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The present invention relates generally to sem conductor manufacturing, and
nore spacObi/emliy to the field of chem cal - nechani cal poPCHUSeIgISAHEL hods
and apparatus for the planarization and renoval of thin filnms used in

sem’ conduct or manufacturing. Background of the Invention 10 A flat disk or
"wafer" of single crystal spidgan dosTli@cbasi g gebstrate material in the
sem conductor industry for the manufacture of integrated circuits.
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applied to.the wafer. Also, the material |ayers (deposited thin filmlayers
usual |y made of netals for conductors or oxides for insulators) applied to
the wafer while building intRackegnoend ef thednvdionnt egrated circuitry mnust

al so be made a_uni.form.thickn Inte aed circuits nuf act ur e
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114 of a second | evel of metallz%tlon to |nterconn ctions 1 8 of the first
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functional circuits. A typical multilevel interconnect 100 is shown in Fig. 1. Active devices

such as MOS transistors 107 are formed in and on a silicon substrate or well 102. An interlayer
dielectric (ILD) 104, such as SiO,, is formed over silicon substrate 102. ILD 104 is used to
25  electrically isolate a first level of metalization which is typically aluminum from the active
devices formed in substrate 102. Metalized contacts 106 electrically couple active devices
formed in substrate 102 to interconnections 108 of the first level of metalization. In a similar
manner metal vias 112 electrically couple interconnections 114 of a second level of
metalization to interconnections 108 of the first level of metalization. Contacts and vias 106
30 and 112 typically comprise a metal 116 such as tungsten (W) surrounded by a barrier metal 118
such as titanium-nitride (TiN). Additional ILD/contact and metalization layers can be stacked

one upon the other to achieve the desired interconnections.
Planarization is the process of removing projections and other imperfections to create a

flat planar surface, both locally and globally, and/or the removal of material to create a uniform



flat planar surface, both locally and globally, and/or the renoval of
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this goal. Orbital tools are desirable since they allow every point
process of semiconductors. One of the goals of the planarization process is to remove material

at a uniform rate across the front surface of the wafer. One method for trying to remove
material at a uniform rate is to have every point on the front surface of the wafer experience the
25  same relative motion against the polishing pad as every other point. An orbital tool, which
orbits the polishing pad around an axis offset from the center of the polishing pad while
continually maintaining the rotational orientation of the polishing pad throughout the orbit, is
one possible way to achieve this goal. Orbital tools are desirable since they allow every point
on the front surface of the wafer to experience the same circular motion against the polishing

30  pad as every other point.
Conventional orbital tools use a polishing pad that is supported by a diaphragm. Front-
reference carriers are known in the art for supporting a wafer with a fluid or flexible

diaphragm/membrane. Front-reference carriers are able to uniformly press on the back surface
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a front .surfgce of . 20 fer. The esent .i.nventi.on.includes. a rigid

o at’en, 4587, Bl atoyies Gowale Rupsss, fubls, Tgimiging bt baad joh Romuigprig malpsal ¢ o
suppor t jeibval A9hd setiphery¥dhe WhRr.pl aten is connected to a supporting base
that has neans, or is connected to neans, for orbiting the platen. A

carrier, preferably a front-reference carrier, holds and presses the wafer

agai nst the polishing pad whi Is‘?lmltnlﬁ? ﬁflg@cﬂl%lﬂﬂ) base orbits the platen. 25

Optionally, the carrier may b or via a shaft for
rotating or Dhdereseriieinvention is an apparatus and method for planarizing a front surface of a

20  wafer. The present invention includes a rigid platen, i.e. does not use a membrane or
diaphragm as in the prior art, for supporting a polishing pad. The platen is connected to a
supporting base that has means, or is connected to means, for orbiting the platen. A carrier,
preferably a front-reference carrier, holds and presses the wafer against the polishing pad while
the supporting base orbits the platen.

25 Optionally, the carrier may be connected to a motor via a shaft for rotating or otherwise
moving the wafer during the planarization process. Additional flexibility for the planarization
process may be obtained by using a carrier that is able to apply a plurality of different pressure
zones to the back surface of the wafer. The planarization process may be optimized for various
wafers and thin films deposited on the wafer by adjusting the orbital radius and/or orbital speed.

30  Applicant has discovered that improved planarization results may be obtained by orbiting the
polishing pad in a radius smaller than conventional orbital radii, orbiting the polishing pad at a
rate faster than conventional orbital rates and, preferably, both in combination.

The present invention may be practiced by loading a wafer in a carrier, preferably a
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Description of the Draw ngs i1l hereinafter be
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front-reference carrier holding a wafer against a polishing pad nounted on
a sol i dusstlan semicpndpgtas iBegrated cpruits; vi ew of a waf er adjacent an orbiting

pol 30° hi ng paﬁi;gure 2 is a cross section view of a front-reference carrier holding a wafer against a

a

polishing pad mounted on a solid platen;

Figure 3 is a plan view of a wafer adjacent an orbiting polishing pad;

Figure 4a is a plan view of a stationary wafer with an orbiting polishing pad shown at
four different times during the orbit of the polishing pad;

25 Figure 4b is a view of the front face of the wafer illustrating the motion experienced by

every point on the front face of the wafer due solely to an orbital motion;

Figure 5 is a cross section view of one possible mechanism for producing an orbital
motion for a polishing pad; and

Figure 6 is a flow chart illustrating one possible method of practicing the present

30 invention.

Detailed Description of Exemplary Embodiments

An improved polishing apparatus and method utilized in the polishing of semiconductor



Figure 4a is a plan view of a stationary wafer with an orbiting polishing
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20  Shendon et al. and are hereby incorporated by reference.

The carrier 215 may have a plurality of areas 204, 228 or zones, typically concentric to

each other, that may be individually pressurized to create a plurality of uniform pressure areas.

In other words, while each area may have a pressure different from every other area, the

pressure is substantially uniform within each area. These multizone carriers 215 may be

25 advantageously used for removing excess material faster from the front face of the wafers 216

at concentric areas having bulges. Specifically, the multizone carrier 215 may exert a higher

uniform pressure against the back surface of the wafer 216 opposite a bulge. At the same time,

other areas on the back surface of the wafer, for example areas between bulges, may have a

lower uniform pressure applied to them. Examples of multizone front-reference carriers that

30 may be used to practice the present invention are disclosed in U.S. Patent No. 5,941,758 Mack,

U.S. Patent Application No. 09/540,476 and U.S. Patent Application No. 08/504,686 and are all
hereby incorporated by reference.

Fig. 2 illustrates one possible embodiment of a front-reference carrier 215 having two
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tend to develop on the front face of the wafer due to the periodic nature of the orbital motion of
the polishing pad 207. As an alternative, the carrier 215 may be alternately rotated clock-wise
and counterclock-wise. This is particularly beneficial if a front-reference carrier with multiple
25  chambers is being used. Every chamber requires additional fluid communication paths to
operate. If the carrier 215 rotates only in one direction, complicated fluid communication
means, such as rotary couples, will be needed. However, if the carrier 215 alternately rotates
clock-wise and counterclock-wise, preferably less than 360 degrees, then less complicated fluid
communication means, such as conventional tubing, may be used.
30 During the planarization process, the front face of the wafer 216 is pressed against a
polishing pad 207 fixed to a rigid platen 221, typically in the presence of a slurry. The
polishing pad 207 may be, for example, an IC1000 or an IC1000 supported by a Suba IV

polishing pad, both manufactured and made commercially available by Rodel Inc.



in detail and the invention is preferably practiced with a front-reference
carrier, the invention may be practiced using a variety of front and
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a varie f | on e, g, v L near.l orbited, i ted or rotated on
he- por PR, B ey ARER. | ThPFRckier FolehBE, ol 0258 By 18 By¥oror
222 vi adegealiing 2hlthel dhatdeeerisitd bfthe2dafet 816, ddtt@sicallyt corbpiesfciirathaie bededt ed
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due to e | qdli L. ' s ot |.shi 207.
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carrier with nmultiple 25 chanbers is, being used. Every. chanber uires
addi t§ oS RA @gmh%vgtgrewesé@mhwn) fgﬁé?%ﬁ“é‘g ip fhe digiripution efyslyrpsover

rot at es ghde 4 OpRishideGRlI2en, conplicated fluid communication neans, such
as rotary C(?upl es, %/?Ilﬂ| Igei%e needed. However, if the carrier 215 alternately

rotates cl oBkfewinge baskdtacBigatlertid plakenwiHemap rbef mpdd ifiyom e stsgit hvaterd Ovith a

degrees, ,the ess co icated fluid i i h

oo ert bt B RnS RG0S B Batnthit pelRME Hef 20m Bedler oThq BeR 222 dagthe, e
frong fpfGeintRBomdhaild DbGtifer HalSoaFentioAtlNSliteds itPidrSdit BbiAPoRARatl hissed
toarigid platen 221, typically in the presence of a slurry. The

pol i shi RigspaideP diaphepgmse0r thembraremisl wipperh thecpalsbmgopadanFercexeopts. digppletened

ava 1 abra! B eBelSq MR ot R e AR e SR S Ehaleral
Phoeni X thafdidezipidhandlprefepsbly homdoaiosipel | shi ng pad 207 used may be varied

depending on_the characteristics of the wafer 216, but typically conprises
a uret hane bRyEAE thmplepatgationgragessuthg Rlateng2l3may he qsbitedsh A FupRaEtz bassay

havecs ho r [ ' : : : k.St 4N ad
2077 S Ce 1 SEe i o AT kiR Wit bB o pRFIFHE RAF Fbhe RBPRbrih ke
addi t i veslishemparadimaved plaougth poditigs 207a,1207by 208k abéi20@d potims Hetime Rntisad di andon,
the pol.ishjn ad 207 have qrqove not. .showy), for. assisting in the
di st r | biiechrapEiahr foiphe o e “Kacs Bp roRhBEREGFg A screled - fng
back t ogigulld blebseRRARhAUR pSihitFRadRReBAGolalOFhéh bibtibd TRE BIdhal of thd Brbft
substantially planar surface for nmounting a polishing pad 207 thereto. The

pl at en B2he same ahibe radiuppbthervircledddator any sthouticclp generated by anfognted point on
conyent i,onal. pl atens.in prior, art.orbital ,tool.s t.hat e. pressuri zed
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pl at en desired to aid in the description of the orbital motion.

Referring to Fig. 4b, a wafer 216 is shown with multiple circular motions 400b. The
circular motions 400b represent the motion each point on the front surface of the wafer 216
experiences during an orbit. The radius of the orbit creating the circular motion 400b is much
25 smaller than the radius of the orbit creating the circular motion 400a. The radius of the orbit
may be controlled by the mechanisms used to create the orbital motion, several examples of
which will now be discussed.
U.S. Patent No. 5,582,534 Shendon et al. and U.S. Patent No. 5,938,884 Hoshizaki et al.
disclose several mechanisms for creating an orbital motion for a carrier. The principles for the
30 mechanisms disclosed for creating an orbital motion may be applied by one of ordinary skill in
the art to create a supporting base 220 capable of orbiting the platen 221 and are hereby
incorporated by reference.

Fig. 5 is a cross-sectional view of an exemplary supporting base 220 that may be used to



221 may conprise alum num stainless steel, ceramc, titanium polyner or
ot her such materials that are rigid and preferably noncorrosive. During
t he pl anav® aue408h process, the pI aten 221 may be orbited bgT/aISQ:lprlrti ng

base 15 220. Referrin to F| . r bi t al m)tlon of t I|sh|r1 ad
OETT o Bersra ah oa L et ToriES Dl AUl R SHPPREELb e i R LRI Booa.
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resulting in the on the polishing pad traveling ina circle
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desired to aid in the description of the orbital nmotion. Referring to Fig

4b, a wantside 2ing 504 of howier beexing AN frpiplretating.c Waye g@@@ratm $08 domed pha cireilen ul ar
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waf er 2 ences e ra Crea

the cir gedepdtors08 Brals0Olbmipsd mlcﬁtsﬁé ringed 1D esf atnheppef Bearingd 14s Wtavérfge:nelramrt
creating the circular notion 400a. The radius of the orbit
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5 is a cross-sectional view of an exenplary supporting base 220 that may be
used t ohavzng/\mcopwgapaiﬁtsmﬁ/awsd JSBQBmcurgbyr@stan@ nstatidpatyaframe 602 and &y thehe

n rt| e. 1. s _general di sc in .U.S. t. No.

5. 555 obarkimp g s REita, AP oS 1o BFERH Byt BERRETY R ey sphlif o
SUDpor th m;guoxb %ﬁ& c;?.zﬁﬁdlmy dFig¥ 8pébl 320 itkhtfifi iR i5Q8nidaaid 16 arhdRwsarLER ndritd1xed
to the ground. Stationary frane 502 is used to support_and bal ance notion

gener at lvesmdleyﬁﬁé &n@m@ey PR issouplsd by a1 belieZ450 BaretpidLts ddotos 526 glay by
fixed b a ionary frame 502 prevents

out si deXFjlgljrll n%%’fg ﬁ'{egs%g&b{e\g?fl&%ggpgcorﬁngggt ating. Wave generator 508
formed of a Ther oitli@al motioaldf platen glmssgeaenatedsbay siimdihg bady geseratbabf@®d Wavet he

|nS|der|n 510 of bearing 506. Wave
20 gene?ator 508 1s rotatwg by varaiable speed motor 526. As wave generator 508 rotates, the center

axis 515 of upper bearing 514 orbits about the center axis 517 of lower bearing 506. The radius
of the orbit of the upper bearing 517 is equal to the offset (R) 526 between the center axis 515
of upper bearing 514 and the center axis 517 of the lower bearing 506. Upper bearing 514
orbits about the center axis 517 of lower bearing 506 at a rate equal to the rotation of wave
25  generator 508. It is to be noted that the outer ring 512 of upper bearing 514 not only orbits but
also rotates (spins) as wave generator 508 rotates. The function of universal joint 518 is to
prevent torque from rotating or spinning platen 211. The dual pivot points 520a and 520b of
universal joint 518 allow the platen 211 to move in all directions except a rotational direction.
By connecting platen 211 to the inner ring 519 of upper bearing 514 and by connecting
30  universal joint 518 to platen 211 and stationary frame 502 the rotational movement of inner ring
519 and platen 211 is prevented and platen 211 only orbits as desired. The orbit rate of platen
211 is equal to the rotation rate of wave generator 508 and the orbit radius of platen 211 is

equal to the offset of the center 515 of upper bearing 514 from the center 517 of lower bearing



generator 508 is also clanped to outside ring 512 of an upper bearing 514.
Waver generator 508 positions upper bearing 514 parallel to | ower bearing
506. Wavev@engtozi or 508 of fsets the 10 center axis 515 of POpp&IL/I88dri ng 514
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rotating or spinning platen 211. The dual pivot points 520a and 5Z20b of
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variety
about seven (7) psi have yielded excellent results. However, the present invention may easily

be used with lower or higher pressures.
At about the same time as the wafer 216 is being pressed against the polishing pad 207
25  (step 604), the polishing pad 207 may start to orbit (step 602) and the carrier may start to rotate
(step 603). The polishing pad 207 is preferably orbited faster than 400 orbits per minute and
the Applicant has obtained excellent planarization results at about 600 orbits per minute with a
16 mm orbit radius. In addition, the orbital radius of the polishing pad may be less than six mm
and Applicant has obtained excellent planarization results with an orbital radius of about 1.5
30 mm with an orBital frequency of about 6400 orbits per minute. A smaller orbit radius will
generally require a higher orbital frequency to maintain a given removal rate of material from
the front surface of the wafer. The carrier may be rotated slower than 30 rpm and is preferably

rotated between about 10 and about 20 rpm. The fluid communication paths 225, 226 may be



of techniques for orbiting the polishing pad on the platen 211. 5 Wth
reference to Figs. 2 and Fig. 6, an exenplary nethod of operation for the
present wavemoron will now be disclosed. The first step PETUSIIBAH a waf er
216 intq a [ 215 600 back-ref erence car i er

e usecmalfehin Bhaimeeatl SBumabirobied Hodenagand, Srlraoprant leseiendate.
carrierg W th the invention. If the wafer 216 has one or nore
concentric bul ges of excess material on its front surface, a

f ront - r ef er ehloge wafarrd 1ér m2y He wemhved ﬁronqoth@rmlishiylg gfadi 20di ’ohiild?h&ltdnyninating the

controIHabIe ressure re S ma lge advant a Jeous éed The iéldually
cont 1 ol TRTrZARPEdets BhERcoR ity A RRTRRIT st sy O, ot BiReti o Bt hce
of tshe engifieillypfiuag Gide r@dyﬂlﬂﬂf’oy&ﬁe Waﬁﬂaﬁe@lzam plogssur e appl i ed adj acent

troughs_or |ow points on the "wafer. The nunber and placenent of bul ges may

be det eWkiladle lm@ntlmhaﬁpb@n d@ycrtb&d |Wi§1 ragaxd touspeeifia Subedinenis, éhosmskuh:d\Anng

the typ nt QU e. previo SSi he
waf er q:fé%h W?]t'ﬁ |0*|gnbZ %éfl%ang (?yrg%:&;en {3 dﬁ%hlg paoéltg%glaﬂflégg (})ll-a
rigid wlﬂﬁ&asaaﬁedﬁh@mvéﬁidn I\/bchanl cal rreans for novi ng the wafer 216

adj acent the polishing pad 207 are well known in the art and will not be
di scussed to avoid unnecessarily obscuring the invention. The pressure
applied to the back surface of the wafer 216 urges the wafer against the
pol i shing pad 207 (step 604). The optinum pressure or pressures applied to
t he back surface of 20 the wafer 216 wll vary depending on the
characteristics of the wafer 216, polishing pad 207, slurry, desired
renoval rate and other factors. However, pressures between about three (3)
and about seven (7) psi have yielded excellent results. However, the
present invention nmay easily be used with |ower or higher pressures. At
about the sane tine as the wafer 216 is being pressed against the polishing
pad 207 25 (step 604), the polishing pad 207 may start to orbit (step 602)
and the carrier may start to rotate (step 603). The polishing pad 207 is
preferably orbited faster than 400 orbits per mnute and the Applicant has
obt ai ned excellent planarization results at about 600 orbits per mnute
with a 16 mmorbit radius. In addition, the orbital radius of the
polishing pad may be less than six nm and Applicant has obtai ned excell ent
pl anarization results with an orbital radius of about 1.5 30 mMmmw th an
orbital frequency of about 6400 orbits per mnute. A smaller orbit radius
will generally require a higher orbital frequency to maintain a given
renoval rate of material from the front surface of the wafer. The carrier
may be rotated slower than 30 rpmand is preferably rotated between about
10 and about 20 rpm The fluid conmunication paths 225, 226 nay be 9
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WD 01/94075 PCT/US01/18351 sinplified if the carrier 215 is alternately
rotated cl ockwi se and countercl ockwi se | ess than 360 degrees. The wafer
216 may beopeswved from the polishing pad 207 t hereby ter rCHaSIVIG31he

pl anari zation process based on input from an end-point detection system or
based on an 5 enpirically found ti m€laB8ired by the particul ar

pl anari zation process. Wiile the invention has been described with regard
to specific enbodi nents, those skilled in the art will recognize that
changesWeadlaibe made in formand detail w thout departing fromthe spirit
and scope of the invention. 10 WO 01/94075 PCT/US01/18351 Clainms W
claim 5 1. An apparatus for planarizing a wafer conprising: a) arigid
pl aten; 1b) aasuppRhius R faneizR@ANeskesbRisidpe pl aten for moving the platen
inan orbital notion; c¢) a polishing pad nounted on the platen; and d) a
carri eraadape gigidateol di ng and pressing a wafer agai nst the polishing pad.

the.car P er . arolgre o pdirtichahe b e CRERisvElghfc vt B o Yt FRRART 5" e

shaft agd t hgp6kyhingpad mdimtell onlthe ptdg@amad us of claim 1 wherein the carrier
is a front-rePer_ence carrier. 4. The apparatus of claim 1 wherein the

carrierd) s a2 pyeR: pdepteddprciolding and pressing rawfersgaipsiithe pelshéiziagh 3 wherein
thefarrier may be adjusted to provide a plurality of 20 individually
control |l abl e pressure areas on the back surface of the wafer. 6. The
appar at 2s of Th¢ appardtusMdlfaiaimnl funtheseppaisinglg base is adapted to orbit the
polishi%g padlp t an %@itﬁl radi us of |ess than about four nmm 25 7. The
appar at ¥ of 2 ghalf ¢anaectpdiodht catHEn @i nor ti ng base i s adapted to orbit the

pol i shi péghog(fr R Qidd thdhe ﬁv\g]ft%dﬁﬁt%& fdr rbiaffe %E%H&ft 490mRcRides, Per minute.

8. A nethod o anarizing a er conprising the steps of:

15 3. The apparatus of claim 1 wherein the carrier is a front-reference carrier.
4. The apparatus of claim 1 wherein the carrier is a back-reference carrier.
5. The apparatus of claim 3 wherein the carrier may be adjusted to provide a plurality of

20  individually controllable pressure areas on the back surface of the wafer.

6. The apparatus of claim 1 wherein the supporting base is adapted to orbit the polishing

pad at an orbital radius of less than about four mm.

25 7. The apparatus of claim 1 wherein the supporting base is adapted to orbit the polishing

pad at an orbital rate faster than about 400 orbits per minute.

8. A method of planarizing a wafer comprising the steps of:
a) loading a wafer into a carrier;
30 b) positioning the wafer adjacent a polishing pad mounted to a solid platen;

) pressing the wafer against the polishing pad;
d) orbiting the polishing pad; and

e) removing the wafer from the polishing pad.
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a) loading a wafer into a carrier; 30 b) positioning the wafer adjacent a
polishing pad nounted to a solid platen; c¢) pressing the wafer against the
pol i shi ngv@pad940d orbiting the polishing pad; and e) renoRCHgSes3Mmal er
fromthe polishing pad. 11 WO 01/94075 PCT/US01/18351 9. The nethod of
claim8 further conprising the step of: a) rotating the wafer prior to

removi ng, t NeThahRioh0?alatMS fﬁﬁh&sd%hﬁaiﬁﬁsﬁ@%e step 6. The method of claim8

further conprising the step of: a) alternately rotating the wafer in a
cl ock-wake diataotg tberwafed peocmummerizigdbkwades Bomdhe pelishing pad. or t o renovi ng
the wafer fromthe polishing pad. 11. The nethod of claim8 wherein the
pressing step further conprises the steps of 10 applying a first pressure

against 1@, cemhé AHetlRUMR RN AR iR i sttder: waf er; and applying a
second pressure against a concentric peripheral area in relation to the

central 2 egi alernaiplyr mitatinghthes svebardinp pedeek-wisesdigictiparang:  eheqwnteneogk-wise
pressure. | hod | &l reiRn the polishing pad is orbited
faster ? ﬁ%c#%g g&fto}g@og}ng%es&/a%@ﬂgg}%ﬁ rolﬁihér.lgr'l . The nethod of claim8
wherein the polishing pad is orbited in a radius smaller than about four
mm 20 14. The met haod of .claim 8 wherein the%ﬁlol ishing pad is orbhited
faster than abowethedof slapnBsvhesein the prassing separtBensomyirisesthesteps Al | er t han

aboy four 191?1 a 16 %ggifnstcal QP Bar & £bK D EAGF thE Rvaifei ghd
ahrier :

front-reference’ ¢
applying a second pressure against a concentric peripheral area in relation to the central

region, wherein the second pressure is different than the first pressure.

12.  The method of claim 8 wherein the polishing pad is orbited faster than about 400 orbits

15  per minute.

13.  The method of claim 8 wherein the polishing pad is orbited in a radius smaller than

about four mm.

20 14.  The method of claim 8 wherein the polishing pad is orbited faster than about 400 orbits

per minute in an orbital radius smaller than about four mm.

15. The method of claim 8 wherein the carrier is a front-reference carrier.
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