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PLANARI ZATI ON OR POLI SHI NG PAD W TH SECTI ONS HAVI NG VAR ﬁg Gﬁéﬁ)\/ﬁ@l;ATTERNS
FI ELD OF THE | NVENTI ON The present invention relates to a JI ifig’pad 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 ﬁ%ﬁ‘j&%l‘m&% rlﬁii : - E%Rgl%ﬁ ]l r separ at ed
2p(rjc1rjr??(rayl (r)\;oa sel ddhaBEk b’ﬂ%@byﬁ #‘F@ﬁg . EéﬁT%é Re 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 Tde prasentanyration ralatesio apolisiing pad for ase mwﬁgmstéhmhamo@y i s
accentuated, w.th.the r.rent | V€, s hi.ghl.y. jintegrated
circuit desﬁlagnr??.zgh%ea g%ﬁ&ﬁ%t%&"vﬁ%‘%@@ e ej:{gggh@é‘r’ﬁ?gﬁ{l gei%g%%t%’%dgt 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.

put “down B BRI R I FIcRIEG Dt "Cover ing the rest of The

previ ous circui %eh%ﬁhuctmﬁeﬂsay@@pﬁf&u)t ﬁ%fieété&whh rfihIE ESRtorar  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

| anari ze t .I fer ch | [of r.i al added
thereafter .Ch%\ﬁf‘ai %W%mt%g“g?% ent R atﬁrgrﬁﬁ ;}%gﬁgggm%ﬁ?@hgé% I shers, often

use a rot atphbwplidRizephioPseof thh photblithog@phhprocess requires that a special camera

focus on the wafer to project an image of the circuit on the wafer. The ability of the
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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wafer into contact wwth a polishing pad noving in the plane of the wafer
surface to be planarized. A polishing fluid, such as a ch?nlc@% %bd shi ng
agent or slurry containing mcroabrasives, is applied to [ ng pad
to polish the wafer. The wafer holder -1 2 1 NOV 2003 5 10 15 20 25 WO

00/ 71297 P¥P/%& 13328 then presses the wafer against tReEVFEP4RHg
polishing pad and is rotated to polish and planarize the wafer. The type
of polishin : renoval
rate profi I@egggg%gﬁ%@%reﬁt %‘%ﬁ%‘? bl @ﬂ%lflggﬁ %[del gé%tg?hﬁigﬂgsﬁ%? gr waf er
processed iplagerizatierwyfel.i sher WI Il see a constant renoval rate across the

par i cul ar pat ¢ oS B OAREHHER EH) O BE THORTENECoR BeAAr IR desi T ed
removal ratgmothgaR Jﬂil%tabﬂagsa&%b&ﬂhaer RaRe WEAIRN 2 havRoadsit@raifer e renoval
rate pattern that, exanp may renove material fromthe ed%e of a

seffi conductppcessddsn af‘&%f@l'dwhﬁhﬁ& ivill isee 3 enmstantysmeyd Fate gerophide gatirewater
Accordingly, ther ep&;éﬂwgg;e 0 avd th&l Jle%gb;gllg uwﬂﬁ%nmg%cwa} atRbance

uni formty ‘across a semc ctor fer MVARY OF THE
| NVENTI ON Agtaofidls mgvmdxtaaﬁempttoaslniemfz ddsircdeenuvelsatet Theseenisting, a pol i shing

nmenber is ovj ded a linear belt vahl e 1.n | i_ne h. At | east
two seri al Wﬁh‘ﬁﬁ@&“%@ﬂ r}gﬁ?ﬁ@gﬁ re 8’891’%%635'?“5{1?&??{@ am%et,ﬁ% belt. The
pol i shi ng pPReho%E alatePAP frbMGhé\Eiiredf abbiibndiRtor Wk Faspadhaeht iflr pavibng a
first groove pattern forned in a side of the first _polishing pad section.

THE first gefdhuwafsat Aceardinglypthereds aprsd fpnapolispingrad Bt GYIHIGPJPFCBf gr ooves.

A second polAR) 183G HESIAERR of @ SerflicBiRftcRf RAYed ST de opposite the [inear
elt.

SUMMARY 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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According to a second aspect of t-he present invention, a polishing pad for
chem cal nechani cal planarization of sem conductor wafers i luﬁﬁi a
plurality of serially linked polishing pad sections.form ngci e bel t .
The plurality of serially Iinked polishing pad sections includes first and
second pol WoPAE9pad sections having respective first ahdli/H8©43@8 gr oove
patterns. In one enbodi nent, each of the groove patterns is preferably
oriented par aJO%I’?eI, tqQ the linear path _of the pad. In another enbodi nment,
the pad sech3disstionsynHudes thioiienefemmideallyrygsuie the vgicgrigMoB2ldABt her aspect
of the presgafid SVEMNiBShdustofhfiP trRhoPSANGIANG oF erddvRSRttehDEHIGR!
mechani cal pl anarization polishing pad having a plurality of polishing 2 2
1 NOV 2003 éhentcd Beehamel pangiratior pJlishmp/nade Ovhesae sachad theaqduiabityoofi ncl udes
the step of iricall rin e erial r |, rofile on a
sem conduct%rr%ov\‘fa aét% g}sd%{agg@ﬁéjgﬁo Oge é)%ﬁfnal I eymo urﬁ?érggag%abéﬁog? 1n]lg‘lteused in
chem cal neplfile foaéadhlod figrplaralityaf gpaive phitteifs 9 alsks, contparediand @ach of t he
plurality of groove .Eatﬁtierns i S a unique gr oove fpat(ﬁ,g{en. The neasured

mat eri al ~ r efRSSFEINALONS Mafesss tp an ppproptts cRUIpionf fhedifferenberogygove patterns
i's then conpairf 188hidve ifRIRLITORAGVPMRd SnifRGRy 88robLa #hiSRRILARE vatef

conbi nation of the different groove patterns to achieve inproved renoval
rat e uni f orédftendetarminisg theqeedseay dorpbipations k pelishins padrcogwrisedwirat kagst he
necessary c J i J shi . i t wo serially
| i nked polis |§r?§glya seg%to ﬁ%lf‘l}égsﬁdsdnsggg&g(I:S;@gﬁ(,gte\%ﬁg’rhglteaatﬁq&l‘éﬁgt% 0tf\}\ﬁ/oe of the

pold shi ng paddishiag badestivncinddde adiifekdne bensdf the sciafted greowalatteined gr oove
patterns. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of
a polishing nenber having a polishing pad according to a preferred

embod TNt gh kS BEERSHb B Bawnvas

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 2 is a partial plan view of an alternative enbodi nent of the polishing

pad of FIG 1. FIG 3 is a cross-sectional view of a grooved pol i shing pad
section suitable for wuse in the polishing pad of FIGS. VFZ@ 4 1is a
partial plan view of a second alternative enbodi nent of the @Q 3ng pad
of FIG 1. Wolg71287is a plan view of a rotary polishing pRETaAS¥ISIENg t0 a
preferred enbodinent FIG 6 is a graphical representation of materi al

renoval rate neasurenents _made according to a preferred enbodi nent of the

met hod of t&RE E@PEWRH%OFE&@ 7 is a graphical representation of
the materiaFf H-YrP&‘tE@deEE.EMBO&M%Sm ng sel ected poli Shl ng pad

sections described in F 4 accordln erre

00/ 71297 2 1 266&13?5&‘3‘% IS ﬁ%ﬁ%&% %?b@s)@ F‘E“’SSFIEQESENTLY
PREFERRED ENBQRif¥ENtpobthd Pestifing Polsh £n&ss ithnattheddf  RetiendudtoawahenBeal
mechani cal planarization (CMP) process is the uniformty of the resulting

pol ¥ sh acr oseavingamifarm meteriah m&@%a&@hﬁ%ﬁs@ﬁ thwater aftgy COFE%R?EOH(? théi f or m
mat er| ?" t h:poceg?spra&esglahnﬂ %9&:3 cBPuit 5‘1@ Wg‘tliﬁat%if fb&l?i lﬁ&a!l)p‘% of the

polishing p an integr circuit e on be nore
likely to nmnmamlthnstahmwa“nnnmc bharmmcsimécmﬂemogwhc@ ii oimpaadiemt of

where it originated on r forthb a pol it shing pad
accor di ng tg%a ﬁ@ﬁ&‘%&rla f@{grﬁj@g@r‘i‘[‘ng %WBFB\?‘%@ eﬁ{)?%ved
uniformty Hﬁﬂr@d&ﬁﬁﬁﬁ*fﬁﬁﬁ@h@ﬁov@d}ﬁ ipfovb@ astfdrmity mremoval rates and can lead to

10 improved manufacturing process control and increased wafer yield.

FIG. 1 illustrates a presently preferred embodiment of a CMP polishing pad 10
according to the present invention. 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.



i nproved manufacturing process control and increased wafer yield. FIG |
illustrates a presently preferred enbodi nent of a CW polz' ﬁhmg @fﬁg 10
according to the present invention. The polishing pad 10 9 nc e

plurality of i shing pad sections 12. Each polishing pad section 12 is
posi ti onedvgﬂ?’ﬁg%nt to the next so that the sections foé)%“éﬁqwl?%ar oken,
serially linked chain on the supporting |inear belt 14. Each polishing pad

section is forng smu&t?até&ﬁlm@ns,rtﬁémﬂiwgf%&%\éagmﬁ&e{s&néégewee.ﬁl so, each

groove pattern 1lba-c 1s arranged parallel to the direction o noti on of

the |inear bmiosingsparaiglcwaljsad theegrooen The depif 20ds therdistange tfeoth the onieh separ at e
pi ece of pad t ert al d connected.to he f tr - te polishing
?"éﬁ‘%ﬁ?f t:?g ngf:%s 1 a@lq? ﬁ'leecottomqgghesérg%&e Lok %]f prlr'l% Eg f@hg

pad 10_ Al pol'i'shing pa 1'ons e manuf act ured
i n a singl ediplapeefidrh a fiisitvedll ofla firdhgopel tb 2 béspectpadirsioedll afitBe imiyiediatelyer be
mounted on a_ _separate helt, as ..shown_jin F , _or may forma polishing
pad® t hat i sf‘dda%ef‘%\ﬁﬁ‘?‘éﬂ- olﬁéheo"é&io.dlwt%?ﬁlﬁé' h c‘%’ﬁ%@r_oﬁ‘,’e %%135‘} ?‘gﬂﬁat ive
enbodi Ment  pGwadOya sSBBRIS bhfi8 pRAraSY uifornP Rsthik bl aepdddReiert I ongo 112
havi ng groove patterns | 16a, 116c and a section conpletely |acking
grooves (i . thatthewidthrdeprandqiitch Bierthe srmep forgrogyes) within agsrticnlgaped t he

grooves are_arr e |- 0, i i -] f | near belt
T4 Each oG0S Hrfodiflentst Biodtl biferh VBl PRLLAR R sg0fn hlZD| 2

w dt h, a dejptlude anddta, depti, afd pitch {RatlvaliEdb2OER GG /iy hiabpadReditddS00/ 13328 As
il]ustrated in_FIﬁi oove 19 is the distance between

| 3,.the width 18 of
opldbsi ng pafdiifierallishile Be sreavegarg ?raslﬁgg"a‘éeﬁt VBIg 8 TECHIEAKTSance from
the outer gHibAGR Qﬁo‘fejﬂ%@(ﬂeit@m‘ﬂgﬂpﬁﬂ staftcile cheed QaNef FéfpRrsisensre, and
the pitch 22 1s'the distance froma first wall of a first groove to a

respecti ve thisspecifigdtionof gropee is iafifdeas @l cpameh tiabis €xt orfogaebin thepadhe

enbodi ment s 5 - b b Ef@eerﬂ ad sections
but is pref%glgggyv%ﬁ?&gggmﬁ%% hP%Elga%g{‘lgvlg e%)%{j&éag%t%%%tﬁ'l &% 2 s%)p that the
wi dt h, deptihapnd epichd thesentird lopgth afie phdsecgomoves within a particul ar pad

section. In other enbodjngnts, e groove pattern within a .particylar pad
;e](,st ion may i n?,[f1 Bgl‘-?r ‘émt\ﬁ’r%f“ﬁms 8’5‘3?%, SERGO uf’{'?ﬁ p?mn‘g\/‘grﬁl%]gng%foﬁéjg > grooves
in that padmggfdoveyin alfirisitir ph@RRtibY mayhk hen-phallgl ervasngtethpr ef erabl y
formed having a rectilinear Cross- . ) . .
embodiment of FIG. 4, a linear polishing pad 210 is shown including a polishing pad
section 212 with a non-parallel groove pattern 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
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section, the grooves may be formed having slanted or curved walls. For
purposes of this specification, a groove is defined as a channel that is
cut or formed in the pad material where the |ength of the& dhgapeinghs
greater thgg dobse dth. A groove may or may not extend b & | I'ength
of a pad section. 15 In other enbodinents of |inear sem conductor polishing
or planarization pads, the grooves in a particular pad section nay be

non- par al | ekoidRef &ifipledFointed ih ¢he aladeda vathef thimh Groodes, i Yeit BR@hKerPOl i shi ng
pad 210 is shown including a polishing pad section 212 with a non-parall el
groove pattBPROUTEAL The non-paral l el groove pattern 216a may have grooves

that intersect. AR&:@gh E&Moﬂ%ﬁgﬁx@o 'ﬁ%hi't,%s%ﬂq?co%ﬁé?ortﬂ%ﬁstﬁﬂé’pé’cpm%faéw el

groove pattern 216a may be conbi ne h ot her polishing pad sections 212
havi ng par atdtarly pglighongpasiatiler hdlhuztreles onerbédy padishing ped AbY hawinpas, such as a

pol i shi ng ] L.l pad sect.io A | f.1.er -parall el
Grcbve patt BEfeilY bF widee B0 bR S iRk afl BBl wB0L PTG
non- par al | etengicaaivesr aatkr i atenpially prstitahnwithadiffegent sdetigh aottedotaty f aces,

are cont enpl at ed. .shown_in the e iment, of 25 FIG 4, the parall el

gr oove pattﬁaﬁ%féaﬁ%‘ioéﬂﬁ@-&ﬁc é?WOSB%B&E%TﬁWHéS @ﬂ%mg@mp M ot her
curves thatsgage. sHePes 6k eibREhaR! ot RMdkE s&ttio 312 M& RO d £hroove

rel ationship to each other. One or nore polishing pad sectionS nmay have an

embossed papattermthet ingludes 4 plrrabitysofi@naantriparg segpenoQAeIR OTvVePRUNDY 3260 3

P US00/ 13 ' ' ' | ar her. than
grq(l)-(i)ves, i n%l\égjrfget%ﬁ%%d %éo %@g%ﬁ:&%{ M%%OM p%%g p@g)t}gcﬁgﬁnhéﬁ?ﬁrgn b‘TJ | rr‘%er nt, the
sem conduct mpbrgxetii@izsidng npgcthanay dreow patiedndngluding a phuraligy pfubn-EdnCenthc

illustrates one rotary polishing pad 310 having a plurality of
wedge- shape#OS¥ERHGHY- 312 that are serially |inked such that a

One suitable pad material for use in constructing the polishing pad sections
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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sem conductor wafer is sequentially presented with a different section as
the rotary polishing pad is rotated. Each section 3122PT?¢[’F¢"25’(]Y has a
different groove pattern 3l16a -- 316c. In one enbodi nent, on (;ir nor e

sections 3}%, fBYpsach have a groove pattern that incl ud?g,r S&I“ zgl ity of
concentric arc segnents (see groove patterns 316a and 3 c?j centered about

the center of the rotary pad. In other enbodi nents, one or nore sections
312 may havsghoavr)pesye gertriichdudtrolafel apginat tht surédce oy thefpadoffheoncent ri ¢

groove patterns. One suitable pad material faqr use jn.constryctin he

pol i shi ng pafamg%‘ﬁupmgvafqrﬁa{d%%&%a'a%r%ﬂ%%WPE%W%TC helgig e B or

pol i shing padq 8 a closed cell polyurethane such as | C1000 avail able from
Rodel Corporation of Phoenix, Arizona. Although each pad section is

pref erabl y constFhepadd Opl 18, B&0.sdans wither semethiakis bothchsiieally agifsomidnent s, one
or re dif i . 0I4'r§,h_.j section
i nthe pol ié |.ngét8§§g“%ﬁe§é§%g%k’§gp%§ itg?g#ﬁhlg efé“los%&%glsfgl ec e(gq'?l (‘)jHﬂ’a{/e a

di ff er ent hef knesgedisking danidstniayshe used. cuee guitelle sluery ief8ddavadable fitohe pad

mat eri al s ve Dur onet er in,the range of 50 - 70, a

Tormor oo bi FrYe o P Bt g 16 2Repmeuie b8 AREnRd 08y 4 PR, ¢ e
range of 0. dedtion EhaBBes thB GbilifydsF\RSpdTRY trRfspoftaliriyaaidetieath thdwafepghdrat eri al

usi ng standard techni ques used by any of a nunber o comrer ci al

f
sem conduct Serofiere e gyepyestaie 98 alfad M metetsl spmowy) £e Rrofg gpaneasyied .
Refgrring tgngln%sse%ﬁ%gijﬁngién t he polishing pad 10, 110, 210 may be
elt 14,

mounted to a linear 114 in one enbodi nent and utilized in a
| i near semni condu@teoprefervad eretipd| fosdreating adneasCMReoliEtRESp M gydig s her

oual ] o eI S e S BRI B CETRR e L LE ,
di rection Wnst€bad sRIW.CRIRdUelahl puabiahg palsdeich havdhg a 6inglelorbod p266a 5 10 15
20 25 VO Ooe/mZilezaglz completely covering the circumference 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.



PCTI USOQO' 13328 shown) presses a sem conductor wafer against the surface of
the pad. The sem conductor wafer holder nay al so rotat e2thwglbaf7@13 whi | e
hol di ng the wafer against the pad. The pad 10, 110, 210, along th a
slurry that is both chemcally active and abrasive to the wafer surface,
is used toWAUTE]7| ayers on the wafer. Any of a nunber @CTHRWWA32P0! i shing
slurries may be used. One suitable slurry is SS25 available from Cabot
Corp. The groove pattern 16, 116, 216 including the absence grooves, on a
pad section chafdies calpdatiy the predistedinoishing pedsectienssha prodyice g pglithiker neat h
the wafer a f : : - t t i,al renoval
rate profil 3}1 géﬁﬂ@%%%ﬁﬂ%@ gﬁlgoﬁéggﬁg%%? {5@;@2& tggc\%\g ép.eg%?%frg;éf erred

met hod f or gobsitinggadis fatnieated G pahirshiyriqopadatraaiiorgteehniguds sb alndt ited | y
uniformmaterial .renoval .rate profile for a sen conductor fer . i

descri bed baPBRPHEEAeion LA Bsh FEoeR g puE B IoELER SHEVITRE o8 2T & gr oove
patsern andeRathotsfldaimeny, Wikyes kinglelpae nidtdrR EhREd Meecpaafmay b 4 f er ent

belt, are each used to polish a_sem conductor wafer for a predeterm ned
time. The samgleaprinupey stimbaving the appppaty sraexe patieess apflengthssoanedipai | abl e

from Lam Reseah ahofbl IR AN seha ides et SBherBR A hariEPBlh SN N9 pads.

After polishing a sem conductor” wa a particu I ng pad, the
anount of mEreve phtteramaet linkedtegetheedn asingleriebus  poi nts across the

di aneter of the gaf er .& de reec rtgedtitntg. at abaa?e o#ga conputer. The
renoval rates are & BREAPEH ot o RECH A SRR (LSRG ERIUA B YBoi nt s used

fong each seritaanRutistatedad BIG. UsSTHaG-dieofoepaph SOFIG] trapresentbether m nat i on
is made as to what conbi hation _of groove patterns, and what |ength of each

particul ar GEFFEMCHRCIEARNS e GRrBgPaldhe 1 FIHULCE VAL MBIMCIRER er i al
renoval rat goathessntdibfed kir. BIRY-GRDUALBhts VRl R asubd rQRG PERE £ T €d

enbodi nent, the conparison of the material renoval rates and determnation
of the appr épgstams peoririuteatBash treée oy thogeapbaepresents thvmgasyredaemongiritshed

L3100, Pt S8R S R o ORGSRl B o 0501
15 semiconductor against the pad) for all measurements was 5 pounds per square inch,
while the linear speed of the pad and the rotational speed of the wafer holder were
400 feet per minute and 20 revolutions per minute, respectively. Beginning with the
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




After calculating the predicted polishing pad sections that produce a
polishing pad having a substantially uniformnmaterial renoval rate across
an entire wafer, a polishing pad is fabricated using copmbmQy IQPMNn
fabrication techni ques so that the appropriate section [engths Tor each
chosen gro®98Yfd%t ern are conbined on a single 5 belt. IHURYEBbdi nent,
where a single pad material is used, the pad nay be a single, continuous
strip having the approgrmjgtegroove pattxjisgaigo! engths formed T it. In
anot her enbodi nent, separate pieces of pad material, each having its own
groove pattern, nmy be [l2l6ked t oget her |oNo&redvegleP&klt. A graphi cal
representation of naterial—+renmpval rates—fo+—vartous—groove—i0—patterns is
illustrated in FIG 6. The x-axis of the graph in FIG 6 represents the
neasur ement poi N4s @laphferdt Bontlina BRiAple of FIN &, 8RThASTHI Werheval YA 2id the
mllinmeters fromthe center of the wafer. The y-axis represents the
neasur ed r elB@HRl reigtpsofily varyrsignificsndy petiveen thgdiferey @roavepattersh Bre graph

represents . r r . ' ' grove
pattorn . THEREE EEE SrooFE Bl Bl blinda PR DR Bl o g ot

t hé pad) f oateadt poimtadaneahediasctvn of the pafrdwhqre theswgighting inbised ontthd e t he

| i near speed of .the_.pad.a the rotatjonal.speed of  t waf er _hol der were
400 feet pCreRRgeof E‘Hﬁﬁ’f%%ce‘i?gfp&%? Bﬁi& il erFSPg“cFeéll;%oéEfiip\?g F‘if.%méegi nni ng
With the URRBIRGpartib@eeerbvePaternfa pcdRtedirony fal pak pesis nagbeespondi ng to

the illustrate mat erial renoval rates are as fall ows: Reference
Nunber Gr ooveelqulateds rln amppigtred smbreimantyths groyss qrg prientad pialidldptiens of an

i nch) 200K—ﬁegg%%g%@@géqa%g%%ggepé W0fle 2004 othetGrdove0 208l oxl 0x100

21020x20x40 21
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).



10 15 20 25 WD 0017' 1297 214 216 20 x 20 x 100 No Grooves In Pad
PCT/ US00/ 13328 As is apparent fromthe exanple of FIG 6 %he mat eri al
renoval rate and the renoval rate profile vary signific@n INU%&U%en t he

di fferent atterns. By selecting several groove
cal cul ati ngJogdﬁ&gzlgght ed average of renoval rates at eachggf!;}”ﬁ "’é"fzgng t he

di aneter of the mafer where the meighting is based on the per cent age of
ad section

| engt h of the co ad .t hat nstr fr.o

naving the parti EOFSHE aeuRE Ael e PRt SROSRERE P urbORMR BBE HBIEH e ey
be cal cul ab@éﬂl-delscfhb%dpll‘ﬁé fiethed tﬂ&b@d\iaﬂﬁ@a oftﬂaeh@‘émmerm eex@dwaefa&eed
parallel to the direction of motion of the pad on the linear belt. Wile

various ot hEiofidgsob different geqoye paticray *é’dcﬂi’r‘i‘t“@ﬁlaé{"é}?maﬂﬁ’éOﬁﬂ’ééV@la&i%ns| ons
are prefer a%lol\égg\%&tt%hps th ?ﬂ@&ﬁﬁposﬂé PQ%ﬁ&:ﬁ%‘Mé&%m&Jﬁoi mggad Befodsm |'s)

w de, 5- 30 eep, ave a pi In range o 200 mls. The
K- @ oove' ; withddf@eg gredvepsiteros. anmmﬂtbpé prvides ém&ommug regrogelratepat t er n

from Rodel Cor IIustr a,predict.ed.removal rate.profile 218
and the act%ﬁﬁséﬁb‘&fﬁeﬂ %ngep‘? é’nﬁgﬁﬁf?ggilcg%og’ft%ﬁf’%a osl"‘lt'?'ﬁl ng pad
fabricated asfisingioadhfipalitHigy pal deobns dasGiiddepladgbay ®. 1m-ﬁhﬁlcﬂﬁﬂ feafoivalg pad used

to generate the rempval rate roflles c?,fB 220 included three_palishing
pad sect i on&herofiky Téﬁaaaulqngmé mEcterably g & mage biferey matgiiel emeval e

pol i shi ng pé&oﬁ%ts%&&&hdué[&ﬂvéfbf st polishing pad section included a groove
pattern of 0.010" x 0.020" x 100" (depth x width x pitch), the second

pold shing sect i AEMRPpplisig mdg$ devédisgasaddaringfa piuratiyof sergllydivked; 0. 050"
L
havi ng i nmpr owsettedrad EE&;ﬁkatdE Emvhblt. Also, the pad sections may form a rotary polishing

pad. Each polishing pad section includes a different groove pattern that, in a first

embodiment, is made up of grooves oriented parallel to the direction of travel of the

15 pad and, in another embodiment, may include grooves that are not paraliel to the
direction of travel.
It is intended 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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rate uniformty along the entire wwdth of the wafer, is made up of five
=Raldshing:pad= sections: no grooue:,12-x..20.x 50, 20 X 20 Xzgiq 320
Bk -@é _”' 915120 x 100 (where tﬁxﬁ‘;ﬁ%; :ons are in thousa‘»kf%ﬁ B

and refer to width x depth x pitch). -9 F2 | NOV 2003 WD 00/ 71297
PCT/ USOCQ' 13328 From the foregoing, a polishing pad and a nmet hod of mnaking
the sanme have been described. The nethod takes advant age f the dlfferent
material renoval rate profiles of different groove patter Inizes
a conbination of the available groove patterns to forma conp03|te pad
having at |east two polishing pad sections 5 with different groove
patterns. The nethod provides for conparing renoval rate profiles for
di fferent growe€lpat:terns and mat hematically optimzing a resulting
conmbi nati on of polishing pad sections on a single platforn1to i nprove the

removal rate profile. The resul t| pad preferably ha uni f or
material rendval rapelishing@embsr @é EBmegat ghe WL‘F‘GI‘}%“%I a‘ﬂ%fl‘tf@fﬁfmg pad
- is also disclosed n I pollshlng pad
secti ons. Thec’eﬁ“‘(ﬁngﬁ%lepr Q%%r% ﬂ# g@%ﬁrﬁeﬁﬁ& Io%dﬁnpl ne belt or may be
nmounf ed on a separdifat bel r14§)&hé1mé‘d:$)@1t(tlhe)maﬁhkfieﬁmhn&rrmm,fmdm arotary

polishing pad. Each polishin E section includes a different roove
pattern that, |n at taastgwo S@ﬂbﬂﬁ indsed Poh shinprd septions Gl biitashed fe

parallel to t I ectl on of tr 15 pad and, in anot her

enbodi ment , 855?/%55&\421&? ép‘ﬁ%t parallel to the direction of

travel . It is lntendedatfha{t polRideqsaa0et fien (e2y hhwdgs dgR6r drpbi@pathenr egar ded

as illustrative rather than Ilmtlna1 and that it be understood that the
¢

fol lowing claims, (1He)demeg iala sideqlihe Siretnalishingpar seetinped 12boprsrsitadhe he
scope of this i nveptl oo, Maf\Aldin RORAQEAS SRR RE6D chrhio2R03 5 10

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

- 14~
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15 20 25 30 (116b) opposite, the Ilnear belt (114). LMSPA 1. A poI I shi ng
AR aa-wfor use i n-chem cal -feehani: | anari zati on of e X
0841 i shi ng menber (11_ . a linear bel 999

linear belt (114) rovable in a Iinear _path “and at least two seriall 51180013322

| i nked polishing pad sections (112) attached to the belt, the polishing
pad sections (112) conprising: a first polishing pad sectlon (112) having a
first groove pattern (116a) forned in a side of the first p@l1$ﬁﬂp@gg§d
section (112) opposite the Ilinear belt (114), wherein the first groove
pattern (116a) conprises a plurality of grooves; and a second polishing
pad section (112) having a non-grooved side 2. The polishing nenber (110)

of claim 1, whegreinghh el 10y ORYASn 1,30 BBl ¢ d gl t he
| i near path of %t he F}lng%@h%{e g mogl 0}3 The pol i Srhl ng@{rlrtg aﬁ% J}_)L)ﬁ§hlhg

claim1, WhteL epmdsdwoa&h (lllé}asmmpm q@tﬂaﬁtstmmffeﬁ:@ammhﬁ{mﬁm(aépmﬁlmﬂn&er
conprise a thir in ectian av i.rd groove

pamto ern, the t H‘&‘F @8“%&? ﬁ!gl;eﬁp(oﬁ h’&%&’ ﬁ%ﬁ; Dﬂéj(g%ﬁ'ifr%’l“w O Fresires

ori ent ed par al Lct%bhﬂfm% H‘@rrlb‘cf‘ } ?g Qfe:uﬁs'fh%tiall B8 Hat&ﬁal@moﬁﬂgrm%r ein

the third groove patiern (116 ers from he first groove paftern
The pdlishing nenmber (110) of cIa|m3 wherein the at Ieast two polishing

1 B e PTG S o S 00

pol i shing pad geslshosse s-conprise at least two different densities.

28082001 :00930746 U50013328 U S001332E 2 1 NOV 2003
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 pifch spacing (22) defined by a distance between the first proove 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 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 -




6. The polishing nmenber (110) of claim1l, wherein the at |east two
polishing pad sections (112) conprise at least two different materi al
renoval profiles, and wherein the serially |inked polishing _pad sections
(112) are configured to produce a polishing nmenber (110) havi ﬂld\!@v ggg%
substantially uniformmaterial renoval profile. 5 7. The polishing nenber
- (110) of claim®6, wherein each of the first plurality of grooves
conprises: a rectangul ar cross-section having a depth (20) defined by a
di stance from the surface of the first polishing pad section., a width

(18) definedidyy ahdipsliaiepadld? cREhPERLEH BE sd-Bnd E[%odﬁpét&rﬁfi%ﬁ}”ed froma
c ng

first groove wall] to a second groove wall, and a pit spac (22) defined
by a di st anc@PEsFHeiFcekplpfatist of grepygeandathe second alufality bf gnoowsseré n the fir st

PLyrality, ofuRhRateseng @ GRS, bVfe ihLakbeifld of 2 orcove imrediately

adjacent to the first groove. 1 g’'pad for use in chem cal
mechani cal pl anarization of sem conductor wafers, the polishing pad

characteri z by.,a pl.urality of rially linked polishing pad sections
(127 forni nglqa I FR@&EJI&'H@ Ifad((i%‘)f%ﬁa\?&%l’ ﬁ?rﬁ‘"d’ F‘iahg’eﬁf PR4EHIE Pask plurality of
serially |i rkebnpold)Fhitig comprises @GhitPPSlishihg had KERbH %m%vi%g adnifd st .
polishing pad section (12) having a first groove pattérn (16a) formed in a
surface of tHRPYEIRRKEMEEPS) SAYiRg 2 phualip ef gronvesanigntsd perbaldodl kinsai ng pad
section (12) i : Rtk 8 b) .for |-R_a.surface of

t he second 5§P?§Eﬁﬁgﬁﬁgﬁgggg%%%ﬁ9%§ﬁgre.ﬁﬁﬂﬂgg&ga%%%gﬂgﬁgg%ﬂﬂggppgrn (16b)

i s differentthe Ash(tthparfd sesindgronepapats €i6h).([ Ga). 25 9. The pol i shing pad
of .alaim 8, wherein the first groove pattern (1 Ga) conprises a first
plurality of grooves oriented parallel to the linear path of the Ilinear

belt (14). -122 10he8ashihglpaiQL0)20QRirk 8, whtreinabt fisshhfbsaeash pdd ¢l ai m 9,
wherein the secon? rooye pattern éle) .

sections 12? are characterizea 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 -



conprises a second 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 claim@8, wherein plurality of polishing pad
sections (12) further conprises a third polishing pad sectianTGMBDZBﬁying a
third groove pattern (16c) having a plurality of grooves oriented parall el
to the linear path of the linear belt (14), and wherein the third groove
pattern (16c) differs from the first (16a) and second groove patterns
(16b). 10 15 20 25 12. The polishing pad (10) of claim8, wherein the first

and second ppdl  S@@lpoRiting Pad) o fAABmME) MhBeh Lt ZRo o Al dh el F%dtﬁ%ﬂw al
r enoval rate_Proflles, and wherein the serially linked plurality of

pol i shi ng pakitc8Eerasnes ¢iiby figst polishingingd setion { B2)shiffers fromea wopdcting ng menber
(10) having 1a); j terial . Vv rate profile. 13. The
pol i shi ng p5%*?%3§&§$ﬁﬁﬁﬁ%¥$ggb&ﬁéggﬁﬁ“gé% %%mﬁﬁgp%#?§ﬁ°%nd second
polishing pad sections (12) differ in hardness. 14. The polishing pad (10)
of claim8, WherdbgpelighngpadidielafitnSs wharsih spitabrod ergoks sithedrgpathosect i ons

(12)5 differ .aﬁeﬂquhig%rg%é]c?ossTl{lei@?f);%:oicl)ﬁgiingga&)?e%ti 10) of claim8, wherein the

first polishing pa 1 on nprrses~a %ngth equal to a length of
the second polishing pad section 16. The polishing pad of claim8, wherein
the first pol% shilig pphshitgepadi afielafinB) whewminpr picho fardenginthdiifs gioené t han a
| ength of the %%coqugoli§ﬁi€§ fqd sectéon“ 2 1 NOV 2003 I T The polishing
pad of clai M8 IWREFRIACSNS UxkpolshREHrd At h, a width, and a pitch of
grooves of the first polishing pad section (12) differs froma respective
dept h, wi dt 0. and\ piethoti obprognany etinefr chhiricslanamdnipgll plahatingigpad section. 18.

The polishing,pad of, claim 8§, erein a pitch of grooves in the first
groove 5 paPlidrpepdd ﬁ‘ﬁ'i“?g)ar ﬁPﬁ’i\‘?Yo%tgmt“ﬁléng paksecensdhh s peibodect i on. 19.
Thegpol i shi ngapa@rigdd whai m 8, wherein a pitch of grooves in the first

groove _ )
(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

- 14 -



pattern varies across the first polishing pad section. 20. A nethod of
produci ng a |linear chem cal nechanical planarization polishing pad having
a plurality of polishing pad sections (12), the nmethod 10 characterized
by: (a) neasuring a material renoval rate profile for each o2 pﬁm@uaﬁlity
of groove patterns used in chem cal nechanical planarization polish é
pads; (b) determ ning a conbination of at |l east two of the plurality of
groove patterns based on the nmeasured renoval rate profiles of (a) that
provide a 15 substantially uniformmaterial renoval rate; and (c)

fabri cating ige Refel sl in6 QUL A£S) | ' £ lal ¢ shing pad
sections (12), mherefgm?ﬁggﬁglishyﬁgﬁg%gpg%%%%%ﬁgx?ggfaé%%ggggggéf

conbi nat i on tef plyrabitivel paevearatierndet ermned in (b) to provide a substantially
uniformmaterial renoval rate profile on the sem conductor wafer. 20 21

The net hod of claim 20, wherein the polishing pad is a |linear polishing pad

and each of ;hhe I § of oQve.patterns conpri.ses.a gr.oove pattern
oriented paztrz'al I g*' EE) @‘%‘Wﬁ pr?ga{?ds)pogtc alr(%% ’ ‘ggFﬁe%tﬁﬁgﬁba&@ Oﬁfpgsﬁ‘n’ég Pt hod of
cl aism 20, whestiing (1) durstiee porapristeashird gishing padbetival 1 BhavigDiald rat e
profile on the sem conductor wafer conprises, for each of the groove

patterns, neRAEPALEE PaYing o RO Ereayss andied mjanpnenwrallehewesneind an endi ng
thi ckness ofwilh@sserioGROgkGE Bath Waleindlr 1l al ity of points along a

di aneter of -14 1 Nov 2003 the wafer after “planarizing the wafer with a
pol i shing pad having a selected one of the plurality of groove patterns.
23. The polishing pad (10) of claim8, wherein the plurality of polishing
pad 5 sections (12) further conprises a third polishing pad section (12)
having a third groove pattern having a plurality of grooves oriented in a
non-parall el manner w th respect to the linear path of the |linear belt
(14).
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