer that is preferably smoothed out before generating the next circuit layer.

\ Chemical mechanical planarization (CMP) techniques are used to planarize the
- raw wafer and each layer of material added thereafter. Available CMP systems,

25 commonly called wafer polishers, often use a rotating wafer holder that brings the
wafer into contact with a polishing pad moving in the plane of the wafer surface to be
planarized. A polishing fluid, such as a chemical polishing agent or slurry containing

microabrasives, is applied to the polishing pad to polish the wafer. The wafer holder
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WO 00171 297 PCTNS00113328 then presses the wafer against the rotating
polishing pad and is rotated to polish and planarize the V\qf._ermh‘ﬁhep;t(ygpe of
pol i shing pad used on the wafer polisher can greatly affect thé-renpval
rate profile across a sem conductor wafer. ldeally, a sem conductor wafer 5
processed wo@mater polisher will see a constant renovaleoraiser/3s2oss the
entire wafer surface. Many polishing pads have been designed with one
particular pattern of channels or voids to attenpt to achi eve a desired
renoval rate. thEnesessesthe wifey agrinst gie natptipg elishingaad aad is ratatsddp poliseade noval
rate pattern at . f nple, may renove material fromthe edge of a
sem conductor%’%?%zl‘etﬁé‘sygé? than the inner portion 10 of the wafer.
Accordi ngly, thereThstype oepslishing pad psdéd @hthagafeagdolishat cani gréatiyrdftentthe
uniformty across the surface of a sem conduc%t Oi Wﬁf er. SUI\/I}/iAaY OF. THE
| NVENTI ON' Acc 8/aeyeratoprefile aceqss g sprmicondsetqriyaies deally. 3 seoueqdyrior ¥2486) i shi ng
menbes is pr 0}6&&3 8@%\9 er?ghﬂiéﬂ@%ilp@eta JBRMAR KGNV Fatd AdRERTthPitie whfer| east
I nke pol i

. two serially Ing pad sections are attached to the belt. The
pol i shing pad ssdiatei dManyipolishitg padsthiave beepalesigniditipens prsieulaipafiemioly a first

groove pattern,forped i side of the firs I Shi 4on. The

first groove 63%{59,%@{&5,?%#5%'?%%% ad%g%‘aqugljn%?ﬂu Irréz}?'l ?@&8]} §§P}6 ves. A

- second pol i shipaHstiagipe olteR Raveassighaf@s raicval et pited thapfusiekamplepmby near

- belt. 20 According to a second aspect of the pr esrgn%ﬂgi nyentj on, a polishing
pad for cheni @emovemaiarialdeam fesdae phasqmionsiucioryrichFgise thap RBFDIR | des

a plgal ity Oforserlabl YaddoRlifidy ARk S0 AGaRBCh 3ishing Rad 1R Wil entnbd near

bel t%The pl urogﬁlﬁ‘il{ﬁgl{‘ Aséeéffdgﬁﬁ{ﬁﬁ%rhzg%ﬂ%gl I'S ?‘ﬁ’g lpgg sections incl udes

~first and secomifopuity snessgheaufacecf 4 smgcdnductayjwafespecti ve first and second

groove patterns. In one enbodi nent, each of the groove 25 patterns is
preferably: Oris‘m{ﬁgﬁﬂ I hpear path of the pad. In another

- enbodi nent, the pa SZEZ F(}%Ehngyh avI?wnon- paral | el grooves. According to

. anot her aspect of AgordingS6 Alfiritaysstt bOMe presett idvenkicd, apotishing mgmket isnear

- chem cal nechani cal _pl anarj zatjqn pol i shi pad hayi | ural it f

pol i shing -2 Providgd haqugql:1neaghq}tmov@l@g|aglgnggr7paﬁ‘e3xy %%53‘7’8%‘ ydg'#@ecti ons
i ncl Hﬁes the ‘ﬁ?hiﬁ% @d@cfib&%}{é YefEREPHY hogell hehePRligHin@pad SRBYR inéladea
profilTe on a sem co Huct or wafer for each of a plurality of groove patterns
used in cheni dist polishing padiectibmhaving afirst groovs pastermiprivadiin a side pbtba fissich of

the plurality of. groov tterns.i s a uni . rAa. red
materi al r emoatisRag BEsRRN TR pifadgl b RERRERIDAE o L PRI
patterns is thgoowsnpaeeshdpulisking padseetiomhisamonsgromatd side apposite thphinedpr i at e
conbi nati on of Hhe different groove patterns to achieve inproved, renoval
rate uni forn‘it?Ftacross a sem conductor wafer. After determ ning the
necesgary combi nat i Qdording@ld stHirndthspetl of BB Prds&t thvehtiad, al potisiiing yed feri al | y
| i nked polishing pad sections is fabricated, where at |

| - el plenarizefion of 6 ndndeanighodte.
pol i shing pad @est¢abmechanitaliplenarizgiien et semicaydecte wafae indpdseaiugiRle
patterns. BRI E@nmela—go%l% deﬁc%%%g a linear belt. The plurality of serially

linked polishing pad sections includes first and second polishing pad sections having

respective first and second groove patterns. In one embodiment, each of the groove
25 patterns is preferably oriented parallel to the linear path of the pad. In another
embodiment, the pad sections may have non-parallel grooves.
According to another.aspect of the present invention, a method of producing a

linear chemical mechanical planarization polishing pad having a plurality of polishing
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FIG 1 is a perspective view of a polishing nenber having a polishing pad
according to a preferred enbodi nent of the present invention. 15 FIG 2 is
a partial plan view of an alternative enbodi nent of the poﬁiﬁs { Rg- pagh of
FIG 1. FIG 3 is a cross-sectional view of a grooved poli shi ngvpad ddcti on

sui tabl e forgisfmi,t he polishing pad of FIGS. 1 or 2. FI L arti al
pl an view of a sg!:ig?]d al ternative enbodi nent of the 20 po?FSﬁ."%@“g’ﬁg of

FIG 1. FIG 5 is a plan view of a rotary polishing pad according to a

preferred e”b?rgl §R0bns ift1Riesthd ste ﬂé@ﬂhkﬁ?‘ méa%ﬁ’;fi@%ﬂ%% ralreoviBLey | al
renoval rate asurenents nmade according to a preferre en{)ooﬂ nment of the
met hod of thepmfidsems sémicenducton wals {61 cach af 4 plusligy efigroave! pattenns essglinat i on of

Sect i ons. dascPIBBERITEBr e PABHERan AYLHEP e CPFTE QoAb PRI 05—

~. I ~c~. de‘véBMQanOillex% Ge Bobvb pRtr] SPREmPMh ALt RO AT F4N OF THE
PRESENTLY PREFERRED ENMBCDI MENTS "One i nportant factor in a chem cal

nmechadi cal pl B¢ fasepdvof(toplyratifbefaggovepatiprms isfth¢roeampayedsmdiane resul ting
pol i sh across SUEf o sem t . i uni form
Tt erial ¢ of petunsford ok of I RBRRRHE BmoiRGL or G drer B Mot T
pol i shi ng pr opattans tarachieveippaoded reinvealirite dhiformiitytdorossva baniconddctod svafiert e
likely to maintain the sa erformance character.i stics indepepdent  of
where it o | gt BTN PRA APy ASTOGIAO A USRS SRS 6 Fafhg pad
according to ago @éﬂiﬁ?ﬂiﬂﬁéﬁ potshinb PadERESAH is FAbRAEH, AhdPE AMEALEyd ROV Ed
uniformty in renoval rates and can |lead to 10 i nproved manufacturing

procd@s cont r eplidking padsedions inclwde ardifferentone of the sgleptiedl gaaove patteras. pr esent | y
. preferred enbodi mrent of a CMP polishing pad 10 according to the present
i nvention. The polishing pad 10 includes a plurality of polishing pad

- sections 12. IS4 td IS positioned adjacent to the
ﬁéeiﬁg gfcﬂféciﬁb‘ffbﬁ%% THE t%%dss

next so that Ions forman un , serially Linked chain on the
supporting 15 |i neBIG.Hdek & pispediac hiepodfiaghulisigng agmbechaving 4 polfsbingpddwi th its

own respective graov attern l6a-c. A each.groove pattern 1l6a-c is
arr anged paraf"f‘g)lr&}{l%?qfﬁgwtﬂﬁggm%ﬂwt?%E?BWS%‘F“%%".‘?‘]'near bel t 14. Each
pad ggction 12 nmayFi® 2ieaphitidChles! viewiNas afenaia entiidafiént oF thegRlismaepacdl and
connected together to formthe conplete polishing pad 10. Alternatively,

t he poli shi ng°55€p-slecti ons 12 may be manufactured in a single piece of 20

material . The poli gfty RGis RAfhsS SRV idWRYf £1loBFdd PfisHRY PALhcAbh SiiRBRALAL ©

belt, as
use in the polishing pad of FIGS. 1 or 2.

FIG. 4 is a partial plan view of a second alternative embodiment of the
20 polishing pad of FIG. 1.
FIG. 5 is a plan view of a rotary polishing pad according to a preferred
embodiment. '
FIG. 6 is a graphical representation of material removal rate measurements
made according to a preferred embodiment of the method of the present invention.
25 - FIG. 7 is a graphical representation of the material removal rates obtained by
combining selected polishing pad sections described in FIG. 4 according to a

preferred embodiment.



shown in FIG 1, or may forma polishing pad that is a stand-al one belt.
Referring to FIG 2, an alternative enbodi nent is shown where the poIJ§h|ng
pad 110 includes sections 112 having groove patterns 116a, ﬂl@c@éhﬂ abLf
section conpl el y |l acking grooves (i.e. an unbroken polishing pad surface)
116b. Again, (m%g grooves are arranged parallel to the di PEFUSNIIZNE

noti on of the l'inear belt 114. Each groove pattern, in one preferred

enbodi nment , and a pitch. -4 o.l \J\J |
7w S W oo &@5@3 Jd@ ted in FIG 3, the width 18
of a groove 197 parall el walls of the
groove. The depth 2 t r he .

pol i shing pad to th?n%irp%&‘?anﬂ‘a%@cﬁnﬁﬁﬁfé%rgfe&hﬁ g?:#i%a pla%%f%% (géﬂ;)r?éocﬁfss‘tgance
froma first vva;hé urdformity iof e rgsrwlxmgq)dl@h acrbmheairfa‘teof i §@1§1c&?du|ct09fwafé?eB

i mredi ately 5 cent_ oove, .In the embodinents of FIGS. 1 -3, the gr oove
pat t erﬁ differ é‘i %'ﬂé%a terial thieknessaiellipoinst ot the aafey afien sasmmietign ofithe a

gi ven pad sect igdfiskira pr]acésszansrﬁtegﬁg%i &S}elg;[t:ﬁ'(i)eg&np ﬁ@lﬁlgg éﬁf@elf'& ¢ the same

for- grooves wrthrnagartrcu ar-p er e dr men t he
groove patt er n m#intainthesame parfoonancerherastedstios mdepgncﬁeﬂuifudmrmtmgmht)eddﬁpt h,

‘and pitch that oove i on.

‘Addi tionally, Vt\%eafvhﬁf gﬂg\rl\g%@b%l%‘?”e é@%&ﬁ@ﬁ% g?cg? ﬁlt aﬁ‘gf“g@%‘?qt °f near
cross section, thépregmoinverstiongyovides ifpidedvaitbmetsinaohevhl esteCaidea 104alth S -
For ptﬂ)poses of t hi s{lﬁgr1 fication, a groove_ is defined as a channel that

i s cut’or. for 8Py HuRRg Brocess cRpEeland frereagedivafenyicldie channel s
greater than its wi gid. | Auska@EpaRtIP broFied WloodlthaR e A CRE Ui HAGON Of

.a pad section. 15 In other enb ments I near sem con r pol®i“shing or
pl anari zati on waergdmg ke thgporsortdnvention.pZhe palishing padd0 swbideon phmaglith of

210 12" chown 1 AR eBidnddnr Ak Blngheg st 1 hesiitiE afifrenl [ P

groove pattern nzitfm thﬁflnlee smoﬁrerpa‘ma:h hxehntgbmueerﬁﬂyﬂlﬁkai chiafhor iy stFpoetifly Ooves

that i,ptersect n d segtion 212 wth _the non20 paralle

.gr oovégpat tern hﬂ % ‘bgﬂﬁﬁma ?‘?ﬁloBt‘ﬁémefi)Wi‘é Hs Ry pstpesiearons 212
‘havi ng paral | elpaﬁérﬁqw-cpanéceém gtd&R patt@rlaﬁlfta-c% E&%&ng@@?&llaﬂélttb?f{bsdxreéﬁ&hoﬁs a
‘polishing pad with all pad sections having a feren non- paral | el groove

pattern or a pdRqtoRiof &ledmaweﬂw‘*s Jiach padisaction ﬂ%ﬁély havpnsgun@df@ar afdparate

grooves and ot
cont enpl at ed. Cg ng\%él?lﬁ& ng\ﬁldé?. %éiﬁ?é&‘%r S‘E%ﬁﬂg{? éj%ﬁﬁﬁé ”°§§“§‘rﬁ %a[ gr oove
pattern may i ndlmﬂyab’t e mowhlrqu@nttlom 1@rrmy\besnam1t‘a¢ttmed mtdmngle prcueef t hat

' di d h | at hi ach
..g'[ ﬁer l26|[)C)rc1)zeorl rrqnoa‘r%giarl)g R ngmﬁé)ad %%’P%%ﬁ%gﬁgﬁlﬂﬁg\‘}b"u&{?sé’ﬁﬁ‘égg%ﬁ%eg’g tac-fr n of

circular -5 shown in FIG 1, or may form a polishing pad that is a stand-alone belt.

Referring to FIG'. 2, an alternative embodiment is shown where the polishing
pad 110 includes sections 112 having groove patterns 116a, 116¢ and a section
completely lacking grooves (i.e. an unbroken polishing pad surface) 116b. Again, the

25 grooves are arranged parallel to the direction of motion of the linear belt 114. Each
groove pattern, in-one preferred embodiment, is defined by a width, a depth, and a

pitch.



~ ~o0c~i~ LJ'~ 1~ wJ 00/ 71297 PCT1US00/ 13328 voids or dinples formed in the
pad material, rather than grooves, in yet another enbodi rrent Accor di ng to
anot her enbodi nent, the sem conductor polishing pad may b ()‘tpr,y,. &
polishing pad. FIG S illustrates one rotary polishing pa ‘31 “havi ng ab
plurality of WAdEG¥9%haped sections 312 that are serially | ParREsNOYsEH t hat a
sem conductor wafer is sequent i aI ly presented with a different section as

the rotary poli shi ad is r h section 3 ref.er y has a
di fferent groove pggt“i‘ﬁtfa@ﬁ!% 8\’9“" ]&r&faeﬁ?%v& lggéﬁﬁ" ‘{bﬁ@‘
sections 312 gy, SREParkIf als OF t‘i’k@ﬁ?ool?@t TRE &Ephhﬁ’é 1s'tH&Jix§Qﬁ&: i?orH'tl&ér&Utért y of

concentric arc segnents (see groove patterns 31l6a and 316c¢) centered
about the centsurfagsfoftheepalishingpagtodthe bottam héﬂle@mmda anérth@pltthi?é ipthenor e

sections 312 %@g\fr%m %ﬁ{g goPéﬁ?&s ! n ' n eI n%tlﬁ%ﬁresrw%{l o?&xecfmmedlately

non-concentri c groove p use 1 n

constgucting tah}acmlgraiwnmmdnm@‘inema:fmms In3k the gpodvepatterndififeror rotary
sem conductor polishing pad is.a closed cell 15 polyurethane such s 1 C1000

avai | abl e f r orbeh¥Rs8 PAEEFHioREbYt dxpreferably,wifarm wlmza.wenm@ Besgn 1&alde sBad
section is pr%ﬁ@&ﬁ%%@%&#&?ﬁ&&hﬁ;@n@%@? vﬂﬁ%r?&tﬁhcul aat her

enbodi nents, one or nobre ent mat eria sed r each
pol i shi ng pad seetioni dmother emboqmbmtarthmgopwpatt‘éhewnhm armmnulaapad sm;zoramm be

. sel d h di har d d f d
oo ment . ¢ AR BB SBPRETR Syl R ies WpARRARFR 1o’ ange

of 5Qo- 70, aKdﬁiﬁﬁrﬁﬂ?,ﬁbﬂuld&Ugtoﬁvés@eg ftabl Forfifidl haviffm rédtitinéar sasd fi C
gravity in the range of 0.74 - 0.85 grooves nay efabrlcatedl?the

pad material @§9tmg ﬁwmpﬂmxéﬁmrawéémg@alawyd ahgurzé Hu rH9E PUIpPSEs O
- commerci al ser,g p&méa%n %s&enghéfﬁlmgaeﬁzqmenﬂa&f@e&t%%ﬁmaqﬁ thednadRodel
Corp. Referring to FIGS the polishing pad 10, 10, 210 may be

mounted 25 to matemaie‘ehereuéb lengﬂl, oflthelamanmvl cﬁrgeaimﬂ)@n W-'ewtdﬂanﬂ gmdvmnzae'dmi n a
“linear sem co r r | i he TERES TM pol i sher avail abl e

from Lam Reseglg%ﬁﬁ%g?‘wg‘?ﬁ} egﬁm l%@?%ﬁ%ﬁ?d “fornia. In operation, the pad
10, 13%0, 210 is comh bmuoemquxmwdflaﬂeaﬂ@nﬁcdndnetaf palishingtor planudizakion pads

sem conduct or fer hal der 0/ 71 297
PCT/ U80011332é¥‘vaﬁ’0\%‘38 ‘Braé’égl?gﬁép%deﬁ?%%'&%l\;%mfha?‘ el Beferane e s yr f ace of

the pad. The sgsBcaRRéHi6l PIG. Wah Ghed? pbiHingdFad Zﬁlb%@slfo%%&u&lhg a%ﬁﬁﬁn#ﬂd €
hol di ng t he waf er agai nst t he pad. The pad 10

slurry that i seefian?12meith enon-paraliel graove pattern 216a. Tﬁe non-parallel 8T°°V° pattern
216a may have grooves that intersect. The polishing pad section 212 with the non-

20 parallel groove pattern 216a may be combined with other polishing pad sections 212
having parallel groove patterns 216b — 216d. Other combinations, such as a polishing
pad with all pad sections having a different, non-parallel groove pattern or a polishing
pad with some pad sections having non-parallel grooves and other pad sections
having non-grooved surfaces, are contemplated. As shown in the embodiment of

25 FIG. 4, the parallel groove pattern may include pattern of serpentine grooves 216d or
other curves that are disposed in either a parallel or a non-parallel relationship to each

other. One or more polishing pad sections may have an embossed pattern of circuiar



.measured at variQus points across the dianeter of the

5 abrasive to the wafer surface, is used to polish layers on the wafer. Any
of a nunber of known polishing slurries nay be used. One su_i' La@l e_.s.lwg[y i's
SS25 avail abl e from Cabot Corp. The groove pattern 16, 116,121 (J}IHCMJJ fng

t he absence gnAeERw7; ON a pad section changes the ability O&’C’H&EOO? e
transport slurry underneath the wafer and therefore the groove pattérn can
affect the material renoval rate profile as neasured IO on a cross section
of a wafer. Oneoidsef éimple foRrhédia thopadmeRtialnaitier thah gedovedyh palahsting pad
havi ng a subst\%&ﬁ)i&ll uniformmaterial renpoval rate prof’i le for a

seni conduct or BMelt. gescri bed bel ow. First, several polishing pads, each
having a single gro > |

circunference of a g}éﬁrg@gﬁfElé)betﬁ}%ng)?gn%%gk@éugegg&%ﬁgﬁgé%%{g?ig ht&gd may be a

seni conduct or wethryrpofishing pad. Bk, Sriltuistetts oheeotary ipelishiEpadesi 6thapiak ias her

preferably the TERES IM polisher, avai l from lLam Research Corporation,

is useg. to teslpluéfggﬂ ogfwiaﬁ%isﬁztﬂef‘ﬁﬁt‘r?gs Sg)dg‘.at %Ffeé}aﬁghm%drﬁ“ﬁbt t8eni conduct or

wafer with a paéhicenditor MAfrSHidleplly prdiened Rl d@fer@%?%ﬁ&?g%%ﬁf dle?i -
i

a dat abase on RokvhwngRadis rattednBachewetion 3 12reforablydias b differentignocyd patternhe
respective meagysLmgid. RRLAL §mﬂ§$$eﬁﬁég§&cﬂo%%&\ﬂ%9€gff%%{r eX@uf Hale agrsdorw}g Lhe
e as to wna Rati on o

;
conpari son data, a determnation 1s co n groove

.patterns, and phtém ke gicludos a phidlitp af toncuiteic agrseguentp@es grooye ba_temseagiﬁat ed
.to progduce a unj mat er i renoval rate across an entire semni conductor
‘waf er i)&I n one 6P%$£® 8‘3“@%%‘? ‘?en':eﬁgfl&‘&ﬁ?}é’f'yipél nﬁb‘?tﬁ?rﬁé“‘??&f‘@?qt%llonﬁgr

renmoval rates aiile 816N 1NGhaPRavefa ERSvERRAPInbRIR g GYHBLAF I ABn-RbnBhRRV E

patterns may be acconplished using a personal conputer rufining a program

‘witten in Exc&foo%gPafesRsoft Cor porati on. ri~0 CT 2~~J~t wo ooni 29~
PC 1'1USO0/ 13328 Af : j . I J [ Shi: tions
that produce a poli ?ﬁlé ﬁlg&kﬁ%(:g aﬁé{ﬁ%&l?&gﬁ%@f@%i@gﬁuﬁg%ﬂ%ﬁ tr}gﬁgq gcr%lg% S

renpval rate atirdbeekenp thetlincer avabtary semipmidustor palishiag pad isfaatlosedatied usi ng

Tongrhst or - ealROBRIERE SO S TE MG ERARIE dontBods FalORoR ot Phgmd dvisdie 1
one enbodi ment Althbagleeagh pad gdction achrefetadly édnsirgctédSsThe dafiR fadGndteryal A8 other

:singl e, continuog
formed init. FR

s, strip having the appropriate groove (E)atter ns and | engt hs
med i adigtentsr °mdmrﬁéﬁ?9rel§é_a§rrﬂ@a}ﬁ%é§ used frgashpddishiag padach
having | 1s OWNs@idRWPiR Polififg plPYTHISal uikGhld AHPHOLEe QbockealbBayes Dl L. A

graphi cal representation of erial rempval rat'es for various groove 10
patterns is il MifferendhaudnessesorGlengitiesTHp one praferadfentiodingngghe pad Wateriale

repreggnts the int.al ong, the di 't of .the 1 conduct or -
waber 2on i 11 oy anes DERimdS aftsrtithe (et WEHET 76 phonpriPity BEPE e,
the nmeasured r efit%al16f4&taad ampedifisraoitg inthe rage of €74 E8E3. tThegeodes ag bar aph

represents the geasured.renmpval rate for ad havin articul ar grove
pattern. The dSinRtEd %nggﬁfegangg gﬁf“f‘l’&P Pﬂ@li@sg%ﬂwo%féedwn@g Phst

thelpad) for atémmesngalisemiohdudiétSwabeUHIRiRg Pad mamkadterets Kubh as Rodel Corp.

Referring to FIGS. 1, 2 and 4, the polishing pad 10, 110, 210 may be mounted
25 to a linear belt 14, 114 in one embodiment and utilized in a linear semiconductor
wafer polisher such as the TERES ™ polisher available from Lam Research
Corporation of Fremont, California. In operation, the pad 10, 110, 210 is

continuously moved along a linear direction while a semiconductor wafer holder (not



while the linear speed of the pad and the rotational speed of the wafer
hol der were 400 feet per mnute and 20 revol utions per m nute,
respectively. Beginning with the uppernost trace in FIG 6,‘] il*@og“,rcg_ou\\{:e'f
patterns corresponding to the illustrated naterial renpoval rates are as
fol l ows: Ref &YW Runber G oove Pattern (width x depth x piRCERISIYERE jn

t housandt hs of an inch)200K- G oove' "'20210 x 20 x 4020410 x 20 x 10020&20

x 20 x 502081 0 4 ~ oc-r r—-—~ WO
01 71207 peT O PISSE SERIS It S HENEE EaT ot pa 5SS appar ent
fromt he exanmptmicofduetaBwaber liohier may elso adtate dhrowafler whilehaddingtthewafenagaddst r at e

profile vary gi}%nidficantly bet ween the different groove patterns. By

sel ecting seveél®d?®groove patterns and cal cul ati ng a wei ghted average of

removal rates 5 atTR@pdd ARIINY, Zﬁb%&lé\bﬂlﬁjklﬁﬂ?tﬂ%imotﬁ BnviBdIBS activOIgiE t he
wei ghting is based on the percentage of |length of the conplete pad that

will e const lab@@i@qtqfnhema&er;suﬁa@eiwsmplwalﬁsmlqurhen ﬁmwa;feruwamy @frwmbcrf |
Brboa ment "1 REREIGERA BNl e sk SoRE B ls 3035 wdifioR R oF ' o

t he padI on g heaﬁbtr(&&p. Eﬁbgroo%bit&nvw,ilma$16]§M%ilgg ﬂmwb?]ehﬁe g:;]dménsbﬁasaa?re
contenpl ated, the groove dinensions are preferably wthi e ran of 0-30
t housandt hs oFecé'ﬁnicF\%“rgef thagﬁlwﬁé?p@lwwn@ g un aﬁh‘i‘é“’&feﬁi”g hin the

range of 25- 2@QréfoteSthe FRBvEpLHRPYR hftkct thefftetdlrehRvEl rtelpPoMe @0 HEBAREL! | Y
~avail abl e groove pattern from Rodel Corp. FIG 7 illustrates a predicted

renoV@l rate pPREforess setivnofig wafre. act ual renoval 15 rate profile 220

measured from a pohi.shi [ cal > ' descri bed
2bove. The pol i shi o5 pretrfeh &Pl ERLEHE £RRAF EMICpHRnn Pl B ACCS0"
220- i ncl uded ttbstantiplly usiformpmpterdal sendvab rade prafilafyr e germicohdsetir ivafarisl
constructed out o sa ol i shi ad terial ., The first polishing pad
section incl u§8§f“izef£;9§8\7e%&fﬁ%ﬁ?ﬁ&%@ﬁ’@m@fa@ l_@fﬁlg %é"éﬁlq_ém"?a%?% X

wi dth x pitchhnd bdth coffpRisly BOVering iLirdBmPieride @F a diFdreti Belt Sard ERAURPRY L €7 N
of 0.020" x 0.020" x 0.050", and the third polishing pad section had no
groodés. Anot Relishypsanteendycionwafer fiaipsedeteammed simei Adesame wafasipelishes, _
enmbodi nent of kavant.i i i teL ] . rate
cni for m Uy al SractepBEPRRES (A RLIARL a0 R PLR KRRl ClrbBlaipf 1o U

pol i shi ng pad to test each of the polishing pads. After polishing a semiconductor wafer with a

particular polishing pad, the amount of material removed is measured at various
points across the diameter 6f the wafer and recorded in a database on a computer.

20 The removal rates are then compared at the fespective measurement points used for
each semiconductor wafer. Using the comparison data, a determination is made as to
what combination of groove patterns, and what length of each particular groove
pattern, is predicted to produce a uniform material removal rate across an entire
semiconductor wafer. In one preferred embodiment, the comparison of the material

25 removal rates and determination of the appropriate combination of groove patterns
may be accomplished using a personal computer running a program written in Excel

by Microsoft Corporation.



secti-ons: no groove, t 2 x 20 x 50, 20 x 20 x 50, 10 x 20 x 100, and 20 x
20 x 100 25 (where the dinensions are in thousandths of an inch and refer
to wwdth x depth x pitch). -9 fl. ~" T '"(1~1 1 J~Wi 42-A% 'N!
00/ 71 297 PCTNS00/ 13328 From the foregoing, a polishing padjaﬁ G?Levgh%a of
maki ng the sar@00vazs@ been descri bed. The nethod takes advanicgago®fzzishe
different material renoval rate profiles of different groove patterns and
optim zes a conbination of the avail able groove patterns to forma

conposi te pad havi nfftatcalcahting thegratidted polisbinggdd setibhomat frodidea pdlitigg ent
groove patterns. .The nmet hod provides for conparing renoval rate profiles
for different Bi9JBVIEE Hantially vgifpem matesial remoryl rasPIoFY ARNtise WatenIa | ng

b . ; R ; i ' £0 i h
conbi nation of pdhing Pl ¢ MGGkt rbgggﬁbrgf;l’ye ?ﬁec{%gtﬁgﬂﬂa@ﬁ)ﬁ Yciihiled mngc\rf%:t €

renmoval rate profilé. The resultin as a nore uni
mat eri al r enovaipropmate sgetiersiengths foreachiiosangroavafpatiern hte conibifedomi 4 sihglag pad

is al di scl ] plurakity of .serially.linked, poljshi pad

sect i o%ﬁs. Theo%iqﬁ rlg?’?{{: g'QBEd“B‘gat’ g’i‘&’ieiaosﬁ%gl%@ Iflﬁtf’ﬁ?lés Vﬁeﬁ’etagp%‘iﬁ“?y Bgamay be
nounted on a ssipgle,aonatihione stiipltaving Y fPropriae fesveTAREMS R BRYhE RiriMed id Ot ary
~pol i shing pad., Eﬁg\ah B'}%l i shing pad section includes a different groove
“pattern that, inT£nopher embodimentygparats pieGes @6 padimaterialy eash daving ite avad

~ parallel to thgegvd SeiP l'ﬁﬁéiﬁo and, in anot her

- enbodi nent ma?oi ncﬁ%e’glragfgsgs t agag?lie&ﬁao%ﬁ%gggh el to the direction of

- travel . It is intensgtaphicalrepriesentagion gbimatgridbtemiolvaldateefor vagidusgrode r egar ded
as il{gqistrativ Ny it N and. that it he derstood that the
foll omJng cl ai ﬁ%tt,rcﬂllts Esﬁ{ll&ét?aﬂ%d lé‘l]ffbeé‘u?e%r'émsé’?%r%aﬂlﬂf‘gﬁ@eﬁ“ﬁ’ﬁ’s ffse the

- scope of this impaserementpointlflong the dfanfateriof the s¥¥icoh@icior waferAn RAllinsi&k Ng

menber (11A) fﬁr Eﬁe in (ﬁ:]gﬁ_{cn ca?l r{g‘chani_cal pl anari zation of sem conductor
wafers, the polrPBArHEIHE watery 1y yeagisgeprepsats themeaguredagmogd ratein. | a) |

~the linear belinpft | @ad |4 : j all
ingbtrori<periRirad! Eabﬂ‘tlrﬁ:c onthégrapit es@rﬂggtr%égﬁl??&{ A Sgﬁ'ié y

| i nked polisl~jz~~ pad sections (I 12) attached to t shi ng
pad sections {fo13P3d bayipg # artignlacerove pattepo| Thetdomyfqresipsessure appliet 1@ thehavi ng

fi i id f t first | i shi ) d
Socti B 2t OFyyseffitdnBhitor kit o BRATae: b erdysti e wis punfiTbor ek Bk, oo
pattern (116a)wbibnthe lines saeqdlaﬁnlwpgﬂmncdbihegbﬁdvﬁ Spaadfmesma;m:lmlwewi lr)lgI pad

tion (112 i non- gr sj.de 11 opposjte the. linear belt
110y 15\ g AR bR i D RSt gl winples FaspEUNE e HeETRE TR el Ly of
grooves are orippeirsht Raceih FeG. 6,9nd fi8ovd pRRMsRBkEpBhdihE & the RRKatE! t (114).

material remowal rates are as follows:

Reference Number Groove Pattern (width x depth x pitch)
(all in thousandths of an inch)

200 K-Groove'™

202 10x20x 40

204 10x20x 100

206 20x20x50

208 10x 10x 100

210 20 x 20 x 40

212 10x20x50




3. The polishing nmenber (I 10 of Caiml, wherein the at |east two
polishing pxd sections ( Lt 2) further conprise a third polishing pad
section ( 112) .having a 20 third groove pattern, the thi rqi Q{\Z ﬂﬂfern
(116¢) havi n% a plurality of grooves oriented parallel to the near

of the linea 0&84;%291 114), and wherein the third groove pat P@TIHSf(OmZLiB&)
differs fromthe first groove pattern. 4. The polishi ng nenber (1i0) of
claim~, wherein the at |gast—twe—poel+shi ng’&?ﬁ‘e sect+ons—{112)—coqpri se

at least two different |efef’s of hardness ol i shing nmenber (110) of

claim 3, wherein each of [fyg at Ieast Two m@,@,a%slgpgafd‘m'l—ows—(‘rn)
conprise at least two different densities! ~~: ~~1~ The
polishing nmenmber (11 Q of cl a| m 1, vvherel n the at Least two polishing pad

t 112) Co t d t | | |
and wherer n the. selr i Tyt SR s kRuple of TG L RREHR b e R Bt | gur e
to produce a pahdvabiatgproteiy §1%ﬂ4§):axﬂl§r\8eﬁa@eeﬁ tisddistbreAt %rabwpmhi‘sow mat eri al
a

renoval proflle 5 7. The polishing nenber (110)  of im6, wherein each
of the first pHeEstEBIsEYerahErepvsPatiens apdalaiaiing g wai %Chﬁ@cﬁgaro soraeval oSt i on

having a dept b éa%ﬁ%)g%@gl'oﬂaﬂlg%m?et@&g G el Wn@}ettﬂgw%i ﬁ% b%& ed fmb! 1 St

pol i shing pad sect efined by a per pendi cul ar
to the depth pemenirgeiofiiength of the p@hplgwmadMMIM be oomu'geted)frdnmmdvsscm |, and

a pitch spaci 2 ed b i st anc t ween r oavo waII of
2 Firet or oov B flea ey epatye Brdtrd eGSR B s prplibTinfb e T 1ot
wal | of a groeaeulaeieih aprfereddnoginient, thd gitovds afd oripheed\{faralikbtothe A

pol i shing pad [for r?g_ in, ch caI mechani cal pla~arizatian of sem conductor

waf ers, the pdiredion "gf&'ane @e@ewfzeelawbs,bclfa Whilg varioug other g0PYL| |y | i nked
pol i ?b" ng pad dﬁﬁ&fsioﬁ@ﬁre(&ﬁl)egf PMH A%’?ﬁrﬁéns%%rar ﬁéﬁerdﬁ’}’@ﬂhﬁ d:-té"saﬂgé' near

path, the plurality of seri polishing p sect’l ons
- conpri sing: x&f &-30ithausansiths Qihnmg:h;(mib)swde; i}ﬂomB)deb[a\andlga‘ec afpltqhtm@leoove

. pattern (16a) u Shl n ect and a
second pol i shi Inn? gs '2@0 % ﬁ‘g%;?&%(gﬁ%& cg&@ég% f@%‘@%&’t‘f YA ”?’ié
formed in a sgrdo&epamémﬁhmnatwcdrppol i shing pad sectl on) wherein the second
groove pattern (16 i.s.different than the first_gr atter I . 25
9. The polishing pgif:‘ JS illpseatehapredige ’éﬁ“‘r?vf"tf@"erﬂr?@'g 3? a8d °ﬁ§f“r"£’i°§i‘°(" 6a)
conpngses a flrité rd@iwm inkasuRld fFENPR PEISshitig RAFAFcRRE abédRdink € tRendthdiar path

of the linear -12V 7
escnb above The polishing pad used to generate the removal rate profiles 218,

220 included three polishing pad sections having equal lengths and constructed out of
the same polishing pad material. The first polishing pad section included a groove
pattern of 0.010” x 0.020” x 0.100” (depth x width x pitch), the second polishing

20 section included a groove pattern of 0.020” x 0.020” x 0.050", and the third polishing
pad section had no grooves. Another polishing pad, fabricated according to a
preferred embodiment of the present invention, haying improved material removal
rate uniformity along the entire width of the wafer, is made up of five polishing pad
séctions: no groove, 12 x 20 x 50, 20 x 20 x 50, 10 x 20 x 100, and 20 x 20 x 100

25 (where the dimensions are in thousandths of an inch and refer to width x depth x
pitch).



A"t ja-a..' i~ _Lsit. 7 :v GC~ ~i7u~t 10. The polishing pad of
claim9, wherein the second groove pattern (16b) conprises a second _
plurality of grooves and the second plurality of grooves ara @rﬁ]éﬁfeﬂ”}ls
parallel to W(Sool/i near path of the linear belt (14). 11. The polishing pad
(10) of clai D07 kEr ei n plurality of polishing pad secti orfCTUSIPRIBuUrt her
conprises a third polishing pad section ( 12) having a third groove pattern
(16c) having a plurality of grooves oriented parallel to the linear path of
the linear belt ( Feom thgfaregpisges polishingtad pad gmethed of makingthq samediaveli f f er s
fromthe firstyefl@ali v, e - : he nol i shing
pad (10) of cl gi m 8,rl ér'@:%n t e&? ?%sat%vga}ﬁ%ées(gg%n(g&g}a%t Ig%t%'l&%ﬁrggfﬁi% are
char act eri zed poofiles éffdiffenent gradwerpatterns anduptimized £cqmilsifidtiodsof tieraildtae ei n t he
serially linked pluralit f polishi.n d sections ( 12).are configured to
produce a pol i€ Vﬁ@aﬁﬁﬂﬁégwgﬁmﬁﬁw‘%ﬁg awing at least fue P%l‘silmgfﬂﬁfiﬁ?‘ﬁ'ﬁ{‘%ri al 15
renovel rate R differentl@oovdsutels! The RBtHRADréEESs 16f corhbi Mapfagl N each
of the first and secon?pol%hi ng pad sect iq)(;ns (12) di_?fggg?nrll haradness. 20
14. The pol i sBreffestandifferant gegove pattamsandanasheshatically bptishizinge: esulting and

i d l'ishi i i L. i .. 15. Th | i shi d
03001 Pl b B BRoRSEpqiRRe bk foclbnd & o el BR%olnt 1o Siprove EauR o B
~ length equal tate ardfdedThe whultiepaisefetabPphdsuhorg upHoms fatdrialredfovdlGate The

polishing pad of claim8,. wherein the first polishing pad section ( 12)

conprises a IéFfé’f%aﬁﬁ“F‘F‘%ﬂdé‘ﬁvaﬁ%fﬁ' a length of the second polishing pad

sectijpn. -13 1 ~A@mPp p“o_Ti‘s‘t%‘lﬂé-Ead %Q%oﬁﬁ’slclo%@dﬁ'&Wplﬁfali%{ﬁfd@ﬁﬁ%yl‘ﬂﬁ&&e' n at
an

i
| east one of a depth, a w dth, a pitch of grooves of the first

pol i shi ng pad Pelighingpadsections; The plurality af pad ssetinns maydore plincar el ohmay hel
pitch of groo k¢S hi ' skl g pad
B ol ai m ) whsnafid o ¥scBER e el MR g S ey i Riard BolisHily”

uni f or m acr os ad.hBadhi podishipg padstection abhdses different gdovd patteprothas ivi afirspad of
clai m 8, wheregj . pifch o rooves in_.the. fir [oove pattern varies
across the fi fé}s"t%"g‘é’f)“f‘é N Wﬁéep 3%8?7683.“""%6‘.1 pﬁaﬁ‘éf'ﬁg’& digpct G’c"i‘"ﬂj’?g‘q i near:
chemisal nechaad amd, iPiiliaricadbiaient) MdyShélnde 3yt Bk ridt Ehrﬁnaltb e of

pol i shing pad sections (12), the nmethod 10 characterized by: (a) measuring
a material redBeono4tiavel of il e for each of a plurality of groove patterns

used in chem cal "RGHARNARY thRl BB FbregRhl A0taRE deSEHtRn BB YSearded as illustrative
rather than limiting, and that it be understood that the following claims, including all

equivalents, are intended to define the scope of this invention.
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(b) determ ning a conbination of at |least two of the plurality of groove
patterns based on the neasured renoval rate profiles of (a) that provide a
15 substantially uniformmaterial renoval rate; and (c) fabri g\tir;g,_aM
pol i shing pad conprising a plurality of Iinked polishing pad_ﬁecﬂkphszw@ﬁ),
wherein the polishing pad sections (12) conprise a conbination of groove
patterns determned in (b) to provide a substantially uniform materi al
renoval rate profile on the sem conductor wafer. 20 21. The nmethod of claim
20, wherein the polishing pad is a |inear polishing pad and each of the
plurality of groove patterns conprises a groove pattern oriented parallel
to a linear path of polishing pad. 22. The nethod of claim 20, wherein the
step of neasuri fge Chempat erial 25 renoval rate profile on the sem conductor
waf er conprises, for each of the groove patterns, neasuring a difference
between a starting thickness and an endi ng thickness of the sem conductor

waf er at a pl urdl ity Aopoljshingtmerabar(d1@) fir aseiechaficalifechanicatplnzizatRd e’
the wafer after planarizing the wafer with a polishing pad having a
sel ect ed one of SYRICOBHYGten Wifprspthepalishingsaewberd 1 0pemprisingol i shi ng pad

ot oo S RSO N PR TR Vita B ol o
pattern having a pl Uﬁﬁlehit!w@%et@ﬂ%oﬁﬁ&d%di%ﬂ&\?%ajd%é’d&ﬁ?lP@rl@ia'cﬁ% %@;@%kgw

with respect to the |inear path of the lTinear 'belt (14).
. An, . AYA. A AFR. e polshmgand segtiens AL E2)Aomburising® { : M14% |

* | gb . Ra '
R P e e R R 1 St Vi D MR RN Y2 e e el Kk Bl A g R
] cal ca] ca ca] ca] cal cl k) frhiealis akial oo ala sl bsAkaabE FAsAkERH 2]

! _
?aU]caibca] R An#ingA IR 14); wherein Shefinst groalc phiterh (bl G koripeiagsa] ca] caU
]U\cqatﬂa\cqa]cg?tﬂa]cgg/% ggﬁé%@ﬁ%\gggﬁc@ﬁcﬂ ca

**+++++4++, 8, -/, | h3tcbnd otidhid | - i X

g{J]( ((:\z;vU] ca] ca] c&al] cal ca] ca] ca] g%f’ca] cgt?:g]égg cai (z:a l(i:Ha] cg-ahﬂ légﬁg‘g‘%"ga%‘f"?]af?]af
ca] ca] ca] ca] ca! 7: 777%@&%9?1’05“3 1 linear belt (1 14).
<R<| <p<s<<<<<?@ @@ BBBJCQC Cl C{ CCCEDDzuoi d_ZU] ] ca] ca] cé] cal] cal] ca] cd4a]ca]c
aJ cMa] ca] ca] ca] ca] ca] ca] cal] ca] ca] c&aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca! DDEEEE]FNGGEEHH@ IThe polishigiiviéedtict NRINDGPRIBIOREFIR MaTafaliey 6pk&aked] cal
cal] c(a] ca] ca] caéyce?é{ca cal.c al.cal ca] ca (F:)%] ca%:a] c_aﬂgca}qca] cajca] calca]ca]c
a] ca] ca] ca] ca] c&f ﬁﬁ@ﬁ%@/ e Hgear bpl (M)A A A<rYxsni chX] ] c
Uc ajc alUc

a)J ca] ca] ca] ca] ca] ca] ca] cz@a;jca] ca] ca] ca] ca] ca] ca] ca]c(a] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] da! <" Thgpolishing metrrkb 1h b€ claiBlRdieedh tiag R Avd lsbkinpk' a
\W]]ca] c&a] ca] _ al.cal cal calcal cal.c*a] ca) cal.calca] ca] ca] ca] ca
] ca] ca ca] cal ca?g% f%bg?% flgl%f glrglt{rjlcglnp & alhml pgﬂlﬁun pa seclxon {11 having a
20 third groove pattern, the third grove pattermn (116c) having a plurality of grooves
oriented parallel to the linear path of the linear belt (114), and wherein the third
groove pattern (116¢) differs from the first groove pattern.

4. The polighing member (110) of claim 3, wherein the at least two polishing
25 pad sections (112) comprise at least two different levels of hardness.

5. The polishing member (1 10) of claim 3, wherein each of the at least two
polishing pad sections (112) comprise at least two different densities.

30
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Aall 4mPmUr- " 7 " aaKb{ bbbcc: dBdPd=ee f f ggRhqi A { kkkl zupkfa\ W ]]ca] c&a] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]c&a] c aU]]ca]ca {aBYS$@1{O°0/o<&'&(6yI10(Vo<&' 0)-1 1 o OCT ?("‘*"';’*’r
09%<& ()-"ygl0%& () - @10%& ()-!; I e

'@LO%&' (§) ; N)bllgloo/(ﬁ&' 8 @BL0Y%<& () -z109%& ()-109%& ()-yYL0%& () - .10%<& ()-44
dE+S109%<&' () - & 109%<& () - (10%& ()-& $10%& () - nlO%& ()-z#10%& ()- % |

*dB!' 3 . .
?53610% < <& ()-& 310%& ()-&110%& ()-&9010%& ()-.z#10%& () - && 109& () -
+,-.C0~_ @10%& ()- "@BLO%& ()- @10%&' ()-!", 109 ()-G 10< 1p< .
10<"<10%<& ()-[]]1>~_@ @O%& ()-L10%& ()-3$10%& ()- !3$109%& ()- !3$10%& ()-

(vl vmoaoni ()1 vatov | Ao dibg e (0 GRehimele Witad gt ot eretipng 1
255l o ot (AR VR eI loiEpRiL
igcﬁ' 8 i F$109& nghgrqmom sariallydistked polishigFpad@eclibns (lle/&c(obnﬁ%%i%&'éd produb@Y&

' -1 (109& -F& &, - F94.Q09& - h~xnb Yl ' Q@10%u& () - 4, 1

L0B109 () - 11 1070 eG4 O gt et BTkl enqvpl rofie.
$10% & (§5-!'U $10%F& ()-!'l 10% u-u& ()- 10% & ()-9Z210% u& () -yv
I"1"zX9mb@, ' $10% u& () - 'Y(10% & &&' () - &SlO?/e u& () - !‘de.OO/W& ()-{

1 940%ulu& ()-{ 7 ¢ polishing member (110) of claim 6, wherein each of the first plurality

of groaves cornprises:
a rectangular cross-section having a depth (20) defined by a distance from
the surface of the first polishing pad section, a width (18) defined by a distance
10 perpendicular to the depth measured from a first groove wall to a second groove
wall, and a pitch spacing (22) defined by a distance between the first groove wall
of a first groove in the first plurality of grooves and a respective first wall of a
groove immediately adjacent to the first groove.

15 8. A polishing pad for use in chernical mechanical planarization of
serniconductor wafers, the polishing pad characterized by:
a plurality of serially linked polishing pad sections (12) forming a linear
belt (14) movable in a linear path, the plurality of serially linked polishing pad
sections (12) comprising:

20 a first polishing pad section (12) having a first groove pattern (162)
formed in 2 sucface of the first polishing pad section; and |
a second polishing pad section (12) having a second groove pattern
(16b) formed in a surface of the second polishing pad section, wherein the
second groove pattern (16b) is different than the first groove pattern (LGa).
25

9. The polishing pad of claim 8, whetein the first groove pattern (16a)

comprises 4 first plurality of grooves otiented parallel to the finear path of the
linear belt (14).
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1YL 0%BUBUE munnnnnnn_ @n f 1008 () - Z10%& () - ! "100/&'|() F 10-u 10-u
16&8 @FEO% 1(13& E)] 10% ug& ()-f" AHHASSUIE~_ @ 109%& ()-|10%&0 * 109 %)0”
109& ()- " 9109%& ()-109& ()-9B&h' ' ([ ((dE~_@s"109%& ()-s! mMLOY& (){3;{3{ 04
L0%& () -1 $10% () - F10%: () - V" 10% () - (W**+++++aVK@ 10 10 . 5 dEVKO
106109& () -/ 109%& ()- | -$100/&;/(£-?;9' 109& ()-!(Y&S$ $L109& ()-z++++,,8,,
0Z& ()- 10%& ()- @0%& ()- | |

igigcyégz/%f‘ E&élO‘sz&' ()(')'10%&' ()-G-p../, 11} <VK@' C@ &10%°P& ()-10%1& ()-r1
0%& ()-&$10% & ()- P! &$109& ()-P!:110%z& ()-/j 1k2b3l AMANAOAPAZ[ PE: | 10z

10
102510068 ()-1  Tove 55 RSfishing pad aficlai 9, whepsin thessgeqnil areser optiom (§bPasa_akdz4
45} A?PE: | comprlses a second plurality of grooves and the second lurahgy of énz(;veﬁ BICe e 77 d

10910% ()- 951006 (oo 4199 ). F10%& (% KB gg/gém o %g) L Tov& (). 77288. g
o et e o] o ptdne (L iore 0 et

<R<| <nxn<o<p<s<xnb 10!, "910%& ()-G 10 10
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path of the linear belt (14), and wherein the third groove pattern (16¢) differs from
the first (16a) and second groove patterns (16b).
.10 '
~ 12. The polishing pad (10) of claim 8, wherein the first and second pad
sections (12) are characterized by different material removal rate profiles, and
wherein the serially linked plurality of polishing pad sections (12) are conﬁgured

to produce a polishing member (10) having a substantlally uniform material

15 removal rate profile.

13. The polishing pad (10) of claim 8, wherein each of the first-and second
polishing pad sections (12) differ in hardness.

20 14. The polishing pad (10) of claim 8, wherein each of the first and second
polishing pad sections (12) differ in density.

15.  The polishing pad (10) of claim 8, wherein the first polishing pad section
(12) comprises a length equal to a length of the second polishing pad section
25
16.  The polishing pad of claim 8, wherein the first polishing pad section (12)

comprises a length different than a length of the second polishing pad section.
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19.  The polishing pad of claim 8, wherein a pitch of grooves in the first groove
pattern varies across the first polishing pad section.

20. A method of producing a linear chemical mechanical planarization
polishing pad having a plurality of polishing pad sections (12), the method
10 characterized by:
(a) measuring a material removal rate profile for each of a plurality
of groove patterns used in chemical mechanical planarization polishing pads;
(b) determining a combination of at least two of the plurality of
groove patterns based on the measured removal rate profiles of (a) that provide a
15 substantially uniform material removal rate; and
(c) fabricating a polishing pad comprising a plurality of linked
polishing pad sections (12), wherein the polishing pad sections (12) comprise a
combination of groove patterns determined in (b) to provide a substantially

uniform material removal rate profile on the semiconductor wafer.

20 21.  The method of claim 20, wherein the polishing pad is a linear polishing pad

and each of the plurality of groove patterns comprises a groove pattern oriented

parallel to a linear path of polishing pad.

22.  The method of claim 20, wherein the step of measuring the material
25 removal rate profile on the semiconductor wafer comprises, for each of the groove
patterns, measuring a difference between a starting thickness and an ending

thickness of the semiconductor wafer at a plurality of points along a diameter of
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