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films used in sem conductor manufacturing. Background of t venf'l on 10 A
flat disk or "wafer"” of single crystal silicon is the basic substrate
material in the sem conductor _industry for the manufacture of integrated
circuits. Seniconductor waf &R I%”Hi%?ﬁ%lﬁ"ﬁ%ﬁ‘% ed by growi ng an
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oxides for insulators) applied to the wafer while building interconnects
for the integrated circuitry he. made a uni form t hi ckness.
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of met skemieuriduntdr rindustigr for thecmamefattutehef Aedgrated Birwiite SSériiconddctstowhfenodre
i nterconnect 100 is shown in Fig. 1. Active
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be stacked one upon the other to achi connectlons

Pl dfar idesicensuck ashHeansistars siwd afapacions forgnegdrinj zeeémmnﬂdtaml- aiteate. Integrated

| erfectl ns.,to crea
P cunts rely upon an eﬁxborate system of metalization in order to comnect the active devices into

functional circuits. A typical multilevel interconnect 100 is shown in Fig. 1. Active devices
such as MOS trangistors 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 levél 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
material to create a uniforml 3 0 NOV 2004 WO 01/ 94075 PCT/ USO1/ 183354;[#0‘/ 004
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tools are desirable since they all ow every point
polishing pad continues as new requirements and materials are used in the matufacturing
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 thronghout 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



on the front surface of the wafer to experience the sane circular notion
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a front surface of a, 20 wafer. The present invention includes a rigid
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Optionally, the carrier may be connected to a notor via a shaft for
rotating or otherw se

Summary of the Invention

The present invention 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 membraﬁe 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



nmovi ng the wafer during the planarization process. Additional flexibility
for the planarization process nay be obtained by using a carrier that{ N8V 2004
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pl anar isteppingrghatbeanstiompetveet theryafat sl thy pokstivd pgl.t he wafer fromthe
polishing pad or stopping relative notion between the wafer and the
polishing pad. 15 Brief Description of the Drawings The present invention
W lik hereinafter be descri b%ié%‘%@?‘ ﬁﬂﬁto'k% m.;‘pingpe appended draw ng
figures, wherein |ike nuner ; and: Figure 1 is a
cross secti ofld prdstutsinventioonwal heresnadfted de dlesuritted| iay@njiinction ettt appended
structufe .used in sem.conductor .integrated circuits; 20 Figure 2 is a
cross é%ﬁ?’%ﬁg}}r‘é% crgﬂ?ﬂgm%%a@pgg%%pmgptsmﬂdai ng a wafer against a
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adj acent an orbiting polishing pad,
used in semiconductor integrated circuits;

20 Figure 2 is a cross section view of a front-reference carrier holding a wafer against 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 {llustrating 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
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Pat ent Paient Bo0 52490346 Btaisb&ighalU.S aPdtedd 1%, £815083 DroivdaeP2¢a630.S. Patent No.
5,851,140 Barns et al., U.S. Patent No. 6,012,964 Arai et al. and U.S. Patent No. 6,024,630

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 frclmt 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 1.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



20 Shendon et al. and are hereby incorporated by reference. The carrier 215
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particular Tront-reference carrier 215 has been descri bed
20  rotated by motor 222 via shaft 201. If the carrier 215 is rotated, it is preferably rotated at about
10-20 rpm. Rotating the carrier 215 has been shown to smooth-out or eliminate patterns that
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 slury. 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
back-reference carriers. The carrier 215 may be held stationary or3guNogdpin

a vari et yw@byswetd on, e.g. noved linearly, orbited, vi brag&?{{ﬁé rol ted on
ey

the poljishing pad. For exanple, the carrier 215 may be 2 not or
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front f : f [ I e i nst al i,shi d fixed
to n rieraeaiab el e for molliiEp SRR o7 el R 1RG22 ror 82
poll0s hi prgsepa chvefiomslyoudd be fstiffee tatbavertionlGRRAs & paidr bE1QBRAISHER FhitashebY
a Suba Ivﬁqggé‘%&gi ng pad, both manufactured and nade commercially avail abl e

by Rode®§ Plragiag 05 Farmbipssoty) ppos theoplighing pads Foneaannier therplatenn
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a ur et hhatardagrlendpyeferably) nonkerssioan in Fig. 3, the polishing pad 207 may
have hol es 2.for deliveri.ng slurry to the surface of the polishing pad

207. Slurri gé“%‘i‘% aRazizatjo Prqcess, ithesplatenoldk men e orbited pyen suppiotting: base
addist i | : I -hel L . 4 n _addi tion,
The> bl n RaRep ROLHD AR, hORhikPRolbn BRIB HoRiRE pad Wif beT0Bher el e mh
ook oo FL G g he Pl DL Tae e Taae o o e e Rfthe D e
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subst arfPH (oMCREly Teghas &% s Koo ot A poUSHOEI ¢ fravaliog o Corbler 400, The
pl at en f e ' - ff t.ha .
Convent ons) 2taiged M icahing G Mok Hor 001 SHBE oftild, “Mheaddlls op g oo
di aphr dgie amensithe saiis ofithe ojypler4004 beapobihehtitgle peflerafedrbycansmited pbine on
Pl %e” the polishing pad. The size of the orbital motion shown by circle 400a is larger than typically
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 uring 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. 5,938,384 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 nsed 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 planari zation process, the platen 221 may be orbited by a sqppqggl

base 15 220. Referring to Fig. 4a, the orbital notion of the pollshlngﬂpa
will be further described. The polishing pad noves through positions 207a,
207b, 207c and 207d at tine 1, time 2, tinme 3 and tinme 4 respectively
resulting in the "X" on the polishing pad traveling in a circle 400a. It
shoul d be observed that the polishing pad does not rotate when orbited. The
radius of the orbit is the sane as the radius of the circle 400a or any
other circle generated by an orbited point on 20 the polishing pad. The
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| ower bearing,5 enerator 508 is so clanped to outsi rn
of an upper baeaér?—?ﬁﬁ\éﬁefﬁ‘.m’@\ﬁ@e“%é‘ﬁ%*’%feé}f’wg motor.

The orbital motion of platen 211 is generated by spinning wave generator 508. Wave

20 generator 508 is rotated by variable speed motor 526, As wave generator 508 rotates, the center
axis 515 of upper bearing 514 orbits about the center axis $17 of lower bearing S06. The radius

of the orbit of the upper bearing 517 is equal 1o the offset (R) 526 between the center axis 515

of upper bearing 514 and the cenler axis 517 of the lower bearing 506. Upper bearing 514
orbits about the center axis 517 of lower bearing 506 zt a rate equal to the rotation of wave

25 ° generator S08. It is to be noted that the outer ring 512 of upper bearing 514 not only orbits but
also rotates (spins) as wave gencrator 508 rotates. The function of universal joint 518 is to
prevent torque from rotating or spinning platen 211. The dual pivot points 5202 and 520b of

- universal joint 518 allow the platen 211 to move in all directions ¢xcept a rotational direction,

By connecting platen 211 to the inner ring 519. of upper bearing 514 and by conmecting

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 1s equal to the rotation rate of wave penctator 508 and the orbit radius of platen 211 is

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



positions upper beating 514 parallel to | ower bearing 506. Wave gener at or
508 offsets the 10 center axis 515 of upper bearing 514 fromthe ceng 80V 2004
axis 517 of | ower bearing 506. A circular alumnumplaten 211 is
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shurry, desired removal rate and other factors. However, pressures between about three (3) and

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 resuls 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



5 Wth reference to Figs. 2 and Fig. 6, an exenplary nmethod of operation
for the present invention will now be disclosed. The first step is8d0Vdgk
a wafer 216 into a carrier 215 (step 600). Wiile a back-reference carrier
215 may be used, exceptional results have been obtained using a
front-ref¥PME®7arrier 215 with the invention. If the waf BETASEIAESIone or

more  coneentpi:fahuldes 2§§ g?é\lﬂ‘fﬁa%%lﬁéﬁé idaélo@&i%,é %%5 IE&%Eer%féfg%%fs%le% than 360

front-referenceé carrier urari nai vi
control gdrkss. pressure areas may be advant ageously used. The individually
controll abl e gressure areas may apply a higher pressure .on the back surface

of the wafedhadyafecilt maygls removed cthe tpolishiag mad sy bezghy| temuimatipga dent

t roughs . 0 oints on the wafer. The nupber | acenent of bul ges may
pe.dot oP PR oprbs Bheb op UPF Trom 85 SRS h{euraRiEm, of haskh S 1t

t he 3y pe@pirichBy SourdGith® HquiEEBY B favticultd JARYi-Meh Poe&8ssi ng step. 15 The
waf er 216 may then be positioned adjacent a polishing pad 207 fixed to a
rigid [ihaleche doventiondias ded) desvberhwitbaiegadanspeaficrembodiments, these skildbin
adj acenf, t he | i shin d, 207 are well .known in the ar nd wiill not be
i sc ool #owhl sechenitn S coatieh 5 Be S it TowR anf st Fisho Hratiine i 48
appl i edgdift e RRE kf BdihagRiorf 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 will 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 nay easily be used with |ower or higher pressures. At
about the sanme tinme as the wafer 216 is being pressed against the polishing
pad 207 25 (step 604), the polishing pad 207 nay 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 .excel | ent planarization results at about 600 orbits per m nute
with a 16 mmorbit radius. In addition, the orbital radius of the
polishing pad may be |l ess than six mm and Applicant has obtai ned excell ent
pl anarization results wth an orbital radius of about 1.5 30 Mrmw th an
orbital frequency of about 6400 orbits per mnute. A smaller orbit radius
wll generally require a higher orbital frequency to maintain a given
renmoval 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 comuni cation paths 225, 226 nmay-be 9 3 0 NOV
2004 WO 01/94075 PCT/ US01/ 18351 ’
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simplified if the carrier 215 is alternately rotated cl ockwi se and
countercl ockwi se | ess than 360 degrees. The wafer 216 nay be renoved from
the polishing pad 207 thereby term nating the planarization process3)NO¢dli
on input froman end-point detection systemor based on an 5 enpirically
found tine required by the particular planarization process. Wile the

I nvention has been described with regard to specific enbodi nents, those
skilled in the art will recognize that changes can be made in form and
detail w thout departing fromthe spirit and scope of the invention. 10 3
0 NOV 2004 W& claim 1. An apparatus for planarizing a wafer conprising: a
rigid platen; a supporting base coupled to the platen and configured to
nmove the platen in an orbital notion during a polishing operation; a
polishing pad affixed to the platen; and a front-reference carrier
conprbﬁgagn*a rotationally nounted carrier having an upper and a | ower
surface; | exi bl e nmenbr ane conpr|5|ng a flrst surface for pressing the
waf er against AacppsfahsForitamaRingt wefet Bsinpti n moves in an orbital
notion and a second surface facing the lo r rface of the carrier and
defining a press8ugidplbtes; plenun1betmeen t he carrler and the second

surface. 2. The a arat erein the supporti base |s
configured to r’r"l’)e ulfﬁs ‘@'?Pl‘?%t"é‘&%?vﬁﬁp E‘H@PPM{D %F&%BPW?U&‘P 88adi us
of |ess th@,@l@gggﬁmfldm ESPOIEHE‘g%PQﬁE%US of claiml wherein the supporting

base is configured to ve t nin orbital notion at an orbital rate
of greater thanagbhﬂlmmm&ﬁbadtsmeplammﬁde. 4. The apparatus of claim1l
wherein the poI| hi ng .pad ¢ rises . ,a single layer. 5. The apparatus of
claim | wherei n? tTRBk %&f?%%%l)eﬁ&m%ﬂ& ses tvvo or nmore layers. 6. The
apparatus of claim1, m?‘{‘ﬁ’iﬂﬂ I r ane based
material. 7. A nethod %gaﬁlzl{lag&hg{l\%\a er ngé@sah%gﬁ &r% D of :

| oadi ng a wafer intoa ﬂexlhtennﬁnbrahdna:mpﬁsimgaa ﬁmmfawfﬁugprassidgeme b;}a@errrenbrane
on a

against the polishing pad while the platen moves in an orbital motion and a
second surface facing the lower surface of the carrier and defining a pressurizable

plenum between the carrier and the second surface.

2. The apparatus of claim | wherein the supporting base is configured to move the
platen in orbital motion having an orbital radius of less than about 4 mm.

~

3. The apparatus of claim 1 wherein the supporting base is configured to move the
platen in orbital motion at an orbital rate of greater than about 400 orbits per minute.

4. The apparatus of claim 1 wherein the polishing pad comprises a single layer.

5. The apparatus of claim 1 wherein the polishing pad comprises two or miore layers.
6. The apparatus of claim 1 wherein the polishing pad comprises a urethane based
material '

7. A method of planarizing a wafer comprising the steps of:
loading a wafer into a carrier, the carrier comprising a flexible membrane on a

lower surface thereof, the flexible membrane def ning at least one plenum;
11



| ower surface thereof, the flexible nmenbrane defining at |east one plenum
11 3 0 NOV 2004 positioning the wafer adjacent a polishing pad m)und[;[ﬁgm}? ?
solid platen; punping fluid into the at |east one plenumto press 00
waf er agai nst the polishing pad; orbiting the polishing pad while punping
the fluid into the at |east one plenum alternately rotating the carrier

I n a clock-w sepgi; | r enovi ng
the wafer from ﬁéelﬁglg%$ ?%r@mrgd %?Eﬁwdﬁﬁ %&%eéog@rfﬂ%ﬁ% step of
- punpi ng conpri spemping fhtiéntothe altﬁémtmlﬂeﬁdmtdipdeﬁﬁmeamférl& b the PHlighirgNus

to create different pressures in each of the plurality of plenuns. 9.7 The
met hod of B¥%4im 7 wherein the step of orbiting the pO|IShI ng pad conprises

the step of orb 0 e ater than

about 400 or bi ¢ 23k e Beihe B 4uEBuBbirBInC Rl iBla PO S Tk brebBRERS: cp-of
orbi ting thepol ﬂsdmmelyﬂatitmgmda&ﬁé‘r in &ockiwRe Afre@da &u%ohﬂ@m%m»@éy ng pad
in an orbit, having a radius snmaller than about 4 mm . The neth

cl ai m 7 whiirestign; and pol-i shi ng pad is orbited faster than about 400 orbits

per mnute in an orbit mal | er than about 4 nm 12. The nethod of

claim 7 wherein'™ H?é’mcgatﬁ @? %mﬁ%l?er‘@ﬁ? reference carrier. 12

8. The method of claim 7 wherein the step of pumping comprises the step of:

pumping a fluid into a plurality of plenums to create different pressures in each of
the plurality of plenums.

9. The method of claim 7 wherein the step of orbiting the polishing pad comprises
the step of orbiting the polishing pad at an orbital speed of greater than about 400 orbits per

minute.

10.  The method of claim 7 wherein the step of orbiting the _polishing pad comprises
the step of orbiting the polishing pad in an orbit having a radivs smaller than about 4 mm.

11.  The method of claim 7 wherein the polishing pad is orbited faster than about 400

orbits per minute in an orbital radius smaller than about 4 mm.

12, The method of claim 7 wherein the carrier is a front-reference carrier.

12



