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A iver David Jones, David T. Frost, and John G Dewt BACKGROUND OF THE

| NVENTI ONW® Olilveoqar esent i nvention relates generally to sermcorsduae4s
fabrication and, nore particularly, to an apparatus for preparing

sem conductor wafers in which the wafer preparation operations are
performed on a vertically oriented wafer.. In the fabrication of

sem conductor devices, a variety of wafer preparation operations are
performed. By way of exanple, these wafer preparation operations include
10 cl eani ng operations and polishing/planarization operations, e.dg.,

chem cal nechani cal pl anWWAFEHR PREFARA TION APPAR AX/§shi ng/ pl anari zati on
techni que uses platens with planetary polishing notion. One di sadvant age
of this technique is that it requirges nulti- step procedures, which are
time-consuming and rel atively exper® &M Xsot her di sadvant age of this
technique is that it tends to produce wafers having surfaces that suffer 15
froma relatively hi dHiwegegi Jg*pe% Slavigr b gtirg. andrJioBe ok WitAnot her known

pol i shi ng/ pl anari zati on techni que involves circunferential polishing. In
one known circunferenti al BACKESROWNB OH EHE INVENEION s rotated in a
vertical orientation by wafer drive rollers. As the wafer is rotated, a
pair of cyl i nddheafesglinvehiiomrelgierdgenprall toseghiconducior Eabmicaiden sid morhe

opposi ng sur.faces of the fer. The poli.shi ads 20 are unt ed on

Sount er - r BELETREY-r Aa rabealt 5 puspaniod SSppoM R NS P RERSEIE bei ng

pr ocessedpreh et BRBpdBlichs SRAPLrREMES 8n hRErikhAYBliGliePwafche Wafer so as to pass
over the "wafer center. The rotation of the mandrels causes a rotary pad

not i on per pendircihedabricativhel sevmémducipadeties, 4 vargtyx of wallef preparbiied  di recti on.
During the polishin eration, nqzzles irect. sprays.of liquid, e.g., an
abr asi ve QP%?W}{S ape ?’fg%“ﬁgl ¢ d’f%?(tq%é‘ﬁ?m@?’ tgeqq Wedgr IEYGP%‘?‘P%?P%?JOHQ@“SHQ
OpposiAg  gihdiAs 8erfiorsHRd WBliSing/HARart: a&@gﬁé& @ns! &1 S HARWA hdchgmpdier enti al
polis (lpng syslt%n??s ctn'LSat ¥re‘talprng)%/ﬁcalles aonI c?r cntﬁm‘ %rgnti al pol %ghi ng

noti on. Aplasaridation EMPY! &k keowe pokishing/manaeatiopptedhniguenades platens ovith acr oss
each waf er surfac?,, wth the vel ocity near the fer, edge bei ,nggcrgr eat er

than the DREPERNRPlsRiAE Mafionydingdisadygnizee ofthis iscanigrs i AL 1FEUECaESe it not
only r esuLtEﬁ pfd}eéﬁ\gesq Whiarseé tiﬁgt{old%nﬁoaﬂé 9elatively expensive. Another

disadvantage of this technique is that it tends to produce wafers having surfaces that suffer

15  from a relatively high degree of topographic variations.

Another known polishing/planarization technique involves circumferential
polishing. In one known circumferential polishing system, a wafer is rotated in a vertical
orientation by wafer drive rollers. As the wafer is rotated, a pair of cylindrical polishing
pads is brought into contact with the opposing surfaces of the wafer. The polishing pads

20  are mounted on counter-rotating mandrels disposed on opposite sides of the wafer being
processed. The mandrels span across the diameter of the wafer so as to pass over the
wafer center. The rotation of the mandrels causes a rotary pad motion perpendicular to the
wafer diameter in a circumferential direction. During the polishing operation, nozzles
direct sprays of liquid, e.g., an abrasive slurry, a chemical solution, or a rinse solution, on

25  the opposing surfaces of the wafer.

One drawback of this known circumferential polishing system is that it provides
only circumferential polishing motion. As such, the relative velocity of each pad is not
uniform across each wafer surface, with the velocity near the wafer edge being greater

than the velocity near the wafer center. This is problematic because it not only results in



-2 the creation of circunferential residual scratches on each of wafer
surfaces, but also results in a nore wafer material being renoved fromthe
center powoarrsef2z t he wafer than near the perineter due tRECTIISBD1/Q04Bat er
dwel | time experienced by the center portion of the wafer. As a
consequence of this nonuniformmaterial renoval rate, each of the opposing
surfaces of 5 the wafer tends to have_a flared contour, i.e., a contour in
which the central portion is depressed relative to the edge portions. As

t he sem conductor industry noves toward the wuse of smaller, e.g., 0.18 m
and small gr, feature. sizes, .such .flared contours _ ar undesirable. In view
of 't he. 1 oflEsBTg of isF e Teny A ERg A SRSt 2t s SR AT Lo glsO ol

ci reunf er gy jndke WakeP maRiRAPBIAS tedbvel HonlThB cBAtEESortiBE o B M dfQh & near the |
circunferential residual scratches, provides processed wafers have desired
surface cperimeesducatodhe geehieedwellitimieskperianaddby the spricapirtion optheardfensAs o be

f d f .t hout . ' t f b tat i . SUMVARY OF
TEE | NVEN PORCRSTE DL B b B BaCHle: PR T P BQUATS Ohood by
provi c§ nguRRyABNRh& tdShayd 2 FlaRURBAGLA F.eY 8 Chbhtodt InvIAER ﬁi%tc%ﬂtrﬁ%hfd?gglmt or

wafers. In accordance with one aspect of the present invention,
appar at us démesspd eghativiertg theaedge poionsluds dre saai@mdigopindustdenovesitewaplshe at us

includes a pair of drive rollers disppsed so as_to s ort a sem conduct or
wefer in Bokelsaallng 1018 dmand Smalieh iatite siges: Stshtred CORRISATr v rol | er s
is configypedihigebe coupled to a drive belt for rotating the drive rollers.
The apparatus further includes a pair of wafer preparation assenblies that
i s novably di spogied ofitie fome gy tengisraalead farrshethod Batfppafataier waf er
preparation assenbljes _has a first wafer reparatiqn nenper and g second
vaf er 1r eﬁ‘é‘f"&‘?ﬁ%ﬁﬁm Wesr prepaationtha MHY RS b caprtion el Gippmiceensiabienigualo o
into a figgh pas Pltdv?c%s #)Poc\é@eg Wy 2836 Raf ekt %drfaéé cHREGE, RUSRABIA! @Rt
menbers is positfoned to performa First Vet er preparation operatlgn on the
waf er andwiafdr @reparsion@perafiony foiberpetforméd aha wafeh wathothwosiag drdwataf er
preparation nenbers is positioned to performa second wafer preparation
oper at i onb@fi¥eematatignser . I n accordance with another aspect of the present

i nvention, another apparatus for preparing a sem conductor wafer is

di scl osed. The apparatus i SUMIESRY OF THE INVENTION ve 30 roller rotatably
di sposed on a first roller arm with the first wafer drive roller being WO
01/ 75822 PcCT/ uBnaadlpa@gking, the present invention fills this need by providing an apparatus

for preparing vertically oriented semiconductor wafers.

In accordance with one aspect of the present invention, an apparatus for preparing
a semiconductor wafer is provided. The apparatus-includes a pair of drive rollers disposed
so as to support a semiconductor wafer in a substantially vertical orientation. Each of the
20  drive rollers is configured to be coupled to a drive belt for rotating the drive rollers. The
apparatus further includes a pair of wafer preparation assemblies that is movably disposed
in an opposing relationship. Each of the wafer preparation assemblies has a first wafer
preparation member and a second wafer preparation member. The wafer preparation
assemblies are movable into a first position in which each of the first wafer preparation
25 members is positioned to perform a first wafer preparation operation on the wafer and into
a second position in which each of the second wafer preparation members is positioned to
perform a second wafer preparation operation on the wafer.
In accordance with another aspect of the present invention, another apparatus for
preparing a semiconductor wafer is disclosed. The apparatus includes a first wafer drive

30  roller rotatably disposed on a first roller arm, with the first wafer drive roller being



-3 oriented to rotate a wafer in a vertical orientation. The apparatus al so
i ncludes a second wafer drive roller rotatably di sposed on a second roller
arm w t hwaafiensoadri ve roller being oriented to rotate a WwalTewSoimo4a9
vertical orientation. Each of the first and second roller arms is
configured to transmt rotational power to the wafer drive roller disposed
thereon, and 5 each of the first and second roller arns is pivotable
between a first position and a second position to adjust a height of the
waf er drive roller disposed thereon. In accordance with yet another aspect
of the present.invention el f.-ali.gni ndrel .assenmbly .is_ provided.
The. assentiguhiortes §ie fr R Gorrcd ol o SREMrim B AR e od on
an outer gufek affe Rillet Rftatabllyidiposediadn 4 HO6Hd oReLarntd WIBNWARE dSelolledbbing
surrounds the cylindrical inner core. The mandrel shell has a wafer

pr epar at i onented rroteke a whfer weal vertica wrientaton. sBachand éhe fiest ewd secamdirollaearmsndr el
shell is pivotably supported by the ulcrum such that . the ndrel shell

21 ans. vi PIFORHERFY IR g adver (g R Wl P e oSk Ee Ao §
contacy s ER of e S Larfdl seb ORI PUBSIAR T Epivbiablebetwels: sittROMdaddonahe
foregoi ng general description and the followng 15 detailed description
ar e exenppesityoraochdpxspd heighioofithowhier drive willer disposeé teréant | ve of t he

i nvention, as ¢lained. BRI EF DESCRI PTI ON THE DRAW NGS T 1cconpanyi ng
drawi ngs, whi cH #FerdanceViieyehasgienasprd Oégf‘:FstPsteﬁf EVpEfqn, 613&?13 gung
speci fi cat,f J r; i t f athe i i and

t oget her a% ?‘F}kﬂ éﬁsgélyﬁlg lgtggﬁég%ﬁ%%@%g 9 %lﬁgé}p%??l%d%ﬁg lfﬁ)ﬁég%gﬁ gé of the

i nvent i onfulérumidispoked on amoetedsiefaey af ihe oylndeivabihiner cvdd. eA npanepsd shadll on
apparatus in accordance. with one enbodi nent of the invention. Figure 2 is

a si d¥ el sipsunghthgicalindical nweygare Ths waudrak shell haphp Hakar PEeraréiRn mpatcriati gure 1
t hat sh ] I - i I i I I d
ot 1 shi ngTsed TSl Ada ineleB 38 it aRer i RSRPGHAY SUpBAL e 00

suppor t edfuitutnschveiae thedhandgel shéll higsagaedilrface bf guutRtdeivheathendfee! evati on
view of the wafer preparation apparatus shown in Figure 1 that shows the

dri ve casPisBaraiion aafesigheonsgctée syrdace 9b dieesubsisite.n whi ch t he pol i shing pads

mounted Lo ettt el RO R R 158 Re BRb 188

15  detailed description are exemplary and explanatory only and are not restrictive of the

S

invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute part of
this specification, illustrate exemplary embodiments of the invention and together with
20  the description serve to explain the principles of the invention.
Figure 1 is an end elevation view of a wafer preparation apparatus in accordance
with one embodiment of the invention.
Figure 2 is a side elevation view of the wafer preparation apparatus shown in
Figure 1 that shows the right-hand drive casing and its associated mandrels and polishing
25  pads in cross section, and further shows a wafer (in phantom) supported by the wafer drive
roller assembly.
Figure 3 is an end elevation view of the wafer preparation apparatus shown in
Figure 1 that shows the drive casings in a range of neutral positions in which the polishing
pads are out of contact with a wafer and engage optional pad conditioners mounted to the

30  walls of the housing.



-4 Figure 4A is an elevation view of the wafer preparation apparatus shown
in Figure 1 that shows the wafer preparation drive assenbly, the | evers
for pivotwaopithsizwaf er preparation assenblies, and the | ipggarSoageasat or for
pivoting the pivot levers, all of which are disposed outside of the
housing. 5 Figure 4B is a nore detailed view of the |evers and the |inear
actuator shown in Figure 4A in which the actuator rod is shown inits
upwar d, extended position. Figure 5A is a cross-sectional view of a wafer
preparation assenbly, in which a self-aligning mandrel having a pad is

conbined with g brush. in ordan i n |.ternat] Vv i ent of the
i nvention. 10 E‘!ggﬁer@?%%i 1 cglg\gaﬁﬁggléfé\xggﬁtﬁ%:}\Vggear\ﬂr%%r%*ong‘%ééerﬁg{s Ean%gﬂrgndrel
assenbly sgishdws thEmgidrdr&rdtidatdrive askea®ln fhd 18Gerk €6H RVotiake fRie to shel |
center fulcrum Figure 6 is a graph that shows the anmount of wafer material

renoved vpicpdrgtipmalisembli¢soand ihgdinparragimtor her piEdtang thepivot vetsodlt of whichwaf er s

subj ected_t o.conventi.on centerline polishing. 15 Figures 7A and 7B
t oget her %rﬁglﬁppﬁege%uﬁsdg?gtlrthaﬁgltlsin?%uti on of wafer material renoved from four

test vgfers subjged 4Bl id PmeR kel asw o£®BBIdietd M@ tROlihsd iab@ator Sk @S 8A and
8B are graphs showing the wafer material renoval rate (A/nm versus position

across t hBigaes 4 inf whichdke aciidterrod poshiosmdd iatupwand, aateadedcpasttionl i ne only in
accordance w th. conventi onal .actice. 20 Figures 9A and are aphs

Show g the. vl ARG § SR RO e of { witef Dbt A56wph BT FuEh 3o ne
vaf er forsélﬁai%m@g Rh 8B ERELpddSik 08mBe@ Wfitht BHIBT, 9 aR@tdaaBE Reh aget hod i n

accordance wi th one enbodi nent of the invention. Figure 10 shows a
t hr ee- di neltsnaivalembiodgnentnobfheanweation. preparati on station in accordance

L1 g Sreockimt sptLhe | Buepl o 60, LSS LS IR fl LSt ate I
oo e RS AR e TSR ETL AL, | T O ver
wi t h ref er enceFigurd his sagrepinihanstiong ths amoung ©f WARr @t 48nPEH/ veBod 4l 39 - 5
location across the wafer face for four test wafers subjected to conventional centerline
polishing.
15 Figures 7A and 7B together show the angular distribution of wafer material
removed from four test wafers subjected to conventional centerline polishing.
Figures 8A and 8B are graphs showing the wafer material removal rate (A/m)
versus position across the wafer for test wafers polished at the wafer centerline only in
accordance with conventional practice.
20 Figures 9A and 9B are graphs showing the wafer material removal rate (A/m)
versus position across the wafer for test wafers polished using an off-diameter polishing
method in accordance with one embodiment of the invention.
Figure 10 shows a three-dimensional diagram of a wafer preparation station in
accordance with one embodiment of the invention.

25 Figures 11A and 11B illustrate in greater detail the wafer preparation apparatus

in accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Several exemplary embodiments of the invention will now be described in detail

with reference to the accompanying drawings.



The foll ow ng enbodi nents descri be nethods as well as apparatus that can be
used in the preparation of substrates. Such substrates can include, for
exanpl e, weoameeonduct or wafers of any size, such as 200 mpPorvafs®n149043800 nm
wafers (and smaller or larger wafers). In the follow ng description, the
preparation apparatus of the 5 invention is described in connection with
the preparation of wafers. It should bes_  understood, however, that the
preparation apparatus al so can be used to prepare other substrates such as
hard di sks and the |ike. Preparation operations include, for exanple,

buffing, chem chanl ca oI I S scr ubbin done in

vt er el i e G RebA bR e e B apre @R g e B T the
various eyaiRh & préfhrdEHESRUbARER0 Guch BhsARREEA! H#e1udb Soflbsmhsed t hat

assi st in achieving high precision and controlled preparation. For

i nst ance, senieondusyavafére of anghiizsy euchins 208ymmfwafems, 3smersafem{dndppaleat us
enable controlled_s in buffin and_pol i shing on desifed surface
ooat | onaOotEeh S Gatoth Sedbliawine deschnniaa. G urrmiet aBrbEs AbTEd o

di ff erent ;GO &l 'd@&nble&’ﬁ?édn%@éudﬂ\h% ﬂlegy?e&{%?zﬁ oA v, R@ﬁ@&l&b@r eparation

at different surface locations and erent tinmes. The preparation,
by way of ubdesestdod; bbosedt, &pp@e@taperatmalappdrstus allsclcatdbe uednd ptapawdﬂimrdl fferent

preparat i o menber brushes ds, Accordin , the

fol | owi ngSHRsEeEs b‘{‘??‘cﬁ%%é%%o@}ﬂﬁ 8 helie emr@%qn i Grer DS el SKHRREy s
descri bed I are a front
end crossb‘?glli:l i ona v?lﬁaev(\:/ﬂﬁlg %é%i 5?@?‘3135 (g%%?" ?g%gﬁ%kle%w,

respect i veleyning), etehingf ard mrsmgiwah ﬂurdsapqﬂaam]DDWanen RGhacairudaramples,t h one
enbodj ment of _the i nventl on hown therein, wafer preparatjion apparatus

1 i nclQdeseveel sicthpds anqﬁpmatg%mésscg@e%th@hw@# in achjeying high pFisipaangdys

conponent ts el ow.
Sem conduc : IRIOIIIGQ/&FZ)BB\?{PH\AE gtiarsuygé kﬂevézg%ag%@-ngdﬁﬁﬁgeq:%%g%iﬁ]% gétk) ag e-on (in
phant om) amd &ppatites ehablesondolquasabbary, vaffep, aid potishiakloardssifed sGifatd a
vertical orientation. 25 As shown in Figure 1, wafer Wis in contact with

upper pai focaionsaif ithensubgirgied Shas is, ghe subaﬁr%tﬁ can %tn%%toshf,f@wvbféwrﬁgec} i ght
waf er faCf‘oC}M Wgﬂl@ 5{1 ef?&gsuge to éh%ﬁg%éébgaé o%fe& d fré’t{t aﬁﬁ?&gloéé@ &}’éﬁ{ fos W

pol i shi ng pa are di Sengag

V2,  respeitteratt tivhes VEhe prephpai,dyi iy @ﬂlﬁaﬂﬁbluSe chsnedn s 1hc1h1aé erally
symmetrical; however, nunerous assenblies and sub-assenblies are

pr ef er abl ortacs padeditfarzrhRieparation Jempers 468 biushgy P@Ciﬁeetﬁi)g pecerdinglafthe of t he

Pousi ng 2UEgng ol Gould % By RN BEemetiafifles el fafldy V' be
WD 01/ 75942 PCWatSQkEJP4@sh apparatus: Figures 1 and 2 are a front end cross-sectional view

and a right side cross-sectional view, respectively, of a wafer preparation apparatus in

20  accordance with one embodiment of the invention. As shown therein, wafer preparation
apparatus 1 includes housing 2, which serves as a support structure for various
components of the apparatus, as will be explained in more detail below. Semiconductor
wafer W, which is shown edge-on in Figure 1 and face-on (in phantom) in Figure 2, is
disposed on wafer drive rollers 6, 6' in a vertical orientation.

25 As shown in Figure 1, wafer W is in contact with upper pair of polishing pads 8§, 8',
with right pad 8 contacting right wafer face W1 and left pad 8' contacting left wafer face
W2. Lower polishing pads 12, 12' are disengaged from right and left wafer faces W1, W2,
respectively. Wafer preparation apparatus 1 need not be bilaterally symmetrical; however,
numerous assemblies and sub-assemblies are preferably disposed symmetrically in pairs to

30  theright and left of the plane of symmetry of wafer W as supported in a vertical

orientation within housing 2. For that reason the terms “right” and “left” will generally be



-6 used herein with reference to wafer Was shown in Figure 1.
Alternatively, it is possible to have a pair of brushes 12b as well as a
pai r of pedsoiasshown in Figures 11A and 11B. In the exarpTteysothesshr ushes
are identified as brushes 12b and can either be nounted on a nandrel or a
brush core that is connected directly to one of the gears 44 or 46. 5 As
shown in Figures 1-3, upper polishing pads 8, 8 are nounted about the
perimeter of cylindrical upper nmandrels 10, 10', and the | ower polishing
pads 12, 12' are nnunted about the perineter of cylindrical |ower nmandrels
14, 14' owe ndr el ar ed h rlzon 1y,
are arr anbed 008 AR TESHERE IR BREN Sotiond gl T aNRRERTSy IR e
right sidg Mve\&?f afifof Dhafes LR welP lir dfhadaBeisHowah FLirsRMK ghd 148, are on
o]

the left side wafer W A sel ectable vertical spacing separates upper
and | ower Imthadxahplpathe brusbes ar@ ideatitied 45 brighes 12k spe can aithleybe mountaé on a

enbodi nent , h u ar.e s aced. apart fracti on of

Che vt o anget ot PREE, ¢80 thy W EipnBltd 8 S SBAC S nE R 408 B

three-guart er s AQfh g iV ﬁfesrl@'uﬁﬁcr @hlﬁ ?a&fS &858 nffuntaR@bumedr el s 10,
10" and each of | ower. dre S ' otatably nmounted wthin drive

casi ngs 1ferirh&ed & thadnd:al oppasmanidredsn t0, d@ésn@&mrlowq pdhahmgspadmllatlﬁtﬂry
coupl ed to waf reparation enb nal det i.ls of
waf er pr ewg@ﬁghglggﬁqgergggt@qgcyﬁg%@i iwéﬁ@@%ﬁpﬁé CUipgeh 2 H%Wﬁreadl ng

;\r/\?l‘/grangg% {h%Islglﬂl nca;rélgle bo Wﬁh%n allj(;t at i ng rrechanruspﬁ] P@Bﬁrelt%ﬁfsaﬁ{ ?tl o

r ot at i onalowed mundreﬂ 44 aeenetr the $1glhﬂs1de16f waforWldnd upper mandiphl)' endjhgene nt

mechani sm 15, 20 which contrall abl ol i shing pads, 8, 8 and 12, 12
into Hhd Bundist 14 g aethe Jgft pide %Wefé &ﬁ?ﬁcﬁa@ﬁé’ﬁgﬁ@ SRAGINEiSERATEES UPREF ght
and | eft ' tar o} ach of
ahich i s bRefARhaRTphf 1oL 20 B LSRN O o el ff vengic

ri ght driwed oagr pgrslde ppaced szirt)b}bﬁ fnaqmrmfth@wafer eqatting, pMafrablycﬁmr gbdube pl ane
of wafer 25 W upper pO|IShI ng is nounted on mandrel 10, is

whi ¢
noved i nt 8NEBRATEE 0 §loukthreg- W@Waﬁféhe W&@éfwusarﬁiletﬁﬁ‘é of sadr ofgEPeRAtels ad

12, which S face W
. Ont held())’ @éa@ O?\[;\l)nen r 'ng etlslg‘% |1\L}elsé§gt:é§§’ @Wp@‘&gﬁn dtrg'gbr%A%sellr6fs | ower
end i psvar d6lémﬁrodw&1hﬂa i RR& aring ter is\Molatdty Eduplodao $aferlppaRiEatiopalivehi ng pad

12 is noved into contact with rlfqht wafer face W and upper polishing pad
30 8 is mbssembhinkly Add;ﬁmal grteilpaf wafer prepargion deivegspembly ldmsasctferth o t hose

skilled i Bel%w%n%e} thd Be it %@er B?Bafﬁ?%%/ﬂrgr%?’@ssembly ” In one embodiment, wafer

preparation drive assembly 17 includes both pad rotating mechanism 13 to transmit

rotational torque to mandrels 10, 10' and 14, 14" and pad engagement mechanism 15,
20  which controllably moves polishing pads 8, 8' and 12, 12' into and out of contact with
wafer W.
With reference to Figure 1, right and left drive casings 16, 16' pivot around pivot
points 18, 18', each of which is located a small distance from the plane of the wafer W.
When right drive casing 16 pivots to bring its upper end inward toward the plane of wafer
25 W, upper polishing pad 8, which is mounted on mandrel 10, is moved into contact with
right wafer face W1 and the lower polishing pad 12, which is mounted on mandrel 14, is
moved away from right wafer face W1. On the other hand, when right drive casing 16
pivots to bring its lower end inward toward the plane of wafer W (see Figure 3), lower
polishing pad 12 is moved into contact with right wafer face W1 and upper polishing pad
30 8 is moved away from right wafer face W1. It will be apparent to those skilled in the art



-7 the foregoing description also applies to left drive casing 16", which
may pivoted to nove upper and |ower polishing pads 8, 12', respectively,
into contewaxowwsedz | eft wafer face W2. Thus, pivot points IT/UB1/1@432 Cl 0Se
enough to the plane of wafer Wso that drive casings 16, 16' need only be
pi voted through a noderate angle A, A" to bring upper 5 polishing pads 8,

8 (or lower pads 12, 12' for the opposjte pivot angle) into contact with
waf er faces W,, W2 so that wafer Wis "pinched" by the opposing polishing
pads. The angle A depends on, anong ot her things, the pad dianeter I n one
enbodlnen the a t.0 about. 2 howni

lgur e 3, ttgeoRE dntiainhian s Bthes 16 1o CadR AR, HRLRETH RETFS Hiver W so

that whenyglid-gd fedr pERs &ggpéeﬁ 8, eme r&py&ived frffo Bonthbt SBIREIER W afer\iRES Wo2l
position, both upper pads and | ower pads 12, 12' assume a neutral

position in mirbmph@ypame i, d8rgaglest enodgio tst theplapo of waferW 5o thea fisve W by a
bstanti al t f d 16, 16

perm s cPiER IPnLS appRon IR ARl tbiel S et mislefer” BRORRIEL 1 of

mandr e s Rélﬁﬁﬁlg%%@%aé %Mo%?ﬁa’ﬁﬁc%lz' ![Q‘@«Bﬂh§ Qpﬂcﬁﬁ& pfd&?aﬂg’ie)lqﬁid RtRewRAd

mount ed t her eol¥ contact's one of the wafer surfaces. such, a wafer may
be subj ectaterfaes Wol, P ao d:taéwpfdr V6 e fpgncdlpé’ t byt the rmppmlmglpmilshhfg pee$.eThe

preparation_apparatys: one hi ng tion th th fer "pinc ed"
et mecn 1 RIS Epesbians APAGe Bla T the Ra gumerery i Pue piae e a B GHEt ¢
the waf er A"ipLRGHYS td’@&oWF%b tﬁ?@wév%}“’%% sl%llzﬁ #E; Qrel@a ?\/ot Mﬁismsc?é'tdré‘fé!rng

reference’ to Figures 1-3, wafer Wi's sinul tanéousl ported 20 and
driven i nemmtghtframmttte)plmfcérwaﬂenWsoahaﬁevttehyinﬂacashngsdﬁel@mimpiwnkedtto awaf er

drive assenbly 23 is a variahle drive a Figure 2 shows
waf erl (g?Pef%IYYa‘f?Fb%; P?%u%tbﬁttf’au %@ gsa%ﬁ il@wer pags ?iﬁglb asshggatieiral

posi tion, fer W
"o gar PSR TiE iy AR Eenss L g dﬁébﬁ&’s SR rdter baf%%%faﬁué‘@
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21 to 30 transmt _rotational power to the drive rollers 6, 6'. Variable
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that regulat ﬁ(ﬁlshlﬁ% df) bR i FKE W “Bf(ncﬁéa”lb%{ween the upper polishing pads and

the other polishing operation with the wafer “pinched” between the lower polishing pads.
With continuing reference to Figures 1-3, wafer W is simultaneously supported

20  and driven in rotation by wafer drive assembly 23. In one embodiment, wafer drive
assembly 23 is a variable height edge drive assembly. Figure 2 shows wafer W (in
phantom) in both a raised position, Wa, and a lowered position, Wb. As stated above,
wafer drive rollers 6, 6' support wafer W. In Figure 2, wafer drive rollers 6, 6' are shown
(in phantom) in corresponding raised positions 6a, 6a' and lowered positions 6b, 6b'.

25  Wafer drive rollers 6, 6' engage the wafer perimeter edge, Wp, and are mounted to the end
of roller arms 20, 20', which in turn are pivotally mounted to a frame member. The frame
member may be supported on a suitable support structure, e.g., right side wall 4 of housing
2 or housing floor 5.

Variable height edge drive assembly 23 includes roller drive mechanism 21 to
30  transmit rotational power to the drive rollers 6, 6'. Variable height edge drive assembly 23

also includes wafer translation mechanism 27 that regulates the pivotal movement of roller



WO 01/ 75942 PCT/ US01/ 10439 -8 arns 20, 20' by pivoting the arns about pivot
points 22, 22'. Roller arns 20, 20' are geared together as a pair to cause
themto cewntiegnsoqi vot in symmetrically opposed notion. AddiTrisomad43get ail s
of variable height edge drive assenbly 23, including additional details of
roller drive nmechanism 21 and wafer translation nmechanism 27, are set forth
bel ow 5 under the heading "Variable Height Edge Drive Assenbly." Wafer top
alignnment roller 24 is nounted on alignment arm 25, which is in turn

pivotally mounted to alignnment tensioner 26 nmounted to the upper portion of
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rmverrent f drive roll 0 e. B causes, t he nter W
Teove B peTiomaaByE e (e Bissinon 18 e PabE Uppeponitah of HAdeh P Eat o0
by doubl eg ﬂb‘%ﬂf{sdzé ﬁartﬁavlo%;sﬁﬁgﬁ %%Ewﬁ)( mﬁto ko Ed«%ru‘e Eaddft dn%r s 6, 6
may be contr to contro verti c n of y way of
exanpl®, tdge rdli¢rs enaydel Bed tovmgisbim sappatiegl stalwlmmg yotannig mmﬂmmlrr@/mlemngw at

wafer Woscillates up and down relative to the polishing 30 pads (8, 8 or
12,12"). the wafer.

Roller arms 20, 20' and drive rollers 6, 6' are shown in Figure 2 in an intermediate
angular position. A typical operational range of pivotal movement of roller arms 20, 20’ is
indicated by the upper and lower depictions of drive rollers 6, 6' in phantom lines, which

20  define the pivotal range of motion as angle B. The upward motion of the roller arms 20,
20' causes drive rollers 6, 6' to move upward and closer together as a pair. This in turn
causes wafer W to move upward, primarily because of the higher position of the drive
rollers but also in part because the drive rollers are spaced closer together. On the other
hand, downward pivoting of roller arms 20, 20" causes a corresponding lowering of wafer

25 'W. The movement of drive rollers 6, 6' through angle B causes the wafer center Wo to
move up or down by a corresponding vertical travel distance indicated by double-headed
arrow C (see Figure 2). The motion of drive rollers 6, 6' may be controlled to control the
vertical motion of the wafer. By way of example, the drive rollers may be pivoted
inwardly and outwardly so that wafer W oscillates up and down relative to the polishing

30 pads (8, 8 or 12,12").



WO 01/ 75942 PCT/ US01/ 10439 As shown in Figures 1-3, wafer Wis disposed in
a substantially vertical orientation and the polishing pads are di sposed
in a substkvaygii@ddy horizontal orientation. It will be apparaoiieusd hose
skilled in the art that wafer Wnay be disposed in different orientations,
if desired. It will be further apparent to those skilled in the art that
the polishing pads may 5 be disposed atyan angle with respect to vertical,

if desired. In this case, the notion of the wafer with respect to the pads
should still be generally perpendicular to the axis of the nmandrels. A
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via an outer shaft. Thus, coaxial shaft assembly 19 is an integrated component of both pad

rotating mechanism 13 and pad engagement mechanism 15. In one embodiment, wafer

20  preparation drive assembly 17 includes separate coaxial shaft arrangements 19, 19' for
drive casings 16, 16', respectively. The description herein with respect to the movement of
right drive casing 16 is also applicable to left drive casing 16'.

Coaxial shaft assembly 19 includes inner transfer shaft 28 and hollow outer pivot

shaft 30. Transfer shaft 28 transmits rotational power to the mandrels (10, 10', 14, 14") and

25  isjournaled to bearings 43a and 43b, which are mounted on the inside of outer pivot shaft
30 adjacent to each end thereof. Outer pivot shaft 30 is in turn journaled to wafer
preparation drive assembly mounting frame 32 by bearings 31a and 31b and provides
pivoting control of drive casings 16, 16' so that one of the pairs of the polishing pads (8, 8'
or 12, 12") may be brought into contact with wafer W.

30 As shown in Figures 2 and 4A, pad rotating mechanism 13 includes left and right
wafer preparation motors 34, 34', drive pulleys 36, 36, belts 38, 38', and shaft pulleys 40,



WO 01/ 75942 PCT/ US01/ 10439 -10 40'. Drive pulleys 36, 36' are rotatably
nmounted on notors 34, 34', respectively, which are nounted beneath frane

32. Bel t sw®1/738(> are di sposed on drive pulleys 36, 36" ampdtetsitosspul | eys
40, 40', which are nmounted on the ends of transfer shafts 28, 28",
respectively, that extend outside of frame 32. As shown in Figures 2 and
5, transfer shaft 28 extends 5 through gnd walla to connect rigidly to
transfer pinion gear 42. Transfer shaft 28 is journaled by shaft bearing
43a, which is in turn nounted within drive casing 16 in alignment with

pi vot point, 18. Transf haft 28 (not shown in Fijgyres 2 and 5).is
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Upper and lower mandrels 10 and 14, respectively, may be rotatably mounted by
conventional journal bearings to drive casing 16 so as to be driven by mandrel gears 44, 46
20  while at the same time being supported parallel to the face of wafer W. In one
embodiment, mandrels 10 and 14 are supported by self-aligning mandrel assembly 48 that
automatically aligns polishing pads 8, 12 with the face of wafer W upon contact with the
wafer face so as to distribute the contact pressure of the pads evenly upon the surface of
wafer W. Additional details of self-aligning mandrel assembly 48 are set forth below
25  under the heading “Self-Aligning Mandrel Assembly.”

With reference to Figure 4A, wafer preparation drive assembly 17 includes
separate drive motors 34, 34’ for drive casings 16, 16'. Motors 34, 34' may be operated by
conventional power supplies, controls, and feedback sensors (not shown) to rotate in
opposite directions so that the pads (either 8, 8' or 12, 12') on opposite sides of wafer W

30  are likewise counter-rotating, preferably at substantially the same rotational rate. The

rotation of the pads is preferably selected so that the pads exert a downward frictional



rotation of the pads is preferably selected so that the pads exert a
downward frictional WO 01/75942 PCT/ US01/10439 -11 force on the wafer and

t her eby helgog/se2mai nt ai n waf er engagenent with wafer drivwerwohhenss 6, 6.
Motors 34, 34" may be manually controlled or may be sequenced and
controlled by a suitably programmed conputer systemthat activates
conventional nmotor controllers (not shpwn). It will be apparent to those
skilled in the art that, if desired, a 5 single notor may be used with a
sui tabl e power transm ssion, such as a belt or gear transm ssion, to
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rigidly connected to drive casing 16 so that any rotation of pivot shaft
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output rod 58 extending upward to pivotal connection 59 adjacent to the end portion of

-

lever 52 (see Figures 4A and 4B). Thus, an upward extension of rod 58 causes lever 52 to
20  pivot counter-clockwise (from the perspective of Figure 4A) and causes opposite lever 52'
to pivot clockwise through an equal angle via enmeshed gear segments 54, 54'. As shown
in Figure 4B, rod 58 is extended upward (relative to the position shown in Figure 4A) to
pivot the levers 52, 52' in the manner just described. Those skilled in the art will
recognize that a downward retraction of rod 58 (not shown) produces a pivoting action
25  opposite to that shown in Figure 4B. In other words, when rod 58 is retracted
downwardly, lever 52 pivots clockwise and lever 52' pivots counter-clockwise.
As shown in Figures 2 and 5A, outer pivot shaft 30 is rigidly connected to drive
casing 16 so that any rotation of pivot shaft 30 causes a like rotation of the drive casing.
The rotation of drive casing 16 in turn causes a corresponding movement of the upper and
30  lower mandrels 10 and 14 (or brushes 12a/12b), respectively, toward or away from the
plane of wafer W. The range of throw of actuator rod 58 is preferably selected and



30 lower mandrels 10 and 14 (or brushes 12a/12b), respectively, toward or
away fromthe plane of wafer W The range of throw of actuator rod 58 is
pr ef er abl wosal7eeeed and WO 01/ 75942 PCT/ US01/ 10439 -12 corraToisoado43n
provi de a pivoting range of outer pivot shafts 30, 30" sufficient to permt
sel ective engagenent of upper and | ower polishing pads 8 and 12,
respectively, with wafer W As noted gbove, the pivoting range will depend
on, anong other things, the diameter of the polishing pads. The notion of
Ilnear actuator 56 nmay be manually controlled by 5 conventional actuator
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pivotal motion by, for example, mounting the drive casings to a telescoping linear actuator

directed toward one of the opposing wafer faces.

20 Variable Height Edge Drive Assembly: variable height edge drive assembly 23

includes coaxial shaft assembly 61 as a component of both roller drive mechanism 21 and
wafer translation mechanism 27 (see Figures 1 and 2). Coaxial shaft assembly 61 delivers
both rotational power to wafer drive rollers 6, 6' for wafer rotation and also pivotal
activation and control to roller arms 20, 20' for adjusting the vertical position of wafer W

25  with respect to polishing pads 8, 8' and 12, 12'. Variable height edge drive assembly 23
includes separate coaxial shaft assemblies 61, 61' for front and rear roller arms 20, 20',
respectively. The description herein regarding the structure and operation of coaxial shaft
assembly 61 and front roller arm 20 therefore generally applies to the structure and
operation of coaxial shaft assembly 61' and rear roller arm 20'.

30 As shown in Figure 1, coaxial shaft arrangement 61 includes inner transfer shaft 60

and hollow, outer, roller pivot shaft 62. Transfer shaft 60 is an element of roller drive



operation of coaxial shaft assenbly 61' and rear roller arm20'. 30 As
shown in Figure 1, coaxial shaft arrangenent 61 includes inner transfer
shaft 60 wand/HBef2l ow, outer, roller pivot shaft 62. TransfraT/safie43%0 i s an
el ement of roller drive WO 01/75942 PCT/ US01/ 10439 -13 nechani sm 21, and
transmts rotational power to roller 6 via transfer belt 64. Transfer

shaft 60 is journaled to bearings 63a gad 63b, which are nounted on the
inside of roller pivot shaft 62 adjacent to each end of the shaft. Roller
pi vot shaft 62 is in turn journaled to a support structure, e.g., right
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Rol | er puMatgrs 18, 66' srenotatdbdyl couplédiie deive polleysd8l, 68', shpefctiv@, which eagapd

adj acent taq t ter, end of roller arm ' 76. Roller shaft 80 [n turn
ot ol « Bt Brs th 7, Ui asRrg R i £ Th Ao steds Bie onit of
support I I | i i ment,
ol Lor  dr e o602, Fepre e e cfind Mo GA A0 wall 3, MR SREGEIRRE . Teach

of rollerbeltsXp78rnms 20, 20', as shown in Figure 2. Mdtors 66, 66' nay be

operated by conventional power supplies, controls, and feedback sensors
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motor is OhcwkichexandsivithiprelysRcasipare i engrasnollsuprlieys/sa Reller peleyghr
transm ss .ﬁsorﬂouﬁtgd Ry Eflfor roller shaft 80 journaled adjacent to the outer end of roller arm
casing 76. Roller shaft 80 in turn extends through roller arm casing 76 toward the plane of
wafer W to support wafer drive roller 6 outside of the casing.
20 In one embodiment, roller drive mechanism 21 includes separate drive motor 66,
66' for each of roller drive arms 20, 20', as shown in Figure 2. Motors 66, 66' may be
operated by conventional power supplies, controls, and feedback sensors (not shown) to
rotate in the same direction so that wafer drive rollers 6, 6' rotate in the same direction at
substantially equal rotational rates. Motors 66, 66' may be manually controlled or may be
25  sequenced and controlled by a suitably programmed computer system that activates
conventional motor controllers (not shown). In another embodiment, a single motor is
used with suitable power transmission, such as a belt or gear transmission, to provide
rotational power to both roller drive arms.
As shown in Figures 1-3, wafer translation mechanism 27, which provides pivotal
30  actuation and control of roller drive arms 6, 6', includes right and left roller pivot shafts 62,

62', respectively (left roller pivot shaft 62' is not shown in Figures 1-3), each of which



rotational power to both roller drive arnms. As shown in Figures 1-3, wafer
transl ati on nmechani sm 27, which provides pivotal 30 actuation and control
of roll erwdrives@arns 6, 6', includes right and | eft roll errqiiusot/ietsafts 62
62', respectively (left roller pivot shaft 62' is not shown in Figures
1-3), each of which WO 01/75942 PCT/ US01/ 10439 -14 extends a di stance
beyond, i.e., outside, right wall 4. The. outer end of each roller pivot
shaft 62, 62' is surrounded by and fixed to one of a pair of co-planar gear
rings 82, 82', the effective outer dianmeter of each of the gear rings
preferabl - h Lyt 22,
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outward positions 6b, 6b'. An inward retraction of rod 86 produces a

correspo ndglntgmdb‘faoéptuatqu ioutpui gl Sbotxiemds anaallm@somhfoaneammﬂé adgdcertrtbe 6, 6'
toward t hei 20 u r, inward positi . 6a' . The range. of_ thr of

ot uat or " Fispesion S iTuer uyS, Bididealisinin 09  PEFecH o' the

pi voting g@d?%g%z Sd?afAﬁ o%ar@%xteﬁy&ﬁ bﬁ'o@% chisedRMRr ¥R TRAr Mgm(w@b')a _
presel ect rtical range, as indicated by arrow C (see Figure 2). This
pr eself®ct e solet pivad shaftrégeo psvot t«nnwmd)c&maec(ﬁbm thg pbltspeculelslof Ergupeﬂ).l ons of

the wafer in position to enaep |sh|n as wll
be expl ai Wbﬁ’h 1R (B CRUSFE CBPISIP P@FS d’ﬁ’&n@? ér%g? a‘WaH’I&’t %‘taflég oY qter s 6,
6" and theoLepgt theQig & et SHghe! eriis ﬁﬁ/og@g ackon nitVes RAfR RSB r6if$8, ¢ 0

accomodat e
toward their lower, outward pos1t10ns 6b, 6b'. An inward retraction of rod 86 produces a

corresponding opposite pivoting action that moves wafer drive rollers 6, 6' toward their
20  upper, inward positions 6a, 6a'.

The range of throw of actuator rod 86 is preferably selected and controlled to
provide a pivoting range of shafts 62, 62' sufficient to move wafer W through a preselected
vertical range, as indicated by arrow C (see Figure 2). This preselected vertical range is
formulated to bring the desired portions of the wafer in position to engage polishing pads

25 8,8 or 12, 12', as will be explained in more detail later. The diameter of wafer drive
rollers 6, 6' and the length of roller drive arms 20, 20' may be preselected to accommodate
a predetermined range of wafer diameters, e.g., 200 mm wafers and 300 mm wafers. If
desired, substitute roller drive arm casings 76, 76', roller transfer belts 64, 64', and wafer
drive rollers 6, 6' may be provided in a range of sizes for convenient installation to permit

30 the geometry of roller drive mechanism 21 to be adjusted to suit an even broader range of

wafer diameters. In this same vein, substitute actuator levers 88 may be provided in a



a predeterm ned range of wafer dianeters, e.g., 200 nmwafers and 300 mm
wafers. If desired, substitute roller drive armcasings 76, 76', roller
transfer e digser, 64, and wafer drive rollers 6, 6' nay Hoa/gsoonddded in a
range of sizes for convenient installation to permt 30 the geonetry of
roller drive mechanism 21 to be adjusted to suit an even broader range of
wafer dianeters. In this sane vein, sulstitute actuator |evers 88 nay be
provided in a WO 01/ 75942 PCT/ USO01/ 10439 -15 range of lengths (or |ever 88
may be nechanically adjustable in length) to adjust the nechanical
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whi ch polishing pad 8 is affixed, is supported by self-aligning mandrel
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so that the core may_rotate independent, of the spipe when driven by_mandrel
gear 44, epeted Eswgfﬁapae@arag%gaf/%%maﬂé S  PRHEACA PR e GUPRST B8 of

the hol I oy, 543f 1o. 9§piﬂé ofeReh& gd3ERly parallel to wafer W and terminates at point

beyond mandrel centerline 91. Upper mandrel gear 44, which has a hollow core,

surrounds spine 90 and is journaled upon the spine by gear bearing 92, so that the mandrel
20  gear may rotate independently of the fixed spine (spine 90 is fixed relative to drive casing
16). Upper mandrel gear 44 connects to mandrel core 94 so as to transmit rotational
torque thereto. Mandrel core 94, which is formed as a hollow cylinder and surrounds
spine 90 with clearance, is journaled on core bearing 96 adjacent mandrel centerline 91 so
that the core may rotate independent of the spine when driven by mandrel gear 44. Seals
25  97aand 97b are situated on the outside and inside of the hollow shaft 98 of mandrel gear
44, The seals 97a and 97b are configured to keep fluids and/or slurry out of the drive
casings 16 .
Mandrel shell 100, which is formed as a hollow cylinder and extends at least the
desired length of polishing pad 8, surrounds mandrel core 94 with clearance. Mandrel
30  shell 100 is supported by shell center fulcrum 102 at a point adjacent to mandrel centerline

91. Shell center fulcrum 102 may be any suitable structure that surrounds core 94. In one



44. The seals 97a and 97b are configured to keep fluids and/or slurry out
of the drive casings 16. Mandrel shell 100, which is fornmed as a hol |l ow
cyl i nder veadr/e9sends at | east the desired | ength of poliBOT/g@E3S,
surrounds mandrel core 94 with cl earance. Mandrel 30 shell 100 is supported
by shell center fulcrum 102 at a point adjacent to nandrel centerline 91.
Shell center fulcrum 102 may be any suitable structure that surrounds core
94. In one WD 01/ 75942 PCT/US01/ 10439 -16 enbodi nent, shell center fulcrum
102 is aresilient Oring disposed in groove 104 formed in the outer

surface of adrel core 94, Shel| center  fulcrum 102 provides ent er
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O ring. |shovmen &EigywelDARhy thet pivot@dgr dctign hbidrive casing 16, the contact pressure of the
polishing pad with the wafer will cause mandrel shell 100 to tilt until the polishing pad is

e

aligned parallel to one of the wafer surfaces and the contact pressure is evenly distributed
along the line of contact. Torque connector 106 simultaneously transmits rotational torque
20  to mandrel shell 100 so that polishing pad § rotates and thereby generates polishing action
on the surface of the wafer.
Figure 5B is a more detailed view of self-aligning mandrel assembly 48 shown in
Figure 5A that focuses on the region proximate to shell center fulcrum 102. As noted
above, shell center fulcrum 102 is shown as an O-ring. In one embodiment, the O-ring has
25  adurometer hardness of about 70-80 on the Shore A scale. The O-ring is seated in groove
104 formed in mandrel core 94, which may be formed of plastic material. It will be
apparent to those skilled in the art that spine 90 has been omitted from Figure 5B for ease
of illustration. Groove 104 is located at the centerline of mandrel shell 100, which may be
formed of stainless steel. Torque connector 106, which is shown as a drive pin, is
30  disposed in corresponding holes in mandrel shell 100 and mandrel core 94. As shown in

Figure 5B, the hole in mandrel shell 100 is oversized for the drive pin so that the mandrel



25 a duroneter hardness of about 70-80 on the Shore A scale. The Oring is
seated in groove 104 fornmed in mandrel core 94, which nmay be fornmed of
plastic maoeriah2 It will be apparent to those skilled i PCT/801ZNOB39% hat
spine 90 has been omtted fromFigure 5B for ease of illustration. G oove
104 is located at the centerline of mandrel shell 100, which may be fornmed
of stainless steel. Torque connector 10§, which is shown as a drive pin, is
30 di sposed in corresponding holes in nandrel shell 100 and nandrel core
94. As shown in Figure 5B, the hole in nmandrel shell 100 is oversized for
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alternatively, may be automatically controlled by a suitably progranmmed

co np uter spktionplemvederryARAsHidnoRembea Fuchsis nelishing padsrmd beeshes v well as

from support components such as mandrels, drive casings, rollers, and roller arms upon
completion of one or more wafer preparation operations. The fluids may be supplied to
manifolds 112 by conventional conduits, valves, pumps, storage tanks, filters, and sumps

20  (not shown) coupled in flow communication with the manifolds. The sequence and rate of
fluid injection may be manually controlled or, alternatively, may be automatically
controlled by a suitably programmed computer that operates conventional valves, pumps,
and actuators.

Pad Conditioners: as shown in Figures 1 and 3, optional retractable pad

25  conditioners 116 are pivotally mounted to the inside walls of housing 2 adjacent to each
polishing pad. Each conditioner 116 includes generally horizontal blade 118 that spans
substantially the entire length of the polishing pad disposed proximate thereto. Each blade
118 is pivoted at pivot 120 above the blade, so that the blade may be extended toward the
adjacent polishing pad by impingement of actuator 122. Actuator 122 may be a

30 conventional solenoid actuator mounted to impinge an output rod 124 against the outer

portion of blade 118, thereby causing the blade to pivot inward through angle D. Pad



Pad Conditioners: as shown in Figures 1 and 3, optional retractable pad 25
conditioners 116 are pivotally nmounted to the inside walls of housing 2
adj acent wo @ast2 pol i shing pad. Each conditioner 116 i nclpadeissogenss al |y
hori zontal blade 118 that spans substantially the entire length of the
pol i shing pad di sposed proximate thereto. Each blade 118 is pivoted at

pi vot 120 above the blade, so that the{pl ade nmay be extended toward the
adj acent polishing pad by inpingenment of actuator 122. Actuator 122 may be
a 30 conventional solenoid actuator nounted to inpinge an output rod 124
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During operation, the door 202 is preferably closed to preserve the cleanliness of
the environment and to reduce the exposure to particulates and debris. In one preferred

20  embodiment, a slot 206 is provided in the door 202 to enable the wafer W to be inserted
into the wafer preparation station 200. In the same manner, the wafer can be removed
from the wafer preparation station through the slot 206. In still a further embodiment, the
door 202 can include a slider door (not shown), which will close the slot 206 when the
wafer is being processed.

25 As an overview, the wafer preparation apparatus 210 includes mandrels 10 and 14
which are provided with pads 8. In this implementation, both sets of mandrels 10 and 14
are provided with the pads 8 to facilitate buffing or polishing of the wafer by either the
lower set of mandrels or the upper set of mandrels when desired. As mentioned above, the
wafer is configured to be raised and lowered during preparation, and the first set of

30  mandrels or the second set of mandrels can be positioned to achieve the aforementioned

off-center processing. Also shown are the nozzles 110, which can be configured to direct



door 202 can include a slider door (not shown), which will close the slot
206 when the wafer is being processed. 25 As an overview, the wafer
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thereto 4Brovided, also including a mandrel 10 for the bottom part of the assembly and a brush 12b

for the top part of the assembly.
This illustration is provided to make clear that the wafer preparation apparatus 210
20  can be configured in many ways. For example, each of the wafer preparation assemblies
212 can be configured to include mandrels that have polishing pads 8 affixed thereto as
shown in Figure 10. In the illustrated embodiment of Figures 11A and 11B, the bottom
part of the wafer preparation assembly 212 is a mandrel 10 and the top part is a brush 12b.
In the case of brush 12b, the mandrel is replaced with a standard brush core 12a which
25  connects to the drive casing 16. In one embodiment, the brushes 12b can be polyvinyl
alcohol (PVA) brushes. The PVA brush material is configured to be soft enough to
prevent damage to the wafer’s delicate surface, yet can provide good mechanical contact
with the wafer surface to dislodge residues, chemicals and particulates. Exemplary
cleaning systems that implement PVA brushes include those described in U.S. Patent No.
30 5,875,507, which is incorporated herein by reference. Further, a standard brush core 12a
can, in one embodiment, be configured to deliver fluids through the brush (TTB).



shown in Figure 10. In the illustrated enbodi nent of Figures 11A and 11B,
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and brushes 12b.
By way of example, the rotation of the inner transfer shaft 28 will cause a rotation
20  of gears within drive casing 16. The rotation of the gears within the drive casing 16 will
cause the brush 12b to rotate as well as the mandrel 10. With regard to Figures 11A and
11B, the mandrel 10 of each of the wafer preparation assemblies 212 will contact the
wafer W at the same time from both sides of the wafer while the brushes 12b are spaced
apart from the wafer. In the same manner, the drive casing 16 can be tilted in the opposite
25  direction so that only the brushes 12b of the wafer preparation assemblies are contacting
the wafer on each side. In this situation, the mandrels 10 will be spaced apart from the
wafer, thus allowing only brush scrubbing of the wafer surfaces. The mechanism
configured to pivot the drive casings 16 so that only one of either the mandrel 10 or the
brush 12b is in contact with a‘surface of the wafer is shown and described in greater detail

30 above.



cause the brush 12b to rotate as well as the mandrel 10. Wth regard to
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In circumferential polishing operations, the rotational speed of the polishing pads
is typically higher than that of the wafer. The polishing pads push on each side of the
wafer, preferably with equal pressure on each side, as they counter-rotate inward toward

20  the nip, with the pad surface rotation at the line of contact being oriented downwardly.
The absolute amount of wafer material removed at a particular point is a function of
factors such as polishing time, pad contact pressure, pad composition, pad rotational rate,
wafer rotational rate, and abrasive slurry composition. Nevertheless, the relative amount
of wafer material removed in a typical centerline polishing operation may be an order of

25 magnitude greater near the center of the wafer, as demonstrated by the pronounced peak in
the amount of substrate material removed between points 50 and 70 in Figure 6. The
wafer contour produced by such centerline polishing is the inverse of the curve shown in
Figure 6. In other words, the high wafer material removal rate near the wafer center
produces a concave or “dished” contour near the wafer center. Thus, for a given set of

30  polishing parameters, the wafer material removal rate is highly non-uniform across the

span of contact of the polishing pad with the wafer.
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6, 7A, an Iameter polishing in accordanc
wafer surface is a function of the various parameters set forth above in connection with the

description of Figures 6, 7A, and 7B. In off-diameter polishing in accordance with the
20  invention, however, the amount of substrate material removed also is a function of the
motion of the wafer relative to the line of contact of the polishing pads. Accordingly, the
wafer preparation apparatus of the invention enables the movement of the wafer relative to
the wafer preparation members, e.g., polishing pads, to be controlled. This enables the
amount of substrate material removed at various locations across the surfaces of the wafer
25  to be controlled so that a planar or other desired contour is obtained.

A controlled wafer movement schedule may be formulated in which the wafer is
moved either up or down relative to the polishing pads to obtain the desired contour for
the wafer surfaces. At some point during the polishing operation, the pad line of contact
must cross the wafer center, i.e., the zero radial distance position, to ensure that the entire

30 surface of the wafer is polished. It will be apparent to those skilled in the art that the wafer

movement schedule may be formulated so that the pad line of contact either starts at the



20 invention, however, the anmount of substrate material renoved also is a
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contour is obtained. A controlled wafer novenment schedul e nay be formul ated
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removal  pgved relative to the polishing pads (or by controlling other polishing parameters to

achieve the same effect as controlling the wafer speed), desired substrate material removal
rates may be obtained at different radial locations on the wafer surfaces. If desired, the

20  polishing parameters may be controlled to obtain a substantially uniform substrate material
removal rate across the wafer. This control regime may be particularly useful for
polishing wafers having planarized surfaces. Alternatively, the polishing parameters may
be controlled to vary the substrate material removal rate across the wafer. This control
regime may be particularly useful for polishing wafers that have contoured, e.g., concave

25  or convex, surfaces to obtain polished wafers having substantially planarized surfaces.

The wafer material removal rate for a particular polishing regime can be readily
determined by analyzing test sémples. For example, Figures 8A and 8B show the rate of
wafer material removal (in angstroms per minute or “A/m”) as a function of radial position
for 200 mm diameter test wafers polished at centerline only in accordance with

30 conventional practice. The test wafers were polished with the apparatus described herein

using an abrasive slurry and a pad rotation of 200 RPM. The wafer rotation was varied



rates may be obtained at different radial |ocations on the wafer surfaces.
If desired, the 20 polishing paraneters may be controlled to obtain a
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This control regine may be particularly useful for polishing wafers having
pl anari zed surfaces. Alternatively, the polishing paraneters may be
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and 9B,  gA and 8B). As indicated by the somewhat sloped curves shown in Figures 9A and 9B,

however, off-diameter polishing causes a slightly higher rate of wafer material removal to
occur toward the edge of the wafer. In addition, the faster translation rate, 40 ipm, resulted

20  in a mean wafer material removal rate of about 90 A/m (see Figure 9B), whereas the
slower translation rate, 10 ipm, resulted in a mean wafer material removal rate of about
120 A/m (see Figure 9A). Thus, the faster translation rate resulted in a slightly lower
wafer material rate than the slower translation rate. Nevertheless, given that a four-fold
increase in translation rate caused only about a 25% reduction in the wafer material

25 removal rate, it is believed that Figures 9A and 9B demonstrate that the translation rate is
not a dominant factor in determining the wafer material removal rate. Instead, it is
believed thét the total amount of wafer material removed at any radial location is
predominantly a function of the total polishing exposure or equivalent dwell time.

In one embodiment, the length of the polishing pad is sufficient to span the entire
30  wafer chord at all translation positions so that abrupt discontinuities of pad contact are

avoided. Thus, at any specific pad position during translation, the portion of the wafer



however, off-dianmeter polishing causes a slightly higher rate of wafer
material renoval to occur toward the edge of the wafer. In addition, the
faster treoshiasdysan rate, 40 ipm resulted 20 in a nean wafpeT/vsat/eod3al
removal rate of about 90 A/ m (see Figure 9B), whereas the sl ower
translation rate, 10 ipm resulted in a nean wafer material renoval rate of
about 120 A/m (see Figure 9A). Thus, .the faster translation rate resulted
inaslightly lower wafer naterial rate than the slower translation rate.
Nevert hel ess, given that a four-fold increase in translation rate caused

'v ab 0 Lo . e
bl | oved 1arE P LEINEH Pl bGer R e BPh R B eI Rl Bhfer i ' P
not a dongxpaséd foglishing Actital edmiheiotgr hhel, wefhe samBetandladon gushioal theat e.

Instead, it is believed that the total anmount of wafer material renoved at
any radi aportiee &f thervafer sughaeeiigsida din pag liefof gertagni-&f the pertioptngrrep sl the hi ng
exposure Qr.equival e L. ti - e | et ol of the
pol i shi ngwﬁgf(rjg?nstg%bsfﬁtglégéf 41 Eoo15 °g§%1r‘%g9 ﬁtg&én‘gy&%%@grﬁﬁ%?régggh%r@%&ag T al |

translat i paepi@biehioydbrafds hbedecaRitliytundosis @biobNtht pag fin@bf @amaccont act are
avoi ded. Thus, at any specific pad position during translation, the portion

of the wafer Whooff stepotishiog metiorloay bsimplemgated bhifeimdatingsn pad | i ne of

contact, .. t ortion farther .fro e fer c J X ed to

ol oni ng ifibleqtPte IOt HheT ebr tahatr SPAHE WBKE' S ERAmb s BRI o The

portion obf wher petiesn eWiivaeSthe polisiEng PRIsRAFkuL tifR d@lﬁing(arﬁoﬁ%in%! .e., the

portion nearer to the wafer center, 1Is not exposed to polis mg action. As
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area. As the wafer is rotated, at least one wafer preparation parameter is controlled to
obtain a variable wafer material removal rate as the contact areas on the wafer are
20  moved from a first position to a second position. In one embodiment, the variable
wafer material removal rate is formulated to provide the wafer with a substantially
uniform thickness after processing. The wafer preparation parameter that is controlled
may be one of the pressure applied to the wafer by the wafer preparation member, the
rotational speed of the wafer, the rotational speed of the wafer preparation members,
25 and a speed at which the contact areas defined on the opposing surfaces of the wafer are
moved from the first position to the second position. |
In one embodiment, the first position is the wafer centerline and the second
position is a distance from the centerline, e.g., proximate to the edge of the wafer. The
wafer may be raised or lowered to move the contact areas from the first position to the

30  second position. In one embodiment, the rate at which the wafer is moved in a vertical

direction to move the contact areas from the first position to the second position is



a cylindrical wafer preparation nenber so as to define a substantially
| inear contact area. As the wafer is rotated, at |east one wafer

prepar at i gip Qasaeter is controlled to obtain a variabl e pwafwoiAgizeri al
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position to a second position. In one enbodi nent, the variable wafer
material renoval rate is fornulated to,provide the wafer with a
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controlled such that the wafer has a substantjally unifgrmthickness. By
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readily fornulate a sui nent sc eto o I'n processed
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sanme effect. Téﬁgfhg?ﬁ}gﬁ%fi i ?%\lf}gér?@%ﬂh e%zgegg& %feglggir?gst %%E{Hr?gtfhﬁg(eli&r%yn be
conf i gur egerhidonductut &sServiafwtich thawyafgr pleparhtidnyompativay areoperfodmedsn aur f ace

contours into wafers having 10 substantially planar contours. Another
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212 shown in Figure 1 1A, 15 are disposed in an opposing relationship in a
sui t abl e ehthe Plepreparafion agsamahlic ,ﬁg:_lqugg fiirst wafer preparation member and a

second wafer preparation member. By way of example, suitable wafer preparation

members include cylindrical polishing pads and cylindrical brushes. After being

disposed between the opposing wafer preparation assemblies in a vertical orientation,
20  the wafer is rotated by a suitable wafer drive assembly.

To perform a first wafer preparation operation, the wafer preparation assemblies
are oriented such that the first wafer preparation members contact opposing surfaces of
the rotating wafer in an opposing relationship. In one embodiment, the wafer
preparation assemblies are pivoted in a first direction to bring the first wafer preparation

25  members into contact with the opposing surfaces of the rotating wafer. Once the first
wafer preparation operation is done, the wafer preparation assemblies are oriented such
that the second wafer preparation members contact opposing surfaces of the rotating
wafer in an opposing relationship. In one embodiment, the wafer preparation
assemblies are pivoted in a second direction, which is opposite to the first direction, to

30 bring the second wafer preparation members into contact with the opposing surfaces of

the rotating wafer.



of the wafer preparation assenblies includes a first wafer preparation
menber and a second wafer preparation nenber. By way of exanple, suitable

waf er preway@iisen nenbers include cylindrical polishing padsusindosso

cylindrical brushes. After being disposed between the opposing wafer

preparation assenblies in a vertical orientation, 20 the wafer is rotated

by a suitable wafer drive assenbly. Toperforma first wafer preparation

operation, the wafer preparation assenblies are oriented such that the

first wafer preparation nmenbers contact opposing surfaces of the rotating
rel ati.onshi ln_on he wafer.
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and therefore e er preparation nenbers is a cylindrical
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may be configured to renove a desired anount of
desired surface finish.
If desired, the wafer may be moved in a vertical direction, i.e., up or down,
while in contact with either the first wafer preparation members or the second wafer
preparation members in accordance with the off-diameter wafer preparation method of
20  the invention. The wafer may be moved in a vertical direction by a suitable variable
height edge drive assembly. In one embodiment in which both the first and second
wafer preparation operations are polishing operations, the wafer is moved in a vertical
direction during at least one of the polishing operations.
Once a wafer is processed in the apparatus and/or prepared using the disclosed
25  methods, the wafer can be processed through other well-known fabrication operations.
These operations include, as is well known, deposition or sputtering of oxide materials and
conductive materials (e.g., aluminum, copper, mixtures of aluminum and copper, and the
like). The process, also known as “the backside” process also includes etching operations.
These etching operations are designed to define the network of metallization lines, vias,

30  and other geometric patterns necessary to define the interconnect structure of an integrated

circuit device. In between these operations, some chemical mechanical polishing (CMP)



15 wafer material and the second polishing operation may be configured to
provide a desired surface finish. |If desired, the wafer may be noved in a
vertical dig@ecképen, i.e., up or down, while in contact WpdT/&oiherset he
first wafer preparation nenbers or the second wafer preparation nenbers in
accordance wth the off-dianeter wafer preparation nmethod of 20 the
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first and second wafer preparation operations are polishing operations,
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exenplary, with the invention being defined by the appended cl ai ns.



What is clainmed is: WO 01/75942 PCT/ US01/ 10439 -29 CLAIMS 1. An appar atus
for preparing a sem conductor wafer, the apparatus conprising: a pair of
drive rowers7®isposed so as to support a sem conductor WeCEBUSIWI0339
substantially vertical orientation, each of the drive rollers being
configured to be coupled to a drive belt for rotating the drive rollers;
and a pair of wafer preparation assenbl,yjes novably di sposed in an opposing
rel ati onshi p, each of the wafer preparation assenblies having a first wafer
preparation menber and a second wafer preparation nenber, the wafer
preparation assenblies being novable into a first position in which each
of the first wafer preparation nmenbelsAIMS positioned to performa first
waf er preparation operation on the wafer and into a second position in

whi ch each of yhe seGopgh Mals@br ReFRAAL deRACOTATNGE WaleP, tROgHJraned to perform
a second wafer preparation operation on the wafer. 2. The appar at us of

claim 11, wbmpesingieach of the vvafer preparation assenbl ies includes a dri ve

assenbly for rot atl the fir Cf second waf er rati on nenbers. 3.
The: appar at us. SPAPAARYA Ol UERRRCS HEASK PP S BIEBR AT Tranber s af o

di sposed %?&Yﬁtﬁl*‘?v&ﬁ@ﬂ%eﬂﬁﬁ@ﬁ eBél?&ﬁB@HhO@rdTEFEQ%t?g COM %gf%ﬁ‘%@ bQEOlE}Jg@do; Irst

wafer preparation nenbers is a cylindrical brush. 4. The apparat
claim 3, vmedﬂvmbcéafdnrmﬁtmgnmslemnﬂlemhmd preparation nmnenbers is a

cylindrical polishi ngagqa{ . The apparatus of claim.a3, wherein each of the
second waf er pPREPHCAM Pr?P@FPé’QP§S§e§1 e%Wi"?’HYﬁEBPS%‘rlﬁ%OPBOSI%e appar at us

of claim f’elat%%ﬁl‘f) cﬁ% Iﬂle%afggﬁa %Bﬁ&gﬁsk(ﬁﬁéheg%la{@g a.?ﬁ'stp\%ﬁr }rn%?ﬁgﬁb es a

mandr el havi ng o |s I Xxe eto e apparatus of claim

1, wherei rmeﬁ&eh ami a ‘sétenavafa&rr pRdpapition mepibep e whater @sepatarioh uskembiics bdiag abl e
pi vot shaft, and the wafer preparation assenblies are noved between the
first posimavable iafodirst Rasitigndn pyhisiL eaﬁlhﬂfﬂlﬁ@fﬁé’&%?kpfﬁléﬁéﬁttqlbﬁelﬁpefﬁé% ating the

pivot shafls: %12{? oe Lt glﬁrﬁ%e{fé é%gha?zﬁ o{ﬂ%g%raﬁ&% hirelr fhﬂhé &%oﬁ@f er

preparati 83 are position oadl
position in which each of the second wafer preparation members is positioned to perform a

second wafer preparation operation on the wafer.

2. The apparatus of claim 1, wherein each of the wafer preparation assemblies
includes a drive assembly for rotating the first and second wafer preparation members.

3. The apparatus of claim 1, wherein the first wafer preparation members are
disposed above the second wafer preparation members, and each of the first wafer
preparation members is a cylindrical brush.

4. The apparatus of claim 3, wherein each of the second wafer preparation
members is a cylindrical polishing pad.

5. The apparatus of claim 3, wherein each of the second wafer preparation
members is a cylindrical brush.

6. The apparatus of claim 4, wherein each of the cylindrical polishing pads
comprises a mandrel having a polishing pad affixed thereto.

7. The apparatus of claim 1, wherein each of the wafer preparation assemblies
includes a rotatable pivot shaft, and the wafer preparation assemblies are moved between
the first position, a neuvtral position, and the second position by rotating the pivot shafts,
the neutral position being a position in which the wafer preparation members are

positioned for loading or unloading the wafer.



WO 01/ 75942 PCT/ USO01/ 10439 -30 8. The apparatus of claim1l1, wherein the
pair of drive rollers and the pair of wafer preparation assenblies are

di sposed wdfiReg@ housing. 9. The apparatus of claim8, fuydihgseaPrising
an alignment roller for maintaining alignment of the wafer di sposed above

the drive rollers, the alignnent roller being rotatably nounted on an
alignment arm 10. The apparatus of clgim9, wherein the alignment armis
pivotally coupled to an alignment tensioner that is nmounted on a wall of
the housing. 11. An apparatus for preparing a sem conductor wafer, the
apparatus conprising: a first wafer drive roller rotatably disposed on a
first roller aPm thBe pppagatuspffcdaim hwheeein Gio pair of cdrivg rollsre prdtpe pairobt at e a

seni condu%gﬁggge(g@g%hoﬁ st%gfﬁﬁést&rgﬁisgf?%igl%%ﬁig;%ﬁsi d a second wafer drive

roller ro I'Sposed on a seco arny’ the second wafer drive

roll er being 09ientgHe hgpak At bRl dnsSE Tt dusipakingahalighe rykdrtfoeal
orientation, wherein each of the first and second roller anns is
conf i gur edraingaining shignmentied sha wafsr dispated abevs thedriv@radlerss Hoabigraentapller sposed

t hereon, and e of th irst_.an nd roller arns is pivotable between
a first p@%?%lmgﬁta lpfdnétun eec%nn%l %@g‘feﬁgn "0 adj ust a height of the wafer

drive roller di@posegeh ﬁ@@ofclamihﬁle@@@ﬂ{ead%an@ﬁtﬁhﬁisrpidolanwmpl%ﬂnoeach
of the first and second roller arnms is coupled to a coaxial shaft assenbly

havi ng anar aligamment temsipoer thafas moanigd anlaovalbed theheysingi vot shaft. 13. The
appar at us of Cbifli m 12, V\,he{ei n the first and setcond rg ler arns are

pi voted by rot ati ng PHEPHANS fOrRrGRAring A s pLconAiGinwater.2be dpparatis. o4 coaxi al
shaft ass Higss: 14. The apparatus of claim 12, wherein the inner
transfer shafts of the first and second coaxial shaft assenblies are
rotated to traa$nittwafertdaiviegolkir rpatebly disposeden & firss rollerdrmstbe dimst wegrer dri ve
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cylindrical inpet.q68 R&%l;fe ¢ ol @&%ﬁblgﬁd]%gse@bﬁ 5 Qaudd i RSl Rem Civk kardpi cal
i nner core, the mandrel shell having fer preparation material affixed
t 0 an out enfes drif@aodler being ofientad b totrete ansrdicehdwhe| waftreinragvertical orientation,
wherein each of the first and second roller arms is configured to transmit rotational power
to the wafer drive roller disposed thereon, and each of the first and second roller arms is
pivotable between a first position and a second position to adjust a height of the wafer
drive roller disposed thereon.
12.  The apparatus of claim 11, wherein each of the first and second roller arms
is coupled to a coaxial shaft assembly having an inner transfer shaft and a hollow outer
pivot shaft.
13.  The apparatus of claim 12, wherein the first and second roller arms are
pivoted by rotating the outer pivot shafts of the first and second coaxial shaft assemblies.
14.  The apparatus of claim 12, wherein the inner transfer shafts of the first and
second coaxial shaft assemblies are rotated to transmit rotational power to the first and
second wafer drive rollers, respectively.
15. A self-aligning mandrel assembly, comprising:
a cylindrical inner core;
a fulcrum disposed on an outer surface of the cylindrical inner core; and
a mandrel shell surrounding the cylindrical inner core, the mandrel shell having a

wafer preparation material affixed to an outer surface thereof, and the mandrel shell being



WO 01/ 75942 PCT/ US01/ 10439 -31 pivotably supported by the ful crum such that
the mandrel shell aligns wwth a surface of a substrate when the wafer

pr epar at i gip (seni al contacts the surface of the substrat ecthisornge mandr el
assenbly of claim 15, wherein the fulcrumis an Oring, the outer surface
of the cylindrical inner core has a groove forned therein, and the Oring
is seated in the groove. 17. The mandrsgl assenbly of claim 15, wherein the
cylindrical inner core has a hole therein and is coupled to a rotating
gear, the mandrel shell has a hole therethrough, and a connector is

di d i h drel d h dri cal
mmer - cor BivelsRePaSie e ATREL Fiep T che bl BellAhE ek RawieziotRrner

core to thestaRANRN the Wt preb8ratidh erafBRUE S ta S S8 ¥R Yceds thd @ibSkrde, Wwherein
the mandrel shell is pivotably supported by the fulcrumat an approxi mte

centerline of flbe rrﬂ“hdmlndsh@dsbmbmmf cThm Ibamdicesin ths Selehiny isefn @irimignthe 7,

wherei n the hol dr shell, has a f|rs anet er t he,

Connect or oL Suitace 86y calmeLmet shee by Serogralimes TaMhgmaghe et Fhan t he
second di gieteh ¢ ?Ey Rgyvamount sufficient to allow the mandrel shell to

pi vot about the %cr um through a predetermned tilt angle. 20. The mandrel
assenbly of cl avm 15he maadel asstinbl watfobrimplSe pheein te cytdridabinnen rahas a

l'i shi d 21. Th nbl f cl
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15, wherein t esu strate Is sem conduct or wa
inner core so as to transmit rotat10na1 power from the cyhndncal inner core to the mandrel
shell.

18.  The mandrel assembly of claim 15, wherein the mandrel shell is pivotably
supported by the fulcrum at an approximate centerline of the mandrel shell.

19.  The mandrel assembly of claim 17, wherein the hole in the mandrel shell
has a first diameter and the connector has a second diameter, the first diameter being
greater than the second diameter by an amount sufficient to allow the mandrel shell to
pivot about the fulcrum through a predetermined tilt angle.

20.  The mandrel assembly of claim 15, wherein the wafer preparation material
is a polishing pad.

21.  The mandrel assembly of claim 15, wherein the cylindrical inner core is
comprised of a plastic material and the mandrel shell is comprised of stainless steel.

22.  The mandrel assembly of claim 15, wherein the substrate is a

semiconductor wafer.



