1 1 NOv 2003 510 15 20 25 WO 00/ 71297 PCT/ USOQ 13328 CHEM CAL MECHANI CAL
PLANARI ZATI ON OR POLI SHI NG PAD W TH SECTI ONS HAVI NG VAR ﬁg W@EATTERNS
FI ELD OF THE | NVENTI ON The present invention relates to a JI ifrgpad for
use in chem cal nechanical planarization applications. Mre particularly,
the presenWQ7&33¥i on relates to a pad used in the chenmPCEUSIEIZIE&NI cal

pl anari zation or polishing of sem conductor wafers. BACKGROUND OF THE

| NVENTI ON Semi conductor wafers are typically fabricated with nultiple

copies of a &M&%HW r}gjgi : i E%Rgl%ﬂ[ ]L%ﬁr separ at ed
e, ona coRnaakca. m@i'}’hﬁ% §t§g Ay ﬁfﬁ e

phot ol i t hography process requires that a special canera focus on the wafer
to project gprD@THY niveneigguit on the wafer. The ability of the canera
to focus on the surface of the wafer is often adversely affected by

i ndonsi st enci es The pigsentanyrasion ralatesdie apolisiing pad for ase mw%gms?éh@mhmmy is
accentuated, w.th.the r.rent Ve, s hi.ghl.y. jintegrated
circuit desl?lagnr??.zgh%ea ggar? ﬁ%tbélgfev%a?tééugé’%’g{, e C}F%Sh@é‘r’ﬁ?gﬁ{l 3“"%%%&"?%4& ed in

| ayers, whatsed i the thénipalafiechanicdl pianhtizdtion or pelishihgaf semiconditctdrevagérsand
conductive vias are nmade to connect up to the next level of the circuit.

After each i [y ed on the wafer, an oxide layer is
put down a!é‘%‘w({)mpgjﬁgwgqﬁ%ugh but covering the rest of the
previous circuil ekeahnctbAedtelsa¥elypRhily ﬁ%lrigzltécPHltﬁ R Ah16 ESRbsSorar  add

unevenness to the wafer that is preferably snoot hed out ‘before generating
t H@ next cidesitidtintegyaged cichis diedign thavwhblater bé sqparatedrand andde into @yidvadchni ques

are used to,planarize t I fer ch | [of r.i al added
thereafter .Ch Val %W%mt%g“g?% en o,mmn atﬁrgrﬁﬁ ;}%gﬁgggm%ﬁ?@hgé% i shers, often
use a rot atphoplitgeiphhobatebf the photblithogmphhprocewateuirenthat £gnrtattamirt h a

olishin ad nmovjn n the plane of {he wafer surface _to b nari zed. A
Dol ohi e RRgstin the atento Hoichm gt ghibF REH B NGy 1o AT ST al it g

camera to focus on the surface of the wafer is often adversely affected by

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 Ievel. 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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m croabrasives, is applied to the polishing pad to polish the wafer. The
waf er holder -1 2 1 NOV 2003 5 10 15 20 25 WD 00/ 71297 PCT?U?%@@@&S t hen
presses the wafer against the rotating polishing pad and i

polish and | anari ze the wafer. The type of polishing pad used on the

waf er pol i ¥ 788h greatly affect the renoval rate prof PFEUSIEEE o

sem conductor wafer. ldeally, a sem conductor wafer processed in a wafer
polisher w}l| surface.
Vanypal i sritiyPeS tRAE SR il ek REPaldE AL iSp0RNERS OF
channel s orplwmrdsmcmraeﬁ:t enpt to ach| eve a desired renoval rate. These

For - exanpl o, may RBHRPoRsHIGR P S BRI S0 4" GeAI LB ator vl or
or exanpl e, or wafer

faster thanreh{aﬁal' ﬁﬁ%eﬁi@%&ﬂo% se%ﬁc&ﬂﬂlﬁctﬁ@ﬁ@fer 0e4ny; diseigicyndddigveafers a need
for a polishing pad'that will enhance wuniformty across the surface of a

seffi conductprpcesegddn 2 v&ﬁnn\mﬂ@h@wmsﬁ 3 CopsteuH r@ﬂo)ﬁ@é@fP&FW@S the entifeiafer aspect
of the presgnf | Wg@%hbn%q%% iﬁ)@'b@&x @9?;[%0& with on %bﬁﬁ%ld frwi§g a |inear

belt novabl'e I'n | eas serla y Ilnkec pol i shi ng pad
sections ar¢haatdlacihweddd to attlamphnlat:hleirenedqmbd simovg! nated Thest ¢x0siigi ncl ude a

first pollshln pad on haV| tern f In a side
of the firsROHSPEPady @naﬁacgé'g{l? ’f‘?m‘?ﬂ‘éa ﬁtﬁggf&%&? ggggor eﬁ{n@?ﬁﬂﬁg preferably
made up of RpPLEhRkdHaY fr8 thOERR\ES serficEBRARRA “ﬁﬁﬂrlfﬁﬂ&rmmﬂhé igeeporeion has a

non- grooved side opposite the linear belt. Accordi n%hto a second aspect of
t HO pr esentofithywafer.oAccerdipely; thererig a peedl b2 polishis Rad that il sphange

pl anari zati clovdggra plurality of serially

| i nked polis | ng ‘g?‘g‘l°secgug‘g‘%a%£f°§?}n&ﬁ‘§°%ﬁ {lonear "belt. The plurality of
serially |linked polishing pad sections includes first and second polishing

pad secti onSUNBMARG OF THE INVENTION
According to a first aspect of the present invention, a polishing member is
provided having a linear belt movable in a linear path. At least two serially linked
15 polishing pad sections are attached to the belt. The polishing pad sections include a
first polishing pad section having a first groove pattemn formed in a side of the first
~ polishing pad section. The first groove pattern is preferably made up of a plurality of
grooves. A second polishing pad section has a non-grooved side opposite the linear
belt. v
20 According to a second aspect of the present invention, a polishing pad for
chemical mechanical planarization of semiconductor wafers includes a plurality of
serially linked polishing pad sections forming 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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respective first and second groove patterns. In one enbodi nent, each of the
groove patterns is preferably oriented parallel to the |lin th of the
pad. In another enbodinent, the pad sections may have non- ?at]a‘ﬁﬁél 2803
grooves. According to anot her aspect of the present invention, a nethod of
produci ng WOMZR&ar chemical nechani cal planarization poPC’E’HSQﬂg?’?@&d havi ng
a plurality of polishing 2 2 1 NOV 2003 5 10 15 20 25 WO 00/ 71297

PCT/ US00/ 13328 pad se t| 0 i ncl udes .the step_of enpirically measuring the
material T oPSEFIGRETECTS (rs\?q Jie Shempideaty duriekiinedhe Wateee! ©alovalael of a
plurality Oﬁroﬁ[eocﬁlvz?sdﬁﬁ&;rﬂﬁ@t%r Hﬁﬁ:gfdrréaclpmmﬁhm%‘fﬁﬁerms a4 zation
pol i shing pads, wherein each of the plurality of “groove patterns is a

uni que grood@ﬁpwlnmchaﬂlqalhalanmumgdmtm@ wheradw edchrodtle phwiabifyidfe f or each
O e P Blobbo 00X R RELLRI Sl NN ERTRR o AR B gt er m nal | on

i s made as appropr rade €6 Fon Of "th arent oove patterns

t o ;mchi eve pmﬁtmeehd:eim@mzﬁntye)ﬂgmdvemm@s ﬁ@h@&ﬁm@aﬁbﬁ%&andud or wafer.
After determning the ne&essar conbi.nati on, a pal ad conprised of

at |east tSSCTEUTANEN IS MAG4sdq 2R SPRTEPHiaE Cobnatin of dlf rep HOP¥&t ed, where

at | east tWoRnsib8chiBRlikhived rBachaP 864 i ft$mi &9&%’& &nﬁbéﬂ‘dﬁét‘%ﬂkaﬁépe of the
sel ected groove patterns. BRI EF DESCRI PTI ON THE DRAWNGS FIG 1 is a

per spect i v&ﬁﬁ@@tmﬂmﬂﬁﬁelwsm rembiaation ¢ pakishangoead ootriprigedoeftt leasicor di ng to
i b of - an ST R e Bopife BLERER ENEIA R wnEt R st o R 7 2

i sla cross- pmﬁhmglpa(ﬂ sacuem inélude gdiffeyend oﬂc)d)ﬁthhseig:t@bg‘ommg,sw table for

use in the polishing pad of FIGS. | or 2. FIG 4 is a partial plan view of
a second alternative enbodi nent of the polishing pad of FIG 1.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a polishing member having a polishing pad

according to a preferred embodiment of the present invention.
15 FIG. 2 is a partial plan view of an alternative embodiment of the polishing pad
of FIG. 1.
FIG. 3 is a cross-sectional view of a grooved polishing pad section suitable for
use in the polishing pad of FIGS. 1 or 2.
FIG. 4 is a partial plan view of a second alterative 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.



FIG 5is a plan view of a rotary polishing pad according to a preferred
enbodi nent FIG 6 is a graphical representation of material renoval rate
measurenents nade according to a preferred enbodi nent of %he Q@Lﬂﬂﬁ of the
present invention. FIG 7 is a graphical representation o N rial
renoval rawe@NBEeAI ned by conbi ni ng sel ected polishing paGTAEWN1BIAS
described in FIG 4 according to a preferred enbodinent. 3 WO 00/71297 2 1
NOV 2003 PCT/ US00/ 13328 DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED
EvBODI MENTS DETAILED DESSRIBIIONR A#Hht factor in a chenical mechanical

pl anari zat i RESEWIL Y FEIETRRIED MBQNM%NWW of the resulting polish

across the surfage of a sem conduct o m mat eri al
thi ckness at al IBE‘BPWP?“BE Wé‘%&é@ ﬁ%‘?‘%?@f‘ h8‘?(¢% PRSP ng
process, antd\iRGHaitpef ht i@sultﬁlg@bﬁsmr&da enduatfage ¥ d denfiéondéer Wakee! Byt 0
mai ntain the sane performance characteristics mdependent of where It

origi nat ed devingnaifgan sateriakthickness gk alhpejais o, thewelppalie coawistign®itheaccor di ng
to an embodyiriingirocdsionRiERERY bl R B daPud ABEONRE i Torm ty in
r emoval rat S and ‘can t | nprove acturing process control and
i ncreased wafamtalyltlm simel-fieﬂ?orrnancb bhm&crtmselss mdmeadeﬂwfwhpreaf. engisgieénibodi nent

of a CW poI | sh cor the resent invention. The

pol | shi ng. A N {5 e e A poBitt e SE e AT R . Each
pol i shing pag }'&@o@hﬂ ﬁﬂenl@n'pﬁovm Fwﬂeﬂiuﬁﬂdﬁ@tﬁmﬁr&ﬁbﬁahﬁtesﬁﬁabﬁﬁaﬂ kat the
sections forman unbroken, serial | i nked ain on the supporting |inear

beld 14. EadAPeBed BARYACHNE Reesss BCPFtioé apdingregsediwader tiddown r especti ve
groove pattern y aral |l el
ATt FaEl ORI R By O assaled 0

to the directio I near lon 12 may
be const r uchemrdingtn the peepent atvention. The polishing pad 10 includes a plurality of

polishing pad sections 12. Each polishing pad section 12 is positioned adjacent to the

next so that the sections form an unbroken, serially linked chain on the supporting

15 linear belt 14. Each polishing pad section is formed with its own respective groove
pattern 16a-c. Also, each groove pattern 16a-c is arranged paraliel to the direction of
motion of the linear belt 14. Each pad section 12 may be constructed from a separate
piece of pad material and connected together to form the complete polishing pad 10.
Alternatively, the polishing pad sections 12 may be manufactured in a single piece of

20 material. The polishing pad sections may either be mounted on a separate belt, as
shown in FIG. 1, or may form a polishing pad that is a stand-alone belt.

Referring to FIG. 2, an alternative embodiment 1s 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 paraliel 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.



S e,

pi ece of pad material and connected together to formthe conplete polishing
pad 10_ Alternatively, the polishing pad sections 12 na??ﬁe, nﬁ{ﬂ;ctured
in a single piece of material. The polishing pad sectio ngg&e er be
nmount ed on_a 0sﬂgl?garate belt, as shown in FIG 1, or may formahﬁolishi ng
pad t hat i ¥OYd¢Hnd- al one belt. Referri ng to FIG 2, an YRR e

enbodi ment i s shown where the polishing pad 110 includes sections 112
having groove pakl ghigada kG, 34 wall 18 0BREII00N 19 BB HRLALY bdrE NG
grooves (i.e. an un roaken polishing pad surface) 1 1 Gb. Again, the
grooves ar eopposiap@eiliplwalsl ofithe gyoovee Thierdepthi2Oris tke dissarico dropt theleutelr i near bel t

114. Each reove-pattern. in- an referre nbaodi et b S ined by a
width, a dentrce arme golisie s to sy e ib E Beh 2280 s 01 15528 As
i |l ustr at eddistandd fem 3 firkihealvefdi firstifoofe ta agéspostive st veall dfchelimmediatelybet ween
opposing parallel walls of the groove e . depth 20 is the distance from
the outer dirgeabFOBYe: jtlﬁéhep‘?ﬁ?q?oéi%P S%%Haﬁolf:ﬁéﬁ%%‘tof’}ﬁ‘?ﬁﬁmf ngleﬁr oove, and
the pitch Z%twge&ﬁyase&toi%%p@pw&%@ vhifbi®t wittinl a @berfpdd se8ionI09YEsd 0 @
respective tirst wall of the immedi ately 5 adjacent groove. In the

enbodi nment sthef thew@kh, deptigandpliteh grecbe sanpafior svogve within @ pagiculgeped pad secti ons
but is preferably i I it hi [ I - t the
wdth, Gept el 5 PpdlrelbuR sNyE BRaE vaBH ) flrddar BSolRn L
section. | ninelubes wedthodkiptie ahd pitdhhtRatomeey/letwedit goovesiit thanpal seetidn. cul ar pad
section may, .inclyde a w dth, depth, an jtch . that varies between grooves
i nl& hat pang‘é‘E‘P’i* : W .em@qusﬁ%pW@fe@ﬁ#y&gm@%@a&mggulg}eg BPBrerabl y
formed havi Qgtigh, RCErbb I By Yo% ekkisRiftedll Gude@WEBS. F&pubRséosfired

havi ng sl anted or curved walls. For purcg‘oses of this specification, a

groove is oiisspedfication, xgranveeis defiead dsa chaanebihat isicier formeda thappd mat eri al
where the | . | A i dt e may or
may not ext@%%h%’he Th |%rle eﬁfgb %&%Pgéﬁ%g%gtg;e@?ﬁ g%n”?‘itﬁ‘ ?‘ngg?ﬁergﬁ)g% odi nent s
of |inear smaynacrdtent dic ¢ntkd lshgthof @epagpseation.i zati on pads, the grooves in a
particul ar pad section . _be non-parall el eferring to the .enbadi nent of
Erle 4 a1 | eann GHIET SHPRES oo SoTURORATCIR BV IR PP BB I T e
section 212nwigtddvas iNQrahaiufir bed s@fieniRy PahbepiraRdib Refdtifig fmepar al | el

groove pattern 216a nay have grogves that intersect. The polishing pad
section leemquﬁ“?rﬁé’fﬁﬁﬁ\’/r e lipear polighngpadoidd ipshavar Hedng arPé’g‘S}BEg E‘(’:fﬁbi ned

Wi th other QQJi&MZWiﬂPQHm?—ﬁ&MIQ %?o%i%attem 216a. The non-parallel groove 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 circular



havi ng paral |l el groove patterns 216b - 216d. O her conbi nations, -such as a
polishing pad with all pad sections having a different, non-parall el
groove pattern or a polishing pad with sonme pad sections'gﬁqvwng ?n]ﬂ;

non- par al | es and ot her pad sections having non-g )t taces,
are contemﬁ),ioaot%%.WAs shown in the enbodi nent of 25 FIG g%%gﬂ%gé al | el
groove pattern may include pattern of serpentine grooves 216d or ot her
curves that vaide oeldiaipdaaOmdl iR ithdyeid riatirdd] alather thal gioheNnPRt andtRdr
relationship to_each other. One or nore polishing pad sections nmay have an
enbossed paf®BPHMSME circular 5 5 10 15 20 25 WD 00/ 71297 21 NOV 2003

PCT/ US00/ 13328 VRELR4ing t¢thdbile? SmbBAiRe:r, ik ehfcoR@skiSoBiiiRk pad ALPBE at han
grooves, in yet another enbodinment. According to another enbodi nent, the
seni conduct mtayolighngpeds dAGnhyilustatgs onaxotary pplshingiriad g 1 Hbavinge G 5

i1 . | i shi i I ' f
LSS 00 f ke S pREIAGRP A SO By O
sem conduct gsmivaddactor svafee dieqtidndially prsasehwithla diffeber seltibh es thetrotaget i on as

the rotary polishing pad js rotated. EFach section 312 preferably has a
di fferent gPUERDg Yedofeteds fpsh sectigngaZ P¥"1I}ef6‘?h§ bR FhEroOBHBAHST mor e

sections 312143RY3 RRC I BAYEnBodInERY Ene R IIr8 5826 121 AS) 448R Bave PiddbRd 1 Ly Of
concentric arc segnents (see groove patterns 316a and 316c) céentered about
the center pdtterhthatigehudes pluralibhofonesntrigdyo segmesntsyseccgreovgrpattems d16&ct i ons
31y MY _have, o 4 PONG DALLEE ol BAkHSH RO Db Al diter 8 DABBANGENL | €
groove patterns. e suitabl e pad nmaterial”for ‘Useé 1n construtting the

pol i shi ng padressectiénsr3d2 nidydiaverakgoone Hatiernlinchading o plurditpofnaeeineaitddct or
polishing pad is a closed cell polyurethane such as | C1000 avail able from
Rodel Cor poP&PYoRAtG ISPhoeni x, Ari zona. Al though each pad section is
preferably consthpcdugdbiepad htet@Mr ReinBhfRicAhg the PohifY padaehipgisment s, one

or nore different pad materials may be used for each polishing pad
that make up the linear or rotary semiconductor polishing pad is a closed cell

15 polyurethane such as IC1000 available from Rodel Corporation of Phoenix, Arizona.
Although each pad section is préferably constructed of the same pad material, in other
embodiments, one or more different pad materials may be used for each polishing pad
section in the polishing pad. The pad materials may also be selected to have a
different hardnesses or densities. In one preferred embodiment, the pad materials

20 may have a Durometer hardness in the range of 50 — 70, a compressibility in the range
of 4% - 16%, and a specific gravity in the range of 0.74 — 0.85. The grooves may be
fabricated in the pad material using standard techniques used by any of a number of
commercial semiconductor wafer polishing pad manufacturers such 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, {14 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
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section in the polishing pad. The pad materials nmay al so be selected to
have a different hardnesses or densities. In one pref@rfage i ment, the
pad materials may have a Duroneter hardness in the range of - 70,

conpr essi bigd §oideh the range of 4% - 16% and a specifi i in the
range of 0.74 -18. 85. The grooves may be fabricated in %ﬁgﬁjgaa{ﬂgér%t erial

usi ng standard techni ques used by any of a nunber of comrerci al

sem conduct shfovad) pedssqaal seglidonduqardvafarighmet the surfacs of theaad RGtel Cor p.
Referring to FIGS, 1, 2_and 4, the polishin ad, . 10,, 210 may. b
Tount ed t oSEFIRESI0T BERE Teliel ma e e, et LA e SRR o
linear sem ggnpdyctor wafer polisher such as the TERES TM pol i sher
avai l abl e from Lam Research Corporation of Frenont, California. In

operation, the pbieped 10111, 2b0.¢ldng widonylimay thatisyporoshsaucallymgtive andnear

di rection I 1 r 5 10 15
20 25 WO 0%&%@%&%@%{ %%%’Zlgy}%ﬁgévﬁ%ﬁ seéi(éégpgleggd r%?rbon ucta(%)lgg-v%g er

agai nst t heofSknofhagmliching kiampadnay Heaseds ednecautabie sharniab825 malldEe frmay al so
rotate the fer . while holding t against. the pad. The pad 10, 110,
220 al ong R GaTi| i gopTiied i) . Gl AR et R0l Ere A8 de ¢ o
the wafer sgicfigieEhankés 8 abilityofRRd paito dNHo shifryl ikci@itthe Walgr @afd @ nunber
of known polishing Slurries may be used. One suitable slurry is SS25

avai | abl e f therpfor ogysrRatterpan giee vhe paterid remaeal rate profve & mersiiedi ng t he
abﬁ]ence gr Oﬁﬁﬁ’?éros?&gﬁorpaﬁlaﬁﬁt%ﬁ“ on changes the ability of the pad to
t

transport slurry underneat e wafer and therefore the groove pattern can
af fect the nmat erQmd prefemmed atethodtfer greaingladinaar GMBotishing pad bavingoyss secti on of
a wafer.

T BRI A0 Rl AR R s PRl S BPO P
sem conduct @dsciBdddieldve FiR Sevdrbigmblibigh@padsFéach haviigy eingle grodbveghattag pads,
each havi ngan%l esaicl? gérgplgtre(l)yoc\;lo%er?r?gt 'Ehg E:ir;cumference of a different belt, are each used to

15 polish a semiconductor wafer for a predetermined time. The same wafer polisher,
preferably the TERES ™ polisher available from Lam Research Corporation, is used
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 of 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 fo
what combination of groove patierns, 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 pattems

may be accomplished using a personal computer running a program written in Excel

by Microsoft Corporation.



and each conpletely covering the circunference of a different belt, are
each used to polish a semi conductor wafer for a predetepn tmpfe The
sanme wafer polisher, preferably the TERES TM poli sher avai l abl g rom Lam
Research Corporation, is used to test each of the polishing pads. After
pol i shi ng ¥&¥WMH2bnductor wafer with a particul ar pol i SRCHyS§aAd32st he
anount of material renoved is neasured at various points across the

di ameter of the wafer and recorded in a database on a co(g%gter. _ The
renoval rates ar &fienedicdatingthenredictadnoliphisg ped sopdonsdha predvsnt ppbshing used

for each sep s ] : i - ,m nation
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removal rate _acrass an. entire . sen conductor fer. In one preferred

enbodi ment , PREPEIRSETIOR STELF fo @R GEerh B100vF BRHSA e APEIA 0 A A m nat i on
of she appr oplti & eneCanbiidRndritOfhedé a GinQR\HAd PaétdrRl Ruiseddhe R mHLP! | shed

using a personal computer running a programwitten in Excel by Mcrosoft
Cor por at i on single, gontinens siipbaviyg He AparepratpemOYsDYicrsIng lousths fogaedim at i ng
the predicted 1palhHLy €] chir9n -%cg@g] [ S5dd ad having a
substantially uni?orn%q&n%)t g‘??“g’% édém)?é raﬁ%agg#%gdé’%gﬂﬁédntl fgégc\)/\‘/?an?er, a

pol i shi ng pa&goavs phtgdin, way edlinksd tagetwrmakinglets#tn f abri cati on techni ques so

that the appropriate.section |engths for,_each,chosen groove pattern are
conbi ned on a si ﬁgﬁrgﬁgcaiéqpﬁse?tﬁh%ﬁ‘ghrgﬁ%a&ir?fg?ffa,l “W‘?gglév °8F A% pad materi al
i sl0sed, theatwats ¥afusbated in BIM®. TheGois SR Bragh id PIA) \tefigsdnhahappr opri at e
groove patterns and lengths forpmed in _jt. I.n another enbodjnent, separate
pi eces of pé‘EFaﬁ‘E?réPIi‘téﬁo}“ alops ﬂ}’i’éjﬁfﬁ‘_’gte’i ?féh%ﬁlimc‘@'&d%t%wﬁ@f %@F‘H%lmﬁ'&? be |i nked
toget her on fRPinBgbMedthe whrefl' ARIY-GAL rdpRRERS LAl s @8 PIm R Bitd gl renoval

rates for various groove 10 patterns is illustrated in FIG The x-axis

of the graphngstroms@er Binuépriach trace oththe graphgepreseistthpoicasured romgvalhiatedi anmet er
of the sem tor. wafer. | 1l Lineter fr h enter of waf er .
The y-axts s slint o8tk Bors b, Tpe b6 PTolcd G RDtenea e nt nu .
Eath trace etmichwiugtorppainse fireqaanfcs all mezapmamentedras & povals pepdqard iach,a pad
havi ng a parti.cul at grove tern. The downforce (pressur pplied to the
15 seni conddf 18#_6355?%??6@1@@%5@%?@ A oL R E R ‘é’af%égc’@e’joﬂﬁﬁds per
squar e i nchgg0 et h& nhififte khd 8@ FevoR@BHs r rhiiGiePRSheBME. MBeJiRtiAL WatRahe Speed of

the wafer hol der were . )
uppermost trace in FIG. 6, the groove patterns corresponding to the illustrated

material removal rates are as follows;

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

200 K-Groove'™

202 10 x 20 x 40

204 10 x 20 x 100

206 20x20x50

208 10 x 10x 100

710 20X 20X 40

212 10 x 20 x 50




400 feet per mnute and 20 revol utions per mnute, respectively. Beginning
with the wuppernost trace in FIG 6, the groove patterns corresponding to
the illustrated material renoval rates are as follows: Ref 3
Nunber Grogve Pattern (width x depth x pitch) (ail in thousandths of an
i nch) 200KYBPYGWE 20210x20x40 20410 x 20 x 100 20620 x 2BCHUHYIFEB| oxl 0x100
21020x20x40 21210x20x50 8 2 1 NOV 2003 5 10 15 20 25 WD 0017' 1297 214 216
20 x 20 x 100 No G oovesy 105 1 Lt he
exanple of FIG 6, the|material renpval|rate and the renpval ratejprofile
vary significantly betwda the di fferenItNg(iums paPackrns. By selecting
several groove patter ns—and-calculating-a—weirghted—average—of—+enpval rates
at each point along the dianeter of the wafer, where the weighting is based
on the percent a9gis Qppdr@fi$ioh Bk ckitBpie ORI e tRashtéiA kel rdi€afst r uct ed
froma pad section aving the particular groove pattern, a predicted
renoval ratEmeveiriedrofily Vi significenilabetyeen the diffreat &roevg raiesssti Bent , t he
grooves are B L | ' d on the
7 near bl RGP ARR BERLE Bt bRl Hulififd bBlRnRh FRapOBr Rinchitals

5 at each point along the diameter of the wafer, where the weighting is based on the

percentage of length of the complete pad that will be constructed from a pad section
having the particular groove pattern, a predicted removal rate profile may be
calculated. In a preferred embodiment, the grooves are oriented parallel to the
direction of motion of the pad on the linear belt. While various other groove

10 dimensions are contemplated, the groove dimensions are preferably within the range
of 0-30 thousandths of an inch (mils) wide, 5-30 mils deep, and have a pitch in the
range of 25-200 mils. The K-Groove™ trace 200 refers to a commercially available
groove pattern from Rodel Corp.

FIG. 7 illustrates a predicted removal rate profile 218 and the actual removal

15 rate profile 220 measured from a polishing pad fabricated according to the method
described 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).



di mensi ons are contenpl ated, the groove dinensions are preferably wthin
the range of 0-30 thousandths of an inch (mls) wde, 5-30 ml|s deep, and
have a pitch in the range of 25-200 mls. The K-Groove '8 #rN@e 28D refers
to a comeyg] avai |l abl e groove pattern from Rodel r I 7

il lustrat egfda&%g#%ai cted renoval rate profile 218 and thgggg'{”ﬁ@(]%zgrmval
rate profile 220 nmeasured froma polishing pad fabricated according to the

met hod described above. The pal i.shin ad use Q nerate the renoval
Tate prof 1 o6 2 1R B gsrerdie Aot SipEaE R AR Eet 8 AEREE Mieliabliali o Bqua
| engt hs andbenikdribeti e Thoticthol talleh edwatage potheHiffergntpadleridm r&fidal ratefhe first
pol i shing pad section included a groove  pattern_of 0.010" x 0.020" x

0. 100" ( depPrefikesgif differant greay patisrapandpbingzes ) qoaminagon ebtheia¥slablc| uded a
groove patt " ?&}3;90 . ttm?bepotl‘ i Ifbid9  pad
section hadglﬁ?gvg %t%\?%gtgfo no;? er 63??’2%?%8“%% , %abri clgttu('é:1 pgcg%:égr |Sgg to a
pref erred ewitbdiffierent gdovelpettgms SEmt method pravaliss faraemeringyenoyeldateat eri al

renmoval rate.uniformty, alon he entire width, of the wafer..is nade up of
fve. pol i shiega s difeiet SnaWehelds 38 ety priind3 Slusge? 55°° 1P,
20 x 100, apsnERation2T pelidiitk pdddaetichsione sihiglepistfomstodfrprive thdwermaaldt hs of an
inch and refer tQ width x deptH X p{')tﬁ]h). -9 F2 1 NOV 2003 WD 00/ 71297
PCT/ USOQY 138pietilsm khsaesulimgqae peeferably dies & monguiRrmangteral iePRd ¢ maki ng
the same hayg..heenidsdcdblgder The met hod takes advantage of the different

material renoval rate profiles of different groove patterns and optim zes
a Honbi nat i on of AP polishinglyiad is geodivdogedihnengs wakityrofseriatlyhipbed t e pad

having at |egst. l.d_shi Sect | 5 W i ffe

at torne, THO o SFror B B G Ha RSty st BlA b o be

di fferent gmomved pahkefanse Hinghr belt. hava] the abd yectprd iy fong aarotaesspdlishing

conbi nati on of po)ishing d sectiqns on.a single platformto inprove the
orovar ¢ o gk PR e rir g G eratiapeRts B ACTn £ or m
material resmyRlimbRt B mae P DF ooV e iRtk Wahedireckion 6f €MR1 ppthkshi ng pad
is also disclosed having a plurality of serially Iinked polishing pad
seldti ons. Trad asduinanpthyr enbodimenfemay Biekidggyooves takare nelgralistiather may be

nount ed on i near belt. Also, the pad sections may forma rotary
pol i shi ng %E%ﬁgééﬁﬁﬁgl i shing pad section includes a different groove

pattern that, irftmaifitenddd that the foregoing detailed description be regarded 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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is made up of grooves oriented parallel to the direction of
4e=15 pad and, in anogrr_wﬁ; padiment, may incl udga* §4§

SLAMCh et Ueae el to the directiohapth PEavet. It is i nt ended Fhrat: Sk
foregO|ng detail ed description be regarded as illustrative rather than
limting, and that it be understood that the follow ng clains, including
all equivalents, are intended to define the scope of this vention.

Claim 100930746 US~013328 2 1 NOV 2003 5 10 15 20 25 30 (21 tﬁ \bﬂﬂﬁﬂm te
the linear belt (114). LMSPA 1. A polishing menber (110) for use in

chem cal nechani cal planarization of sem conductor wafers, the polishing
menber (110) conprising: a linear belt (114), the linear belt (114) novable
in a linear pHtiClaiand at | east two serially linked polishing pad sections
(112) attached to the belt, the polishing pad sections (112) conprising: a

formed in oS de ok poRby g"%&éééh@ﬁ%&;g%ﬁzgf Sbir bR BlTBarioT pl
formed in a dide re c
- belt (114

et bel  Chh ool el B L Auamse: e aiiphidoe) comises o

non-ggrooved si de %lm'Ebﬁbd!@Glllﬂjﬂtﬂ@hﬁmett(GM}lho@ébiciraamlddrpaﬁeraadn t he
plurality of grooves are orlentedgi)arallel to the Iinear path of the

linear belt (114) .atBastwe seokilybinked netabing padiwrtions Q123) gtachedsthsibelt he at
| east two polj shin secti o ther conmprise a third polishing
pad section (t.tt‘iﬁ?hf'l%é"\‘ﬁpwgl SEOUQT ‘ﬁézﬁ "@ﬁg‘ﬁét tern, the third grove pattern
(1. 16c) having a plur Q.'ﬁr&ﬁ/pdlfshﬁf Masction {18 ﬁﬂwﬁgllhéﬂrhteérob@e pdreerhi near
path of the linear belt (114), wherein the th
(116a) formed ina 51de of the fixst polishing pad section (112) opposite the
10 finear belt (114), wherein the first groove pattern (116a) comprises a
plurality of grooves; and
a second polishing pad section {112) having a non-grooved side
(116b) opposite the linear belt (114). P
15 2. The polishing member (110) of claim 1, wherein the plurality of grooves

are oriented parallel to the linear path of the linear belt (114).

3. The polishing member (110} of claim I, wherein the at [east two polishing
pad sections (112) further comprise a third polishing pad section (112) having a

20 third groove pattern, the third grove patiem (116c) having a plurality of grooves
orienited 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 polishing 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 mewmber (110) 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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groove pattern (116¢c) differs fromthe first groove pattern. 4. The
0k-4-shi:ngppaber (1 10) of claim 3 Sre e at |east two:polishi
93 conprise at |east? d )

; 2105y 4% Lot fierent | evel s of hargdveds! U 15328
pol i shing menber (1 10) of claim 3, wherein each of the at |east twlUS001332
pol i shing pad sections (112) conprise at |least two different densities.
28082001 : 00930746 U50013328 U S001332E 2 1 NOV 2003 6. The polishing
menber - (110) of claim 1, wherein the at |east two polishing 2pédwyﬁqmgpns
(112) conprise at least two different material renoval profiles, and

wherein the serially linked polishing pad sections (112) are configured to
produce a polishing nenber (110) having a substantially uniform materi al

removal profilg. 5 Thciﬁbl[?shﬁgé S itb B | TBY®Rai il LOvh@EinGhehiefst tWASHALngACh

of the first plurality of grooves' conpri ses: a rectangul ar cross-section
havi ng a dept hpgd@@ctides (Iddcmprasedit Sasineve differont raterglirdname! pfofilérg ahl r st

Per pend cul ar oot NieprH i EaGg o PE R ST Pbs B S et o aradisona
groove wall, aR@oRsHihd ARHFRACIINPHARRY 2 S@skARRID XinFodh SRR Re (QALVE phofilRe

first groove wall of a first groove in the first plurality of grooves and
a respective first wall of a groove imediately adjacent to the first

groove. 15 8. pol ishi ad fo i hem. cal rnechanical planari.zation
ot *ser conductor wirepHitmbed] LA o B Stal By e 1)
of serially |ipkgdoP&y dothiiii@s:pad sections (12) forming a linear belt (14)
novable in a linear path,” the plurality of serially |inked polishing pad

sections (12) conpr &sictapsulo cepss-secdionbering 4 degtipR) definaddy ¢ dizgtanhafiony a

first groove patterd f.Qr in surface. { LI lishing pad
section; and aﬁﬁggg@é%@@%&ftﬁ)ﬁﬁ%ﬂggg@ Ei‘cgén’(aal‘g’}&%g\g}%gﬁ@%%gﬁ&tﬂp ove
patt eqon  ( 16Db) pérpeidickiluitoxhs deftheeaired idnse G graet valll DG feoshSeobiken,
wherein the secgnd groove pa_tternd(16b is different than_the first ]groove
pattern ([ Ga).W2H, an a pifeh spacing (22) defined by a distance between the first groove wal

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 m chemical mechanical planarization of
sermiconductor 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 paftern (162)
formed in a surface of the first polishing pad section; and
a second polishing pad section (12) having a second groove pattem
{16b) formed in a surface of the second polishing pad section, wherein the
second groove pattern (16b) is different than the first groove pattern (L6a).
25
9. The polishing pad of claim 8, wherein the fitst groove pattern (162)
comprises a first plurality of grooves oriented parallel to the linear path of the
linear belt (14).

-12 -




9. The polishing pad of claim8, wherein the first groove pattern (1 Ga)
conprises a first plurality of grooves oriented parallel to-the linear path
of the linear belt (14). -12 10 0820 2 1 NOV 2003 10. The pzlishing pad of
claim9, wherein the second groove pattern (16b) conprises idﬂﬁﬁ@gm;
plurality of grooves and the second plurality of grooves are oriented
_parallel to the linear path of the linear belt (14). 5 11. The polishing
pad (10) of claim8, wherein plurality of polishing pad sections (12)
further conprises a third polishing pad section (12) having a third groove
pattern (16c)o. havithegoRsHM Al dftcyaigfo, & ' It o the linear
path of the |inear %%It (%E)h and j%epg?ﬁﬁﬁﬁg%?ﬁ?%%ggggg%%{ggPiern (16c¢c)

di ffers frorfoMPRées3 sesend pleaitygigresvedam e swend phuraldy nEgiodéds)are 10 15 20 25

12, The pol i ahg jaalel a9l Blesfbah BY B ipbFREI P phe {175t and Second pac

sections (12) are characterized by di erial renoval rate
profiles, and wherein the serially linked plurality of polishing pad

secti ons (1 are. conf.i.qur e o0 prodyce,a polishing nenmber (10) having a
subFsst anti al |2‘§} unﬁ#gpﬂflﬁl?gigé?ai%a(llé) qféi?('ﬂ)él’ WPE\‘FE‘ R3H ‘gpoi@‘.mg’ﬂ%‘ pol i shing pad
(10) of cl aisgtdns (B reither @amPrigk atdied pdlfshing PRE sSRERTD) ha%%abﬁi&g pad
sections (12) differ in hardness. 14. The polishing pad (10) of claim8,
wher ei n eaclEredveemi( ey havige a phsliy opaopedsionignisd darsbieh todhrslicap) differ in
density. 15. 1 S hi ' rein the.first polishing
pad section pa%ﬂi&fé)tﬂ%iéf#%? Féslgglgqunéé %ﬁ%@gg@i%%vﬁ@%%ag@ (ﬁﬁ%rs gré’gbnd
pol i shi ng pdbe Best(litehartiGecordegrpnieipgtiemg(i6dy of claim 8, wherein the first
pohbshing pad section (12) conprises a length different than a | ength of

t he "second polishing pad section. 2 1 NOV 2003 IT The polishing pad of
claim 8, wheRei nTat pblishirtp (@€ 1@fofalatias] Wherdinwhelfikst a@Nékcdnd 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 substantially uniform material

IS 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.

-13 -



pitch of grooves of the first polishing pad section (12) differs froma
respective depth, width, and pitch of grooves of the second polishing pad
section. 18. The polishing pad of claim@8, wherein a pitch gf grooves in
the first groove 5 pattern is uniformacross the first poIZshi 12608
section. 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 nmethod of producing a linear chem cal nechanical planarization
polishing pad having a plurality of polishing pad sections (12), the nethod

10 char act erized g polighing BASIHHHG s@wﬁaﬁeﬁfét%as{&w%'de[éﬁﬁE_wl?eitﬁ,fdrdd% for each
of a pluralit of groove patterns used in chem cal nechanica

pl anari zat i d?i%lcﬁ(?lf BErevereiiheiSest poljshingtnad seation§12) differbinoat 4 wepestivat | east two
of the plurakd th ur.ed renoval rate
profil es of a‘%ég@twﬁcgt%‘ ’ %{d%\?t:éggp%%%gbgﬁ%:%g%ﬁ%h *}‘gﬁﬁug‘f%r“ﬁh"%at erial renoval

rate; and (c) fabricating a polishing pad conprising a plurality of Iinked
pol i shi ng path- sedbicpabishingpyad afjstaimidn whasimpopitahhifiggoqyasiirstbe firso peofd 2)

co ise a i-pat 0, tterns,det.ermned in (b) to provide a
Sugg{ anti al Ilfi‘%ittﬁlnl? ol'rfé}nﬂlrr%%%srgitdg fYr(rgt r@&%ﬁgp%% %ecé?‘bfi | e on the sem conduct or
wafer. 20 21. The nmethod of claim 20, wherein the polishing pad is a linear
pol i shing pald- arfdepatshing padnd chlimSaiheneinof pigrhad\geoqyad inethe first grijoke ses a

groove pattern_oriented rallel.to a linear path of polishing pad. 22.
The nethod ot ¢ a‘farr‘hesszmiﬁﬁ%r@'iSchflﬁhmgtpégs Reasuring the naterial 25

renoval rate profile on the sem conductor wafer conprises, for each of the
groove pat t2x ns A metsdof pgdacidg & lieee vhaniet metaniaalsil@atizaigpnt hi ckness and

an ending thi.ckness. of .the sem conduct.or fer at _a plurality of points
al'ong a di amSYighngpad haying APIREFIFEIFNEE fal tectiar @D Branahedi ng ¢ he waf er
wi tllp a pol i sihkieeR24l fiavi ng a sel ected one of the plurality of groove

patterns. 23. The polishing pad (10) of claim8, wherein the plurality of
polishing pad 5 sect{(ampagurmg afmatetiad rerovabrats profide foheadk qfalnlwhiityg pad

or i ent od i o4 ok Rafrh{eh8 LLAE R BBy Rutifiialnac b of the
| i near belt (14). (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

- 14 -



Title: CHEM CAL MECHANI CAL PLANARI ZATI ON OR POLI SHI NG PAD W TH SECTI ONS
HAVI NG VARI ED GROOVE PATTERNS  Abstract: A CWP polishing pad inproves
overall material renoval rate uniformty by conbining nmultiple polishing
pad sec- tions Lions (12) in a serially |Iinked manner, where?tfnw gob@ﬁhi ng
pad sections (12) are characterized by at least two different mat{J r
renoval rate profiles. The polishing pad (10) is designed by determning a
waf er polishing profile for each of a group of polishing pads where each
pol i shing pad has a uni que groove configuration, determ ning a conbination
of pol i shi nghpadfes = ggm;.gét r 1 one of

t he uni que groove con igrﬁpgt ?g%s\?éf%rh%?ﬁ\amil I ¢ r%dglgoﬁ% a;é% ?ge\ghgﬁfi npr oved
uni form ty ithe plurdithef] gradierngttpmsf i | e, and manufacturing a polishing pad
(10) having pad sections corresponding to the analytically determ ned pad
sections (12).

23.  The polishing pad (10) of claim 8, wherein the plurality of polishing pad
5 sections (12) further comprises a third polishing pad section (12)having a third
groove pattern having a plurality of grooves oriented in a non-parallel manner

with respect to the linear path of the linear belt (14).
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