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sem conductor wafer polishing, and nmore 5 particularly to drive mechanisns
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align itself to the polish surface precisely to insure uniform planar
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pol i shi nsg. . Two pervasive problens that exist in N -
15" msulated from other conductive layers by dielectric materials, such as silicon dioxide. As

more metallization levels and associated dielectric layers are formed, the need to
planarize the dielectric material increases.
Without planarization, fabrication of additional metallization layers becomes
substantially more difficuit due to the higher variations in the surface topography. In
20 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
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
25 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
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 in
30 most CMP wafer polishing apparatuses are underpolishing of the center of the wafer, and

the inability to adjust the control of wafer edge exclusion as process variables change.



30 nost CWP wafer polishing apparatuses are underpolishing of the center of
the wafer, and the inability to adjust the control of wafg $€P§gg&b%@u5|on
as process variabl es change. 16 Septenber 2003 2 For exanp substrate
carriers used on many avai I abl e CVWP machi nes experience a phenonenon known
in the art as "nose diving". During polishing, the head reacts to the
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forces, acting at the surface of the polishing pad, rou
di st anck t epnepraset withibe drmeisalraabive atthedoading Edigemermhenbstﬂah:ecammc{l EQtthe

broved anstHECSSIFLI AR ARG e IO heR GV th o4 g cherealin Ciolpay tihedrar
UsSing a  reaches the center of the wafer.
Apart from attempts to reshape the crown of the substrate carrier, other attempts
have been made to improve the aforementioned problem conceming "nose diving". In a
20  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.
Thus, the frictional forces, acting at the surface of the polishing pad, act through this
distance to create the undesirable moments.
25 Further, the nced 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
causes “nose diving.” Moreover, drive pins are a source of backlash, since a pin needs to
be free in a hole to allow pivoting.
30 In view of the foregoing, there is a need for a gimbal based torsion drive that is
capable of driving a wafer without causing the wafer edges to dig into the on coming

polishing pad. The drive should allow the wafer to be driven rotationally vet still pivot to



single, or other direct drive nmeans causes a force nonent above the wafer
that again causes "nose diving." Mreover, drive pins ar g Gep SAUC 80 @f
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invention fills these needs by providing a drive nmechanismthat permts

torque and axial force to be transmtted t i a wafer being polished, not

wi t hst andi ng that t he pl ane w NWENPU\OI:he exﬁct Lly per pengl cul ar
to the i's [ ot t|o e drivi Thus e dr. chani sm
al l ows the waf ePr(tag Yt {Re m%b%‘ﬁtprﬁseat Hﬁ'gtl“‘%b?ﬂt %F%Eaﬂegqf PE¢y& 1Elﬁtrz“f ¥ of

t he waf er . methneh GRDRINIE Mrqueardl R £ Gredio R tﬂin%ﬁted@@h Wafé#'hlei‘ﬁg poM ﬁm i's

di scl osed. The projected gi nbal point drive systemincludes a“spin
capabl e of neippithstanding thas thpplancaefdhé wafeh erightawt bgexactip perporaliaiidreo lhmixm

| d
i sposed pat FEAR g e S bt CBHE GRechmast AP dne matnda et
carrier hagpdut & QRMSA p§i?1h ﬁfcbﬁ:@lonstw §1@fa@e EOMPRAEN In ané%fa@tgﬁieﬁpﬁ) @?dﬂ)éc?edt he

concave spherical surface of the spindle. In addition rrve

i ncl udetd t panbal poidi dpEswsteinds tzkselosetdteTts:mmjdtted aimbal peinvdfier sysarrrme]mdesThe
drive cup has. qa i nner surface ggm onvex outer surface and

al | ows theamf‘glﬂ 5\? ?af’ YB8 3 fqrysy an er haying fegoniave sphereal sHEAGR . The
gi nbal poi ffrmedBn h@ld\%%ﬁ)ﬁ%no')\l@@m'cﬁ‘lhgd {s30@a e &rﬂls é@ﬁﬁmﬂﬂﬂ%@nd a

surface of a wafer d by the wafer carrier.
can be i nt bmer ponazllohynf ﬂmtreidie abloveafet coger ld!swcmgt?ex S):lhetb@il @mfa(celfomm%)n t he

terf 20 .bet l'ish apd a_surface of a _wafer held by the
waf or - car r# HTTIEF ORSRE Bif COMFTNFGAT B4 D HUAEPInGIcp BAULLEY SGIBAHP foi nt
drive ctsp s HaPR PO 8€be Eﬁﬁﬁgﬁﬁlldg:' 4M0ahe RAFR Cadiet. V?hé:?lqvé ag)fl‘r%gﬁd: a

first set of elongate ots ocate convex outer surface
drive cup, ccamaivaemsecsurfalcesaetti aofonetongeart saefasd, ahd allowesathe dvaifer carrize tctse/tited

about a predefined gimbal point. The gimbal point can be 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
20 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
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

25 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 sct of slots in the drive cup.
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
set of slots can comprise two elongated slots, which are separated by about 180 degrees

30 around the circumference of the drive cup. Similarly, the second set of slots can comprise
two elongated slots, which also arc separated by about 180 degrees around the

circumference of the drive cup. Further, the first set of slots can be located about ninety



inner surface of the drive cup. The drive cup allows a wafer carrier to be
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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
20 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
controiled manner to produce a desired result. Other aspects and advantages of the
invention will become apparent from the following detailed description, taken in

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

principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further advantages thereof, may best be understood
30 by reference to the following description taken in conjunction with the accompanying

drawings in which:
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The enbodi nents of the present invention allow these forces to reduced,
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thorough understanding of the present invention. It will be apparent, however, to one

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.

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

25 rotational motion in the direction indicated by arrows 214.

Wafer 414 is mounted on wafer carrier mechanism 400, which is rotated in
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
skilled in the art, the force F may be varied to meet the demands of particular

30 planarization processes. Platen 210, which is disposed below fixed abrasive material belt
450, stabilizes the belt and provides a solid surface onto which wafer 414 may be applied.
Using the fixed abrasive material belt 450, the topographic features of wafer 414 activate



detail in order not to unnecessarily obscure the present invention. 20
Figure 1 is a sinplified schematic diagramof an exenpl afy sehemb&aloos
nmechani cal  planarization (CVWP) systemin accordance with one enbodi nent of
the present invention. As shown in Figure 1, CWP system 200 is a fixed
abrasive CVWP system so designated bec€use the preparation surface is an
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t he
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
20 this manner, embodiments of the present invention are capable of avoiding undesirable
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
25 that the axis of rotation of the driving spindle shown in Figure 3 is an ideal situation
wherein the axis of rotation is coinciding with a line perpendicular to the wafer, through
the center of the wafer.
The wafer carrier mechanism 400 includes a lower part 426 of the spindle 412
coupled to a wafer carrier 422 via drive cup 428. Drive keys 446 and 448 are used to
30 transmit torque, as are drive keys 438 and 440, discussed subsequently with respect to
Figure 4. A polishing belt 450, disposed below the wafer carrier 422, is used to polish the
surface of the wafer 414 during a CMP process. In operation, the drive spindle 412



15 plane of the wafer m ght not be exactly perpendicular to the axis of
rotation of the driving spindle, and by extension, the m@gaﬁaﬁg@ﬁxms. As
di scussed in greater detail subsequently, the geonetry of the drive
isolation cup is such that the wafer may tilt in any direction about a
gi nbal point |located on the interface Qetmeen t he polishing pad and the
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are drive kldas sudeanglevatian thaypry uliag @f thepealeidid: from i Rogition egpeRdieyartog yr e
4. A polishing.helt .45Q, di fer ler. isScused to
ool { st hethe SR ib sy b EABER e e 1B 68 s SHELMR infefoe B0 0R

the drive sitial sordd émB&liSent eabRiatd @Bwafer &ppitisach an tlevaioa thndng tittmgnwar d
force to push the Iower surface of the wafer 414 against the BOl i shing pad
450. | nl0spefithe whfes i b fom 2 positian revrengdiskiapta thy spigrleeysts 452 qcpyrs ahgy a line

Phe o s oy il et Sant Rl 21 o, b Pl ROEXTREIK BETfbi R "

present i nyenpledRlca@dd Antageousl y acconmodate this msalignnent. To this
end, the enbodi nents of the present invention |ocate the wafer 414 at such

an el evation thAs skewn i1 Figuig 3op conexaenberical surfpecofithisplsmed gn the wafer
perpendlCul o, L, SR e SPHSER RN KL Rl RED (1
vaf er 44 @intes WFth@Rvafdremat bip thet Water-pay irtérkice g 610F0f tHeesanef wintdd 18, fa om a
posttion psgnggxgd;p%gl!ic?aii sﬁr%ac&:ﬁ%fo@'lrgddilllse R? )i(sl f%nf’flgdz or(1) gclg\l;vgr Sa?totlljztﬁ gf tlhle rgl?iving
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.
20 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 1s 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 elongated
25 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 concave spherical
surface 424 of the lower portion 426 of the drive spindle 412. The drive keys 446 and
448 extend into the slots 442 and 444 of the drive cup 428, respectively, to transmit
torque. The slots 442 and 444 are longer than the drive keys 446 and 448 to

30 accommodate tilting movement between the lower portion 426 of the drive spindle 412

and the drive cup 428.



that lies parallel to the wafer-pad interface 416, but spaced above or

bel ow the interface by a pre-selected distance. As showngiSeptem@er 03, a
convex spherical surface 420 is formed on the wafer carrier 422. The
convex spherical surface 420 has a radius R, froma point 418 at the 15
center of the wafer 414 on the waf er-pag interface 416. Fromthe same point

418, a conc her| cal. f 424 of dj LS, f I t
426 of he.dr i VEBe 4 it AidF SerEsen oss ReioBeh o e TondeR e Al t84R Ao
radius R2 lﬁﬁé&a\;ﬁvﬂg#neﬁd@)aﬁ}jeﬂ%kﬂnée%lbﬁg‘% ak{sUT BtaBGh BF (1R sphkte.C ARLIRIFiQre Bh@ waf er

414 above t er-pad 1nterface 416, or below the wafer-pad interface
416, depenghionly mnnaleditghtheenis oforoetion.of 2be Orisipe spuhd wethwwmnint Figure dnisem
spherical surface 420 of the wafer carrj er.4‘2}€nand t.he concgve. spheri cal
surface 42deasitpation wheseinthe ax1 9f refatiqmyis cgincisings With @ lnepespendicylag i cup
428. Th I 4 i Igﬁgﬁ ri ng- shaped and has a concave i nner
spheri cgl %gf\élﬁfﬂgrggg}h%gc%@era IeL\g Ijl-e{y and a convex outer spherical surface
432 of radius RRssHoamnBdEFigurei4tthe veaivady clongeed dpoddd4 and 4¥ark dorened32 tief t he

drive cup 428 are two vertically elgngated 25 slots 442 and 444, which are
separ at ed gycansonrersgherabrutase 430 ghihe drevequp Ags svwHaktogtlots ¥ apd e cup

urt ace. a2 SR E UG BYHR0N Backlee) IRERIANTGRSRAEZEN e o

surface 4 of "the | ower p on 4 of the

keys 446 afrthve dpSa2xtBasl diitd Reyishid 8 natds044&nd walt §Btheaontdhresphetiva satficed 28,
respectively, to transmit torque. The slots 442 and 444 are_|onger than

the drile 4&yef thawabmeaaionsil Bee divedrmrndat and 144 PiendiBipche SonBEEREIEH t he
| ower port %B@ﬁég 6%&' éﬁepﬁ‘iv% rclhé ﬁ%;ﬁgg&gb@;\?ﬁ;% irafihid tgﬁglgr Y Bn&Uihe 4iSc E%%

Sept enber ure ion cross sectional View

t hrough t hesgwaddersoaed spaedd AeaiFNdegieed BGdni e drisekéysigs ahd A48 arouadk ile aafs
rotation of the spindle. As in Figure 3, it should be noted that the axis
of rotati off ymmetey efrtheidriye sin A4S e AsHbore. ithe Hplg A andi436 are longerathas theyat i on

wher ei he . axi : s . , _
S water oG s LB R e RRUE Al b R B PERE L0 © The

verti calsl yall thegatesipd>et s 434 and 436 are fornmed in the concave inner

spherical surface 430 of the drive cup 428. Similar to slots 442 and 444,
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

20 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 undestrable
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.

25 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
be practiced within the scope of the appended claims. Accordingly, the present
embodiments are to be considered as illustrative and not restrictive, and the invention is
not to be limited to the details given herein, but may be modified within the scope and

30 equivalents of the appended claims.

What is claimed is:



slots 434 and 436 are separated by about 180 degrees around the
circunference of the drive cup 428. Two drive keys 438 3gdcfdfbepi@id out
of the convex spherical surface 10 420 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 torgye. Further, the drive keys 438 and
440 are spaced about 90 degrees fron1§ﬂ§ grive keys 446 and 448 around the
axis of symmetry of the drive cup 428 above, the slots 434 and 436 are
| onger than the drive keys 438 and 440 to accommbdate tilting novenent
between the wafer carrier 422 15 and the drive cup 428. Advantageously,

t he enmbodi nent sl-of tAergpcéssegimbilmpatitdniyn sysiam.semPeamEgur ed such that the

spherical shape and.concentricity. of the surface,4 f the | t 426
of the drive: Shitie AT hh Siipdenloade e R RaRl 4 e Shelfl'  ha
the waf er difcEfmbd bi a I oRRAWE tRspidle that lies in the plane of the
waf er-pad interface 416. |If the axis about 20 which the wafer 414 tilts

| i es above or bewafer ¢amdendhsposedopedtialhyt witlin dlee lawer pdrtie eSthg spindlgethe wafesd t hat

ush one sector, of the wafer 414 .intp the lishin ad 450 re strongl
Phan the ARG IVER PyoBRo BB BFE JfiHeohdr BTG FPPEg DR anene o ¥

resul ting {Rekn0eatd-aBF fhe sphfiRChit The embodi ments of the present invention
al | ow t hese ?orces to be reduced, elimnated, or enployed deliberately in

a control |l ed mendave tup disposedebetvelmsihe expindds ahd thePwaidk chirigghthe Keive aupgoi ng

i nvention has been described in sone detail fo r ppses clarity of
under st @ndi ¥ Y1 & §ONRYG 1BE sy i‘fé’raé'ﬁta GORREX QUFL %‘féc‘g ﬁeﬁﬁ‘ﬁ%‘? 4R “Iﬁ%e&i%ﬂ“&?éﬁ ons
may be prggf ;aﬁ@%@' nEAEd soRGISAAPH BE bGxARRGNIRHCLbAINERINvECEH! Whattihy, the
present enbodinments are to be considered as 1llustrative and nhot

restricti vihe danecuphalowsvientafencarger tnbt tifted bisout i pradefinddagimbal petai | s gi ven
herein, but nay be nodified within the scope and 30 equivalents of the
appended clainms. What is clainmed is: 16 Septenber 2003 9 Cainms 1. A

projected gimbaj poi@@r@wéf@ R3] BBt BRVPL{siinNds r&it8@in dlafin Q2RARIE B
applying a torque, th plndFe havi ng a concave spherical 5 surface forned
on a | osergimbalk paint i®flodated apinniciteeface between a polishing pad and a surface of a wafer

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

20 wafer held by the wafer carrier.

4. A projected gimbal point drive system as recited in claim 1, wherein the
gimbal point is located above an interface between a polishing pad and a surface of a

wafer held by the wafer carrier.

25
5. A projected gimbal point drive system as recited in claim 1, further
comprising a first set of drive keys extending out of the concave spherical surface of the
spindle.
30 6. A projected gimbal point drive system as recited in claim 5, wherein the

first set of drive keys extend into the first set of slots in the drive cup.



a wafer carrier disposed partially within the |lower portion of the spindle,
the wafer <carrier having a convex spherical surface forq%gkgg SHizace
opposite the concave spherical surface of the spindle; an rive cup
di sposed between the spindle and the wafer carrier, the drive cup 10
havi ng a concave inner surface and a copjyex outer surface, the drive cup
further having figst . Longated slots located in.th onvex, outer
surface of the ?frive‘A J@?a%%gégﬁﬁpoﬁﬁéﬁﬁFf %mgﬁ%rglﬁgﬁgc?ug ﬁdﬁg¥m3 ??ier
to be tiltgdvaliguhcladdr £aebidad ogbibhgdteddbRtlocatod i (RE BORETERNE! fi@ke POI Nt
drive systemas recited in claim11, wherein the 15 ginbal point is |ocated
on an i nt ethealg@epen-ween a polishing pad and a surface of a wafer held by
the wafer carrier. 3. A projected ginbal point drive systemas recited in
claim1, wherein the ginbal point is |ocated below an interface between a
polishing pad agd a RUpbpeRdOfindal $BintafRt HRlcth RBY hORIVAS @laihal I fifther 4 A
proj ected ginbal point drive systemas recited in claim1, wherein the
gi nbal poi eamprisingsecent] s of/drerkeays extefiding oitatf Weesonaiexp sphiesbal ngripzdfamd a
surface of a. waf.er held by the wafer carrier. 25 5. A projected ginbal
point dri vEAESTER as recited in claim1, further conprising a first set
of drive keys extending out of the concave spherical surface of the
spindle. 30 6. A projected ginbal point drive systemas recited in claimb5,
wherein the fi®st satprokcted ginebadl ppit @xive ggstémtas rédied fin chimstwhefeis it s i n
the drive cup.,1 tenber 2003 1 7. A projected ginbal point drive
syst em Hs ?eé&“i g‘gofﬁrﬁ)\gﬁyyﬁp@?n i e second S%rc’i?\‘}g"%ﬂﬁtsiqgél? § CYPsecond set
of elongated slots located in the concave inner surface of the drive cup.
5 8. A projected ginbal point drive systemas recited in claim?7, further
conprising a setiond Aetojedtedigimbel peeytsiratcepdionprising: of t he convex spheri cal
surface of the fer rrier . .

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,

15 wherein the drive cup allows a wafer carrier to be tilted about a predefined gimbal point.

I11. A projected gimbal point drive cup as recited in claim 10, 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.

20
12. A projected gimbal point drive cup as rectted in claim 11, 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.
25 13. A projected gimbal point drive cup as recited in claim 12, wherein the first

set of slots comprises two elongated slots.

14, A projected gimbal point drive cup as recited in claim 13, wherein the two
elongated slots of the first set of slots are separated by about 180 degrees around the

30 circumference of the drive cup.



9. A projected ginbal point drive systemas recited in claim8, wherein the
10 second set of drive keys extend into the second set ofjsdihugibel B3 Of
the drive cup. 10. A projected ginbal point drive cup, conprising: a first
set of elongated slots located in a convex outer surface of the drive cup;
and a second set of elongated slots Iggated in a concave inner surface of
the drive cup, 15 [ el h i - 0 f er..car

tilted about algredg?%ﬁjéﬂai§§g¥ﬁ éﬁ%gﬂgi%%b @§F§F§§®€gm§?%%hﬁﬁ%%?heﬁdrive
Cup as recdetdd selofGldé BnPrischies Elofgated dl6181  set of drive keys extendi ng
out of a concave spherical surface of a spindle extend into the first set
of slots in the drive cup. 20 12. A projected ginbal point drive cup as

recited in claijm 11,, wherein.a, secand. set of drive keys, extendi oyt of a
Convex spheri ot surt BEgeci b lERd s Fbe & s B SRAELS RBIL B RY ' oo

of slots QfioddaRddIdY 8f BiéReccid skBof AoRRrPt S&aPleDbyTRIRIut R8) Abgrdéd MBukditheas
recited in claim12, wherein the first set of slots conprises two

el ongat ed aicomdereric4 of thephbjesuvp.ed gi mbal point drive cup as recited in claim
13, wherein the two elongated slots of the first set of slots are
separated by about 180 degrees around the 30 circunference of the drive
cup. 16 Septenmbgr 2008roldetedlitmbAl i deiE %d;g i PPAbd AL W, WhBrefitihe 3t
recited in claim 14, whéerein the 'second set of slots conprises two

el ongat ed sst of Hots 36 locatéd pbait edebddegrarh atoupdiantaxgrafl semmepy a$ theelrivieantpi n
claim15, erein Hgﬁﬁt 5 el ongated slots of the second set of slots are
separ at'8d %@ngﬁﬁﬁﬁ) t%@ﬂ?ﬁ@?dé nd the circunference of the drive cup.
17. A projected ginbal point drive cup as recited in claim 16, wherein the

first set of slots are |ocated about ninety degrees around an axis of
symmetry of the drive cup 10 fromthe second set of elongated slots.



