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Technical Field The present invention relates, generally,

to nethods and apparatus 5 for the planarization and fine finishing of

flat surfaces i )
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Art and Techni cal Probl ens _ Chem cal nechani cal
pl anarization ("CWMP") is wdely used in the 10 m cr oel ectronics

i ndustry. A-tle_éﬁﬁigfm ocess invol ves polishing back built up
insul ating layers of 1nsulators or conductors on integrated circuit chips
during manuf acTbedresent invention relates, geberallpata mettiads snd appasatusus
pol i shing pad having a cel]ular, structure Is empl oyed in conjunction
with a sgur r yfor e nianapzation apd %neﬁgéunsmfrﬂa} acesdg ?i@!cﬁ@)a@&fpﬂicéal
silica parti r | i Tl pad
in the wor kpiciégés ga ﬁg ?? ?égﬁuﬁg er "t?é?sr?g% %%Hﬁal%%ﬂaﬂ?ﬁ%ﬁhﬁlg} Bgd
stresses are jganelanical esecharidst phamizetondOMPbrddegsadj oi ning cells in

t he cel lul ar pad. Abrasive particles within the slurry concentrated
on these edges tend to create zones of |ocalized high stress at the
wor kpi ece in nit, xposed edges of the polishing pad.

This |l ocalizes E 1 P
Chemical mechanical pianarization ("CMP") is widely used in the

10 microelectronics industry. A typical CMP process involves polishing back built
up insulating tayers of insulators or cénductors on integrated circuit chips during
manufacture. | '

_ More particularly, a resinous polishing pad having a cellular structure
is employed in conjunction with a slurry, for example a water-based slurry

15 comprising colloidal silica particles. When pressure is applied between the
polishing pad in the workpiece (e.g., silicon wafer) being polished, mechanical
stresses are concentrated on the exposed edges of the adjoining cells in the
cellular pad. Abrasive particles within the 'sldrry concentrated on th'es"é"’édgeé"" R

tend to create zones of localized high stress at the workpiece in the viCinify of the

20  exposed edges of the polishing pad. This localized pressure creates mechanical

- strain on the chemical bonds éompris‘ing the surface being polished, rendering
the chemical bonds more susceptible to chemical attack or corrosidh (e.g., stress
corrosion). Consequently, microscopic regions are removed from the surface
being polished, enhancing planarity of the polished surface. See, for example,

25 Arai, et al., U.S. Patent No, 5,099,614, issued March, 1992; Karlsrud, U.S.
Patent No. 5,498,196, issued March, 1996; Arai, et al., U.S. Patent No. 4,

- 805,348, issued Februéry, 1989; Karlsrud et al., U.S, Patent No. 5,329,732,
issued July, 1994; and Karlsrud et al., U.S. Patent No. 5,498,199, issued March,

1996. For a further discussion of presently known lapping and planarization



strain on the chem cal bonds conprising the surface being polished,
render i Ngweo 9747433 N€ chenical bonds nore susceptible to chepcgaisopbdostk of
corrosion (e.g., stress corrosion). Consequently, mcroscapic
regions are renoved fromthe surface bei ng polished, enhancing

planarity ofedhnfud. By feféiemes; theqentiré disclosirgs f théJoregoliigipatents are. |
U. S. Patent No. ﬁ!? 099,614, issued March, 1992; Kari srud, 8 S.ﬂ’J Pat ent
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di scl osures of 'the foregoing patents are = hereby incorporated herein.
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regards. For exanple, as the size of mcroelectronic structures useg. jin 5
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ntegr G _orierbel €
structures gggf‘é& &e ditiufreht mp@n:&&dmmﬁ"s%%ﬁwﬁbfegyfbés reuiRaSes,

t he ree planarity requi I ncreases dramatically.
exanpl e, t hm&eag]m];ly flatter sadaees. oPresently knpwafpatishingtechnigtes aspbelieved
techni ques or snaller devices requijres I ncreasi

surfadds. Pleberinadequaiartoodyse tie degres gf planarty aad ira&{iﬁéér;’lﬂgta%?‘{ﬁ? the
rorat vl y TRt lirae suEiatpe of Fivdon MaPd wet hedhtel dlotenhaftfludrl?
Eﬁ(r)f/vincglo?ir lsﬁ?'rfb‘t‘{'gc%‘{ﬁﬁggﬁﬂ g gleggr 3tn!sgtnlssf actory in th Presently

Presently known polishing techniques alye ;Irs]o unastatisfactory in that

_ the cellular structure of the polishing pad tends to generate heét at the interface

15 between the pad and the workpiece. The presence of heat is problematic in that

it tends to dry the slurry in the vicinity of large workpiece centers. As a polishing

pad moves radially inward across the surface of a circular wafer, it has been

observed that the slurry can dehydrate unevenly across the surface of the

workpiece. Consequently, the polishing effect of the pad can be non-uniform

20 across the surface of the workpiece, resulting in non-uniform planarization
effects. . L o
| | Chemical mechahical piénariiéﬁo_h -techn-iqtjes and materials are thus

needed whfch will pérmit a higher degree 6f-—plgnariiati9r.v and uniformity of thai

~ planarization over the entire surface qf__integrated circuit structures.

25  Summary of the invention |
In accordance with a preferred exemplary embodiment of the present
invention, a chemical mechanical planarization process employs a non-cellular
surface or pad in lieu of the traditional cellular polishing pad emp!ﬁyed in
presently known CMP processes. Such a flat or non-cellular pad dramatically
30 reduces the number of stress concentration points over a gfven surface area of
contact between the polishing pad.and the workpiece being polished, resulting
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structure of the polishing pad tends to generate heat at the
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out over a greater surface area of contact between the pad and the workplece

1damage to delicate microstructures may be concomitantly minimized.

In accordance with a further aspect of the present invention, the use
of a non-cellular or substantially flat polishing pad effectively performs a lapping
function on the workpiece, to the extent contact forces are distributed over a
greater area for a given applied pressure, achieving maximum flatness and
planarity on the workpieces being polished.

in accordance with a further aspect of the present invention, use of
a non-cellular andfor substantially flat pad in lieu of the traditional cellular
polishing pads facilitates more uniform slurry distribution, reducing non-uniform

effects of planarization on.the finished workpieces.

ri iption of the Drawing Fiqure

The subject invention will hereinafter be described in conjunction with

- the appended drawing figures, wherein like numerals designate like elements,

25

30

and:

Figure 1 is a schematic diagram of an exemplary foam polishing pad

operating on an exemplary silicon workpiece in an abrasive slurry environment;
Figure 2 is a concept diagram illustrating chemical aspects of a
traditional chemical mechanical plananzat:on process;
Figure 3 is a close-up view of an exemplary known polishing pad,

showing stress concentration points;

?ﬂg.;“\ggen the pad and the workpi ece. The presencq,(ﬁac 99 dboo S

nnre@,emmmhom thawasepaﬂamm-wtulampm alser m



Fn a nore uniform planarization across the workpiece surface. In accordance
wth a furgipgnasect of the present invention, the use of aopdfpsERjebetl ar -

ad al so ~ may have the effect of reducing the extent to which the pad
endsdover devi ce t opographi es due to the lack of a cellular nap. In
accordance with a f uFidre 4(R)is a stheptdticdrosdisectiorprew of an@xentplaryisection
extent the reduction in asﬁe)rlty density (nunber of stress
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t he wor Bpi ec(a) upon compietient of delpresentlyrknowst polishing sproeessieillustrating

concomtantly mnimzed. In accordance with a further
aspect of tHQCEHMHPHTMQ@ﬂWon the use of a non-cellular or

b
Funct; on on the vor kEIQS S PR SheRiatic Gty 38EIG Vil of AR TEoyar e
over a 15 dm%ﬁﬁireén@é ﬂﬁthfé’breffeﬁé&@i*n@dmiﬂe@ﬁ oP S present mhquhnanaam mim
fl atness an pl anarity on the workpi eces bel ng polished

I n accor dance WI th aFigmtmé(b)aSpa(SChefna‘tiwecmaﬁaﬁlon ndewtofolhe stractore of

cel'lu 4P " PlauTpiRL iR Eiberenianced ni oty achisvebif fnp pobstartiy
distri but o] at“@%ﬂﬁh&gpgﬂ’%‘f@g égﬁgﬂwentsﬁf ects of planarization on the

flnlshedvvo scription of the Draw ng Figures

The subject invention will hereinafter be described in conjunction with

t he appended draW| ng figures, V\,herel n I | ke nurreral S d 5| nate i ke

el enent s, DetailedhDesgsil L: SRt i c di agram of

an exerrpl ary foam po : %m Y

wor kpi ece in an abr ag‘%v"@gdﬁ’get E\'\%%r?l’réﬁ{&tnw%Bﬁn Eé‘é%s % daﬂgn

a concept di @RSy 4 rigidsfoaht polishinepad 40 té pefish thedsurface of a workpiece 12, for
15 example an integrated circuit layer. An abrasive slurry comprising a plurality of

abrasive particles 14 in an aqueous medium is employed at the interface
between the pad surface and workpiece sutface.
With momentary reference to Figures 1 and 3, cellular pad 10
comprises a large number of randomly distributed open cells or bubbles, with
20 exposed, irregularly shaped edges forming the junction between cells. Those
.edge surfaces 16 which come into contact with surface 18 of wdrkpiece__12 are _
‘known as asperities, and support the load applied to pad 10 which results in
frictional forces between pad 10 and workpiece 12 as pad 10 is moved laterally
(e.g., in a circular planatary manner) with respecf to workpiece 12 during the -
25 polishing process.
With continued reference to Figures 1 and 3, abrasive particles 14
within the slurry are urged onto surface 18 of workpiece 12 by asperities 16,
creating high stress concentrations at the contact regions between asperities 16
and surface 18. Thus, Figure 1 illustrates some of the principle mechanical

30 phenomena associated with known CMP processes.
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tfaditional chenical nechanical planarization process;

Figure 3 is ggéhpsd/p view of an exenplary known polishing pagerffdezesser -
showi ng stress concentration points;

- 3- WO 97/ 47433
PCT/ US97/ 09901 Referring now FicoUFigu#éa®, i somes ofieths Imlrw’plesmemlcaln
vi ew of an exenplary section of an integrated circuit, show ng

m cr oel ect r oni ghenomenar associateddwithi knewn CMP t{gicbniquesi are aUmtratedovwFarn

h | i shin
0TS Lo e e Sl oo s ol
upon conpl et 8s élﬁ;@é%&ﬁh&ﬂ&%@‘l?ﬂ& 'tl?é‘t:_nﬁ& t?angf'e?@cal' 66&@ h'?ﬂake up

| ocal i zed non- I'sS a Sc enat

Cross-secsi on theestrotf:tuee rofrthat laydreof werkpiece 12 im contaut dgitts pad 10 Become
preferred enmbodi nent of the present invention;, and Fi gure
5(b) is a schenechanisalysstressed. cHhe meghanicahstress appliedtodhese chemitaj opds

S Lot ol b0 rBRURRSub ok 350 SHAR) Brhbte Honch B A
e S D s 1 RO e
f oam pol i shi ngwvhich ddinpnsasurfabet1i8eoﬁwoﬂemeceaﬂ2&amthl‘okenpala‘nfblsbee liberated
10 from surface 18 énd carried away by the slurry. The liberation of these surface
compounds facilitates the creation of a smooth, flat, highly planar surface 18.
in the context of a preferred embodiment of the present invention, a
slurry is used to effect the chemical/mechanical polishing and planarization
effects. More particularly, in the context of the present invention, a "slurry"
15 suitably comprises a chem_ically and mechanically active solution, for example
including abrasive particles coupled with chemically reactive agents. Suitable
chemically reactive agents include hydroxides, but may also include highly basic
or highly acidic ions. Suitable agents (e.g., hydroxides) are advantageously
coupled to the abrasive particles within the slurry solution. In the context of a
20.._... particularly preferred embodiment, suitable abrasive particles within the slurry
may be on the order of 10-200 nanometers in size in the source (dry) state, and
- most preferably about 30-80 nanometers. This is in contrast to traditional
lapping solutions, which may include abrasives having sizes in the range of 0.5-
100 micrometers. Suitable slurries in the context of the present invention may
25 also include oxidizing agents (e.g., potassium fluoride), for example in a
concentration on the order of 5-20% by weight particle density, and most
préferably about 11% by weight particle denéity.
Referring now to Figures 3 and 4(a), an exemplary workpiece 12
suitably -cohprises a silicon layer 22 having microelectronic structures 24
30 disposed thereon (or therein). In accordance with the illustrated embodiment,
microstructures 24 may comprise conductors, via holes, or the like, in the context

of an infegrated circuit. Workpiece 12 further comprises a dielectric layer 20

-5-



15 exanple an integrated circuit layer. An abrasive slurry conprising a
plurality WiD97/147433 abrasive particles 14 in an aqueous medipdi/useTRes10Y ed
at the interface bet ween t he pad surface and wor kpi ece surface.

Wth nmonentary reference to Figures 1 and 3, cellular pad 10
conpri ses a appligd to the surface ofisilioan jayﬁrs'&z Md'ncledlabcmcdayérsnay fimdtioreas

with 20 exppse ul arl y shape s formn unct I on bet ween
cells. Thosé 'ns"'?dm%éﬁ%ﬂf %“é’ss ﬂ@ QYSF%"'! ﬂt’&“hﬁﬁé&?rﬂﬂ integratedice
18 of workpigegitl2 are known as asperities, and support the | oad

applied to Cﬁgfo which results in . frictional forces between pad 10

and wor'kpi ece 12 as Daring Ghessernieohdwriter manufacture progess, diélbané'zc)?‘tﬂ ar
pl anatary manner) with respect to workpiece 12 during the 2 pol i shi ng
process® placed over silicon lgyem22 ¢and ns@saosfaée@mctmnmrmarmLth) )

ot pi oce. 1996} gy hatacalizgt devicd topSopHR et ofid s@ﬁi@é‘r@%ﬁ%ﬁ%&?ﬁnéﬁs"f
at the cont gfidlesig!layer 8n %F{S%sk res 24. it 8'these'h s,
: IAPEIRIS i riutres 2¢: 1t BHisS HUGRE |

Figure 1 illustrates so e prlnC| e nmechani ca

associ at ed whith kheedro WIEImnakdsmmng the CMP process to form an ideally uniform,
-4 - WO 97/ 47433
PCT/ US9 7/ 098et, planar surface upon compigtien thengMR pracessi ddewever, asiis knowrhe

oS O 506 Yo, presont CHBYEAGERE HeChGE lis KBBHB A g i
di al ectri cs sufficienyRat!| planaf surtes particularly for small device lithography, for
example in the submicrometer (e.g., less than 2.5 micrometer) range.

Referring now to Figures 4(a) and 4(b), the asperities (e.g.,
projections) associated with the undersurface of polishing pad 10 contact

15 dielectric surface 20 as surface 20 and pad 10 are moved relative to one another
during the polishing process. A chemically and mechanically active slurry or
other suitable solution (not shown in Figure 4) is provided between the mating
surfaces of workpiece 12 and pad 10 to facilitate the polishing process. As pad
10 moves relative to workpiece 12, the ésperities associated with pad 10, in

20 conjunction with the abrasive particles comprising the slurry, polish down device
topographies (ridges) 26, removing material from the ridges in accordance with
the chemical and mechanical phenomena associated with the CMP process
- described above. In particular, the irregular edges which form the surfaces
adjoining the cells of pad 10 tend to deflect or bend as they encounter respective
25 leading edges 28 of ridges 26, trapping abrasive particles between the asperities
associated with pad 10 and the edges of respective device topographies 26,
wearing down respective edges 28 at a faster rate than the device topography
surfaces. During the course of the polishing prot:ess, ridges 26 are typically
- worn down until they are substantially co-planar with surface 18; however, it is
30 known that this planarization process is incomplete. Hence, residual nodes or
undulations 30 typié.auy remain proximate microstructures 24 upon completion
of the planarization process. Aithough surface 18(b) associated with workp.iece

-6-



onto surface 18 of workpiece 12 by the pad, the chemical bonds which nake
up 5 theywdbygigse of that |ayer of workpiece 12 in contactponisy7eshr10 -

become mechani cal ly stressed. The nechanical stress applied to these
chem cal bonds and their resultant strain increases the affinity of
these bonds f 4R i gertainlyimore highly planap sipoh mmpiehnraot theHGMP prombsaﬂnamathe

particle 14. Wen the chem cal_ bonds I ch co rise surface 1
wor kpi ece 12 sudageol8(a) assaﬁat%d %@IWQ&P&% 1) pri rr(Sﬁ’n k

Comounde 1 4 PlavatEaton pidkassyfre pgRAke §ﬂB§@w¥Q?%§t"%“ﬁ"8‘ﬁ% B?Eﬁ%t?'egﬁl‘f’ace

18. . Pamcularly iR M&ﬂ'ecgéhéiﬂhoﬁf iMegraté® dirits rmﬁérém néxteémelye high
present invention |TUrry is used to effect he
cheni cal Brechdegrees pbpllnhﬂt)gam'dbslredaar i zation ef fects. I\/br e

particularly, in the context of the pres nt nventj on,

sui talbl y conprises a Hefpring P9W490F IRe A?WR/'"QCPPQ@%@I%H@HV eFWOyed
exanpl e
Feactive agenlis a P i 88 rffed B A8dif ﬁ?d?@éﬂ et WS pplticularly

hydr oxi des Pefaﬁéd%rﬁ@om d'89 Buitablipdom nsesasabsﬂaman flacsdiface mNS
Sui tabl e agenF dr oxi gfa are agl\?ant aI:J eous %oupl ed toﬁThe

abrasive part conmt wmwvmrkplacesm rctyaracteuze@ by relatlvaé' femswsfac&frregv.ﬁanﬂes
parti cuI arI y %ﬂgf erred rrbodl nment | t.abl e, abrasive. art| es Wt

slurry yn E@W h SUERCR qugu A MY SRR h?é qrrPtFﬂ%m"'
sour ce ( dr y) [ar?{g?lpeg %gft;oclgtetd with W&réé%ﬁ{qeé%d'n %?E%]Ffméﬁ\iéy raﬁpg{?ﬁftrlgé%

This is in co onal t1ons

i ncl ude abr asmyfssifply rREuitifons thewelting togetherfof polymers comprisify pad 3dpeiger s.
Suitable slurries in the context of the present |nvent|on may 25 al so

i ncl ude oxi di fuseg ﬂ@&ﬁﬂylﬁf@@m@%ﬂ@%@u@ﬁhaﬂ%ﬁw likgr exanple in a

coneent (=t on onL 1, 4 J&taRlaegs 4 Rty Blpdtiok bl BrolehthénuBi pBESo

Ref erring nowid Quffétﬂyrrﬁédé frote #pSrousanatefRIVRICH pettits hecad€orption and/or
suitably conprises a“silicon |ayer 22 having mcroelectronic structures 24

30 di sposeeéntraintaent (ofr suitablei shurries, mrc@xamni@. wiqueousehigh (il r slueries
crood Tent . comprea FOIMEAP HHES 8 S TR B e Gk b
further conprpagsndy 4464 Ghhhifactk#¥8'by’SpeedFam Corporation of Chandler, Arizona,
or cerium oxide siurried or low pH alumina slurries. In accordance with yet a
.20 further aspect of the present invention, pad 30 may suitably comprise any
suitable flat material soft enough to resist damage to fragile integrated circuit
' device layers, e.g., flexibilized, epoxies. In this regard, it is desirable that pad 30
be desirably relatively pliable to permit the undersurface of pad 31 to conform to
the global topography of a workpiece (e.g., wafers) without damaging the
25 delicate microstructures 24 associated with workpiece 12 as pressures are
applied between pad 31 and workpiece 12.

With continued reference to Figure 5, as pad 31 is moved laterally
relative to workpiece 12, the downward force of pad 31 and, hence, the lateral
shearing forces created at the interface between workpiece 12 and pad 31 are

30 spread out over a substantially larger surface area than was the case with pad
10. Consequently, substantially higher pressures may be applied between
workpiece 12 and pad 31 than could be applied between workpiece 12 and pad
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PCT/ US97/ O80(1/47433 applied to the surface of silicon | W/Ugﬁjogydji ch-
dielectric |ayer may function as . an insul ator between successive
silicon layers in a nultiple-layered integrated circuit.

During the sthi(seendtigure %mmagt wlamagiogethe surfacecof workpiece 125(e.g.,
P o7 oat ruet (PESStRfErZa)” MaoBRver. e ReF Sirrata 2 Bt 620 33vas opposed ta e s
(e.9.. i doogpetlied 5 BREAEEL witihad 10, urqed.;) ﬁs”l&oh?é’gﬁrfﬁgé\ﬂ SRapdl N

to mcrostr res 24 ese dg e's

to be elim nmmmnha@byhes@hﬁb i aenore drﬁfoi'mrrﬂaﬁér Sutitel 18(BY) dCERBWN in

flat, planar_surface upon corrg@etlon the CMP process. However, as Is known
10 i Bt he Figure fi{b}e rlndmh cune of esnen-celigar @r\n&lyerms@sbbstamlaﬂy fidtici ng

' ff f r s devi ce
?i t hograpﬁy %;%”Légo aWB+' r3fur %ﬁbfﬁ‘&’:@ar ﬁéﬁ@rs BR. C}"tl gsetqu@ 5
m cromet er) rhigRsructures s associated with ?Bﬁﬁﬁ &4 QGS'fEEé‘é“IB igures 4(a) and

4(b), the asperities (e oeC|ons assoc fed with the

under surface of pol |Alﬂ1lmgglpthéﬂréselmnmt|dh 6 set fattreherelr indhe wohtn@ oftheds
surface 20 and pad 10 are npved rel ative to one anot her during the

pol i shing p e Ad@\‘@ﬁgcftﬂll"?s'dhéhﬁﬁ@ﬁﬂ|amre§laﬁﬁ that the inygntion to the
mati g O $pBefie; b, (< 7 eVarbys! HihEe Ghnadicitps;  Vedgtsns,e an
i 'e?.“'t P&%’?ﬁ‘?@?ﬁ?’?ﬁ“"o’f‘?ﬂe ":3’9{‘0’“‘"’?‘2‘3’é‘%ém“ﬂ*cﬁfihﬁﬁ‘cdt‘%%‘”ﬁrﬁﬂ‘é‘?%?%s. ve
paPt i cl es cORPRESS prRIamalers gnseqssepdverelm mawrbajmadeemthout departing from the
spirit and scope of the present invention as set forth in the appended claims. For
. example, a preferred embodiment of the present invention is illustrated herein
15 in the context of a dielectric layer over microelectronic structures; however, the
present invention may be useful in the context of both multileve! integrated
“circuits and other small electronic devices, and for fine finishing, flattening and
planarization of a broad variety of chemical, electro-mechanical,
electromagnetic, resistive and inductive resistive devices, as well as for the fine
20 finishing, flattening and planarization of optical and electro-optical and
mechanical dévices. These and other modifications may be made in the design
" -and implementation of various aspects of the invention without departing from
the spirit and scope of the invention as set forth in the appended claims.
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surface 18; however, it is 30 known at this planarization process is

i nconpl ete. Hence, r e gpraviding'a sen-cellular lappingrpad andmpotwung;slway whickeimi n

proxi mate m cros ructures 24 upon _conpl eti on t he pl anari zation
process. 9Al t heegwiRation.ate qanable of planatizing mec w&mgﬁ %%‘é silicon wafer; and

poTl Use7/ 00001 | PlaEZing the surface afsaid wafr by sontasting said danpingnash
of the CWP praﬁe&ﬁetmraéélef the wafeﬁwnﬁaézﬁrééhﬁbre%%a?é liitgs p‘?%ééhd’é’bl‘&h&:ce

12 prior to conpletion of planarization process, e exl stence
of nodul es capolishing lsh.lrass be probl emati c, particularly in future
generation integrated,circuits wherein xtrerrel 5 .degrees of .
planarity are desi red2- An apparatus forgherni %aﬂg\m‘é@wgﬁl&pbnaazmg

"1 appin pad | Wa?é in a CVWP process in |lieu of
pol i shi ﬁg pada%éﬁa?ﬁ%afcéc%rﬁ al?lce P&ﬁﬂ\gnsmrq icularly preferred

enbodi ment, pad 31 suitably dfesomot@ting mebnéarﬁr imblinting dhids gilicepewhfer to
| thereby expose a surface of said silicon wafer; and

second mounting means for mounting a non-cellular lagping

pad thereto, ,
15 wherein said first mounting means is configured to move the
exposed surface of said silicon wafer into contact with said lapping
pad and press said exposed surface of said wafer against said
lapping pad with sufficient pressure in the presence of a polishing

slurry. . S

20 3. - Theprocess of claim 1, wherein said planarizing step further
.comprises the step of pressing said lapping pad-against the surface. of said .
silicon wafer and relatively moving said pad with respect to the surface of said
wafer along a plurality of directions within a plane defined by said pad and said
wafer. -

25 4. The process of claim 1, wherein said step of planarizing further
comprises the step of pressing the surface of said wafer against said lapping pad
and relatively moving the surface of said wafer with respect to said lapping pad
along a plurality of directions within a plane defined by said lapping pad and said
wafer.

30 5. An apparatus for chemically and mechanically planarizing a

surface of a silicon wafer, comprising:

-9-



contact w th workpi ece 12 y relatively few surface
i rregul arivwiossa¥sss ”"mﬁ ﬂml Iumﬂmrface irregularit lmrlﬂ§97m§901 -
conpri se scratches or ot het mon-t ® s planarities associated with the
dressing of pad 31; alternatively, irregularities 34 may sinply

result fromthe wel daficst hgaitingrplate foo mounting @silicorswafer sethatla sarface of

fused pol yet hyl ene, non-cel lul ar urethanes, and the |iKke.
In accor dansaidwaterisexposed: aspect of the present invention, pad 30 15

g 01y e, ol LR Y EBcA Ao R 8540

pH slurries thereto: conprising colloidal silica such as SC1 manufactured by
t he Cabot Corp. or Del tapol 4101 manufactured by SpeedFam
Cor por &8i on of Chandivhereimsaiddirst and said s_enondemmntin@@ldtessarercdrfguced toow pH

alumna slurries, In accordapce with ye fur, her ect of .the
present i nvERgYeh e??ﬂ??i?@-?ﬁi% %’agﬁ* %oé't%my’" sa'd?asfnm pBddn theyt

dovi ce | ayaPresa?br o oSG </GRY R nofe dittedd dUGAlERsibdttind, oy o

that pad 30 be desirably rel atlvel y pliable to permt the
undersurface of pad 31 to conformto t he gl obal topography of a
wor kpi ece (e.g., vvaf&:r s’l)haviappa[atuslaofugaing& wehe28in saidefirst miarinting plate is

m cr OSt ructure ssoci ated with I ec gwa%epl’ essSuy es,

appl i etP bet %08 9 9Press g PXRR “l ce of sal against swﬁﬁpﬁ'ﬂﬂtﬁ%ed

wor kpi ece 12meLEUE the oRpad s cHad ol B Yl i et t paid BB Fad o
sheari ng f ot tsast onetdiectibn within atmarﬂ@deﬁrlwd by saidlappinged dnd aavdi wafiér31

are 30 spread out over a substantially larger surface area than was the
case with pad 10. Consequently, substantially higher pressures may

b i ed bet K 2 d. 31 .t I Lied

bgt %gn' \i/or kgi gggnlg ame aﬁ‘érarﬁbg %‘fcljaxmaé?%ﬁé’}em éLatd @%@038 l?ngurtﬂ?nga Sl%té =

- 7- - configured to press the lapping pad against the exposed surface of said wafer
15 and move said lapping pad with respect to the exposed surface of said wafer in

at least one direction within a plane defined by said lapping pad and said wafer.

8. The ap;iaratus— of claim 2, wherein the polishing slurry includes:
about 5-20% by weight of a chemical agent having a particle size of
about 10-200 nanometers selected from the group consisting of a hydroxide and -
20 potassuum fluoride; and | L ' |
| a mechanical agent se!ected from the group consisting of colloidal

silica, cerium oxide and alumina.
9. The apparatus of claim 8, wherein the polishing slurry includes:
about 11% by weight of the chemical agent; and
25 the mechanical agent having a particle size of about 30-80

nanometers.

- 10. The apparatus of claim 5, wherein the polishing slurry includes:

-10 -



WO 97/ 47433 Illu l“

PCT/ US97/ 0980é 97747433 10 (lllll"“luléa “n!“ A |t hout damagi ng tr&l?bg AssusOf -
wor kpi ece 12 (e.g., ni‘cr 6sttuct ur'es "24) . Moreover, the at sur#ace
32 of pad 31, as opposed to the asperities 16 associated with pad

10, urge particles 14 gypue5320° ggq,,, v : N :
resulting in a nore uniform pljgn r és'ﬁprgt:g'cfg%ﬁ'aggﬁérﬁ%mqy%p%gtﬂié%ﬁegﬂfre
5(b). | ndeed, abbet 18-200hamometerscssdledted from thehgrovpsconsistingofa ydryxibeaind

surface associ at ed,vvitE Bad 31 greatly reduces the step height of the
devi ce patassByp PedNdssociated with planarized surfaces 18(b).

Akt hough the present i ' ' r eL,n |n the context, of t.
appended drawi ng fi gué@%?ﬂgﬁgépgﬁ{ﬁ&gﬁ@eﬂsﬁ}% é%é‘? ?‘?{E'%Weﬂi ?%'FP'&%
the 10 5 spesflita Cedriifioxideand alumdiig, ous ot her nodi fications, variations,
and enhancenments in the design an arrangenent of the non-cellul ar

pad and vari ous process paraneters di scussed herein may be nade
wi t hout departing from,t spisit and scope of the present invention
as set forth in the a?ﬂegﬁﬁﬁ@%ﬂﬁ"fm'm 10, whergjm the rolishing sJumy ircludes:

enbodi nent of the pre b BOZEIAL L e b4l eln, 15 in the
context of a dielect r?@BHA;‘/Z% %W@%‘&é@%ﬁ%iﬁ%ﬁﬂéﬁ%res; however, the
present invention nmaythe meehahicah éggmcgav t aofpdmégg Bidel idfe¥Bbut 30-89_

i ne

i nt egr at ed circuits and other small electronic devices, and for
finishing, flBRanemetersand pl anari zation of a broad variety of

chem cab el ect ronmechani cal , el ectromagnetic, resistive and

i nducti V8 resistive devi ces, as well as for the fine 20 fini shing,
flatteni ng and pl anar kaaty ﬁfce e C.: S o : e
mechani cal devi ces. Tp\g‘sgﬁp ot ﬁgtrolf%@%%ﬁ%ﬁgﬁ%&@ﬁ#@%ﬁ@?&r{n?wgeaesi gn
and i npl ement ati on of abauf $20%aby aaightdf 4 bitemivet abeathawing @ patierasizé 9
from the spirit and scope of the invention as set forth in the

appended cl ai#eut 10-200 nanometers selected from the group consisting of a hydroxide and
potassium fluoride; and
15 a mechanical agent selected from the group consisting of colloidal
silica, cerium oxide and alumina.

13. The process of claim 12, wherein the polishing slurry includes:
- . -about 11% by weight of the chemical agent; and
the mechanical agent having a particle size of about 30-80
20 ~ nanometers.
i 14. The apparatus 'of claim 2, wherein the non-cellular lapping pad
is constructed from fused polyethylene, flexibilized epoxy' or non-cellular
urethane.

15. The apparatus of claim 5, wherein the non-cellular lapping pad

25 is constructed from fused polyethylene, flexibilized epoxy or non-cellular
urethane.

16. The process of claim 1, wherein the non-cellular lapping pad is

constructed from fused polyethyiene, flexibilized epoxy or non-cellular urethane.

-11-
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PCT/ USO7/ 09919747433 CLAI muluulmmm || |||| surfléce B A;@gflglggla;?gsz -

chem cally and nmechanically
waf er, conprising the steps of: provi ding a non-cell ul ar
| appi ng-pad and a pol i 1Zh| appanatusiof claim 2, \A&leremctbemomcelmlahpplh’g)pﬂe

of planar|2|nﬁthe su e of said SI|IC
e f

pl anari zi ng tREUFH PIM.apergus mat W && ?B@‘?%‘HPWQ an enajniag the
polishing slurry.

18. The apparatus of claim 5, wherein the non-cefiular Japping pad
5 is constructed from a porous material capable of adsorbmg and entraining the
polishing slurry.

19. The process of claim 1, wherein the non-cellular lapping pad is

constructed from a porous material capable of adsorbing and entraining the

polishing slurry.

-12-



and the surface of the wafer with sufficient pressure in the presence of

- said wopMrahi ng slurry. 2. An apTITOsTIN9IRI -
-chem cal ly and nechanically planarizing 10 a surface of a silicon wafer,
conpri si ng: 17%rst nount i ng neans for nounting
said silicon wafer to t hereby expose a surface of said
silicon wafer; and second nounting neans for
nounty a non-cel lul ar | appi ng pad thereto; 1 5

whereih'said first nmounting neans is configured to nove the

exposed surface of said silicon wafer into contact with said | apping

press said exposed surface of sai fer against said

pad with sufficient pressurg=int presence of a polishing

20 és Eiﬁe proeess of claimi1, wherein said

ing step further & conpgi ses e step of pressing said |apping
pad agai nst the surface of gsaid silifkon wafer dand rel atively noving
said pad with respect to e surfacef of sajpd wafer along a plurality

of directions wigQin a plgne defined by saQd pad and said waf er. 25
4. The process 0 | ai m 1 mherein sd id steg of planarizing further
conprises the s of prexs e af er agai nst said

| appi ng pad ~._and rep' said wafer with
respect to said | apmng fga di rections mnthln a
pl ane defined by said appl Wﬁk RO

5. An apparatus for chixgjcal |y \gae=+SciIERY

surface of a silicon waf¢g
-0-
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PCT/ US97/ 099 © 97/47433 a first mounting plate for rREmUSIT@OSNL -
silicon wafer so that a surface of said wafer is exposed,

a second nounting plate having a non-cel |245r | appi ng pad attached

thereto; 5 wherein said first and said second nounting

pl ates are configured to nove the exposed surfgce of said wafer into
contact with said | apping pad in the presence a polishing slurry
so that the gurface of said wafer is planarized. s 6. The
appar at us d@aclain15, wherein said first nﬁﬁbting plage is 10 configured

to press the exposed surface of said wafer«against sayd | apping pad
and nove thgeexposed surface of said wafer wyh respgtt. to sai d | appi ng pad
b

in | east one direction within a pl o d | appi ng pad
and said wa-&r , erei n
sai d secon@ygounting plate is configur gress the lapgang pad

agai nst the exposed surf of said wafer 15
with respect to the expo:g surface of said waf
direction within a plane dgfi [
8. The apparatus of claim
about 5-20% by wei ght of a cha%cal
about 10-200 nanoneters sel ct u.
and

Eeary| ve said | a ng pad
r—T-Em atgz t one
) pad and;said r
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20 pot assium fl uori de; and ' a nmechani cal agent sel ected

fromthe grwd®7Ms sting of coll oi dal silica, ceriumBRTESIZAMOL ~
al um na. : 9. The apparatus of claim8, wherein the
pol i shing slurry includes: 3/5 about 11% by wei ght of the
chem cal agent; and 25 t he mechani cal agent having a
particle size of about 30-80 nanonet ers. 10. The

apparatus of claim5, wherein the polishing slurry includes:
-10- WD 97/ 47433
PCT/ US97/ 09901 - about 5-20% by wei ght of a chem cal
agent having a particle size of about 10-200 nanoneters sel ected
fromthe group consisting of a hydroxi de and pot assi um fl uori de;
and a nmechani cal agent selected from.the group

consi sting of coILoidéE 5 silica, ceriumoxide an&al unina.

N
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11. The apparatus of claim 10, wherein the polishing slurry includes:

about 11% bwowi/gpass of the chem cal agent; and PCTI/USOTIODSOL -
mechani cal agent having a particle size of about 30-80 .nanonet ers.
10 12. The process of @lfgim 1, wherein the polishing
slurry includes: about - 5-20% by wei ght of a chem cal

agent having a particle size of about 10-200 nanoneters sel ected
fromthe group consisting of a hydroxide and pot assi um fl uori de;
and 15 a mechani cal agent selected fromthe group consisting
of coll oi dal silica, ceriumoxide and al um na.

13. The process of claim 12, wherein the polishing slurry includes:

about 11% by wei ght of the Ghenlcal agent; and t he

mechani cal agent haV|ng a p cphu size of about 30-8@26N nanonet ers.

14. The apparatus & clalm é&Nei n the non- ¢cgt | ul acy| plng pad
i s constructed from fused p | ene, erX|b| zed e o] non-cel | ul ar
ur et hane. The apparatus—of cI mhereln t he

non-cel | ul ar | appi e "’ constructed fRonmyfus olyethylene
flexibilized epox ‘o; n- IIJIar ur et hane 16.
The process of cl n11 ...(_ ei h tHe non-cellular "pppijng pad is
constructed fron1fu5§d bt hyl erfe, flexibilized gpoxly off non-cellular
ur et hane.
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VO 97/ 47433

PCT/ US97/ 09 Y0 97/47433 17. The apparatus of clai m 2,po¥reseioeedihe -
non-cel l ul ar | appi ng pad is constructed froma porous nmateri al

capabl e of adsorbing and entraining the g5 polishing slurry.

18. The apparatus of claim5, wherein the non-cellular |apping pad 5 -is
constructed froma porous nmaterial capable of adsorbing and entraining the
polishing slurry. 19. The process of claim1, wherein
the non-cellular |apping pad is constructed froma porous materi al
capabl e of adsorbing and entraining the polishing slurry.
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(57) Abstract

A lapping pad (31) used to polish wafers in a CMP process comprising a substantially flat surface (32) having relatively few surface
imegularities (34). The lapping pad (31) is suitably made from a porous material which permits the adsorption and/or entrainment of
suitable slurries, for example, aqueous high pH slurries comprising colloidal silica, or the like. Moreover, pad (31) is relatively pliable to
permit the undersurface of pad (31) to conform to the global topography of a workpiece (12) being pollshed without damaging the delicate
microstructures (24) associated with workpiece (12) as pressures are applied between pad (31) and workplccc (12). Finally, the flat surface
(32) of pad (31) urges particles (14) onto surface (18) of workpiece (12) more unifonmly, thereby resulting in a more uniform planar surface

(18) qf workpiece (12).




