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typically acceptable within a central portion of most wafers, but the flatness parameters
become unacceptable near the edges of the wafers, as described below.
The construction of conventional polishing machines contributes to unacceptable
flatness measurements near the wafer’s edge. Polishing machines typically include an
30 annular polishing pad mounted on a turntable for driven rotation about a vertical axis
passing through the center of the pad. The wafers are fixedly mounted on pressure plates
above the polishing pad and lowered into polishing engagement with the rotating polishing
pad. A polishing slurry, typically including chemical polishing agents and abrasive
particles, is applied to the pad for greater polishing interaction between the polishing pad
35 and the wafer.
In order to achieve the degree of polishing needed, a substantial normal force
presses the wafers into engagement with the pad. The coefficient of friction between the
pad and wafer creates a significant lateral force on the wafer. This lateral force can give
rise to certain distortions in the polish, such as by creating a vertical component of the
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Controlling wafer rotation while lowering the gimbal point to at or below the work
‘ surface is more desirable, because controlling the gimbal point of the mechanism and the
35 rotational speed of both the polishing pad and the wafer allows more control over the
wafer polishing process. Freely rotating polishing heads, in contrast, provide little control
over the polishing process, as the polishing head and wafer simply rotate in response to
frictional forces between the wafer and the polishing pad. Frictional forces can change
between wafers and from one polishing machine to the next (due to turntable and drive
40 mechanism misalignment, for instance), varying the rotational speed of the polishing head
and the characteristics of the wafer polish. This process can lead to uneven polishing
between wafers and cause increased degradation of the interior of the polishing pad. Since
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pressure over the front surface of the wafer, while rotation of the polishing head is driven
by the driving mechanism. This maintains the front surface and work surface ina
continuously parallel relationship for more uniform polishing of a semiconductor wafer.

35 In another aspect of the present invention, a method of polishing a semiconductor
wafer generally comprises placing the semiconductor wafer in a polishing head of a wafer
polishing apparatus and driving rotation of a polishing pad on a turntable of the polishing
apparatus about a first axis. Rotation of the polishing head is driven generally about a
second axis non-coincident with the first axis. The wafer held by the polishing head is

40 positioned so that a front surface of the wafer engages a work surface of the polishing pad
and is urged against the polishing pad. The polishing head is held for free pivoting
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30 polishing head of the present invention;
FIG. 4 is an enlarged, fragmentary section of a third embodiment of the polishing
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of each wafer polished on a wafer polisher of the present invention.
Corresponding reference characters indicate corresponding parts throughout the
several views of the drawings.

30 Detailed Description of the Preferred Embodiments
| Referring now to the figures, and specifically FIG. 1, a schematic of a conventional

wafer polishing apparatus, generally indicated at 15, includes a mounting shaft 16, a
polishing head 17, a wafer 18 and a polishing pad 19. The shaft 16, polishing head 17 and
wafer 18 rotate about a vertical axis, as the wafer is pressed into the polishing pad 19 to

35 polish the wafer. As will be discussed in greater detail below, the polishing head 17 must
pivot with respect to the shaft 16, so that the wafer 18 may remain in flatwise engagement
with the polishing pad 19. The polishing head 17 and wafer 18 are mounted to pivot with
respect to the shaft 16 about a gimbal point P. In many conventional polishers, including
the schematic of FIG. 1, the gimbal point P is located well above the interface of the wafer

40 18 and the polishing pad 19. The distance from the pad 19 to the gimbal point P is often
as large a several inches, such as the two inch distance depicted in FIG. 1.
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35 process. The motor 47 is oriented horizontally within the arm 53 and connected to the
gearbox 49, which comprises a suitable worm gear assembly (not shown), for converting
the rotation of the motor about a horizontal axis into rotation of an output shaft 55 about
axis B. The conversion of rotational motor 47 energy in a gearbox 49 is well understood
in the art and will not be further described here. The output shaft 55 passes from the

40 gearbox 49 down through a double-row radial bearing 57 for controlling shaft orientation.

The base 23, booth 25, turntable 27, and drive mechanism 45 are each well known

in the art and comprise the basic elements of the single-side wafer polishing apparatus 21
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polishing (FIG. 1B). As stated previously, the arm 53 pivots vertically about a horizontal
axis near the proximal end of the arm (not shown). A hydraulic or pneumatic actuation
35 system is commonly used to articulate the polisher arm 53, although other articulation
systems are contemplated as within the scope of the present invention. These systems are
well known in the relevant art and will not be described in detail here. Downward force
from the actuation system is transferred to the wafer 35 through the output shaft 55, the
upper bearing member 77, the ball bearings 81, and the lower bearing member 79.
40 The wafer polishing apparatus 21 further comprises a semi-rigid connection,
generally indicated at 89, between the drive mechanism 45 and the polishing head 63 for
imparting a rotational force from the drive mechanism to the polishing head (FIG. 1B).
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115 and the wafer 35 rest upon the rigid upper bearing member, rather than the torque
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respect t(or 4 feteimiaf eing3®dingsthe wafer as discussed below) does not press the wafer 35 nto

the polishing pad 29 with as much force, decreasing wafer roll-off. In addition, less of the
polishing shurry is pushed forward of the wafer 35 and squeezed off the pad 29 as the

35 leading edge 131 of the wafer 35 moves across the polishing pad, as compared with typical
polishers having a gimbal point P’ further above the work surface 37. With more slurry
flowing toward the wafer’s 35 center, the center is subject to more polishing, further
lessening the overpolishing of the wafer edge 129. Where the pivot point P is below the
work surface 37, the moment reverses, biasing the polishing pressure to a trailing edge 133

40 of the head 63, further enhancing the amount of slurry able to flow beneath the wafer 35

and improving polishing of the central portion of the wafer.
In the present invention, the gimbal point P lies near the work surface 37 when the
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rotatlonal speed (Qh) o e pohshmg 63 th & the Roational speed of the polishing
35 pad 29 is held at a constant 200 revolutions per minute (rpm). For example, where the
polishing pad 29 and polishing head 63 rotate at the same rotational speed, 200 rpm (Q, =
200 rpm), any point on the polishing pad lying 60 millimeters (2.4 inches) from the center
of the pad sees approximately 235 millimeters (9.25 inches) of wafer 35 pass over that
point during each revolution of the polishing pad. Tracing the curve corresponding to a
40 polishing head speed of 200 rpm (Q, = 200 rpm), FIG. 2A demonstrates that where the
polishing pad 29 and polishing head rotate at the same speed, the radially inner portions of
the polishing pad see more linear distance of wafer 35 pass over them than the outer
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woul d pr af#icgied Y15 R for pivoting of the polishing head about a gimbal point lying near the

work surface 37. The polishing head 153 holds the front surface 39 of the wafer 35 in

35 engagement with the polishing pad 29, thereby polishing the wafer and allowing the plane
of the front surface to continuously align itself to equalize polishing pressure over the front
surface of the wafer for more uniform polishing of a semiconductor wafer.

A semi-rigid connection, generally indicated at 163, attaches to the drive

mechanism 45 and the polishing head 153 for transferring a rotational force from the drive

40 mechanism to the polishing head, while permitting universal pivoting motion of the
polishing head with respect to the drive mechanism about the spherical bearing assembly
159. In many facets, therefore, the second embodiment is similar to the first.
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187 for pivotable movement of the polishing head 153 with respect to the drive

mechanism 45. The lower spherical pivot 189 has an upwardly directed spherical face

191. Any line normal to the spherical face 191 passes through the gimbal point of the

35 pivot. Although the construction of the spherical bearing assembly 159 is substantially

different than the first embodiment, the pivoting motion created is substantially similar,

resulting in uniform pressure of the retainer 177, and a polished wafer 35 wherein a

uniform layer of silicon is removed. As with the previous embodiment, the gimbal point

lies at or slightly below an interface of the wafer 35 and the work surface 37 on a side of

40 the interface containing the turntable 27. This geometry maintains the work surface 37
.and the retainer 177 in flatwise engagement with a uniform distance between the front

surface 39 and the work surface for more uniform pressure of the retainer. This
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35 the wafer, and typically flattens this small portion of the wafer pushed outward by the

foreign matter. Once the wafer is removed from the rigid support, the portion of the wafer
pushed out by the dust returns to its original position, leaving a dimple defect in the
polished surface. With a membrane 169, any particulate matter lodged between the
membrane and the wafer 35 will temporarily deform the membrane, not the wafer,
40 allowing the wafer to be polished normally without dimpling the wafer.
In operation, the wafer 35 and retainer ring 177 both engage the work surface 37
(FIG. 3). As the polishing head 153 rotates, the membrane 169 presses the wafer 35 into
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while rotation of the polishing head is driven by the driving mechanism 45. Preferably, as
with the previous embodiments, the gimbal point lies below an interface of the wafer 35
35 and the work surface 37 on a side of the interface containing the turntable 27 to equalize
polishing pressure over the front surface 39 of the wafer. A uniform pressure is
maintained between the front surface 39 and the work surface 37 for more uniform
polishing of the wafer by inhibiting pressure points from forming near the edge 129 of the
wafer 35 due to pivoting of the polishing head 223 relative to the turntable 27.
40 A semi-rigid connection, generally indicated at 233, between the drive mechanism
45 and the polishing head 223 transmits the rotational force of the drive mechanism to the

polishing head while permitting universal pivoting motion of the polishing head with
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the washer so that the drive mechanism can lift the polishing head. Without the lift washer
273, the heads 277 could pass through the holes 237, preventing lifting of the polishing
35 head from the work surface 37. The loose fit of the lift washer 273 over the shoulder bolts
235 and drive mechanism 45 ensures that the washer does not impact the polishing process
by inhibiting the gimbal action.
In operation, the third embodiment is virtually identical to the previous two
embodiments. This includes controlling the rotational speed of the drive mechanism 45
40 relative to the turntable 27. The same speed range applies (between about forty percent
(40 %) and about seventy percent (70 %)) and optimal rotational speed of about fifty-five

percent (55 %).
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during Werenot selected according to their flatness, but represent a typlcal production grouping o
wafers. Each site is preferably square in shape, measuring 25 millimeters (0.98 inches)
along each side thereof. This corresponds to an area of each whole site 261 or each partial
35 site 263 of about two percent (2 %) of the area of the front surface 39 of the wafer. The
partial sites 263 situated near the wafer’s 35 edge 129 additionally comprise an outer ring
of sites that are subject to improvement due to the present invention. Although the data
analysis is based upon measurements from 200 millimeter (7.9 inch) wafers, the present
invention is readily applicable to wafers of other diameters, such as 100 millimeter (3.9
40 inch), 150 millimeter (5.9 inch) and 300 millimeter (12 inch) wafers, to name a few.
Single side polished wafers 35 polished according to the present invention will
exhibit partial sites 263 with uniform flatness substantially similar to the whole sites 261.
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such a comparison yields an average percentile difference between a partial site 263

maximum SFQR and a whole site 261 maximum SFQR of 21.2 percent (21.2 %), for the
same population of conventionally polished wafers 35 shown in FIG. 6. In contrast, FIG.

35 16 depicts the same percentile difference for the same population of wafers 35 of the
present invention used to construct FIG. 7. The average percentile difference between the
partial site 263 maximum SFQR and the whole site 261 maximum SFQR for wafers 35
polished on a wafer polisher of the present invention is -10.7 percent (-10.7 %). The
negative percentile value indicates that for wafers 35 polished according to the present

40 invention, the partial site 263 maximum SFQR is likely less than the whole site 261
maximum SFQR. Contrary to conventionally polished wafers 35, these wafers tend to
have lower SFQR maximums in their partial sites 263, rather than in their whole sites 261.
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and an innet_ri.n ggusrng whol e sites 267 as defined in FIG 5 (sites
267" are " “ﬁﬂgﬁ'rn the data for the focusing whole sites 267) can be
conpared. The data 40 shown in FIG 11 depict the difference between the
average of the SFQR values for each site of an outer ring of twenty
non-focusing partial sites 269 and an average of the SFQR values for each
site of an imedi ately adjacent inner ring of sixteen focusing whole sites
WO 02/ 42033 PCT/ 1T0O0/ 00471 19 267, for the same popul ation of
conventionally polished wafers shown in FIG 6. The average SFQR
difference for wafers polished on a conventional polisher is 0.030 m crons
(1.2 mcroinches). The data shown in FIG 12 depict the difference between
t he average of the SFQR values for each site of an outer ring of twenty
partial sites 269 and an average of 5 the SFQR val ues for each site of an
i mredi ately adj acent inner ring of sixteen whole sites 267, for the sane
popul ati on of wafers of the present invention shown in FIG 7. The average
SFQR difference for wafers of the present invention is 0.013 mcrons (0.52
m croi nches). Wafers polished with an apparatus or nethod of the present
invention yield a fifty-five percent (55 % increase in adjacent-site
fl atness over the conventional process. 10 Wafers of the present invention
allow for accurate |ithography of partial sites 269 wi thout refocusing the
| it hography apparatus on each partial site. Reviewi ng the data in another
way, FIG 13 depicts the percentile difference
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4. Wafer polishing apparatus as set forth in claim 2 wherein the spherical
bearing assembly is arranged to locate the gimbal point slightly below the interface of the
wafer front surface and the work surface on a side of the interface containing the turntable
to further maintain the work surface and the front surface in flatwise engagement for more

5 uniform polishing of the wafer.



achi eved and ot her advantageous results attained. 10 Wen introducing

el ements of the present invention or the preferred enbodinent(s) thereof,
the arti ovesz4m33 "an", "the" and "said" are intended to pewnmTWhai71 there
are one or nore of the elenents. The22erns "conprising”, "including" and
"having" are intended to be inclusive and nean- that there may be
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illust raggﬁ and not" in alimting sense. WO 02/ 42033 PCT/1T00/ 00471 21
VWHAT | S PVBD I'S: 1. Wafer polishing apparatus conprising: a base for
supporting el enents of the polishing apparatus; a turntable having a

pol i shi ng padest her Boiferajolisliing apRelatanad fefdvtsea cladh Swhatindhe dfive t he

turntabl gxe?h is Ois'a]ﬁigﬁtg@{oo(ﬂgver tgi %fe\fgaﬂi@T ﬁthagropﬂi%ﬁal 9&%}0%0 -five

per pendi cular 10t urntable and pol i shing pad, the polishing pad

i ncl udi ngefﬁem-’k%%Gf?hﬁdétagﬂﬁaéé@%?él‘{%lt%tPH’t%P ®front surface ofa wafer for
polishing the front surface of the wafer; a drive nmechani sm nounted on the

base for inpakting I3 ! i tia8kdndldisid par al | el
to the axis o?' the“{agérﬁdhglp.ﬁé a@&%@.?%ﬁ#ﬁ%@gglﬁnﬁﬁ% ttﬁg d he %iri ve
mechani sROHSFUGH GATERISEHE P’Flglr? Q?F‘e‘?clt}@n @“%8?&%‘@ %3‘8{”51%‘ B i shi ng head
bei ng adaplishithgtlwathol d at | east one wafer for engaging a front surface of
the wafer wwth the work surface of the polishing pad; and a spheri cal

beari ng assenply ting t.he polishin ead on.t RV ism for
pi voting of the pol a@‘?ﬁ H‘P&S‘%‘%Bé&g%%tﬂ? asa%b?%@‘a Cg%?lgfwﬁyflr@hgg&ﬂ?%her t han
t he i nt ecémeetionofurthrecommsises & targueteansmitial bogicataehasig thedIgoprchalisace when
E Ee pgl i %ilitll fhg peﬁﬁﬂ%@mala,sw&wgﬂaﬁimigahe pmsam@mm?im ivhl\lzgspeqnﬁg thehi ng pad,
ereby al.l ow t he : itttlﬁ‘f'g 20 th
cont i nuoagyes‘/mg?rG_ﬁml'%@ﬁ&%tsg_%ﬁqé‘)|aglggt|g%slelﬁly?ltﬁog%%$e%sure ov@r the front
sur fSace dfive mecheaisar to thppelishing kgaflon of the polishing head is driven by the
driving nechanismfor maintaining the front surface and work surface in
fl atwi se engagenen {lﬂiﬁ ' [iNiNgaifR 8 AheRH thendyed or wafer.
2. Wafer pol i_ghi ng%%of%raproé fusgggfésréttg,g ?go%?.kdl n ::b?aa{?l%é Lifttﬁer %‘?ngrt%m ng a
semi - ri GrEsneigaaot lsdﬁaclfé%_v%ﬁr-?#‘ f%rﬁﬁﬁl@@qar’ré‘éﬁ&ﬁlass A *PHEABBYRRMy head
1;] or dl rrpalréﬁg)ﬁtgxaggldrgi @gly_eﬁairjl mﬁ&m?@ tm:jthp pehsilmng/hlmeadtau. thamfslimmbtq aihovp?: i shing
ead so : hisdHy 1apg drive mechanismrotate conjointly,
whil e petrprri {m{lé ngvg% versa pfévotgl ng notion of the 5 polishing head with
respect to the drive nechani sm about the spherical bearing assenbly. 3.
Waf er pol i shi . appéafat pedishingsipparhios ahsdt fordt i claim fwvbersimt ﬁ@s@}fﬂ@éﬁi cal
bearing assembldubserarranged to locate the ginmbal point at the interface of
t he wafer an the work surface to maintain the work surface and the front

surface in flatw se ) ) . .
11.  Wafer polishing apparatus as set forth in claim 10 wherein said spherical

bearing assembly further comprises an upper bearing member, a lower bearing member
and a plurality of ball bearings, said ball bearings being engageable with the upper bearing
member and the lower bearing member for relative movement between the members so

5 that the polishing head may pivot relative to the drive mechanism.

12.  Wafer polishing apparatus as set forth in claim 11 wherein the upper
bearing member and the lower bearing member have spherically shaped bearing surfaces,
wherein the center of each spherical bearing surface corresponds to the gimbal point and
any line normal to either surface passes through the gimbal point.

13.  Wafer polishing apparatus as set forth in claim 12 wherein the drive
mechanism further comprises a motor and a gearbox mounted on the base and attached to
the drive mechanism for rotation of the drive mechanism.



engagenent. 4. Wafer polishing apparatus as set forth in claim2 wherein
the spherical bearing assenbly is arranged to |ocate the ginbal point
slightlyvwebpyeoshe interface of the wafer front surface paOITd®04ROr K
surface on a side of the interface ca@aptaining the turntable to further

mai ntain the work Wét%ﬁ%nﬁisﬁﬁ% aEB&afu%QE‘Eet%HﬁﬁﬁPﬁaihﬂlj Watwss sagagenent for
nore 5 unij f_orn}. ol |fl§‘|m£hof .the v%fer. V\DOZ/42g3 tPCT/t.;I#'I;O [ 00 gl 22 5.
War or poFPieiPhet B pafsiniEhead isapor Eont Fom P A O I IpRYERTIRE REAPIEY o
mechanismis adapted to drive the wafer carrier at a rotational speed of
be: Wteen albOUt 15};0r Wﬁﬂﬁ?ﬁ&{%ﬂﬁlg(ﬁﬁ%ﬁ&@dﬂ&bﬂhﬁh SsiveD ivheftdd BRNREm{-AGIPY of the
rotational speed of the . tur 118 | . et
forth i n QFXHPS CHRBYEF ﬁtt lte?lsé%,ggl vogll_dege8%&?@%@@%&39&5@2 E g&ﬁﬁdjjg waf er
carrier dtrough atlaast eptadiaheletinghe diveimeehanism,theradiahglptbsing iz ¥ the
][ otati anérfémadt}@fbolth_s that a1thaldlriee nfechMéibarotates) t;a@fad@lampwatgageahlk set |

orth in_ ¢ m ¢ . | | | bl e
N v e
pol i shi ngonisplseatand thaslowet sRhsPEH PYPLEP BIowF FLigHE Ik resRest 1 @3 ghother for
connect i @ifork whiftwei pelishig Mdoatituug trentmiasioniof toddtiondioim étet drtteauechenisine
drive ne ' : e polishing head, thereby allow ng the polishing
head to g?%p%v@\%?ﬁggggs%ect to the drive mechani sm about the spherical
bearing assenbly for transmtting rotation fromthe 5 drive nmechanismto
the poli shi ng l6ead. Wafer piisbingmpbarshisrag setfpeih & clsima$5 Suthef eomprising &1 ai m 8
wherei n txﬁﬁnl%r?ﬁé]hﬁ%unt‘éﬁ B8R 8 JolidhinD Behd, s8id TRéIRbrahe Ruvi AS6ReEsurfacTt er i al

havi ng a sti ess . for fransmtt.ing the ot ational .ener £t Lve
mechani sfREREENE YA 3 Whfeh rl’?_é(’&]ﬂltuﬁgng‘fea‘f’?’fgg{q 4188819*?’%‘%? lﬁaﬁg%f algfn\flg{]?[ﬁga%
nmovenent oppositeghpottessicfage faging. thd polishirfadieagol i shi ng apparatus as set forth
in claim9 wherein the elastoneric material is rubber. 11. Wafer polishing
apparatus as t farth in.claimil rei | ' 1 assenbl y
further conprises al a%fg Q}S%H’@aajpp?j%m\rge}gﬁ%rﬁaﬁgﬁ}g\%%? ng‘lar?}% %ﬁoﬁgﬁggg . and a
pl ur al i t wagiurhaourchafivi gemmenicatiommith gecarity fmed bt esn Hiegeaen Wiars ¢ ¢ he
upper beahé igmbrarhad tepdlishiag heak salleasmingneevirey atflest o tadle femedv enent

bet ween ttﬁgrefﬁesmﬁ%zvhse&gﬁmgm stcﬂ‘ﬁwﬂ(?xll a9y, NEAR ABYanR R birdwPih@ tafg upO t he
drive nmechani sm ) f'er pofls I ng apparatus as seﬁjﬂglort 'fe Ch@éﬁl 11
wherkei n tagainsiphe membganeisng hakibe wajmgsade Nt balgs Smefer g e
spher i calwafersdigpes thewoiknyrfacs, fwdeesby ainvhay dien bt dixected into thefcagi,h spheri cal
beari ng : | 3 E [ (A aTaY ; N6y Bk to
erther 5ot PARAme I8t CERRINGE r\iRe Shioie alé@’?%%%ﬁ?@?%%ﬁ”%%l i

appar at udhewaleg surfasepgifornly Rgaigstibe WoEt HTHCEhe drive mechani sm further
conprises a notor and a gearbox nounted on the base and attached to

18.  Wafer polishing apparatus as set forth in claim 17 further comprising a
retainer attached to the polishing head, said retainer extending from the polishing head
below the wafer and membrane for retaining the wafer during polishing.

19.  Wafer polishing apparatus as set forth in claim 18 wherein the membrane is
movable independently of the retainer so that as the retainer wears, an offset between a
bottom of the retainer and the membrane may be maintained.

20.  Wafer polishing apparatus as set forth in claim 19 wherein the retainer is
ring-shaped for encircling the membrane and wafer to retain the wafer during polishing. -

21.  Wafer polishing apparatus as set forth in claim 20 wherein the spherical
bearing assembly further comprises an upper conical seat attached to and rotated with the
drive mechanism and a lower spherical pivot rigidly mountable on the polishing head, said
lower spherical pivot is engageable with the upper conical seat for pivotable movement of

5 the polishing head with respect to the drive mechanism.



the drive nechanismfor rotation of the drive nechanism WO 02/42033

PCT/ 1T00/ 00471 23 14. Wafer polishing apparatus as set forth in claim 13
wherein anoaxi®3df rotation of the polishing head i s spapetreypant7if rom an
axis of rotation of the turntable. 2. Wfer polishing apparatus as set
forth in claim2 wherein the sem-rigid connection conprises at |east one

shoul der bolt _attached tq.the polishin ead. a passing.  th h at | east
one radial sl &t i nW?@rB‘ﬁ}%gﬁggﬂﬁtﬁfg t[t‘%rgh ]rna‘glglg ?gfvh?l.%g]etiﬁlﬁgoq%igzed
sl i ght | y spheriaalgsvottheaan uhwatsly direstedispherical fachewhereinaniidian apmashte B€at es, the
radial s | E%p?w&g@t{h& h WMeldimbileosdtoul der bolt for inducing rotation of
t he poli Eﬁeﬁgﬂh@a ., whi | eugl I gvéﬁrﬂlg ft%)he upper conical seat and the | ower
spherical pivot to nove slightly with respect to one_ another for nore
uni f orm pol i sBBng aNWaferpolishmganpareiua s fet dithy i Jpiny by BirthsheaPRIASE dri ve
frec hﬁn! S E‘i‘glici &ckh% &k iafd b AgtaiiegBoth biachéd fie thepmilisking rhgachp;ﬁdlbatldﬁgﬁgl]stes et y
orth in_clai ur t : ng=Taiol Sihgigalf shing
nead, saPERENIRSAS TRl i iSiRb g Pase eﬁg@a;:?%fﬁﬁ%ﬁ%% o
mount i ng thersatpnand saidretaiacrsaicnding Ayh RS POHHNE RPN &F 4508 SPSsi te t he
out ey surbraeriding thegvifedpilgipplisiing.head. 17. Wafer polishing apparatus as
set forth in claim16 further conprising a vacuumsource in fluid
conmmruni cation with _a cavity, fornmed bet n the inn urface,of, . the
menbrane and 2fe pol FERPHIY a@apa%%*ﬁas\gfgﬁﬁﬁi‘éﬁbclm%&ﬁ%‘ie“}@s?f‘°‘%% hol e
formed tphes Bimowbld indepentientlyaofilzecietaimer so tratwathierretainer wastsiap offsee menbr ane
can dr angR@eeﬁ@fb%ﬁo#zgoéltaﬁ%iﬂétana bR YIBERE PRe ARY taohdntied weaf er, said

er hol ds

menbrane turt e wafer when the” wafer engages the work surface,
whereby air may then be directed into the cavity, elimnating the vacuum
and provi di ng 28ni f SWafeapelishingsapparstugias Betforthin elaim 24 whereihthe SSRIMET 15t he

waf er Sulfachaptl foPendideling @iertﬁbkihg plav0add wakef fG@tairl the Wiitraturing ipbitiing
apparatus as set forth inclaiml17 further conprising a retainer attached

to the polishing head, said retainer extending fromthe poli shi. head
bel ow t he waf &6. andVetsnbelishing apparads 45 Aetriarth HECIER &7 VAGITHECPOIERE ng. 19,
Vaf er polhesdisndameeas BlOS seflerifef R thgdgngihaifront Burfilve pétle wifer wightheane i s

novabl e i ndependent . retainer so that as the retainer wears, an
of f set be"Y‘?KEé Ceor;]&%{?]ggr}%sgﬁl%t ag' retainer and the nenbrane may be

mai ntai ned. 20. Wafer polishing apparatus as set forth in claim19 wherein
the retainer i2g. ri AngaaMQﬁ‘@oﬁg}ﬁn@mwmmbmd@tmmfmmmgahdsm@fr to
retain the waf ?%cé%e@gm&%h%&%ﬂﬁafet i85 poViehiaE heR bSIivBE: APIRAIAL US as set

forth in claim erein the spherical bearing assenbly further conprises
an upper %BHP¥8] seat attached to and rotated with the drive mechani sm and
a | ower spher idadingriotatonraf giplishimppask ectbd Biratableted theopdlishing grprsalys akalit ¢

| owes sphgrigal. pivot is engageable with the upper conical seat for

pi vot abl & ovelteal of v 3 e Rkl hath DEadny b Buf SERESH alinbEoifitibsf
with the first axis;

positioning the wafer held by the polishing head so that a front surface of the wafer
engages a work surface of the polishing pad;
10 urging the front surface of the wafer against the polishing pad;
holding the polishing head for free pivoting movement about a gimbal point
located no higher than an interface of the work surface and the front surface of the wafer as
rotation of the polishing head continues to be driven to equalize polishing pressure over
the front surface of the wafer in response to a net force about the gimbal point acting in a
15 direction perpendicular to the front surface of the wafer, while prevepting pivoting of the
front surface of the wafer under forces parallel to the front surface of the wafer passing
generally through the gimbal point;
disengaging the wafer from the turntable; and
removing the wafer from the polishing head.




22. Wafer polishing apparatus as set forth in claim21 wherein the | ower
spherical pivot has an upwardly directed spherical face, wherein any line
nor mal t owohz4203pheri cal face passes through the ginbal ppCTATI0AB471\VAT er
pol i shing apparatus as set forth in @aim15 further conprising a rigid

gggi: Qg B: are é‘ggl %fh @ﬂ?ggetf&ﬁ{aﬂlﬁﬁl & foc?rtrs]‘qﬁlﬂlg'@te PPt {E/Héiri@%hﬁzag Is?iad
waf er suﬁ?ra@emiwmwé?r cﬁg?%?ﬁ% Ig‘Fg ﬁ’teméafﬁeﬁ’élr Oiiﬁlb‘ éﬁ’&ﬁraﬂflé?%fl @3& endi ng
f r om t hepphttisdblogk toethd pblédhing hdad. backi ng surface 5 for retaining the wafer
during polishing. 24. \Wafer polishing apparatus as set forth in claim23

wherei n the bagki vabl.e i end he r er so that
as the retai ngg %’r@%{hﬂhaﬁfq‘ sfg?ﬂ%%? gfngerggat Blpgtﬁ] ??%ger and the

backi ng potaties ineyolishinghendzt peppeddess thagrthe rqsa}nqn@hmgd aﬁ}h@r leas set forth
in claim24 wherein the retainer is ring-shaped for encircling the backing

| at d waferp, t t Qi i shi
oparatus ag o0t 1t ot ot P AL B o 24 iR ﬂﬁ@?ﬁ%ﬂﬁsﬁw é hd 'pfe'd”?o
hol d a sirotglieg thafd@rvemch@mgi n¥peed ef betygen %bﬂlfgtr@' the

wor k- sur kagtpertdie (T00%) 6hihe gotptishal Bpeed Af thet thimthbid. poI i shl ng a
sem conductor wafer conprising the steps of: placing the sem conduct or

waf er |napoI|sh|ng hea in arat driving rotation
of a polishinglpad %Weglog@rﬁ ﬁ?tgﬁqtvgnb‘fla%éé HgPﬁeghﬂiﬁ@g ‘i??’péﬁ%t a 5
first axistating mldmxgem&:hamm abd sptehé of ahdus fiftygfiviegmatey r%) pfjthe betional second
axi s non- ﬁ%rbgﬂ mith the first axis; positioning the wafer held by the
pol i shi ng" head so 1n}1at a front surface of the wafer engages a work surface
of the polishing pad; 10 urging the front surface of the wafer agal nst the
pol i shi ng-pad;32hol di mgthotes pelfoinimelainedd whereirf the plasingstemigirthef ement  about

a gi mbal .o Rkes thoGRn qlhmaf!‘ét %@h&ﬁlﬁ&l&ﬁoﬁﬂié@bﬁ aféq)oﬁt;hl gﬁem% surface and

the front surface o a rotatio nti nues
to be dr.evwatagéa%m gﬂ‘fﬁl F‘ﬁ qgléalﬂ ewagér%'% ront sur c%(aof t he
waf er i nhobbthedurng thegolighing Giﬁbéh%mﬂpdtfh@h@lcﬁﬁ‘ﬁﬁsﬁélsﬁkc% Y Kgying & 15

di r gct i onrQeiReALhif tHedavitpfor eesting fitic walkf agtice tmifrenlyagsinst thdrivbek preventing
pi voti ng of the front surface of the wafer under forces parallel to the
front surs1‘”'af % of the wafer passing generally through the ginbal point;

di sengaging the wafer fromthe turntable; and renoving the wafer fromthe
pol i shing heads. \Amoaéséé’cmsﬂ@rdsizr@ﬁosmgdmor%ryz&um@ septicrontucter wefers ort h i n
claim 27 e ’ ri ses
adheri ng “re ﬁa% %5 Q%S%ﬁajﬁétﬁ?}n i sec ﬂg}%ﬁ%ead%glﬁ?stﬁ?%g bl ock
to the pélllq?tb‘m

34. A cassette of single side polished, monocrystalline semiconductor wafers as
set forth in claim 33, wherein said wafers each comprising a central axis, a front surface
generally perpendicular to the central axis and polished to a finish polish, a back surface
which is not polished to a finish polish, and a circumferential edge, the front surface being

5 uniformly flat for use in lithographic imprinting of circuits thereon in an area from the
central axis at least to within 2 millimeters (0.08 inches) of the circumferential edge,
wherein the wafers are not selected according to their flatness.

35. . A cassette of single side polished wafers as set forth in claim 34 wherein
the front surface of each wafer has a uniform flatness as measured by projecting a grid of
sites onto the front surface so that a multiplicity of whole sites lie entirely within the front
surface of the wafer and a multiplicity of partial sites lie partially on the front surface and

5 partially outside the circumferential edge of the wafer, the flatness of the partial sites is
substantially the same as the flatness of the whole sites.



29. A nethod as set forth in claim27 wherein the driving step conprises
rotating the polishing head at a speed | ess than the rotational speed of

t he turntvedb®420380. A nethod as set forth in claim29 wherpel/raes7dri vi ng
step conprises rotating the drive ne@éhani smat a speed of between about
forty percent (40 % and about seventy percent (70 % of the rotational
speed of the turntable. 31. A nethod_as set forth._in ;:I%i,mg g/nerei n the
driving step ¥onprisassetts of singla gidempalished veafers ahsitifamh my claim g‘éf BeB¥ . about
fifty-fimeaparsfarhc 9holdsitobr ¢deh paniahtitosfdach spfeeds afout tveo percent V. 32. A
nmet hod a 1 | ] i I #&zONpri ses
R R R

evacuat | #§ OAUBATE §2HK aPF he nenbrane to draw the wafer up agai nst the
menbrane and hold the during the polishing step, the nethod further

conpri sing sepecti Xehy MabYiRgledlde polisHIISPTYs @s Yt bR it E18ing 3¢ Whrelror
pressing_ the V\ﬁfel’ surche fml L@r m?% agai nst the work surface. 33. A
casset t eN§CASFHRFtanyH 55t {FRKEY WS ocr yst al 1i ne seni conduct or waf ers,
each having a substantially flat surface formed by polishing the wafer
according to the pArbiede of siffleisMedbliskd. walers as s&tfogh of clainn§7 e/herdeite

pol i shed, nonogcrystalline co ctor wafers as set forth in claim 33,
wher ei n iCaSS\‘Rﬁ? gql’éalg%%tﬁeac?gﬁg‘??%{lﬁgwg%{:séntraI axis, a front surface

general ly perpendicular to the central axis and polished to a finish
pol i sh, a backg sur Aagssettybf sihglesideqolipeddi vedfed ab setdofth i slhinpd8 whbreirand a
circunfepentia being 5 uniformy flat for use in
it hogra%‘ﬁicés‘sle{Iref)(r?olqlr;iéflsnllgtrlg%SE W@Rﬁ@%ﬁ%ﬁ'eon in an area fromthe central
axis at least to within 2 mllineters (0.08 inches) of the circunferential
edge, wher ei #0.t heAwatstis ofisiagleaidegwliciddevifars @s seti fodh froclahe B9 whergimess.  35.
A cassglLt ' L A $he £&s as set forth in claim34
wher ei n &lttehcess {rt%%%r{?%hﬁt;lc%?gf et%.C]h &Zﬂ%ﬁ@{ has a uniformfl atness as neasured
by projecting a grid of sites onto the front surface so that a
mul tiplicity ¢f. whalcassitte§sibgle sedetrioliched wifeisian settferth imelaim §3 whareen &% t he
vaf er ang,diadBibt LIPlvad i (L Rt Gl tnirkBinink SFORI Ve folin@ Ty (6 paitiant
surface an gc I’tlf?| J y out si de ttWhe o] rcup{zgro ial ed%ga%ra% &1 fer, the
f1 at nessSHs AR zil‘p”?;’l‘i‘ § iginodpqrg fandwentyReroent §28) 7 apger e gl Averagp ot nass of
t he whol wafsrs inghe WBs@iz/of 208Bapom $EOROGAEIfoundingthe wholesitss pf @achWadsing| e

side polished wafers as set forth in claim35 wherein the area of a each
whol e site or ,each,parti.al ~si ' i : ReLRERE %
of the area of@t heAfC ?)Stn?h @%?1{1 g%é?%fp%?lglgeq%fg{s agﬁ%fat?ﬁ}eﬁ%trﬂ\é%é tggl .}vl%“of% sites
and par t ivdrags foeall wafess withe passefanidhe magimyng REQR valye fopnd syWgPpiaps i ngl e
si de pol kisled cwif @i @abseitthé suridiad 4h skpigaf@Glwiefensiin the demssattaof dtet e
contains_at.|e r : of single side polished
waf ers a?%lé?mﬁﬁ:%{e %%&%%P%ﬁe%@%?%éo? ﬁae%ﬁgg%sfgrétte contains at |east
fifteen (15) wafers. ‘ _

43. A cassette of single side polished wafers as set forth in claim 42 wherein

the cassette contains a twenty-five (25) wafers.

44, A cassette of single side polished wafers as set forth in claim 33 wherein
each of the partial sites situated about the circumference of each wafer, when taken
together, constitute an outer ring of partial sites, and each of the whole sites positioned
inwardly adjacent of the outer ring, when taken together, constitute an inner ring of whole

5 sites.

45. A cassette of single side polished wafers as set forth in claim 44 wherein an
average of the SFQR values for each site of the outer ring of partial sites, taken as an
average for all wafers in the cassette, is less than fifty-five percent (55 %) larger than an
average of the SFQR values for each site of the inner ring of whole sites, taken as an

5 average for all wafers in the cassette.



39. A cassette of single side polished wafers as set forth in claim 38
wherein the cassette contains at |least twenty (20) wafers. 40. A cassette
of singl av@pzieopdl i shed wafers as set forth in claim39 wheTara/oo47me
cassette contains at |east twenty-fiwé (25) wafers. 41. A cassette of
single side polished wafers as set forth in claim 33 wherein an average .
for all wafers in the cassette of_ t m SF value foupd.,in.the
partial sited6of As@ssciiartsingle S%R?g‘ﬁgc%(‘ﬁ%u Staﬁégh%r%@“r@é‘ﬂg% FERHN I ger
than an gxepigegsf thoSFQRIvalussfareach sitet dfehe agsetingofifartidl sitesp kakan as 8FR val ue
found | Najdies PLI wakdrfh AL Eis@aﬁ AL tharfRirt/p GBS B0 %) Ohrpdtit @ ST de

pol i shed wafers. as 41. wher.ei n e for all wafers
in the ca&segeesths S?ﬁg :ﬂlﬁﬂm? og‘ﬁﬁqlﬁél\{?)sa%gis%?s Wi tes of
eacl waf everage fabellwafdieinsthereasssitean average for all wafers in the cassette
of the maxi num SFQR value found in the whole sites of each wafer. 43. A

cassette of sipgle side pol.ish et f ein

the cassette égnt afn@s %?‘g l%fsﬁl;\%o?%da%ég g se Afﬁlqhﬂ{]%lgsng‘el Aeh%%e}Mlgll{ ngl e
si de pol pehagt ofdheBEQRsvabss f¢rcﬁa@1h51t€t10fdh%1wﬁﬁ1313n&mfél?9éﬁl Slt@Saéﬂrkeﬁﬁs fhe parti al
sites sihpaiRiARNWafdriR tﬁb b@édétte?isqe@ahaf elglateén patern (139 targakhm at oget her,

oS 1 onBiFrs aé‘n%f%?@ék L3S SR R ST et SR B B D

con$t i tua‘eer@geﬁormléwaﬁrﬁgﬂbﬁcmeﬁee 5 si tes 45. A cassette of single side
pol i shed wafers as set forth in claim44 wherein an average of the SFQR
fverage o alb wafararet O BUtiad ANl wBRE ARty B A b MBI ent (55
% lar gethetqaaﬁeﬁaﬁontaméa&@@%fﬁ*'@ stal ues for each site of the inner
ring of whole sites, taken as an 5 average for all wafers in the cassette.
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waf ers as ort n al m Ver a e .Sk ues for
each sit &l f’Vatf‘F"Féeﬁ}x‘t‘é’Fnﬂqs W%F%’l"?@g act g @peé{lﬁendé“i‘/‘l z?g/glef or all
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51. A cassette of single side polished wafers as set forth in claim 50 wherein
the area of a each whole site or each partial site of each wafer is about two percent (2 %)
of the area of the front surface of the wafer.

52. A cassette of single side polished wafers as set forth in claim 51 wherein
the projected whole sites and partial sites are of uniform size and shape.
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together, constitute an outer ring of partial sites, and each of the whole sites positioned
inwardly adjacent of the outer ring, when taken together, constitute an inner ring of whole

5 sites.

61. A cassette of single side polished wafers as set forth in claim 60 wherein an
average of the SFQR values for each site of the outer ring of partial sites, taken as an
average for all wafers in the cassette, is less than fifty-five percent (55 %) larger than an
average of the SFQR values for each site of the inner ring of whole sites, taken as an

5 average for all wafers in the cassette.
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64. A cassette of single side polished wafers as set forth in claim 63 wherein
the cassette contains a twenty-five (25) wafers.



