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THE INVENTION 5 1. Field of the Invention This invention relates generally
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mechani snms for ginbal projection systenms in a wafer polishing environnent.
10 2. Description of the Related Art Inithe fabrication of sem conductor
devices, there is a need to perform Chem cal Mechanical Polishing (CWP)
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di oxi dg. AS Fiell 6F thE Ia¥dnitieat | on | evel s and associ ated dielectric |ayers are
formed, the need to planarize the dielectric material increases. 20
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becomes substantially nmore difficult. due to the higher . variafions in the
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formed in & hgodhliectric material, and then netal CVP operations are

perfornmed to renove excess netallization. Further applications include
pl anari zation of dielectric filns deposited prior to the nmetallization 25

process, S clﬂ as, dielectrjcs used for shallow trench isolation or for
pol y- talﬂi %ﬁﬁ?‘&f‘f’ﬁﬁ. thﬁ#el_?ﬁg‘%'\? process, the ginbal point of a CMP
substrate carriflind fbfchidd o @nicdHaBiBP hevidhCuRIPR!Y A8 G Yelibh CRfficaf! | 0N
itself to the polish surtace precisely to rnsure unitorny planar polishing
resul ts. NHssha@ivEl BelishingaCd/IR)aopetations, doluding bylishvey, baffing andebader odednéigs
havi ng anonmalies in planarity. The vertical height of the pivot point above
t he Typically, integrated circuit devices are in the form of multi-level structures.” At the
substrate level, transistor devices having diffusion regions are formed. In subsequent
15  levels, interconnect metallization lines are patterned and electrically connected to the
transistor devices to define the desired functional device. Patterned conductive layers are
insulated from other conductive layers by dielectric materials, such as silicon dioxide. As
more metallization levels and associated dielectric layers are formed, the need to
planarizé the dielectric material increases.
20 Without planarization, fabrication of additional metallization layers becomes
substantially more difficult due to the higher variations in the surface topography. In
other applications, metallization line patterns are formed in the dielectric material, and
then metal CMP operations are performed to remove excess metallization. Further
applications include planarization of dielectric films deposited prior to the metallization
25  process, such as dielectrics used for shallow trench isolation or for poly-metal insulation.

In the CMP process, the gimbal point of a CMP substrate carrier is a critical
element. The substrate carrier must align itself to the polish surface precisely to insure
uniform, planar polishing results. Many CMP substrate carriers currently available yield
wafers having anomalies in planarity. The vertical height of the pivot point above the

30  polishing surface is also important, since the greater the height, the larger the moment

that is induced about the pivot point during polishing. Two pervasive problems that exist



30 polishing surface is also inportant, since the greater the height, the
| arger the nonent that is induced about the pivot point during polishing.
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and the inability to adj ust t he control 20f wafer edge exclusion as process
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(i.e., the center of the wafer) experiences a diminished rate of chemical removal when
compared with the chemical action at the leading edge of the substrate carrier (i.e., the
edge of the wafer), due to the diminished activity of the chemicals in the slurry when it
reaches the center of the wafer.

20 Apart from attempts to reshape the crown of the substrate carrier, other attempts
have been made to improve the aforementioned problem concerning "nose diving". In a
prior art substrate carrier that gimbals through a single bearing at the top of the substrate
carrier, sizable moments are generated because the effective gimbal point of the substrate
carrier exists at a significant, non-zero distance from the surface of the polishing pad.

25  Thus, the frictional forces, acting at the surface of the polishing pad, act through this
distance to create the undesirable moments.

Further, the need for torsional drives that connect the gimbal to the driving spindle
have proved unsuccessful in reducing the “nose diving” effect. In particular, using a
single, or other direct drive means causes a force moment above the wafer that again

30  causes “nose diving.” Moreover, drive pins are a source of backlash, since a pin needs to

be free in a hole to allow pivoting.



25 Thus, the frictional forces, acting at the surface of the polishing pad,

act through this distance to create the undesirable nonents. Further, the
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15  partially within the lower portion of the spindle. The wafer carrier has a convex spherical
surface formed on a surface opposite the concave spherical surface of the spindle. In
addition, a drive cup is included that is disposed between the spindle and the wafer
carrier. The drive cup has a concave inner surface and a convex outer surface, and allows
the wafer carrier to be tilted about a predefined gimbal point. The gimbal point can be

20  located on an interface between a polishing pad and a surface of a wafer held by the wafer
carrier. Further, the gimbal point can be intentionally located above (“nose diving™) or
below (skiing”) the interface between a polishing pad and a surface of a wafer held by the
wafer carrier if desired.

In another embodiment, a projected gimbal point drive cup is disclosed. The

25  projected gimbal point drive cup includes a first set of elongated slots located in a convex
outer surface of the drive cup, and a second set of elongated slots located in a concave
inner surface of the drive cup. The drive cup allows a wafer carrier to be tilted about a
predefined gimbal point. A first set of drive keys extending out of a concave spherical
surface of a spindle can be used to extend into the first set of slots in the drive cup.

30  Similarly, a second set of drive keys extending out of a convex spherical surface of the

wafer carrier can extend into the second set of slots of the drive cup. Optionally, the first
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can be located on an interface between a polishing pad and a surface of a wafer held by

oy

the wafer carrier. Optionally, the gimbal point can be intentionally located above or
below the interface between a polishing pad and a surface of the wafer held by the wafer
carrier as desired.

20 Advantageously, the embodiments of the present invention can be configured such
that the spherical shape and concentricity of the surface of the lower part of the drive
spindle and surface of the wafer carrier assure that the wafer can tilt only about an axis
that lies in the plane of the wafer-pad interface. If the axis about which the wafer tilts lies
above or below the wafer-pad interface, forces are generated that push one sector of the

25  wafer into the polishing pad more strongly than the diametrically opposite sector of the
wafer is pushed, resulting in undesirable effects. The embodiments of the present
invention allow these forces to be reduced, eliminated, or employed deliberately in a
controlled manner to produce a desired result. Other aspects and advantages of the
invention will become apparent from the following detailed description, taken in

30  conjunction with the accompanying drawings, illustrating by way of example the

principles of the invention.
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An invention is disclosed for a projected gimbal point drive. To this end, the

15  present invention provides a drive isolation cup that permits torque and axial force to be
transmitted to a wafer being polished, not withstanding that the plane of the wafer might
not be exactly perpendicular to the axis of rotation of the driving spindle. In the
following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one

20  skilled in the art that the present invention may be practiced without some or all of these
specific details. In other instances, well known process steps have not been described in
detail in order not to unnecessarily obscure the present invention.

Figure 1 is a simplified schematic diagram of an exemplary chemical mechanical
planarization (CMP) system in accordance with one embodiment of the present invention.

25  As shown in Figure 1, CMP system 200 is a fixed abrasive CMP system, so designated
because the preparation surface is an endless fixed abrasive material belt 450. Fixed
abrasive material belt 450 is mounted on two drums 212, which drive the belt in a
rotational motion in the direction indicated by arrows 214.

Wafer 414 is mounted on wafer carrier mechanism 400, which is rotated in

30  direction 206. To carry out a planarization process, rotating wafer 414 is applied against

the rotating fixed abrasive material belt 450 with a force F. As is well known to those



10 nmechanismintersecting along an axis of rotation of the spindle; and
Figure 4 is side elevation cross sectional view B-B through the wafer
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450, tl%e tIHpo%gre%%d(fm&%?{h%rﬁ%jegged%ggl ﬁlojfrll]t cﬁ%}e' X8 &rive isolation cup, disposed
within the lower portion 426 of a spindle, which permits torque and axial force to be
transmitted to a wafer being polished. The drive isolation cup of the present invention is
capable of transmitting he torque and axial force to the wafer not withstanding that the
plane of the wafer might not be exactly perpendicular to the axis of rotation of the driving

20  spindle, and by extension, the wafer carrier.

As discussed in greater detail subsequently, the geometry of the drive isolation
cup is such that the wafer may tilt in any direction about a gimbal point located on the
interface between the polishing pad and the surface of the wafer that is being polished. In
this manner, embodiments of the present invention are capable of avoiding undesirable

25  forces being applied perpendicular to the wafer, which are caused by locating the gimbal
point in other locations.

Figure 3 is side elevation cross sectional view A-A through the wafer carrier
mechanism 400 intersecting along an axis of rotation of the spindle. It should be noted
that the axis of rotation of the driving spindle shown in Figure 3 is an ideal situation

30  wherein the axis of rotation is coinciding with a line perpendicular to the wafer, through

the center of the wafer.
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that lies parallel to the wafer-pad interface 416, but spaced above or below the interface
by a pre-selected distance.

As shown in Figure 3, a convex spherical surface 420 is formed on the wafer
carrier 422. The convex spherical surface 420 has a radius R; from a point 418 at the

20  center of the wafer 414 on the wafer-pad interface 416. From the same point 418, a
concave spherical surface 424 of radius R, is formed on a lower part 426 of the driving
spindle 412. It should be noted that the radius R; and radius R, can alternatively extend
from a point at the center of the wafer 414 above the wafer-pad interface 416, or below
the wafer-pad interface 416, depending on design requirements.

25 Disposed between the convex spherical surface 420 of the wafer carrier 422 and
the concave spherical surface 424 of the lower part 426 of the drive spindle 412 is a drive
cup 428. The drive cup 428 is generally ring-shaped and has a concave inner spherical
surface 430 of radius R; and a convex outer spherical surface 432 of radius R;. Formed
in the convex outer spherical surface 432 of the drive cup 428 are two vertically

30 elongated slots 442 and 444, which are separated by about 180 degrees around the
circumference of the drive cup 428. Two drive keys 446 and 448 extend out of the



7 The wafer carrier mechani sm 400 includes a | ower part 426 of the spindle
412 coupled to a wafer carrier 422 via drive cup 428. Drive keys 446 and
448 are ws@d2om76 transmt torque, as are drive keys 438 andrAd@/41di2scussed
subsequently with respect to Figure 4. A polishing belt 450, disposed

bel ow the wafer carrier 422, is used togpolish the 5 surface of the wafer
414 during a CWVP process. In operation, the drive spindle 412 applies a

t orque andoacatownierial ﬁ@lff@(@ 424 plubh lower perfien 4§érqfdgé dﬁiﬁ’etsﬁféldlﬁa‘]‘ The
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exactly p%@k&@dcﬁ % Eﬂaﬁs@u& &, T&tsﬁéﬂs a2 462444 alteh@ng%ptﬁaﬂlt@e drl&b ¥y 44dhe

enbodi ments "of the present |nvent| on advant ageously accommodate this
m sal i gnmEalntl 443 dotdecemmodatettitng nivydinmetnbeswedn thadopere pemioni426enitthedrivecat e

the water 4 n elevgtion that any tilting of the wafer 414 from
a posi Pi orfP ep‘glr?oq“gdﬁ%la“i’%cuﬁ%@ spindl e axis 452 occurs about a line that
lies on the wafgggpad id @fd@rél%%oﬂ]c@osslé%ctlgrﬁqj'vﬁé\PrB—BsHﬁgugﬁmﬁdWQﬁPtcﬁn‘fé@n

| ocate the wafer~414 at such an elevation that any tilting 15 of the wafer

414 from angphanisinot00pitqresedng aloag ancaxishel sypitivdl o thxispindls2 As ouFiguabdut a

line that lies parallel to the_wafer terf 41 but d ab
or bel ow tHEUE e IR B Hip LT el L Bedle AP GRn AR HB A T F U 3, a

convex sphgly %ﬁ{xatﬁ)w\;ﬁ&anﬁgg a!ha off%tﬁﬁ%x Aodig mgl;%ﬁgl a8 RRE PE@Encﬁ&ﬁar a;htﬁe

convex spherical surtace 4 s a radius R1 18 at the
cent erloof wdfer, wabegh tht 4emar éfhike wafeer - pad i nterface 416 From t he sane p0| nt
418, a concave spherical_surface 424 of radius R2 is forned on Iovver part

423 of tREe dr i VAehovgpimBigaresd, two) ‘ferfécf?élwf‘@%teﬁoﬂ% BhapdRe FHETEEd@ and
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414 above er-pa ace Interface

416, dependinglogni3esidBd agutpeaRAby. abaﬁt B(s@ags@@ db@indems cirbemfanemeerof
spherical surface 420 of the wafer carrier 422 and the concave spheri cal
surface 42he @Vﬁwpl%r Ty drivepbeyst 438handi Q) exiopd e ©F 4ho cprvey %H%FW cup
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spheri
elongated slots 434 and 436 of the drive cup 428, respectively, to transmit torque.

Further, the drive keys 438 and 440 are spaced about 90 degrees from the drive keys 446

and 448 around the axis of symmetry of the drive cup 428. As above, the slots 434 and

436 are longer than the drive keys 438 and 440 to accommodate tilting movement
20  between the wafer carrier 422 and the drive cup 428.

Advantageously, the embodiments of the present invention can be configured such
that the spherical shape and concentricity of the surface 420 of the lower part 426 of the
drive spindle 412 and surface 424 of the wafer carrier assure that the wafer 414 can tilt
only about an axis that lies in the plane of the wafer-pad interface 416. If the axis about

25  which the wafer 414 tilts lies above or below the wafer-pad interface 416, forces are
generated that push one sector of the wafer 414 into the polishing pad 450 more strongly
than the diametrically opposite sector of the wafer 414 is pushed, resulting in undesirable
effects. The embodiments of the present invention allow these forces to be reduced,
eliminated, or employed deliberately in a controlled manner to produce a desired result.

30 Although the foregoing invention has been described in some detail for purposes

of clarity of understanding, it will be apparent that certain changes and modifications may



surface 430 of radius R and a convex outer spherical surface 432 of radius
R2. Fornmed in the convex outer spherical surface 432 of the drive cup 428
are two weobreraléy 30 el ongated slots 442 and 444, whi ch perUS@paext ed by
about 180 degrees around the «circunference of the drive cup 428. Two drive
keys 446 and 448 extend out of the WO 03/02276 PCT/USO01/ 41232 8 concave
spherical surface 424 of the |ower portion 426 of the drive spindle 412.

The dri veek @yastigers veitin 4he sseperd thet epneRded (chims.44 Acsprdingly; &F pissendr i ve

ongor t naRREreY 9t edlrcehi@BRdah AT allfociolkibudt Aok g EhGi,

bet ween t heyt lt®beMinfedd lo0Re 42Ri19kivieh heflih, it ndayS ABHEIcA Wit@ndhd bdpeahye cup
428. Figure 4 is side elevation cross sectional view B-B through Fhe waf er

carrier rasehatengsmi4boapnendedsdeirisng al ong an axis of rotation of the
spindl%. hi .F%ﬁur§.3, it should be noted that the axis of rotation of

t he driviﬁ%rgg?ﬁ e&Hown in Figure 4 is an ideal situation wherein the
axis of rotation is coinciding with a |ine perpendicular to the 10 wafer,

t hrough the center of the wafer. As shown in Figure 4, two vertically

el ongated slots 434 and 436 are fornmed in the concave inner spherical
surface 430 of the drive cup 428. Simlar to slots 442 and 444, slots 434
and 436 are separated by about 180 degrees around the circunference of the
drive cup 428. Two drive keys 438 and 440 extend out of the convex
spherical 15 surface 420 of the wafer carrier 422. The drive keys 438 and
440 extend into the elongated slots 434 and 436 of the drive cup 428,
respectively, to transmt torque. Further, the drive keys 438 and 440 are
spaced about 90 degrees fromthe drive keys 446 and 448 around the axis of
symmetry of the drive cup 428. As above, the slots 434 and 436 are |onger
than the drive keys 438 and 440 to accomodate tilting novenent 20 between
the wafer carrier 422 and the drive cup 428. Advantageously, the

enbodi nents of the present invention can be configured such that the
spherical shape and concentricity of the surface 420 of the |ower part 426
of the



drive spindle 412 and surface 424 of the wafer carrier assure that the
wafer 414 can tilt only about an axis that lies in the plane of the

waf er - padvo nv/enf@ce 416. |If the axis about 25 which the wa€BUSINA232 | ts

| i es above or below the wafer-pad interface 416, forces are generated that
push one sector of the wafer 414 into t{yg polishing pad 450 nore strongly
than the dianetrically opposite sector of the wafer 414 is pushed,

resulting in undesirable effects. The al8d ments of the present invention
all ow these forces to be reduced, elimnated, or enployed deliberately in
a controlled manner to produce a desired resul t. 30 Al t hough the foregoing

i nventi on has bgen d&?,gdjéd@&ﬂglhfbag d:{ﬂe@ly&telfnog‘;oﬂ%ﬁ gpses of clarity of
ange

understanding, it will be apparent that cértain s and nodifications
may WO 02/ 02276 Hmfdlwsamalﬂq@szppbntgea porgae,i tbe dpindiechhavinghe ovocgye spheridad

appended cl Accordingly, the esent. enbodi nents are to be considered
as ill stréﬁa?/eefo &gﬂ%ﬁl‘?‘g"slyﬁpﬁ&q?fgﬁ Ith?’he invention is not to be
limted to the gdet@} Lsrigi dﬁ@;&bs@@ﬁﬁh@lly whlnrtﬁylotwer@seﬁioﬁﬂcﬁ@havwﬁu1@ thd'fafeEOPE

and equival ents of the appended cl al ns. is claimed'1s: W 02/ 02276
PCT/ US01/ 42282 havingChaiomsex kphedicplr sx;réncbefdngcdrbal a puifate dppogie slyes cemave

conpri si ng .spindle abl e. of applying a torque, the spindle having a
concave quﬂ?g?lim@gf"u age Ofjf %a?@@d%eofl d on a lower portion of the spindle; a

wafer carrier dj EH(?i%QP RE| tobéllf betwikid 'ElLe”sﬁx&ﬁf: daa%&he R’Qc{f%lj OBl ' 8rivPlc

the wafer carrier convex spherical surface forned on a surface
opposilfe thweimponcarxeve mpélemrfaaé aslia tavex @hiter Berfaqel, nibein tedirae dop wBowsip
di sposed between the spindle and the wafer carrier, the drive cup 10
havi ng a ctb?l@’éfﬁécﬁ‘ﬁ]ﬁél;o@Hf@@@oétrﬁjpréd‘gﬁﬁéé%n%tp@fntsurface wherein the
drive cup allows the wafer carrier to be tilted about a predefined gi nbal
poi nt.

2. A projected gimbal point drive system as recited in claim 1, wherein the

gimbal point is located on an interface between a polishing pad and a surface of a wafer

15  held by the wafer carrier.

3. A projected gimbal point drive system as recited in claim 1, wherein the
gimbal point is located below an interface between a polishing pad and a surface of a
wafer held by the wafer carrier.
20
4. A projected gimbal point drive system as recited in claim 1, wherein the
gimbal point is located abo‘ve an interface between a polishing pad and a surface of a

wafer held by the wafer carrier.

25 S. A projected gimbal point drive system as recited in claim 1, wherein the
drive cup includes a first set of elongated slots located in the convex outer surface of the

drive cup.

6. A projected gimbal point drive system as recited in claim 5, further
30  comprising a first set of drive keys extending out of the concave spherical surface of the

spindle.



2. A projected ginbal point drive systemas recited in claim1, wherein the
gi nbal point is located on an interface between a polishing pad and a
surface ofoa/omfer 15 held by the wafer carrier. 3. A prp{epOs@digi2nbal
point drive systemas recited in claim1l, wherein the ginbal point is

| ocat ed bel ow an interface between a pofij shing pad and a surface of a

wafer held by the wafer carrier. 20 4. A projected ginbal point drive
systemas recited in claiml, wherein the ginbal point is |ocated above an

interface betwaen 2 palLLsNLg A B0 U1 4BRSOLcRY NALAR RELALEY be

wafer carrier. 25 5. roje rive systemas recl

claim1, whersetsf die keds Extendiilo thoGirstdersoraldié insthe 8fte &dp.el ongat ed sl ots
| ocated in the convex outer surface of the drive cup. 6. A projected

gi nmbal point drive systemas recited in claim5, further 30 conprising a

first get of drj ve keys .extending out of the concave ,spher.ical surface of
the  spi ndle. VI 02/ oS PERtes ppitl spe sies R fgrR Tk B whtfnABF ot

drive syst@fieaspifthde8% deBortd &k BF Blon¥hI&d 8bR 1b&Med il the bok@be AinefliriRe beYS

extend into the first set of slots in the drive cup. 5 8. A projected

gi nbal poith¢ ddvd auwp. system as recited in claim1, wherein the drive cup
i ncludes a second set of elongated slots located in the concave inner
surface of the drive cup. 9. A projected ginbal point drive system as

recited in claign8, £ysbiefed éi%b%??@fﬂtsdﬂ% &ystBr Aedesitld A cHihVs, k@uRr
extendi ng out of the convex spherical surface of the wafer carrier. 10. A

pr oj edDed wimphiaingmoiendndiet vedyeskeysressndiag pttedf thecalvak spigericalhsrfacmofithe

second set of drive keys extend into the second set of drive slots of the
drive Cup_wafer carrier.

10. A projected gimbal point drive system as recited in claim 9, wherein the
second set of drive keys extend into the second set of drive slots of the drive cup.
15
11. A projected gimbal point drive cup, comprising:
a first set of elongated slots located in a convex outer surface of the drive cup; and
a second set of elongated slots located in a concave inner surface of the drive cup,
wherein the drive cup allows a wafer carrier to be tilted about a predefined gimbal point.
20
12. A projected gimbal point drive cup as recited in claim 11, wherein a first
set of drive keys extending out of a concave spherical surface of a spindle extend into the

first set of slots in the drive cup.

25 13. A projected gimbal point drive cup as recited in claim 12, wherein a
second set of drive keys extending out of a convex spherical surface of the wafer carrier

extend into the second set of slots of the drive cup.

14. A projected gimbal point drive cup as recited in claim 13, wherein the first

30  set of slots comprises two elongated slots.



15 11. A projected ginbal point drive cup, conprising: a first set of

el ongated slots located in a convex outer surface of the drive cup; and a
second savoof/orré®ngated slots |located in a concave inner BOrAscet1ed2 t he
drive cup, wherein the drive cup allows a wafer carrier to be tilted about.
a predefined ginbal point. 20 12. A pregjected ginbal point drive cup as
recited in claim11, wherein a first set of drive keys extending out of a
concave spherid@ subDaected glar@bpwm Al ¥ UPrRs Tpgitcd ip ﬁéﬂmflﬂr wherg thefwe| ot s
|nthedr| t 0 Vi&nC .t in
claim12, V\%né%EI nléé oifgt(t:l%n %%%?15% ri vggﬁérfil%%eb alg nlgoou re%? aé&glgn@gx
spheri cal @Mﬁﬁ@&gn&fof&m@dﬁ@‘@@ carrier extend |nto the second set of slots
of the drive cup. 14. A projected ginbal point drive cup as recited in
claim 13, wherein the first 30 set of slots corrprises tvvo el ongat ed slots.
WO 02/ 32276 PCT. SOl 41232 éi tp ect ed o] t? 195drl ve cutg
recited in clai M@F‘éﬁeﬂgf Rynt gt en&?ﬁ BYTEHGE 4 a”fnh FYPLPngEe o

slots are Sg@&ﬂrsgggpslmcgﬁg?ﬁgesl&geﬁg@ﬁ@gghﬁg ound the circunference of the
drive cup. 5 16. A projected ginbal "point drive cup as recited in claim 15,

wherein the second set of slots conprises two elongated slots. 17. A
projected ginb p0| t drive ¢ as. recited in cl ei n h t Wo
el ongated sl ot st/of t @rggﬁgﬁgﬁéﬁ# pgipt g‘f“(ﬁ%upaa}sée%’ d?éifaérﬂ I\ghwé igwo
degrees ardgidicafors b uid Soebl 641 GGForOfrel Bl t dEkiBt 1@@%&&&9&@@ &g
gi mhbal point drive cup as recited in claim17, ereln the Tirst set of
sl ot s 1&r e dicoatfednabdhe diiveedup. degr ees around an axis of symetry of the
drive cup fromthe second set of elongated slots. 15

18. A projected gimbal point drive cup as recited in claim 17, wherein the first

set of slots are located about ninety degrees around an axis of symmetry of the drive cup

from the second set of elongated slots.

15
19. A method for driving a projected gimbal point system, comprising the
operations of:
providing a spindle capable of applying a torque, the spindle having a concave
spherical surface formed on a lower portion of the spindle;
20 disposing a wafer carrier partially within the lower portion of the spindle, the

wafer carrier having a convex spherical surface formed on a surface opposite the concave
spherical surface of the spindle; and

coupling the spindle to the wafer carrier using a drive cup disposed between the

spindle and the wafer carrier, the drive cup having a concave inner surface and a convex

25 outer surface, wherein the drive cup allows the wafer carrier to be tilted about a

predefined gimbal point.

20. A method as recited in claim 19, wherein the gimbal point is located on an
interface between a polishing pad and a surface of a wafer held by the wafer carrier.

30



19. A method for driving a projected ginbal point system conprising the
operations of: providing a spindle capable of applying a torque, the

spi ndl e ve@bmep2a6 concave spherical surface forned on a | p@EUS@ONR320N of
the spindle; 20 disposing a wafer carrier partially within the | ower
portion of the spindle, the wafer carrjgr having a convex spheri cal
surface formed on a surface opposite the concave spherical surface of the
spi ndl e; and cddpl i My PefBod s Hgsied B elaian ¥ avherain ithe gimbalnppint ir logetedup

di sposed . SpI e ; f cardier, th [ up._having a
concave | R &l b BfacS RBELE ROMRE LITHFL » i Shre Wifa il By P iR e "o
all ows theawafrer carrier to be tilted about a predefined ginbal point. 20.
A nmethod as recited in claim19, wherein the ginbal point is |ocated on an
interface between a polishing pad and a surface of a wafer held by the

wafer garrier. 30 02/02276_PCT/.USP1/ 4123 13, 21. A, nethod a cited in
claim 19, whereln Yﬁ%n6¥ 5P183%ﬁfnf “Pﬁéaw ﬂﬁnag?3%?%%p?W$gﬂ?%§%i§§Wﬁeen a
pol i shi ng Aagtepract Getwéd 2561iBingdhataheh sBehed % Wdter W BY theGRdEd @Frierd 22. A
met hod as recited in claim219, wherein the ginbal point”is |ocated above

an interface between a polishing pad and a surface of a wafer held by the

wafer carrier.



