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successively polished wafers.

BACKGROUND OF THE INVENTION

20 2. Description of the Related Art

In the fabrication of semiconductor devices, there is a need to perform CMP operations,
including polishing, buffing and wafer cleaning. For example, a typical semiconductor wafer
may be made from silicon and may be a disk that is 200 mm or 300 mm in diameter. For ease

25  of description, the term “wafer” is used below to describe and include such semiconductor
wafers and other planar structures, or substrates, that are used to support electrical or electronic

circuits.

Typically, integrated circuit devices are in the form of multi-level structures fabricated
on such wafers. At the wafer level, transistor devices having diffusion regions are formed. In
30 subsequent levels, interconnect metallization lines are patterned and electrically connected to

the transistor devices to define the desired functional device. Patterned conductive layers are
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with the edge of the wafer. When the polishing pad initially contacts the edge of the wafer,
20 the pad rebounds (or bounces off) the edge, such that the pad may assume a wave-like shape.

The wave-like shape may produce non-uniform profiles on the exposed surface of the wafer.

The second category is the “burn-off” effect. The burn-off effect occurs when a sharper
edge of the wafer is excessively polished as it makes contact with the surface of the polishing
pad. This happens because a considerable amount of pressure is exerted on the edge of the

25 wafer as a result of the surface of the pad applying the force on a very small contact area of the
exposed surface of the wafer (defined as the edge contact zone). As a consequence of the
burn-off effect, the edges of the resulting polished wafers exhibit a burn ring that renders the

edge region unusable for fabricating silicon devices.

Another shortcoming of conventional CMP systems is an inability to polish the surface
30 of the wafer along a desired finishing layer profile. Ordinarily, the exposed surface of a wafer

that has undergone some fabrication tends to be of a different thickness in the center region
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wafer. Although such CMP system avoids the above-described edge-effects, pad rebound
effects, and edge burn-off effects, the application of such preparation head in this manner
applies a force to the exposed surface of the wafer and to the carrier at a location that is
eccentric with respect to an initial orientation of the wafer and the carrier. The initial
25 orientation includes an initial orientation of central axes of the wafer and of the carrier (which
are coaxial and positioned substantially vertically). The initial orientation also includes an
initial orientation of the exposed surface of the wafer (which is positioned at an initial angle of
ninety degrees with respect to the initial substantially vertical orientation of the central axes of
the wafer and the carrier). The term “substantially vertical” means true vertical, and includes

30 true vertical plus or minus normal mechanical tolerances from true vertical, such as those

tolerances typical in bearings used in spindles and other supports for such carriers.
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application of the eccentric force, such that a sensor is enabled to make repeatable
20 measurements, as defined below, of the eccentric forces, and the carrier may be a wafer or a
puck carrier. Also, in such Second Parent Application, a linear bearing assembly was
assembled with a retainer ring in conjunction with a force actuator, or motor, for moving the
ring relative to the wafer mounted on the carrier. Such moving enables an exposed surface of

the wafer and a surface of the retainer ring to be engaged by the polishing pad to be coplanar

25 during the polishing operation.

Although such Second Parent Application provided structure and operations to facilitate
making such repeatable measurements of the eccentric forces, there was no discussion of how
to control such forces and the resulting pressures on the wafer, the conditioning pad, and the
retaining ring. In particular, there was no discussion of how to control the eccentric forces in

30 relation to the changing areas of the wafer, the retaining ring, and the conditioning head as the
polishing head moved relative to the wafer, the retaining ring, and the conditioning head during

a polishing operation. Moreover, there was no discussion of ways to reduce the costs of



30 relation to the changing areas of the wafer, the retaining ring, and the
conditioning head as the polishing head noved relative to the wafer, the
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substantially the same, i.e., repeatable. What is also needed then, is a CMP system and method

20 in which such forces that are measured by the repeatable measurement technique may be
accurately controlled so that each separate area of contact between the polishing pad and the
wafer, and between the polishing pad and the puck, and between the polishing pad and the
retaining ring, may receive a desired pressure during the polishing operation. Moreover, what
is needed is to apply such desired pressure even though, for example, such movement of the

25  polishing head causes the polishing pad to contact different areas of the wafer, the puck carrier,

and the retaining ring at different times during the polishing operation.
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measured. Further, by suitable measurement techniques (e.g., those of the Second Parent
Application), the actual amounts of such forces on the wafer and on the conditioning puck are

20 measured. Actual force signals representing the actual measured forces are applied to a
feedback loop to assure that the actual forces comply with the desired inputs of the variable
forces by which the wafer, the conditioning puck, and the retaining ring are to be separately

urged into contact with the polishing pad.

One aspect of the systems and methods of the present invention implements a set of

25 instructions for moving the polishing head relative to the carriers and to the retainer ring, and
such implementation is coordinated with determinations of desired inputs of the variable

forces by which changing areas of the wafer, the conditioning puck, and the retaining ring are
separately urged into contact with the polishing pad so that the pressure on each such area may

be controlled.

30  In another aspect of the systems and methods of the present invention, an operational

recipe of basic CMP operations is established. One or more parameters of an edited form of
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10 FIG 1A illustrating the central axes of the carriers and eccentric
forces resulting fromthe eccentric contacts; FIG 1C1 is a plan view
schemat i cald gp/186m8Wi ng an aspect of the present invention iper/vdehgésian
initial position of the polishing head js illustrated, identifying a
contact area of a polishing pad of the polishing head and the wafer
carried by the wafer carrier; 15 FIG 1CG2 is a pI an view schematical |y

showi ng an aspect of th nt il e initial position
of the polishing head ijﬂﬁﬂﬂigﬁﬁgﬁgﬂﬁ£&§§ﬁ93}3 .gffﬂu gontact area of a
pol i shing pagyof th Ny e
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is illustrated, identifying the contact area of a 20 polishing pad of the
pollshlHbeﬁéﬁﬂﬂﬁhﬂemwgspad condltlonlng puck carried by a puck carrier;
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i denti f yivegtidhin @avhasie Iajlﬁﬁmgfhead c@hdts bothga pater @hniehebypzo Wiatdhicagichaad aand
the wafer carried by the wafer carrier; FIG 1D-2 is a plan view
schenat Peel ¢a;n@¢1bwan:§>halwna§|aé e@n%morteneth@ Fefags eaghkeing ensentricalpswith respesthe

second sgg? .head is illustrated, identifying the
contactparégto mﬁ O}Qﬁmgﬁhkb pé% ‘of the polishing head and the retainer

ring carriedFiy. Hhes wafelvagat viear schémbiicalli>sBowigathplfasn sthidimehalepictaiainl y
showi ng_an aspect of the present invention in _which the second pgsition of
t hel@ol FEBi by, Hbwrating fho %?élifla]aﬁléf‘ﬁ ofj the wairieys ARyl gcceBiicalorces regliyne fom the

pol i shi e polishing head and the pad conditioning puck carried
by a puggmgggf%ég&QBO FIG 1E-1 is a plan view schematically show ng an

aspect of th¥IEresdnis 4 pie Vidw Bchieativdllycshowvitid b dspeosof therprésent Meenridn ihi ng
head is illustrated, |dent|fy|%3 t he contact area of a_ _ polishing pad of
i

the pol Mishngn etial pesiiameal Kigrraliskiag head) 1&33,111%5Héteslafd@nﬂfwr& aéPntaWe@Pi@ms
PCT/ USO él%s%%ﬁpa% ofFL%GPol%Sﬁné ﬂe\%% cght% rec\ﬁll“%ﬁ%rbgfm{: 'vﬁa?ér WEOW‘ ng an aspect

of the prese I'nventton i h|r ion o e polishing head

i's ikl ustrat g1G. 1@@1islafy1hﬂguetvheclﬁﬁmhamy ﬁfoﬁ@ng)fm aspepobi sibiprgsepeidveitidnia
pol i shi ngl head and the retainer ring carried the wafer carrier; FIG

1E-3 i s Wi e ivifialwesdtiemel theaiolishing beachi IHHStb?é%’eé‘ieanYltl& @%{@?@h@re& of a
TR o etk e
pol i shing he@iGand-3 kex plaf vissn diteharcaly ﬂmkng:aﬂi ras;mdt by tha gi)wekt maenticar in
which the initial position of the polishing head is illustrated, identifying the contact area of a
20  polishing pad of the polishing head and the pad conditioning puck carried by a puck carrier;
FIG. 1D-1 is a plan view schematically showing an aspect of the present invention in
which a second position of the polishing head is illustrated, identifying the contact area of a
polishing pad of the polishing head and the wafer carried by the wafer carrier;
FIG. 1D-2 is a plan view schematically showing an aspect of the present invention in
25  which the second position of the polishing head is illustrated, identifying the contact area of a
polishing pad of the polishing head and the retainer ring carried by the wafer carrier;
FIG. 1D-3 is a plan view schematically showing an aspect of the present invention in
which the second position of the polishing head is illustrated, identifying a contact area of a
polishing pad of the polishing head and the pad conditioning puck carried by a puck carrier;
30 FIG. 1E-1 is a plan view schematically showing an aspect of the present invention in
which a third position of the polishing head is illustrated, identifying the contact area of a

polishing pad of the polishing head and the wafer carried by the wafer carrier;



FIG 2A is an elevation view schematically show ng the wafer carrier of the
first enbodinent, illustrating two separate |linear bearing structures, one
assenbl y wonztieeng t he direction of relative novenent betwesansa10EE19

beari ng housing and a chuck bearing pl Zée, and 10 a second assenbly
limting the direction of relative novehent between the nmain bearing plate
and a retaining ring bearing plate; FIG 2B is an elevation view

schemati cal | h o L kR “h@% ient ,
illustrati ngﬁ?hggnrzn%eéaﬁﬁrﬁg%g{ g%g?iﬁﬁl%ésm:‘%lr% I1| 91% ?gr})gewﬁfethgﬁﬁgsgﬁ %ﬁ@@?ﬂ ek

rel ati vevhiginwhenteind poeitior et tike pelishidgelsai rig ihotaiedgidentifying: the dontaet niea@f and

| oad cell plate;, 15 FIG 3A.is a three dinensional, K schematic vi ew show ng
o st r BEETHEH il i PPHivE v S PlereiBer 15 CoTed b TR vaEt QRSS! ot ,
illustrating e1pat ; ; gelel ;
(RTO); Al BT 48 Pt )R MR PG R o e PO e B
el engnt svhidh theethirdgiositionasfr ihe rpotithihfdretid s illustried, itentdfyirig & usbtneit amg of lae

top of a vacuum chuck 20 of th fer carrjer;. FIG, 3C.is a schematic view
of the Rekingeadqidhe P%lhs&ma%geag andiihe ivad cpadiiaiing EWW‘fWaPW?Ii ng and

suppl yi ng fagrki bire : r'r]&%ﬁ?j nol hshy - LS A
and 4B are eg%q}bgédﬁpg?s%%g?%g{éﬁ 53\5 0 C%la}gg?(?‘?@g ﬂgrgtbhg%flgrngﬁl?lgr io:fltggtﬁrrgtti ng
i n  Fl GembBdinteat, bibiustoatingofwd epasdte Unicar béargigestarctisesg nehei asséthtdly Umitinge theops
of the structural .25 elenents; FIGs. 5A-1 through 5A-3 are_ en| arged

per specAreeiiop; of ielagiye oy praeRL hshwen Grmain beaing {h‘lﬂsg’tg nﬁé‘l @Hﬁlﬁpgm’éﬁdaﬂeoaﬁldt he
ri gh Si ot . - 1.. . - >t ]

Vi o of el b bl e ipa GTL AR R STLERORE BRRIRER B
6A i s aapd arctaingy mfg bdaeingpfaer, carrier, showi ng various lines at which

sections are__taken to illustrate internal structure; W Q2/16078
PCT/ US01/ 263F5518B 15 prseleyplion vigw schematically i%ﬂ‘éﬂnge &Paf i°8’f’|819P’é%‘3 Z"QR% Af e
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with ac aring an , oW ng earing shatts of the
pl at e | moyghendsetwedn 4 mamcheatirghousgs ad at dbechbesinggnd doad callpdng;er of t he
el r115 hous| n%I&r ggslls QQ{hr%Q d?mler(ljs?o%a gc %r%ratict:) l%/}etwos o%sting tllleosz%Pucgu%lﬂl e;lements of the
wafer carrier of the first embodiment, illustrating the bottom of an upper section of a rotary tool
changer (RTC);
FIG. 3B is a three dimensional schematic view showing the structural elements of the
wafer carrier of the first embodiment, illustrating the top of a vacuum chuck
20  of the wafer carrier;
FIG. 3C is a schematic view of the wafer carrier, showing in dashed lines a spindle for
supporting and supplying facilities to the carrier head, and a polishing head;
FIGs. 4A and 4B are exploded perspective views of the first embodiment, illustrating in
FIG. 4B the bottoms of the structural elements and in FIG. 4A the tops of the structural
25 elements;
FIGs. 5A-1 through 5A-3 are enlarged perspective views of various ones of the
structural elements shown on the right side of FIG. 4;
FIGs. 5B-1 through 5B-3 are enlarged perspective views of various ones of the
structural elements shown in FIG. 4B;

30 FIG. 6A is a plan view of the wafer carrier, showing various lines at which sections are

taken to illustrate internal structure;



5 FIG 7 is a cross sectional elevation view taken on line 7-7 in FIG 6A
showi ng the nmin bearing housing novably connected to a retainer ring

bearing pifPneFROWM Ng a bearing shaft of the plate in a gyliddriHal
| i near bearing on the housing to Iirritl venment of a retainer ring base

mounted on the plate; FIG 8 is a cross section taken along line 8-8 in
FIG 6A show ng facilities including 10 various connectors that supply

fluids used IFG!éB ieéBEs RetiorfalbRYatidnl Wew Yalies ot IHEEBS6B &€ FIGIA skvingkieny
line 9-9 in FIG 6A through a fluid connector, wherein the connector

suppl i esai bagring heysing, assermhied dixedly watbuu ehushurdaringlag] logl pdl alags, shewing

section,taken along.li 10-10.i.n.El G 6A.through a fluid I.f ol and
oad cePPRSRREPPins efife frexhRand BpSrndti e B n Sinsti L Tse e AR
mani f ol HolidnSpoessiRPah aldhd sdisoR BEZIESS 4 BadcdlBt @i ning ring base for supplying
DI wafer wash water; FIG 11 is a cross sectional side elevational view of
t he 2huck be&l®ng iaadcrosagcieial eleyhtiane view ke aniling +han gila: eAashosing 8¢ by

screws to.a r section.of the - Fl 12A i,s a cross sectional view
of an_ chuf BediPRCioRER'Bp et ReRi agetinet Faealpd BTG ARG Y Reartel
engage biafpoBtht iphile an8 clRGRicE] Tidtar WedrRy AANthé RBuNBL tOUMME MbSlennt 6f a tRaihéie

20 CWP operations; wherein FIG 12B is a further enlarged portion of FIG

12A; FI @ng bask meunfed pothe pdaeit i onal view of an enlarged portion of FIG 7

show ng t he apner . ring.in di sen ed POSiii way. from.t.he. waf.er to
facilitate r n%'v%lls 3fcr(fsﬁégc\/t\}é) et?k r%ﬂ?g ﬁge %\'A%neir:fdégé}? ?lé?,m%?rﬁéfl%s ippiuding, 5
i's 20 f uvid&ds cRRhtES thap upplPfluidk ubddGn tHe3wafelbélishildA 1s a cross sectional
view of an enlarged portion of FIG 7 showing the retainer 25 ring base in

a polishing pYgiPiiva aressfsgelion tekew abmgainiendyODn Klgr & tneughaa Blaid cotnecios
wafer while. the exposed surface. of the wafer.is polished, wherein FIG 14B
e ot ubbrGin I RaREE SEpTS G ape ol BapeFedli GUER,, 002" Sect fon
taken al ong IFIGE10 S 4 6rosésdetibn tfen talldrpuate 1260 HEFRG.NEX thid8gh RERRd manifold
illustrating an outlet for renoving slurry and DI wafer wash water fromthe

i nsi de &dd ldad celplatefilpstepsing joae of wi® DD wako zendudts/foso thexmauifold to siX| separatb6 A
andléLGB are expl oded ive wi first enmbodi nent,

i 11 ust r 8975 Eeﬁ n ialﬁetﬁn@é) ’SL%gZ&fS%gorbsgP?lgﬁl\:gBl())f&?%g%éﬁ\ﬁ?:tﬁjr al elenents and in
FIG 16B t heFIGPs] & atch®sStétibpblsidt elbh@sRNtview of the chuck bearing and load cell
plate illustrating the plate assembled by screws to an upper section of the RTC;

FIG. 12A is a cross sectional view of an enlarged portion of FIG. 7 showing the retainer
ring base in a full engage to position and locate the wafer on the vacuum chuck prior to the

20  CMP operations; wherein FIG. 12B is a further enlarged portion of FIG. 12A;

FIG. 13A is a cross sectional view of an enlarged portion of FIG. 7 showing the retainer
ring in a disengaged position away from the wafer to facilitate removal of the wafer from the
wafer carrier, wherein FIG. 13B is a further enlarged portion of FIG. 13A,;

FIG. 14A is a cross sectional view of an enlarged portion of FIG. 7 showing the retainer

25 ring base in a polishing position to facilitate spraying DI water onto a base of the wafer while
the exposed surface of the wafer is polished, wherein FIG. 14B is a further enlarged portion of
FIG. 14A;

FIG. 15 is a cross section taken along line 15-15 in FIG. 6A through the retainer ing

base, illustrating an outlet for removing slurry and DI wafer wash water from the inside of the

30 wafer carrier;



FIG 17A is a three dinensional schematic view show ng the structural

el ements of the 5 puck carrier of the first enbodinent, illustrating the
bot t om of wayo2uger section of a rotary tool changer (RTOpcTiide1/2d38 1S a
t hree di nensional schematic view show ria the structural elenents of the
puck carrier of the first enbodinent, | ustrating the top of the upper
section of the RTC, FI G 17C is a schematlc vi ew of the wafer carrier,

showi ng i n dgﬁeﬁ%h& fes16h A8! ggﬂoaeJ Bérsl?el%ﬁ D% {Hag %@ﬂ?@éﬁ%ﬁﬁlsuﬁmg

facilities t e carrier |ngt e polishrn
FI G 18ii FIG MAthevbawngf oftthe spuctiiral aletretts, anﬂhﬁ)\HIGgldS]B nlees togpls @fi ghendtiuchural
sections have been taken. ; FIG 19A is a cross section taken along |ines

19A- 19A8]efnentss 18 showi ng a vacuum conduit to a chuck for deternining

whet her the M A_s[ ésgé %g% eﬁ%ﬁ&gﬁesgﬁé}ﬂ%ﬁ ' vidwy sﬂ\ﬁnig]t&? t&aPélQrﬁﬁn@ g?\%l\jefﬂ

t aken al ong oW’ ng ear|

t he £hugkck Edrffer Gfhé Sirsd embobdistens ellbdtAring &ieamuahmfganl uppessetfioR ef & notEﬂyCﬁoolls,
showi ng a conduit for supplying DI water for purging the puck on the
chuck; F]ll@ge-'Q@RT@ a cross section taken along lines 21-21 in FIG 18,

.ShOW‘ ng 20 h?@enﬂw Pﬁgﬁélts:pﬂ&nﬁlcb\ﬂéﬁ sﬂéwtngech@ E't%u?ﬁf 51Fﬁénts ¥ ﬁﬂee 22

IS a Cross sec |0na Vi ew O carrier n at an angle to t

pl ane obucl teriegrabefirsnenbodisient, dtstrating-thetorHd, the hbptstséc&idnrtg tIﬁeh]R’Eé of six
DI water nozzles in the retaining _ring base for supplyin waf er _wash
wat er, showi F§Gt hiC w@z%h@@a@wéw@nfﬁbe yﬁfeaﬁar&ﬁ@ |slé0w1@gan dﬁ%haﬂémﬁmﬁpmﬂe fRrdes

th I th 25
ci v Lt Sulordid g 8o Sidealiniiolthe VRIEHhRB o Bkt ¢ SEL R aphey 10 2
iITustrati ngFo@el&tis antan Riewass ﬁfaSpmthdaﬁiB sHowtifie lingy eleag twhich/ ssttibnnhavel G

38 is a_graph schematically illustrating how the pressure applied to the
not or f8fen@ken-fetainer ring varies with the anount of overlap between the

poll shi g Pagicofodle, 8RS, Bl il AGH A8 1oal MG piéEk a8 H%Late{éan%uﬁﬁﬁ the

ot her hand, S a schematic dia amo a Tirst contro
provi di ogndiéitoraahuek mels&hﬁ'glingcwnéthai thepudkhie ppupeilg bhmig: ¢itveRsur e by use of a
per sonal c0 lIJ(tEelr9 isa cros\é\eegtlzc{nltglggnsalgncg%r%?)l%432169%11% I*;LI%} 18, showing
a linear bearing used with the chuck;
FIG. 20 is a cross section taken along lines 20-20 in FIG. 18, showing a conduit for
supplying DI water for purging the puck on the chuck;
FIG. 21 is a cross section taken along lines 21-21 in FIG. 18, showing
20  the vacuum conduit exiting a base of the puck carrier;
FIG. 22 is a cross sectional view of the wafer carrier taken at an angle to the plane of
the exposed wafer surface in FIG. 64, illustrating three of six DI water nozzles in the retaining
ring base for supplying DI wafer wash water, showing the nozzles extending at an angle to a
plane that includes the carrier axis, to direct the DI water partly in the direction of the
25  circumference of the retaining ring;
FIGs. 23 through 37 depict flow charts illustrating operations in various methods of the
present invention;
FIG. 38 is a graph schematically illustrating how the pressur‘e applied to the motor for
the retainer ring varies with the amount of overlap between the polishing pad, on the one hand,
30  and the retainer ring and wafer, on the other hand,;

FIG. 39 is a schematic diagram of a first control system providing central processing

control of the polishing pressure by use of a personal computer (PC);



FIG 40 is a schematic diagram of a second control system providing a force
controller separate fromthe PC for controlling the polishing pressure in
si tuati onwa ar/1ebrisch there is a high processing workl oad; HeT@so426313 a fl ow

chart illustrating a portion of the opghations by which the systemof 5
FIG 40 controls the polishing pressur FIG 42A is a schematic cross
sectional view of a wafer overlapped by a polishing pad, illustrating a

series of daghgdsd 1snae§chtaﬁaﬁc BRREA of HSecoRl ¥oRteb SPRBR RbyidinzO o coftromdt
exposed surface of the wafer as CWMP operations are performed; FIG 42B is

a schenatpacate Ifliﬁ?g’l’ thenP6} for corgolling thegolisliMPpeynireindutuatignsih ivdticht therevmé Bigh 10
is polished b %I ishing pad to provide the contour shown in FIG 42A,
i |1 ustr @9t W9ﬁ(}f€f‘ pol i shing pressures as one type of operational

criteria thatp@ny n@%LMW bﬂaraﬂiusaﬁhrrg &i%idh ra)g thef\sifeka{m@l byFw}ﬁeh AR GykmPof
schematic diagramof tines during a cycle during which the pressure

appl p ed HG. 4heontmlsethe pelishing paswet;from a first value to a next desi red

trati th t t I
O ar o e g LR R 30RO A e i 4Bl
schemat iy @hags 3WeRls bt dRRed ﬁhwalaadéava tﬁXQ/lal%/n‘i%" SRpE ot &dheddreor daree@gwde

applied to the wafer is varied between differ illustrating a conparison
bet ween sarfactadithedafenad @MRnpeoeftlmheremeéssnﬂxb vvlth respect to time, pressure

ranp as anot 20 .operatio crjteri res ahlgh
processi ng V\Eﬁ |%é§1s ?F@enﬁﬁﬁdfgr%{nggﬁ%tdfnén%? @F%ﬁﬁ Li’dfpr{h

cychg dyg Pcfl&h&é@b? Ehet sﬁl%hiiaraﬂ‘{@ roRRR the Qéht&fr shB%n I@ﬁlﬁl@n@A hﬁus\fﬁﬁﬁg vﬁ?]r_
changes, | ustrati posSi bl e rat es of such change and rel ati onshi

wi t h | owohsidngh lpgﬂssq:rcs)aessc gpanof kperatiizal Eti@ria4Bati map rf:slm/\mchémgh processing
|Ilustrat|ﬁg %gerati ons of one of many polishing steps by which 25 the
syst ens "OF 39 and 40 may provide respective central processing

control of theg ROt 3N AehdMARSHLEanPbf Uhfes MRRIE PTOAPSSINT d6&RY FdlictPthesuch
pressure by use of the separate force controller; FIG 44 is a flow chart

i |1 ustr arésmgeoqpptied itortbe ofafer s dmmehsed dpnby fiitst ohalueheo gyBdxé rdssiodd pFEIS@;e 39
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to a vv%fr&resg;mﬁ)é Wwoliidya; head using a differential air pressure system
FIG. 42D is a schematic diagram of times during a CMP cycle during which the
pressure applied to the wafer is varied between different, illustrating a comparison between a
desired variation of the pressure with respect to time, pressure ramp as another type of
20  operational criteria that may result in a high processing workload,;
FIG. 42E is a schematic diagram of times during a CMP cycle during which the relative
position of the pad and the wafer are changes, illustrating possible rates of such change and a
relationship with low and high processing workloads;
FIG. 43 is a flow chart illustrating operations of one of many polishing steps by which
25  the systems of FIGs. 39 and 40 may provide respective central processing control of the
polishing pressure, or off-board processing control of such pressure by use of the separate force
controller;
FIG. 44 is a flow chart illustrating operations of a second step by which the systems of
FIGs. 39 and 40 may provide respective control of the polishing pressure;
30 FIG. 45 is a schematic diagram of a servo system for controlling the force applied to a

wafer polishing head using a differential air pressure system;



WO 02/ 16078 PCT/ USO01/ 26319 13 FIG 46 is a schematic diagramof a servo
systemfor controlling the force applied to a wafer polishing head using
an el ect rooagnetisc pressure system FIG 47 is a schemati ceaiesyiaeaiof a
differential air pressure systemthat gay be used wth the apparatus shown
in FIG 45; and 5 FIG 48 is a plan vi schematical ly show ng

rel ationshi ps of the pad, the wafer, the puck, and the retainer ring as
referred to ifGt e COMIRMaA R4 %95%@Pva@9st59rfslec£’r{tﬂﬂiﬁ@hé%mef ﬁe!a tbra
Appendi x C. WD 02/ 16078 PCI/ USO1/ 26319 14 ~ DETAI LED DES
PREFERRED{EyBGEN i MENTE vsing aveedtioomgnstidpsonieydtefror a CMP syst em and

met hods, tha royi de soluti s to the bove- descri bed prob] ens.
Structures alt‘i:dgo%éﬂsa? Selifnatigfiagran of ¢ differegtial 3 prageure 8%@‘3‘9&!‘& Bobs 45y
rel ati veyipye at @Q%ﬁ@pmgﬁg,@9umghing head and the carriers and t he
retainer ring. The relative novenment is in coordination with processed
det efni nat i od3Go#8 dsampﬂzedvnewp&chsm@lically hhowmigi mhtlenﬂmpmdsthbwadhﬂle twafem thect
areas of the er, .the. conditionj g retaini are
Separ at AR HRS FHBOCHRE ST oA ST AA e Sbforh R aE ek o
on eachfgygﬂlAfgéﬁhﬁngy be controll ed. For such determ nations, the value of
each such sepalrate contact area of each of the wafer, the conditioning
puck, and the retaining ring is initially determ ned. Each 10 such contact
area has a value related to the actual position of the polishing head
relative to the respective wafer, conditioning puck, and retaining ring.
The actual positions of the polishing head are neasured. Such actual
positions are then used to determ ne the value of each of the respective
separate contact areas. For each respective pair of contact area and
pressure to be applied to that contact area at a particular tinme TN,
processed data is output representing a 15 force signal. Each respective
force signal controls the force by which the respective wafer,

conditioning puck, and retaining ring are separately urged into contact
with the polishing pad at the particular tinme TN at which the actua
position is nmeasured. The processing of the data representing the forces,
and of the polishing head positions wth respect to the resulting contact -
areas, may be performed by a centrally by a processor, or 20 separately by
a force controller, according to operational criteria in a processor
gui del i ne. The



processor guideline relates to the | evel of processing workload, and may be
used to determ ne whether the central processor alone, or the processor in
conj unct i w0 0216678t he separate force controller, is suitaldca/dson2gnocessi ng
the data representing the forces. The i erational criteria may include the
timng of variations of polishing pressdres, e.g., pressure ranps, as one
type of 25 operational criteria that may result in a high processing

wor ki oad. O her rhpel REPIRS CRIPTRIN BF TSk Pkt BS EMBOAMENICh the

position of theTpotrsimng pad chalges retatrve to the warer, and/or to the

pad conditioning puck. Further, by suitable asyrenment techni ques (e.g.,
those of the/AScB¥HIOPLS éFﬁCﬂb%fﬂr P ggtemy @E@I’Bgﬁ" hatpud %5’%“%‘15‘6&0 f}%r ces
on the WBERLAR0GMRNIBRAON il RRL TP UARER irtileRBRASHYRE of MiliHRliohOiGE
signal s representi nB the actual neasure ?orces re appli eocl) to a teedback
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mechani cal t %@rpm%ng WP %Séa?grelﬁ?és%ng the forces, and of the polishing head positions

with respect to the resulting contact areas, may be performed by a centrally by a processor, or
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20 separately by a force controller, according to operational criteria in a processor guideline. The
processor guideline relates to the level of processing workload, and may be used to determine
whether the central processor alone, or the processor in conjunction with the separate force
controller, is suitable for processing the data representing the forces. The operational criteria
may include the timing of variations of polishing pressures, e.g., pressure ramps, as one type of

25  operational criteria that may result in a high processing workload. Other operational criteria
relate to the rate at which the position of the polishing pad changes relative to the wafer, and/or

to the pad conditioning puck.

Further, by suitable measurement techniques (e.g., those of the Second Parent
Application), the actual amounts of such forces on the wafer and on the conditioning puck are
30 measured. Actual force signals representing the actual measured forces are applied to a

feedback loop to assure that the actual forces comply with the desired inputs of the variable



One notion of the polishing head 202, and of the pad 209 on the head 202,
for 20 perform ng polishing of the wafer 206, for exanple, or for enabling

the pad 2Q9 ddep®8 conditioned, is rotation (see arrow 209r/éo9désdo
respective co-axial axes 210 and 211 oé the head 202 and the pad 209.

General ly, the head 202 is nmounted to Pevent novement parallel to such
coaxi al axes 210 and 211, i.e., to prevent novenent either toward or avvay
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the pad 209 to be conditioned, Is novenent horizontally (see arrow 209H).
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P J One motion of the polishing head 202, and of the pad 209 on the head 202, for

20 performing polishing of the wafer 206, for example, or for enabling the pad 209 to be
conditioned, is rotation (see arrow 209R) around respective co-axial axes 210 and 211 of the
head 202 and the pad 209. Generally, the head 202 is mounted to prevent movement parallel to
such coaxial axes 210 and 211, i.e., to prevent movement either toward or away from the
respective wafer carrier 208, for example.

25 Another motion of the polishing head 202 and of the pad 209 on the head 202 for
performing polishing of the wafer 206, for example, or for enabling the head 202 and the pad
209 to be conditioned, is movement horizontally (see arrow 209H). It may be understood from
the arrows 209H in FIGs. 1A, 1B and 2A, for example, that a force may be applied by the
polishing pad 209 to certain structure. For example, a force FP-W may be applied by the pad

30 209 of the polishing head 202 to the wafer 206 (and thus to the wafer carrier 208) at different
locations on the wafer 206. Such locations are indicated by the displacement DF-W measured

from the axis 212 or 214. These motions may occur at any time “TN” during a CMP cycle. A



head 202 results in applying a force FP-Wonly to sel ected regi ons 204R of
t he exposed surface 204 of the wafer 206, thereby renbving excess

mat er i al swig@neé8ose sel ected regi ons 204R, excl usively, pir/ésopasdihcul ar
time TN. Further, as shown in FIG 2A, _gne such selected region 204R of

t he exposed surface 204 of the wafer 2@3 i s displaced horizontally from or
eccentric 20 relative to, a central axis 212 of the wafer carrier 208. The
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Structure. AtgvReuRe SRRl idnas G Y38, 2007 BlarkiPCesbAOuRity thly e
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may be a function of one or nore of many variables, or may be a constant
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amount of novenent of the Fol i shing head 202 rel ative to the wafer 206 to
mai At ai moviaenifsessepetion ol aeew 233.tHE. 2Ae af hewaderrrarian 208 yyiward dhe polishing
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by the pod ioslhe)¢afta080thetibylBfotDR XetRdnactas AN eHost ReletegireriorD4RR and
this average force is said to be applied at the center of such area APW

In the pxalegeely,atia paticdas ene . oRurtharhes shoma ini FG: 241, onesughgselacéad sepion
above- d%ﬁ{ ioP ﬁge exposed surface 204 of the wafer 206 is displaced horizontally from, or eccentric
20  relative to, a central axis 212 of the wafer carrier 208. The central axis 212 is concentric with a
central axis 214 of the wafer 206 carried by the carrier 208. As shown, the displacement of the
force FP-W is indicated by DF-W, which is measured horizontally in FIGs. 1A, 1B and 2A. It
may be understood from the arrow 209H that the polishing head 202 may move horizontally

and contact different ones of the selected regions 204R of the exposed surface 204.

25 Referring to FIGs. 1C-1 through 1C-3, 1D-1 through 1D-3, and 1E-1 through 1E-3, for
example, those different ones of the regions 204R may be identified according to the structure
that contacts the pad 209 of the polishing head 202. Thus, the areas of the regions 204R are
generally referred to as contact areas, and are generally identified by “AP” to designate the
contact area of the pad 209 with any structure. A letter is added to “AP” to designate other

30 contacted structure. For example, “APW” designates a pad-wafer contact area, “APC”

designates a pad-conditioning puck contact area, and “APRR” designates a pad-retainer ring



orientation that occurs at a time TOPWjust before "touchdown". At

t ouchdown the pad 209 of 15 the polishing head 202 first engages the
exposed swor@ae07804 of the wafer 206. Thus, at the tinme TERWIUdNere1ds
initially no force FP-Wapplied by the e,ad 209 on the wafer 206. In the
exanpl es bel ow, touchdown is at tine Té, and later tinmes during a CWP cycle
may be indicated as tinmes Ti, T2, etc., or times Ta, Tb, etc. to designate
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is nmeasured hori zontall in FIL.Gs. 113 and 2B and j bet ween the axes 222
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FP-W the force FP-C 1s an average force. Simlarly,” the pressure and area
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in the sanme exenpl ary. situation in which the polishing head 2.1s designed
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nead 228 W, Bore IZiAEMN ho RO R RRaPHGE bY I BREAE) o B B RO T R o
t he cenexkahplaxibtelad?2toofhdohe headti220T@nahdlat¢rhémeemluriag aXIMP 32l mhy thee

puck 218. The inijti third orientations of the axes 22 nd 224 are, for
exanpl e }n@@t%‘h%%tﬂ%‘?ﬁ%%rl elFe (OF {1EME ajf)%ﬁﬁ 4 0 IEILER ‘i‘l‘@‘e%iéﬁ‘nﬁé PSR L Yned
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20 FIGs. 1A, 1B and 2B also show that in the use of the subaperture configuration of the
CMP system 200-1, at any given time TN, such as time T1, there may be a variation in the size

of the contact area APC of contact between the surface of the polishing pad 209 and an exposed
surface 216 of a polishing pad conditioning puck 218 mounted on a pad conditioning head 220.

Such time T1 is after the touchdown time TO at which the pad 209 first contacts the puck 218.

25 In addition, in the subaperture CMP system 200-1, with the polishing head 202 held against
movement in the direction of the axes 210 and 211, as the pad conditioning head 220 is moved
toward the polishing head 202, the polishing pad 209 contacts, and applies another force FP-C

(a conditioning force, FIG. 2B) only to selected regions 216R of the puck 218. The selected

| regions 216R correspond to the contact area APC. One such selected region 216R of the puck

30 218 of the pad conditioning head 220 is also displaced from, or eccentric relative to, a central
axis 222 of the pad conditioning head 220, which is co-axial with a central axis 224 of the puck

218. As shown in FIG. 2B, the displacement of the force FP-C is indicated by DF-C. The



al so vertical. Further, in the sane exenplary situation in which the
polishing head 202 is designed to rotate on the axis 210 that is al so
vertical , widwe/eiisti al orientation includes a fourth initipdroieshiati on of
t he exposed surface 216 of the puck 21 The fourth initial orientation of
t he exposed surface 216 is positioned an angle (a first angle) of ninety
degrees with respect 15 to the initial substantiall y vertical orientation
of the r r of nt f uck
218, 1 n TREC et e RS oz @R R (B R 2 B A B Pardd 2
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accurately measured, as defined above, even though such force FP-Wis
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measur enent techni que may be described in terns of pany of the exenplary
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exerrgl ary eccentric faorces FP-Ware applied by the poljshi 2232pagrég9 to the
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devi ces, 5 and 232 will cause sone anount (referred to
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forces FP-W tln the phasd ;“institd Foratation” to ubed at thivapplivation,sthe omdrd Xtinitiblfiealso

ref erenced repeatabl e neasurenent technique is one which, for each such
equal e Q@ﬁgqxaé@sythe above-described orientation that occurs at a time TOPP just before touchdown,

which also refers to the time TN when the pad 209 first engages the region 216R of the
20  exposed surface 216 of the puck 218. Thus, at the time TOPP there is initially no force FP-C
(FIG. 2B) applied by the pad 209 on the puck 218.
Reference is further made to FIG. 2A, and to the exemplary situation in which the
polishing head 202 is designed to rotate on the axis 210 that is vertical. The CMP system 200-
1 includes multiple linear bearing structures 230 and 232 of the wafer carrier 208. In a general
25  sense, the structures 230 and 232 facilitate making repeatable measurements of the eccentric
forces FP-W. Thus, the force FP-W applied to the wafer carrier 208 may be accurately
measured, as defined above, even though such force FP-W is eccentrically applied to such
carrier 208. In more detail, the structures 230 and 232 enable the providing of the above
defined accurate indication of an amount of such eccentric force FP-W.
30 Describing the term “accurate indication” in view of FIG. 2A, for example, the
referenced repeatable measurement technique may be described in terms of many of the

exemplary forces FP-W which from one time T1 to another time T2 have equal values. By the



eccentric force FP-W the |loss of force FF within the nmeasurenent system
and within the systemfor supporting the carrier, will be substantially

t he sane, wio ®@/16078€peat abl e. Therefore, by 10 providi ng a mdT/vRsines1o
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i s made ahrodesited inpinassinsesnsinserie sich an ecgnirtcafipres BhYY + Fopegunds inayd GMP

system 200-1 such eccentric force FP-W is not allowed to move such wafer carrier 208 nor the

20  wafer 206 relative to the initial first orientations of the respective central axes 212 and 214 of
the respective wafer carrier 208 and wafer 206, except as follows. The exception is that the
wafer carrier 208 and the wafer 206 are permitted to move only parallel (see arrow 233) to the
initial first orientations of those respective central axes 212 and 214. The arrow 233 is parallel
to the vertical component FP-WV.

25 FIG. 2A schematically depicts two of three of the multiple linear bearing structures 230
in more detail, and FIGs. S5A-1 through 5A-3 , and FIGs. 5B-1 through 5B-3 show the three
multiple linear bearings 230 in more detail. A main bearing housing 250 is provided with a
first set 252 of three linear bearings 253. Each bearing includes three sleeves 254, each of
which is made from material sold under the trademark FRELON. The FRELON material is

30 impregnated with hard particulate material for both low friction characteristics and increased
wear-resistance. Suitable sleeves 254 may have a one-half inch inside diameter and a length of

about one and one quarter inches. The sleeves may be linear bearing Model Number FLO8 sold



5 outside dianeter of about just |less than one-half inch so as to provide a
cl earance of no less than 0.005 inch when the shaft 258 has a size based
on the nawdmm,@lsl owabl e plus tolerance for the shaft 25&@ntkoihgs18! eeve
has a size based on the maxi mum al | owall e m nus tol erance. The shaft 258
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FI Gs. 5B-1 and 5A-2 show the nmultiple |inear bearing structures_230 as
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confi 9‘”2?6 V%Ricgﬂ)y 'dg\%n\tvgl%lf BE R 28 Ro. "AR structure 230 is linear in the direction of the

20  axis 210 of the polishing head and of the axis 211 of the pad 209. Thus, the structure 230 is

er

resistant to all except the vertical component FP-WYV of this eccentric force FP-W applied to
the wafer 206 and to the carrier 208.
In detail, set 252 of three bearings linear bearings 253 assures that structure of the wafer
carrier 208 is not allowed to move in an undesired manner in response to such an eccentric
25  force FP-W. Thus, the linear bearings 253 assure that such eccentric force FP-W does not
move such wafer carrier 208 nor the wafer 206 except vertically, which is parallel to the initial
first orientations of the respective central axes 212 and 214 of the respective wafer carrier 208
and wafer 206. As a result, the eccentric wafer load FP-W (shown in FIG. 2A acting on the
wafer 206), minus the friction force FF, is transferred to the main bearing housing 250 and is
30 referred to as the permitted vertical force component FP-WV. The force component FP-WV is

therefore a net force, after deduction of the force FF.



mul tiple linear bearing structures 230 into parts having a short length in
the direction of the axes 212 and 214 and snmall dianeters relative to the

di anetersWQ,eozﬁmmsei ght inches) of the wafers 5 206 and thq,oq{(i@ﬁ,zgﬂg.
Mor eover, such division |ocates the |lingar bearings 253 of the structures

230 at uniformy spaced intervals around a circular path 266 (FIG 5B-3).
In this manner, as the wafer carrier 208 or the pad conditioning head 220
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r espons dugcgssiQreef indivednahlinear Rsarings 283 foeex e docates undef trerdcgentiat faste Fhe

or ossar & S0 3 tachsdrit U SRR o PR R TR0 and contacted 20 -
regilons 204RThéSoricBFPAWEBac Y 8floddN@119%B AFRSS. 2AdarkPs a6t Tt [REieN263 My
i ncreases, for exanple, the force FP-Wwould be increased to have the

anount s befa pptansaigr strpia g9, suchl eeVieds] \tpbeh ASEHSYHLR Cpeblids hy nbrapsdseur e

profile e.force. EP- W nay~be ntraolled so,as t e const ant r _vary out
of pr op;ef IS0k ﬁ%m\ei% ?’a??dn%g? Eqaﬁecegﬁﬁf‘é@?vea? i%ad/liﬁﬁwmg 5?‘?&3\@ flcr)(PPé‘ aboti
anount s zedo uAES UF Cor6® B S00Mpbends e foeb.] IMbrBPrefeRBRH aemBfeOicbinfte 16RE séiie
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described nmore fully bel ow, processing of the wafer [oad signal 264 is

per f or m263.a¥ich optugea waigplopdsignd 20M«(F¥G. HB-dD én 2@ponde torsecihaforement).r idsr
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of the cu@fdled2Bfodms PEoptesiard Heoutte ber fH1i@| th Sthb NELBIAS Skpced \ARd QiR 68
I:)CT/Z(L)J =0 %e/:g%c?n?)slfngR. As the area APW of the exposed and contacted regions 204R increases, for
example, the force FP-W would be increased to have the amounts of pressure be even.
Alternatively, based on a polishing pressure profile the force FP-W may be controlled so as to
be constant, or vary out of proportion to the variation of the contact area APW, to have the
amounts of pressure conform to the polishing pressure profile. The force FP-W applied to the
25  wafer 206 must be accurately controlled to provide the desired polishing. Such control takes
into consideration the polishing pad 202 movement in the direction of the arrow 209H during
the polishing operations performed on one wafer 206, and a result of such polishing pad
movement, which is that the values of the areas APW become different. As described more
fully below, processing of the wafer load signal 264 is performed and a force F applied to the
30 plate 260 of the wafer carrier 208 in the upward direction (FIG. 1B) is adjusted as necessary to
provide the appropriate force FP-W applied by the polishing pad 209 on the area APW of the

wafer 206 to provide the desired polishing pressure.



22 The linear bearing structures 232 are described wth reference to FIGs.
1B, 2A, 5A-1 through 5A-3, and 5B-1 and 5B-2. The nai n bearing housi ng 250
i's provida@d oikérsa second set 270 of three |inear beari nggT2rdi1/26316! udi ng
three sl eeves 274 (depicted by spaced iirs of circles). The sl eeves 274
have open bottons 276 to receive nating bearing shafts 278 5 (depicted as
upwar dl y ext endi ng Iines) The shafts 278 are nounted on a retainer ring
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Gener al ure unctrons iIn
20 des1gned to be engaged by the polishing pad 209 during the wafer polishing operations, and the

polishing pad 209 imparts a force FP-R on the retainer ring 282. The force FP-R is eccentric
with respect to the axis 212 of the wafer carrier 208.
At a time TOPRR before touchdown, at which the pad 209 of the polishing head 202
engages the retainer fing 282, an outer cylindrical surface 284 is vertical. The surface 284 is
25  defined by the retainer ring base 280 and the retainer ring 282. At such time TOPRR, there is
initially no force FP-R applied by the pad 209 on the retainer ring 282, and respective central
axes 286 and 288 of the retainer ring base 280 and retainer ring 282 are vertical.
It is recalled that in the exemplary situation, the polishing head 202 is designed to rotate
on the axis 210 that is vertical. Thus, the polishing pad 209 applies the eccentric force FP-R
30 vertically downwardly onto the retainer ring 282. Generally, the structure 232 functions in the

same manner as the above-described functioning of the structure 230.



same manner as the above-described functioning of the structure 230. WO

02/ 16078 PCT/ US01/ 26319 23 Thus the structure 232 is resistant to all
except a werdaeeds conponent FP-RV of this eccentric forcedifsdgiagpbi ed to
the retainer ring 282. In detail, the igt 270 of three bearings |inear
bearings 273 assures that structure of “Phe retainer ring 282 is not allowed
to nove in an undesired manner in response to such an eccentric force
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shown in FIGs. 5B-1 and 13A the chuck bearing and load cell plate 260 is
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20 the bladder 292. The linear motor 290 is selectively actuated by supplying the fluid 293 to the
bladder 292 at different amounts of pressure (PB) according to the amount of a desired stroke
of the bladder 292. For example, referring to FIGs. 12A and 12B, a maximum stroke of the
bladder 292 may be 0.10 inches measured vertically. Such maximum stroke compares to a
vertical dimension (or thickness) of the wafer206, which may be 0.02 inches. For purposes of
25  description, the plate 260 may be said to be fixed in the vertical direction, such that when the
fluid 293 is admitted into the bladder 292 the bladder will urge the plate 279 upwardly by a
distance corresponding to the particular stroke of the bladder 292 resulting from the pressure of
the fluid 293. The bladder 292 will thus move the retainer ring bearing plate 279, and thus
move the retainer ring base 280 and the retainer ring 282, up (in this example) relative to the

30  wafer 206 positioned on the vacuum chuck 262, and relative to the pad 209 positioned relative

to the retainer ring 282 as shown in FIG. 1C-2, for example.



nove the retainer ring base 280 and the retainer ring 282, up (in this
exanple) relative to the 30 wafer 206 positioned on the vacuum chuck 262,
and rel atwo2goighe pad 209 positi oned relative to the raigiwmeinéng 282
as shown in FIG 1C 2, for exanple. 2/ 16078 PCT/ US01/ 26319 24 The
pressure PB of the fluid 293 may be on@ of many pressures, for exanple. In
a general, prelimnary sense, the fluid 293 under pressure is used to nove
the retai ner -] vert e re
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position is the position of the ring 282 during polishing of the wafer 206.

In t hi §0Bwﬁlwhﬁgetwéwngﬁ&laﬁhwﬂa@rp%sumace 299 of the retainer ring 282

rizont al
sur face. 204 APEReRBFs Jubih oy PR TR AREf okl B PR hEER PR ke
posi ti oposidiopesf he estainereigg wiidh Bfrefehred \t@gareram&sl Q” pu}ig}@mgwﬁmludm vaiicH asner
wal | 303 of the retainer_ring 282, and the surfaces 299 and 204 are

copl anadescrbes elow int detailymyay g msangeok pesidons prralel\ie dhe pesss2 14 etndi - i e

whi ch t t t| on
oni ¢ bl A e HoBfian 25deioSsiin Bt MRS Ruir ol of BBt HitE: 20RSHn
vacuum cisgioligfidg \pbilﬁoﬁ e ﬁlp@es sdifdce0?9q h&thﬁl&%&[neﬁ@ﬁgcmﬂamwnzmthﬂy taligneaixi S
212 of the wafer carrier 208. shown in FIG 12 in the nmaxi num u
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retainer 25 rlng 282 In nore detail, the ring |oad faorce FP-R acts
eccent ri cal | Yssopptedhdhirdly b Gy 1248 doiPB shayv a cfoss section in which the retainer ring

282 is in a maximum up, or wafer-capture, position suitable for locating the wafer 206 on the

20  carrier film 298 of the vacuum chuck 262 with the axis 214 of the wafer 206 co-axial with the

axis 212 of the wafer carrier 208. As shown in FIG. 12B, in the maximum up position, the
peripheral edge 301 of the wafer 206 remains surrounded by the inner wall 303 of the retainer
ring 282 and the upper surface 299 of the retainer ring 282 is above the exposed surface 204 of
the wafer 206 to facilitate ease of placing the wafer 206 on the chuck 262 within the retainer

25 ring 282
In more detail, the ring load force FP-R acts eccentrically on the retainer ring 282 and
tends to move the ring 282 eccentrically. However, the linear bearings 272 assure that the
movements of the retainer ring 282 and of the base 280 are only vertical, parallel to the initial
orientations of the respective central axes 286 and 288 of the respective retainer ring base 280
30 and retainer ring 282. As a result, only the vertical, downwardly acting component FP-RV of
the force FP-R (the component FP-RV being shown in FIG. 2A as a ring load acting vertically

on the retainer ring 282) is transferred through the retainer ring base 280 to the retainer ring



tends to nove the ring 282 eccentrically. However, the |linear bearings 272
assure that the novenents of the retainer ring 282 and of the base 280 are
only vertwoal2/ieparal l el to the initial orientations of tlrEweEdpRetidve
central axes 286 and 288 of the respect)=ve retainer ring base 280 30 and
retainer ring 282. As a result, only t vertical, downwardly acting
conponent FP-RV of the force FP—R (the conponent FP-RV being shown in FIG
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mus20be p@hﬁﬂiﬁgcpressure constant on the area APRR of the retainer ring 282 contacted by the
polishing pad 209, the force FM must be varied as a function of the relative movement of the
polishing pad 209. As a result, the above-described polishing position of the retainer ring 282
is in detail a range of positions determined according to what net force FM-V must be applied
by the retainer ring 282 to the pad 209 in order to achieve the desired pressure on the retainer
25 ring 282.
FIGs. 2B and 19B show the pad conditioning head 220, illustrating a linear bearing
assembly 304 for limiting the direction of relative movement between a main bearing housing
306 and a puck bearing and load cell plate 308. It is recalled that in the exemplary situation,
the polishing head 202 is designed to rotate on the axis 210 that is vertical. The CMP system
30  200-1 includes additional multiple linear bearing structures 310 of the pad conditioning head

220. Generally, the structures 310 are similar to the structures 230. Thus, the structures 310

function in the same manner as the above-described functioning of the structure 230. In more



by the retainer ring 282 to the pad 209 in order to achieve the desired
pressure on the retainer 25 ring 282. FIGs. 2B and 19B show t he pad
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in the bearings 230 and 232, for .exanple, and are depicted in FIG 2B in a
receive and allow the sleeves 316 to cooperate with respective shafts 320. The sleeves 316 of

the linear bearings 314 may be the same Model Number FLLO8 sold by Pacific Bearing, of
20 Rockford, IL as in the bearings 230 and 232, for example, and are depicted in FIG. 2B in a
manner similar to that shown in FIG. 2A. The shafts 320 may be made in the same manner as
described above with respect to the shafts 258. The main bearing housing 306 is fixed to, and
carries, a chuck 322 of the pad conditioning head 220. The chuck 322 carries the puck 218,
which during contact with the polishing pad 209 is subjected to the eccentric force FP-C,

25  indicated in FIG. 2B as a puck load imposed on the puck 218.
As described above, FIG. 1B shows the initial orientation of the pad conditioning head
220 and the puck 218 before the pad 209 of the polishing head 202 engages the exposed surface
216 of the puck 218, e.g., at the initial time TOPP. Thus, there is initially no force FP-C
applied by the pad 209 on the puck 218, and initially the respective axes 222 of the head 220
30 and 224 of the puck 218 are vertical in the exemplary situation. It is recalled that in such
situation, the polishing head 202 is designed to rotate on the axis 210 that is vertical, and at any

of the times TN described above may apply the eccentric force FP-C (FIG. 2B) vertically



manner simlar to that shown in FIG 2A. The shafts 320 may be nmade in the
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or of the wafer carrier 208, or of the pad conditioning head 220, to tilt,
or to nmovbiaker begausnel theedhovpisletrrivad OpaRLen PhHcineR begrineotirugtuges Eiidnty,

i.e., ar;lnggu(f@o&%mt[@gen. The action of tilting is
20 The CMP system 200-1 is not only provided with the above-described features that
facilitate making repeatable measurements of the eccentric forces FP-W, for example, but is
also provided with facilities (generally referred to using the reference number 338) for other
CMP operations. The facilities 338 of the wafer carrier 208, for example, include facilities
338C for the vacuum chuck 262; facilities 338B for the bladder 292; facilities 338S for the
25  retainer ring 282; and facilities 338 LC for the load cell 263. Such facilities 338 are provided
for the CMP operations without interfering with the CMP operations. Considering these
facilities 338 of the wafer carrier 208, reference is made to the three dimensional views of
FIGs. 3A, 3B, and 3C and to the exploded views of FIGs. 4A and 4B, and to the enlarged
perspective views of FIGs. 5A-1 through 5A-3 and FIGs. 5B-1 through 5B-3. FIGs. 3A
30  through 3C show assemblies of structural elements of the first embodiment 200-1, including a
rotary tool changer 340 to which the chuck bearing and load cell plate 260 is secured. The
rotary tool changer 340 includes an upper section 342 and a lower section 344 (FIG. 3C). The
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enabl e @hoBav center B2 whtheruppeaciden 4% Hhrsanp sugaRebhalt brariggs {noisbopnyand
urges the ball bearings outwardly and partially from a race (not shown) and partially into a V-

20  shaped groove (not shown). The ball bearings releasably hold the upper section 342 and the
and lower section 344 tightly joined. When it is desired to separate the upper and lower
sections 342 and 344, the cam is retracted from the upper section 342 to allow the ball bearing
to fully exit the V-shaped groove and release the upper section 342.

FIGs. 3A and 9 show the bottom 366 of the upper section 342. Four ports in the upper

25  section 342 are provided for the facilities 338. A first port 368 mates with a similar port (not
shown ) of the lower section 344 to supply the DI water and vacuum (see arrow 348). The port
368 receives a standard conical seal that extends from the similar port of Othe lower section
344. The DI water 348 flows, and the vacuum 348 is applied, through the port 368, past an O-
ring 370 shown in FIG. 5A-1 to a nozzle 372 shown in FIG. 5B-1 threaded into a threaded port

30 374 of the plate 260.

FIGs. 3A and 10 show a second port 376 that mates with a similar port (not shown) of
the lower section 344 to supply the DI water (see arrow 352). The port 376 has a seal 378



15 The | ower section 344 and the upper section 342 mate in a standard
manner by way of a releasable connector 361 (FIG 3C). To releasably join
t he sectiampodgersand 344, the connector 361 has a cam ( nagictatawags16lri ven
by a piston rod (not shown) fromthe Iﬁger section 344 into a hollow
center 362 of the upper section 342. THWe cam engages ball bearings (not
shown) and urges the ball bearings outwardly and partially froma race
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to the inlet 294 of the bladder 292. The slip ring 360 on the spindle 346
i s conn@erdfoiinlaeyreusd todapeibe sPnisstr 49 dimperalt the connector 400 to move into

the port 402). A conductor 408 extends from the connector 400 through the port 406 to a load
20  cell amplifier 410 shown in FIG. 4A secured to the plate 260. The amplifier 410 is connected
to the load cell 263 and receives the wafer load cell signal 264.

FIG. 5A-3 shows the facilities 338C in the form of tubing 412 that is connected to the
nozzle 372 (FIG. 5B-1) that is mounted on the chuck bearing and load cell plate 260. The
tubing 412 extends upwardly through a through-hole 414 in the main bearing housing 250

25  shown in FIG. 5A-2 and extends to a push-to-connect tubing connector 416 shown in FIG. 4B.
The connector 416 is threaded into a port 418 drilled into the chuck 262. The port 418 supplies
the vacuum or the DI water 348 to a manifold 420 (FIG. 15) of the chuck 262 to evenly
distribute the vacuum or the DI water 348 across an upper surface 422 of the chuck 262.

A porous layer 297 is mounted on the upper surface 422. The layer 297 is fabricated

30 from porous ceramic material having relatively large pores 297P (FIG. 7). The relatively large
pores 297P provide passageways through which the DI water 348 flows or the vacuum 348 is
applied from the manifold 420. The large pores 297P are located uniformly across the entire



the | ower section 344 which mates with a pogo pin connector received in a
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resilientiw @2ji@eed contact with electrical contacts 398 (defwsode319f a
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20  washed as described below, avoids contaminating the wafers 206.
In the operation of the vacuum chuck 262, when the wafer 206 is properly mounted on
the vacuum chuck 262 the axis 214 of the wafer 206 will be oriented coaxially with the axis
212 of the wafer carrier 208. To hold the wafer 206 on the carrier film298, the vacuum 348 is
applied to the third port 384 and thus to the chuck manifold 420 to reduce the pressure under
25  the carrier film 298. The reduced pressure allows ambient pressure to force the wafer 206
against the carrier film 298. In this proper mount, the wafer 206 will block all of the
passageways of the carrier film 298, thus the pores 297P of the layer 297 will have a
significantly reduced flow of air therein. If the wafer 206 is tipped on the film 298, or is
otherwise not positioned on the film 298 in the noted coaxial orientation, the air flow into the
30 carrier film 298 will be measurably greater as detected by a pressure detector 299D (FIG. 3C)

indicating the improper orientation.



range to one mcron. 10 FIGs. 7 and 8 show a carrier film 298 provided on
the mani fold 420 and extending over an upper surface 499 of the porous

| ayer 297wwoon2fidgeher evenly distribute the vacuum or the DICT/usatie6318348
across the area of the chuck 262. The fkI m 298 is nade frommaterial sold
under the trademark RODEL as Mbdel Nuitber RF 200. The film 298 is provided
with cut holes or apertures having a size in a range of from0.010 i nches

to 0.015 i nchgSyaté09486X ARl er Jres?su!r@%%eg&zwa@ h8s RAfe PaAFORUR0. The DI
characteristic and provi des continuations of the passageways of the |ayer
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area of ptdagus MiGkerd achs$ the WhRr Iz@aserrel%%%s Sk Westel 206 KBRD(HRAHuEE bszs atnrdom
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206 on the carrier filn298, tThe vacuum 348 is applied to the third port
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pores 297P of the layer 297 will have a significantly reduced flow of air
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pressur %nel esfegk Aud998) of tHe matold 389l qab Inﬁbgufobmszr@&@&@ruwdrmtt%u%n theVO
02/ 16078 PCT/ US01/ 26319 31 DI water 348 is fed under pressure to the port
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the pregsumge %talharﬁﬂg bAL 286 IOHDwine Fief @haxaﬂgmre@@a& »ddntovvafiherd@f
fromthe chuck 262, and 5 cleans the outer er-cont ac ajsurface of the

carri er wailll 4362 $8x Sl@hﬂtlh@r43ﬁlaoﬁ‘/\pm1deﬁ@t Orenlypeead inRaGs MD@E@; etifrer pige eellof
the fil 5&87 gllfleflr?rrle%%lsdes\!va 4¥6 gbggztitec? g‘ro}nhae hgr%re%sgln%grzgg Bfastticp er’Illcl‘ll H]laglgoe an
unreinforced semicrystalline thermoplastic polymer material, such as polyethylene
20 terepthhalate sold under the trademark ERTALYTE PET-P by Port Plastics provide
dimensionally stable inlets 434. Each inlet 434 is provided with a tubing fitting 438 that
connects with one of the lengths of tubing 430.

The DI water 352 is supplied through the spindle 346 and to the manifold 382, which

distributes the DI water 352 to the lengths of tubing 430 and to the fittings 438. FIGs. 14A and

25  14B show the general polishing position of the retainer ring 282, wherein the exposed surface
204 of the wafer 206 is coplanar, or horizontally aligned, with the top 299 of the retainer ring

282. The retainer ring base 280 is also shown separated from the vacuum chuck 262 by a space

440. As shown in FIGs. 8 and 22, each of the fittings 438 and inlets 434 is connected to a
passageway 442 in the side wall 436. Each passageway 442 has an angular configuration to

30  provide an upwardly and inwardly directed nozzle 444. FIG. 8 also shows each nozzle 444
oriented to direct the DI water352 into the space 440. FIG. 22 also shows each passageway

442 extending away from a radial direction so as to direct the DI water 352 in a circumferential



and off the film 298, cleaning the vacuum chuck 262 in preparation for
polishing the next wafer 206. Such flows of the DI water 348 through the
film 298 wwphaiilgersl ayer 297 avoid collection or accunul at ipgr/wdo1pé91d1 Cl es
under the wafer 206 when the wafer 206 _,.,s nounted on 10 the filn298. The D
wat er 348 and the renoved slurry 426 fBdw into a central containnment tub
(not shown). FIGs. 5B-1 and 8 show the facilities 338S for the supply of
the DI . [Hsm'!f i.ng WS4 Pr-avi i i
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st abl e i20beT8e AdW.44Batibwk ecdludp426 & dnted\thedgadcem4(dn a tubing fitting 438
that connects with one of the |lengths of tubing 430. The DI water 352 is
supplied through the spindle 346 and to the r_rani%glg 382, which

di stributes tihe P wager ei523djzected agqanst Sirginderside 4 ioh dhe3@lerPor wmayes the
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282. The retainer ring base 280 is alsg shown separated fromthe vacuum
chuck 2&ndeyidg 44p of dhe water 208 agd sl thim, dimensiongmepfthe slit &% Agshewe 1 £1¢ ngs
438 and qynl i FRYE ' j: |l 436.
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and i nwelis8] yrigi outlet 456 nocatifgudedidio frbGde 8n ahsdasitapsd HpctoOnthaizik ephdsite to a
oriented to direct the D vvatergSZ into the space 44Q. FIG 22 al so shows
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the DI water352 into the s][oace_440 in the circul ar direction 44%. I n_the
enl ar ge@uilfletitiife #6c Thaputleterifife §eh erteqdschrongh dhe sefoiner Figg,base 230 to the

containment tub (not shown).The seal 458 is annular in shape and extends from the cavity 464,

20  over the lip 460, across the space 440, and is tightly secured (e.g., gripped) between the main
bearing housing 250 and the vacuum chuck 262. In this manner, the dam 454, the seal 458, and
the related adjacent structure of the carrier 208 contain the slurry 426 and the DI water 352.
The DI water 352 cleans the underside 446 of the wafer 206 and the space 440. The outlet 456
receives the slurry 426 and the DI water 352 that has been urged from the space 440 without
25  any pumping mechanism other than the rotation of the carrier 208.

The CMP system 200-1 is not only provided with the above-described feature of
making repeatable measurements of the eccentric forces FP-W, but is also provided with
facilities (generally referred to using the reference number 338) for other CMP operations. The
facilities 338 of the pad conditioning head 220, for example, include facilities 338PS for

30 sensing the puck 218 on the chuck 322; facilities 338PP for purging the puck 218; and facilities
338LCP for the load cell 324. Such facilities 338 are provided for the CMP operations without
interfering with the CMP operations. Considering these facilities 338 of the pad conditioning



the nozzle 444 is also shown flow ng agai nst an underside (or overhang) 446
of the wafer 206 5 that overhangs the vacuum chuck 262. The overhang 446

may ext engoa2add7s0. 040 i nches beyond the retainer ring bagg@®9r63 so,
FIG 14B shows (see arrow 448) a flow qr, seepage of the slurry 426 through

a crack, or annular slit 452, between e retainer ring 282 and the wafer
206. The flow 448 allows the slurry 426 to enter the space 440. The DI

vat er 35}1%a&j?%6{%1%9ent%g?§ Bbie b é&ﬂ&%rcﬁ d8ighd é}ﬁg&e)&‘é’%@ Noli g@? IO B0 e

10 slurr fromthe upper en e space S exit of

the DI wates tidSBreardimehdiond lvisw wf FRS. FraQnmarno tHepebsseddtigial vive SPRICE. 49A.
The dam_ 454 is defined by the overhangi ng underside 446 of the vvafer 206
and t he It fenfoliopings desarinlonss siryrdurg) elemans thahgresthgwame s or cery simlar tnthesg | et

456 is 4%&9#)%8 b tﬁ}{atcgg%f‘dleg%s I!efef}é’%%alﬁ?hl%}é\fst 8%%&:5% d[hﬁ{jﬂégﬁmlf)ﬁso a

seal e ou |gure rovi de an annular-s
460 thatrefefenoppasbdre to a 15 sl oped entry vvaII 462. The lip 460 and the
opposed wal | 462 define an outlet cavity 464. Under the action of

centr I fugal fdFeel Burapdd Hoshaw apscEpliend siscinrab glepmears giofe fipleergbodimgniy 26
and. . {hooPlt, YRIREn DR SIS, ROBH 5] ol 980 ALADE Yo Mk gk B

caV|ty t OI’I I ce OI’I 1 Cce

ext ends stdurad) gﬂrhé hﬁaxrye&)al dlgdngel 640 eRdeBO upyser tsb&tionc@R mmﬂwertsa&:udnn@rm
shown) . The seal 458 is annular in shape and extends fromthe cavity 464, 20

over t hdF1G-d7430Tha loweseetipn %’a}é@ﬁmd tym gpipdletorigrhatyotates gpd apyliss gemcal
d h |
Ohi 18To e e P Ufeqr 8014 B9 19040 O, SRt PRI TIEHE Spifdle |

of the wabrdley pid0Bles oy Sicilitidd 338PRIbyY supdbid duid)subh am@IeWat35848, thighla
wat er 352 cl eans the underside 446 of the wafer 206 and the space 440, The

out | et #guduit 6bio/ds lovier sactien P44 5@ usadn theechurk a2 e rAdsitponalys thp gpinglechfto
rotat ot BFPRaTeaiR, &7 Rl e LR BN B O o TS L0 FEH SRR

t he aboveweesaidneld fbeainding th presake agalfsemaifaltﬂ Budked s wh&heaﬁmk@fzzt he
eccentric forces FP-W but is also provided with facilities (general Ig/pn
e

refdfred to ddenpindle Her dpemeevidesntherfaghtiss f3SLGE Hur pProvidiag iy shn &g, 6

ool 1141 Gneds (o WbaBah) kbl IRE t Blloundl pRICTR Su1 SR PR o g
338PP f aktepuingi thg fohe prigike 208 puaind1Bamid thel ﬁ(ﬂlshﬁ@SbﬁDZDQrtogétBerl aathg eid

324. Such_facilities 338 are provided for the CVP operations wthout
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the pad GoOdlLh@NENIwHRNARALE QR ;%QOL&Q S (x:f’& shown) received in a port (not

20  shown) in the lower section 644. Referring to FIG. 17A, pogo pins extend upwardly into
resiliently biased contact with electrical contacts 698 of a connector 700 provided in a port 702
of the upper se;:tion 642. The port 702 has a shoulder (not shown) against which the connector
700 is urged when the plate 308 is connected to the upper section 642, as by six screws 704.
The port 702 is aligned with a port 706 shown in FIG. 16B as being provided in the plate 560.

25  The port 706 is large enough to pass the connector 700 (to permit the connector 700 to move
into the port 702). A conductor 708 extends from the connector 700 through the port 706 to a
load cell amplifier 710 shown in FIG. 16B secured to the plate 560. The amplifier 710 is
connected to the load cell 324 and receives the puck load cell signal 326.

The lower section 644 and upper section 642 mate in the standard manner described

30 above, i.e., by way of a releasable connector 661 (FIG. 17C). The structure described above

releasably joins the sections 642 and 644. Two pressurized air lines actuate the piston (not



head 220, reference is made to the three dinensional exploded views of
FIGs. 16A and 16B, and to the three dinensional view of FIG 17A and to

t he crosswgppiiseal view of FIGs. 19A. In the foll ow ng deseidopbénns,
structural elenents that are the sane EF or very simlar to those

descri bed above are described using re @rence nunbers three hundred nore
than the previous 5 reference nunber. FIGs. 17A and 17B show assenblies of
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20  lower section 644 to supply the DI water (see arrow 648) for the purging operation. The DI
water 648 flows through the port 668 past an O-ring 680 to a fitting 672 shown in FIG. 20
threaded into a threaded port 674 of the plate 308. The fitting 672 is connected to a tube, or
conduit, 712. The tube 712 extends upwardly from the fitting 672 through a through-hole 714
in the main bearing housing 306 (FIG. 16A) and extends to a push-to-connect tubing connector
25 716. The connector 716 is threaded into a port 718 drilled into the chuck 322. The port 718 is
shown in FIG. 16B supplying the DI water 648 to a manifold 720 of the chuck 322 to evenly
distribute the DI water 648 across an upper surface 722 of the chuck 322. The chuck 322 is
provided with a lip 900 that extends above the upper surface 722. The lip 900 defines a dam
that retains a pool or reservoir of the DI water 648 on the chuck 322. The DI water 648 is
30 supplied to the chuck 322 at a preferred flow rate of about two hundred to three thousand cubic

cm. per minute (ccm), and at a more preferred flow rate of about four hundred to two thousand

ccm, and at a most preferred range of about 1000 ccm to 1200 ccm and flows outwardly from



WO 02/ 16078 PCT/ USO01/ 26319 34 shown) of the connector 661 to cause the
connector 661 to |lock the upper section 642 to the |ower section 644, or
to rel easggPacto sections. The puck is purged to renove pealissihésge debri s
and other material. The puck 218 is 52 wn in FIGs. 16A, 16B, and 19B as
including two disk-like [ayers 902A and~902B that are 5 adhered to each
other. A first layer 902A is fabricated fromcarbon steel that is provided
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(FIG 16#) pxamireeﬁi ﬁmdsorta ®32 tbuﬁabrehﬂr C UAREdHcrdabddl Higsued mefetﬂ@éte&as dkbreastde
connector 716 is threaded into a port 718 drilled into the chuck 322. The
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of the [ e r
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retai ns_a pool reservoir of the DI water 648 on the chuck 322. The Di
wat er 6488 issonly partly on the chuck 322, or is not at all on the chuck 322, the flow of air into the
bore 932 will not be blocked and the pressure in the bore 932 and thus in the conduit 696 will
20 not decrease. As a result, the pressure sensor will determine that the puck 218 is not properly

on, or is not at all on, the chuck 322, such that the polishing operation should be interrupted.

Referring to FIG. 23, the present invention provides a method for controlling
relative movement between the wafer 206 and the CMP polishing pad 209. The method
may include an operation 1000 of mounting the wafer 206 on the chuck 262. It may be

25  recalled that the wafer 206 has an axis 214, which may be referred to as an axis of
symmetry. This mounted position is described above as the initial position of the wafer
axis 214. The method moves to operation 1002 by offsetting the axis 210 of the polishing
pad 209 and the axis of symmetry 214 of the mounted wafer 206, which is shown in FIG.
1B. The axis 210 is the axis on which the pad rotates. The method then moves to an

30 operation 1004 by urging the pad 209 and the offset wafer 206 toward each other parallel
to the axis of symmetry 214, as shown by the arrow 209V in FIG. 1B. With the rotary tool
changer urging the wafer carrier 208 upwardly and holding the chuck 262 at a fixed



30 supplied to the chuck 322 at a preferred flow rate of about two hundred
to three thousand cubic cm per mnute (ccm, and at a nore preferred fl ow
rate of aweur/mwer hundred to two thousand ccm and at a peastsoprefier r ed
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may be 25 recalled that the wafer 206 has an axis 214, which may be

ref er r ethovnting tlzen waler 206f fosmtshylg aperafionoppsfosered byi the qradi 209dkaséns Bed
above a%oltlsh‘iengl Q\llrhllcgl R he s?art %];e rtngt?m&@na%’ include an operation 1010 of mounting

the wafer 206 on the chuck 262 to resist movement of the polishing surface of the pad 209

20  which FIG. 1B shows is applied eccentrically with respect to the axis of symmetry 214 of
the wafer 206. The wafer 206 is shown in FIG. 14B as having the edge, or periphery, 301
symmetric with the axis of symmetry 214. The axis 214 is normally perpendicular to the
exposed surface of the pad 209. The method moves to operation 1012 by providing the
retainer ring 282 having a first position (FIG. 12A) surrounding the periphery 301 of the

25  wafer 206 to limit movement of the wafer 206 perpendicular to the axis 214. The method
moves to operation 1014 by urging the exposed surface of the pad 209 and the wafer 206
toward each other so that the pad 209 exerts on the contact area APW the polishing force
FP-W tending to tilt the wafer 206 and the axis of symmetry 214 into respective positions
out of perpendicularity with respect to the polishing surface. The method moves to

30 operation 1015 by urging the exposed surface of the pad 209 and the retaining ring 282
toward each other so that the pad 209 exerts the polishing force



axis 214. The nethod noves to operation 1002 by offsetting the axis 210 of
the polishing pad 209 and the axis of symmetry 214 of the nounted wafer
206, whicwam/sémswn in FIG 1B. The axis 210 is the axis raT/useieésip he pad
rotates. The nmethod then noves to an 3 peration 1004 by urging the pad
209 and the offset wafer 206 toward eaCh other parallel to the axis of
symmetry 214, as shown by the arrow 209V in FIG 1B. Wth the rotary tool
changer g i I i 262 at
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214. Theosiueoktht aals1@ an @14 nik in the sife dosctidnas tidf pdrinéttasdrhevenantef 4 i s in
response to the force FP-W.in FIG for exanple nd r ects the
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shown in FIG. 24 are then done.

20 As shown in FIG. 25, operation 1015 may include a suboperation 1022 of
providing the plate 260 spaced from the chuck 262. Operation 1015 may also include a
suboperation 1024 of providing the bladder 292 between the plate 260 and the retainer ring
282. Operation 1015 may also include a further suboperation 1025 of operating the
bladder 292, such as by inflating the bladder 292 with fluid at a first pressure. Such

25  inflation moves the retainer ring 282 and the pad 209 toward each other.

Referring to FIG. 26, another aspect of the present invention provides a method for
controlling relative movement between the wafer 206 and a chemical machining pad 209. The
method may include an operation 1040 of mounting the wafer 206 on the 262 chuck, the wafer
206 having the axis of symmetry 214 perpendicular to a polishing surface of the pad 209 and

30 coaxial with the carrier axis 212, and parallel to the axis of rotation 211 of the pad 209. The
method moves to operation 1042 by offsetting the axis of rotation 211 of the pad 209 from the
axis of symmetry 214 of the mounted wafer 206. The method moves to operation 1044 by



retainer ring 282 having a first position (FIG 12A) surrounding the

peri phery 301 of the 25 wafer 206 to |imt novenent of the wafer 206

per pendi cwioan/tberst he axi s 214. The method noves to oper athcanmusbhd2é3iby

urgi ng the exposed surface of the pad 9 and the wafer 206 toward each
other so that the pad 209 exerts on th&“contact area APWthe polishing
force FP-Wtending to tilt the wafer 206 and the axis of symetry 214 into
respect iy if@Shive At oPtHe flisiRRE REAMCH RE E&d’zm tW i@ MREFhfel 208.NgnBehickhi ng
surface. The method noves “to 30 operation 1015 by urging the exposed
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may al so nove to an 15 operation 1019 which, during the urging operations
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operations shown in are then done. 20 As shown in FIG
oper at i pad 202 Smpeses |tlm:p01d§h1rg otz Vé onche matedfwafptrmﬁ md\gletfhweﬁlPaR@nz 60

spaced ftl’[eorrgteﬁrrl]eei\' rfnguféé eac fo%%%e%gl é)cr(]:er:l't(l)‘l:cli5WlmEl Xzspec% to {hrécalx?s of symmetry 214. In

response to the polishing force FP-W the wafer 206 and the chuck 262 have the tendency to tilt

20  such that the axis of symmetry 214 tends to move out of parallel with the axis of rotation 210.

Referring to FIG. 27, during the holding operation 1050 an operation 1052 is performed by

which the first set 252 of the assemblies is effective to limit the movement of the retainer ring

282 to movement parallel to the axis of symmetry 214. During the holding of the chuck

support plate 260, for example, operation 1054 is performed by which the second set 270 of the

25  assemblies is effective to limit movement of the chuck 262 relative to the chuck support plate
260 to movement parallel to the axis of symmetry 214.

Referring to FIG. 28, the present invention provides a method for controlling relative

movement between the wafer 206 and the CMP polishing pad 209. The method may include

an operation 1060 of mounting the wafer 206 on the chuck 262 with an exposed surface 204

30 parallel to the polishing surface of the pad 209. The method moves to operation 1062 by

'offsetting the axis of rotation 210 of the polishing pad 209 from the axis of symmetry 214 of

the mounted wafer 206 with the axes parallel to define an initial orientation of the wafer 206.



suboperation 1024 of providing the bl adder 292 between the plate 260 and
the retainer ring 282. Operation 1015 may al so include a further

suboper at weru2h@@s of operating the bl adder 292, such as bpetudohatiimg t he
bl adder 292 with fluid at a first presS Such 25 inflation noves the

retainer ring 282 and the pad 209 towa each other. Referring to FIG 26,
anot her aspect of the present invention provides a nethod for controlling
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12B). Tﬁaﬁa@tc&.tﬁepact 208y Thegmethgd alfpgcovc& R aEoRHEIqRF0, $Bich yring dhestrging.

gg4gbby grg%\%?%rafﬁ‘ﬁgw eﬁlgklcsfﬁ@c E&fé@nq%é% E%S’u%%%’ ?8‘% at e (Z'g%%fandﬁé}fﬁlllt%21
r et ai nermdviengntiof tise (AR 2060 w2iB2ihe véxipbsed irfacal20t ypapdllepab ribe alirettioneaf the

bearing assenblies 230 and 232, each of the assenblies having a_ housing
254 or PPUslip®iERsa ofitlierpas 399ar g ingigatss i‘d’aﬁr@r‘ﬁé‘n‘tﬁt apoant efgthe pelishin E%reng

surface the assenblies has the |inear shaft 258 or
278 recer@o%ﬁﬁﬁqgg?éé ec |vgegge of the housrngs 254 or 274. The first set
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t he nouniped byak®étird theddkih ¢thotation 2e1 bPth paa 209 hﬁd et z@dlsﬂ@ﬁs yiigr2B2, ofeach
force being eccentric with respect to the axis of symetry 214 I n
the mounted puck 218 in parallel relationship. The method moves to operation 1084 by
20  urging the pad 209 toward the offset puck 218 parallel to the axis of rotation 210 (in the
initial position) to cause the pad 209 to impose the conditioning force FP-C on the area
APC of the mounted puck 218 eccentrically with respect to the axis of symmetry 224. In
response to the conditioning force FP-C the puck 218 has a tendency to tilt such that the
axis of symmetry 224 tends to move out of parallel with the axis of rotation 211. The
25 method moves to operation 1086 during the urging operation 1084 by resisting the
tendency of the mounted offset puck 218 to tilt while allowing the puck 218 to move
parallel to a direction of the axis of rotation 211. The method may also include an
operation 1088 performed during the urging operation 1084 and the resisting operation
1086, by measuring the movement of the puck 218 parallel to the direction of the axis of

30 rotation 211 to indicate a value of the conditioning force FP-CV. Such indication may,

according to the present invention, be an accurate indication as defined herein.



response to the polishing force FP-Wthe wafer 206 and the chuck 262 have
the tendency to tilt 20 such that the axis of symetry 214 tends to nove
out of pawa d2@ko:si th the axis of rotation 210. Referring fgcaq/fdoB26349 .,
during the holding operation 1050 an o%ggation 1052 is performed by which
the first set 252 of the assenblies is fective to limt the novenent of
the retainer ri ng 282 to novenent parallel to the axis of symetry 214.
Buring the h t peration
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novi ng of operation 1064, the nethod noves to an operation 1068 by
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operation and the resisting operation, is performed by neasuring the anpunt
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exposed tgdl pbmngQﬂfacIitﬁ meqfaanzog foverd tr@npwksmaor Q‘hbgﬁ mmﬂmds fher
controlling relative novenent 15 between the pad conditioning puck 218 and

t he pad ceodtimeing fpicadR-¥V pnche 32 ARe qfettlﬁ@@punted puck 218 eccentncal with
respect to the axis of symmetry 224. In response to the conditioning force FP-C, the chuck

20 322 and the puck 209 on the chuck 322 have a tendency to tilt such that the axis of
symmetry 224 tends to move out of parallel with-the axis of rotation 211. During the
holding of the chuck support plate 308 at the fixed position the method moves to an -
operation 1098 in which the assemblies 304 are effective to cause the mounted puck 218
to resist movement of the polishing surface of the pad 209 and the puck 218 towards each

.25  other. Referring to FIG. 31, the method moves to an operation 2000 to limit movement of
the chuck 322 relative to the chuck support plate 308 to movement parallel to the initial
position of the axis of symmetry 224. In this manner the puck surface remains parallel to
the polishing surface. The method may move to operation 2002 by sensing the limited
movement of the chuck 322 relative to the chuck support plate 308 to indicate an accurate

30  value of the conditioning force FP-CV.

Referring to FIG. 33, another aspect of the method of the present invention relates to a

method of purging the puck 218 for conditioning the chemical mechanical polishing pad 209.



may include an operation 1080 of nounting the puck 218 on the chuck 322,
the puck 218 having an axis of symetry 224 (in an initial position). The
met hod noweso2tie08per ati on 1082 by offsetting the axis of paaredoneesi121l of
the pad 209 and the axis of synmmetry 2% of the nounted puck 218 in

paral l el relationship. The nethod noves'to operation 1084 by 20 urging the
pad 209 toward the offset puck 218 parallel to the axis of rotation 210 (in
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assisting in the desired conditioning of the polishing pad 209 by the puck 218.

20 Referring to FIG. 34, another aspect of the method of the present invention relates to a
method of conditioning a polishing pad. The method starts with an operation 2050 in which a
puck 218 is mounted on a chuck 322 with the puck axis of symmetry 224 perpendicular to
polishing surface of the pad 218 and the conditioning surface of the pad 209 parallel to the
polishing surface. The method moves to an operation 2052 in which the axis of rotation 211 of

25  the pad 209 is offset from the axis of symmetry 224 of the mounted puck 218 with the axes 224
and 211 parallel to define an initial orientation of the puck 218. The method moves to an
operation 2054 in which the polishing surface of the pad 218 and the conditioning surface of
puck 218b are moved toward each other to with the conditioning surface of the mounted puck
218 resisting the polishing surface of the pad 209. The method moves to an operation 2056 to

30 provide the array 265 of linear bearing assemblies such as 310 adjacent to the mounted puck

218.



| i near shaft 320 received in a respective one of the housings 316. The
assenblies 304 are 15 between the chuck 322 and the chuck support plate
308. The wetdadoigoves to operation 1098 by hol ding the chyakysswpeast pl ate
308 at a fixed position to resist the mpqvenent of the polishing surface of
the pad 209 toward the puck 218. The p 209 i nposes the conditioning
force FP-Won the area APC of the nounted puck 218 eccentrically with
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the fluid 648 may flow. The nmethod noves to an operation 2032 in which the
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across the surface of the puck support carrier 220. The nmet hod noves to
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carrier 220 to the puck support surface on which the puck 218 is to be
pl aced. ofggng the assemblies 310 during the move operation 2074 to substantially limit movement

from the initial orientation and permit only movement of the mounted puck 218 with the
20  conditioning surface parallel to the polishing surface. The method moves to an operation 2080
of
sensing the limited movement to indicate an accurate value of the polishing force FP-C applied
on the conditioning surface.
Referring to FIG. 38, there is shown a graph schematically illustrating how the pressure
25 B applied to the fluid 293 admitted to the linear motor 290 may be varied with the amount of
overlap OL (FIG. 1B) between the polishing pad 209 on the one hand, and the retainer ring 282
and the wafer 206, on the other hand. ). As described above, one polishing pressure profile
may provide that during a step in a CMP cycle, uniform amounts of pressure should be applied
to the different exposed and contacted regions 204R. In that situation, as the area APW of the
30 exposed and contacted regions 204R increases the force FP-W is increased to have the amounts
of pressure be uniform. Processing of the wafer load signal 264 is performed by the system

2100 described below, and the force on the wafer carrier 208 in the upward direction (see F in



met hod noves to operation 2040 in which the fluid DI water 648 is supplied
t hrough the puck carrier 220 to the port 932 to enable the configuration
of the puglo @assiger 220 (i.e., a manifold) to spread the for/iveieE31648
across the puck support surface within the lip 900 to i merse the puck 218
inthe DI water 648 in the reservoir. e supply is such as to nake the Dl
wat er 648 15 flow outwardly fromthe manifold 720 through the perforations
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the DI water 648 flow ng past the puck 218|ﬂpurges, or cleans, the puck 218,
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chuck 322 with the puck axis of symetry 224 perpendicular to polishing
sur f acegbfentimee Pd 218 and the conditioning surface of the pad 209 parall el
to the poliihin% s§£f§0ﬁqnge met hod noves to an operation 2052 in which
the axis of Y 2 €558 espad 209 is offset fromthe axis of
symet ry 224 Rhtrhlgediorertgiropuck 218 with the axes 224 and 211 parallel to

define an initial orientation of the puck 218. The nethod noves to an
oper ati on 205 therpbaii¢ descrin@opdl Wahneted that thecizeopr valee, 9idhoamtagh for dystlap)

B e A U

sur f ace3ofipt henrpagh 209, ahbie Mvetthedghares Refann®Rgiiatd AResdATGs!, F1GQ. pravi de
the array 265 of Tinear bearing assenblies such as 310 adjacent to the
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and  peesdrdinatdofOfhk ehey 8 ERt pddishinBepadmno9t Rchpusk idhéfymiehXtdoerdimuielof teni ng
surface of the puck 218 parallel to the polishing surface of the pad 218.
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present invention relates to a
218, and this is identified as xgap. FIG. 1C-1 shows that the value of h1 and h2 may be set as

zero. As aresult, the value of h3 is shown as 12, indicating that the furthest leftward movement
20  of the polishing pad 209 in this example is to a position tangent with the Y axis center line of
the wafer 206 (at center hl) and the Y axis center line (at center h2) of the retainer ring 282.

In a preferred embodiment, h3 = r2 is the position of the polishing pad 209 for
touchdown, which is the first contact of the polishing pad 209 with the wafer duting a CMP
cycle. In this situation, during the CMP polishing cycle, the polishing pad 209 may move as

25  shown by the arrow 209H (e.g., to the right). For example, the rightward movement may be to
a position at which h3 is more than r2 and less than the sum of r2, xgap and rl, which may be
at a time TN = T1, which is after time TO. As this movement occurs after touchdown, there are
changes in the values of these areas contact APW, APRR, and APC. To illustrate such changes
in the values of the areas AP, in FIG. 1D-1 the area APW is shown at the time TN = T1 as

30 having a smaller value than the area APW shown in FIG. 1C-1. In FIG. 1D-2 the area APRR is

shown at the timé T1 as also having a smaller value than the area APRR shown in FIG. 1C-1.



met hod of conditioning a polishing pad. The nethod starts with an operation
2070 of mounting 10 the puck 218 on the 322 chuck wth the puck axis 224o0f
symmet ry wey@agehiscul ar to polishing surface of the pad 21&@Entkoihg1puck
conditioning surface parallel to the p(al i shing surface. The nethod noves
to an operation 2072 of offsetting the éxis of rotation 210 fromthe axis
of symetry 224 of the nounted puck 218 with the axes 210 and 224 parall el
to defi {1t jcent at.l . V. n
oper at i o P0G aen 2 N AE e 4hE TR ATk AAEn 1E, TRACA T2 AP
condi t i chowgisBIG.d¢e3.0f the puck 218 toward each other. The nmethod noves
to an operation 2076 of providing the array 265 of |inear bearin
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conditioning surface parallel to theqﬁpol i shing surface. The nethod m)gégs to
an oper &3t SrEroHar overlap &g this Ry eontaGh bebyesndhe pekthingPad gt anddhe watis 2P at e
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the retainer ring 282 and the wafer 206, on the other hand that _is
exper i e@ge@dAgBRar%pd the pressure PPC on the contact area APC. One aspect of separately

controlling each such pressure P is to provide a separate set of processing instructions for each
20  separate contact area APW, APRR, and APC.
FIG. 39 shows a first control system 2100 for controlling CMP operations to perform
CMP of the wafer 206 according to the present invention. A complete set of CMP operations
define the CMP cycle. The control system 2100 includes a PC 2102 provided with separate
operating systems (O/S). The PC 2102 may be a personal computer having a rated processing
25  capacity of a 600MHz Pentium TM series processor, or equivalent.
A preferred first, or manager, O/S 2104 may be the NT O/S; and a preferred second, or CMP
control, O/S 2106 may be a machine control O/S. The O/S 2106 may be a visual logic
controller (VLC) sold by Steeplechase, for example. The PC 2102 with the O/S 2104 is
referred to as a processor 2108, and PC 2102 with the O/S 2106 is referred to as a processor, or
30  machine control processor, 2110.
The processor 2108 may perform standard functions, such as video, storage to drives,

keyboard, mouse, etc. The processor 2108 may also perform CMP initialization functions that



given time TN. Providing Controll able Pressures Central Pressure Control
In the above description, it was noted that the size, or value, of the
contact (woa@ueedsap) 10 area AP will vary with respect tedaiwsei/zéd19and
reference was made to FIGs. 1C1 throu 1C 3, 1D 1 through 1D 3, and 1E-1
through 1E-3. Referring again to these ¥l Gs., FIG. 1C1 through 1C3
identify the X axis-coordi nate, or X-coordinate, of the center of the wafer
206 as ' Yol énﬁ] of AR tGc10f hffing Uppk o’h@tzﬂf”f&g
ring as %?Otgdr% Clhggﬁlﬁe o 1{%&0 %o%)r di ng Celgoglgmﬁlen%?gnt eg glp ltﬁle pol 1 shi ng
pad 209 CH&P h&cipesn2ll 1i4d ehi arf yutbhatiX-noade; @henm:@emﬂl therelftc eh B rposdiblt hogiteria
conditio 8DUCk 218 as h4. In FIG 1C 1 t vva% radmsmiigngﬂified as
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pad 209 for _ touchdown, which is the first contact of the polishing pad 209
with t hée-GafEresiQr FaHPrafiommsPessDl e. In this situation, during the CVP
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30 havi egnteolkempkdgedm 24RO evhidharmng hedartbaCMRDEND106 ami d%h@ols]iﬁ‘e forcds VWY,
D-2 the area APRR is shown_ at _the time Ti a also Q Vi a small er val ue
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t han the ar n FIG 1 lustr te anot her aspect ©of such
changes 2il20.t heganataliegitldfi thehsystere2H0AR) give pb@y tb Ehelprocessing that is necessary to
perform the CMP cycles of a CMP process (as may be compared to the standard and
initialization functions), the machine control processor 2110 has first priority to the available
20  processing capacity of the PC 2102. After allowing for use of processing capacity for overhead
and other necessary (non-CMP) functions (2 - 3 percent), about 97 to 98 percent of the

processing capacity of the PC 2102 may be available.

Configuration criteria 2122 shown in Table 1 (below) are provided for determining

whather ench availahle nracessing canacitv ie aifficient for the CMP anerations for which the



the area APWis shown at the tine T2, after the tine Tl, as having no val ue
as conpared to the 5 finite values of the area APWshown in FIG. 1C 1 and
1D-1. Thewloakeofs a val ue indicates that there is no overlma@ndesiihus no
contact) between the polishing pad 209 gnd the wafer 206. In FIG 1E-2 the
area APRR is shown at the tinme T2 as af‘go having a snaller val ue than the
area APRR shown in FIG 1D-2. This smaller area APRR is the di m nishing

area of ; 2 82.
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initialization functions that WD 02/16078 PCT/ USO1/ 26319 45
Processing is necessary to reduce the pressure, such that the processing workload of the

machine control processor 2110 during this CMP cycle would be based on a non-time-related,

20  emergency event.

Table 1

Configuration Criteria 2122
25 1. Decreasing Polishing Pressure: System 2100:
not to exceed rate of curve L1 in FIG. 42B.
2. Increasing Pressure (Pressure Ramp): System 2100:
not to exceed rate of curve LL1 in FIG. 42C.
3. Pressure Variation As a Function of a Variable: System 2100:
30 pressure processing delay not to exceed curve 2136 in FIG. 42D.
4. Pad Motion Rates: System 2100:
not to exceed velocity of curve 2138 in FIG. 42E.




are not directly related to performng a CVW cycle, including running
applications 2112 for CM recipes 2114. In an automatic node, the recipes
2114 are w@®/16678al | possible criteria related to a CVP pCace®s/263TH/P
reci pe application 2112 includes a rech e editor 2116. Input to the editor
2116 may be by any standard input unit ?e.g., di sk) 2118 to sel ect one
reci pe 2114 5 and enter into that recipe of all of the process vari abl es
necessary to define one CWP process, including all of the CW cycles. The
process variables may include, for exanple, polishing rate, pressure

ranmpi ng, pad notion velocity, pressUre profiles, and polishing duration. In

a nanual g | ect ed vgr a% be entered to define Id 't@d nmachi ne
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After allowing for use of processing capacity for overhead and other
necessardQCS( CGR/P) functions (2 - 3 percent), about 97 to 98 percent of
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reasons other than tine or exanple, the polishing perforned by the pad
209 nmay appmuadhed. tTiak TN enayebasn unenq:}cbsmet TOrs sfiowhm F\Kfi elC-2046ith theandgde ofithepad
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which the edge of the pad 209 engages the contact area APW of the wafer 206, with the edge
20  adjacent to the center line of the wafer (see hl). The corresponding contact area APW of the
pad 209 is shown tending to remove the wafer 206 at a higher rate from parts of the wafer 206
that are nearest to the center line of the wafer (at h1) as compared to lower removal rates nearer
to or at the edge 2126 of the wafer 26 corresponding to time Td, for example. The variation in
removal rates is shown by a series of dashed lines 2128. It may be understood that in a period
25  of time from time TO to time Tc the pad 209 has removed a thickness of TH1 from the wafer
206 adjacent to the center line hl, whereas in the same time period the pad 209 has removed a
thickness substantially less than TH1 from the wafer 206 adjacent to the edge 2126 of the wafer

206.
In the context of FIG. 42A, “end detection” relates to detection of the “end” of the step
30  in which the polishing occurs from time TO to Tc. For example, the end detection identifies the
end of a step. In this example, the end is when the wafer 206 has the thickness TH2 adjacent to
the center line hl (FIG. 42A). When that event has occurred, a metrology sensor 2160



exanple. At the same tine as the desired polishing pressure nmay be required
to change for set wup for further polishing after the polishing point is

reached, Wao2f@eis t hat the polishing point was reached co@dysigéaye that
t he pad 209 be noved to a new h3 positign (e.g., as shown in FIG 1D 1).
Thus, although the area APWw || changé when the pad 209 is noved, the

change in 10 the area APWwi || be based on a factor other than tine. Thus,
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not to exceed rate of curve LL1 in FIG 42C. 3. Pressure Variation As a

Funct i otheoafar &dgei HBbefor Sjampln Thewate 30 this dessease ip prseurs may vas! appordénsg oo
excegd curve 2136 in FEl 42D. . Pad Mdtion Rates: stem 2100: not ,to
oxcdla T Re s Tim Qs H5Bhr 206 s it SPGB B s BY Bl eEa Pl o7
It may Bgq sowiRnsddeOfbrieR@hplel aiéipeotRér thétersconfiguration criteria is
exceeded, the system 2108 may be sel ected, and the machi ne control

processor 21Witwirespegieretlzg lconfigavatioacerissa t2d28, &hef Lrapheint FEv.af 2R bllBstrates
R N LR NG, A e M
confi guk@oh@Rate 1.2 higher than the rate L1, and a third rate L3, less than L.1. Rate L1 is the
15  exemplary limit of the rate of decrease of the polishing pressure, such that the processor 2110
should not be used for rates above L1 (e.g., L.2), and instead the system 2124 (FIG. 40) would
be used for rates such as L2.
Concerning criteria 2 of the configuration criteria 2122, a situation related to increasing
polishing pressure (a polishing pressure ramp) is described with reference to FIG. 42C. With
20  the wafer 206 also overlapped by the polishing pad 209, the ramp curves of FIG. 42C show
rates at which polishing pressure is gradually increased during ramp time to a pressure setpoint.
The gradual increase reduces dynamic (motion-induced) changes in the shape of the contact
area APW of the pad 209, and protects the wafer 206 from uncontrolled rates of removal. The
shape of the curves in FIG. 42C may vary according to the material from which the pad 209 is
25  made, for example, among other factors. The graph in FIG. 42C illustrates another exemplary
limit rate LI1, a second rate LL3 less than the rate LLL1, and a third réte 112, more than LLI.
Rate LL1 is the exemplary limit of the rate of increase of the polishing pressure, such that the
processor 2110 should not be used for rates above LL1 (e.g., rate LL2), and instead the system
2124 (FIG. 40) would be used.
30 Concerning criteria 3 of configuration criteria 2122, the wafer 206 and the pad 209 are
overlapped and there is a command to vary the pressure. FIG. 42D shows the changes in

pressure on the contact area APW of the pad 209 as a function of time TN. The changes in the



criteria. If any of the configuration criteria is exceeded, the system 2100
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(FIG 40)wom/descri bed bel ow, the system 2124 al so i ncl wdagusoneéREC 2102,
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tinmely performall of the processing required by the configuration criteria
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end of simtishemn witlth the desated ¥eBRith dsviepresentod by euelZd A2 migynbezpnoeessed by the

[epresent. Lhgt o4 hepactual L} cliiese ol L0e, YLely 9% B 2108 SEHER) 8o
all of the processing required.

20 Assuming the system 2100 has been selected according to these configuration criteria
2122, system 2100 may be used as follows. The recipe editor 2116 has defined all criteria
related to the CMP process in the form of the edited recipe 2114. The edited recipe 2114 is
output to a bus 2144 and stored in a hard drive 2146, for example. The edited recipe 2114 may
include data corresponding to the list of process variables set forth in Appendix A below. The

25 processor 2110 reads the edited recipe 2114 from the hard drive 2146 and processes data
necessary to set up and operate the above-described hardware of the CMP system 200-1. This
includes axis motion data, including pad motion data 2150, pressure profile data 2152 (for each
area AP), process sequence data, and other data necessary to operate the carrier 208, the pad
head 202 and the retainer ring motor 290, for example. The processor 2110 defines the edited

30 recipe 2114 in terms of a table of sequences in which steps are taken to perform the CMP

operations.



to the edge of the pad 209 is nore than the end point thickness TH2. 5 In
view of the variation in renoval rates with respect to the distance from
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w?thout changing an output, variable 15 is used. Variable 16 is used to both stop any of the
calculations and to set all of the outputs to zero.

20 In the operation of the system 2100, the processor 2110 defines the edited recipe 2114
in terms of a table of sequences in which steps are taken to perform the CMP operations. For
each step, all of the variables are specified and actions are defined. A step may be specified by
data representing a command to continue to polish the wafer 206 until an event occurs. For
example, the event may be an end detection event in which the end of the step is when the

25  wafer 206 has the thickness TH2 at a particular distance away from the center line hl (FIG.
42A). When that event has occurred, the metrology sensor 2160 mounted on the pad head 220
may output the signal 2162. A step may also be specified by an instruction to continue
polishing the wafer for a set length of time TN. The movement of the metrology sensor 2160
with the pad 209 allows the entire exposed surface 204 of the wafer 206 to be measured so as to

30 evaluate the status of the CMP operations.

As another example, one variable of the sequence table may be the pressure P at which

the CMP operation is to be conducted. Such pressure P may be selected as the pressure to be
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20 TN during the CMP cycle. The pad 209 has been moved to such actual position in response to
motion data 2158 output to the bus 2144 by the processor 2110.
According to the sequence table, for a particular step, the pressure data 2152 may
specify a polishing pressure P. FIG. 43 shows a flow chart 2164 of operations of the processor
2110. Flow chart 2164 includes a first operation 2166, in which, for one of the steps in the
25  sequence table, the pressures PWP, PPR, and PPC are output (represented by the pressure data
2152). The output is into the force controller 2120. Such pressures may relate to a steady-state
portion of the CMP polishing operations of the CMP cycle, or to any of the pressures described
above with respect to FIGs. 42B or 42D, for example, and are within the configuration criteria

2122. The pressure data 2152 may provide that the wafer 206 and the polishing pad 209 are to

30 be urged against each other by an exemplary constant pressure PWP in the range of zero to ten

psi.



WO 02/ 16078 PCT/ US01/ 26319 50 Referring to Appendi x A, exenplary process
variables are identified in ternms of Figs. 1C 1 through 3 and FIG 48, and
are shownyig\plyghgng si xteen such variables. Variable 1 isljdq?ﬂsoyé&ﬁg of hl,
the X axis coordinate of the center of ghhe wafer 206. Variable 2 1s the
value of h2, the X axis coordinate of the center of the retainer ring 282.
Since the center of the wafer carrier 5 208 does not nove during the CwW
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vari abl e 15 ildhemasithd mav¢sablopergonss2iy$endi2d 7H petormegddy-thg feree eppdroller 2120

Che. syetbars 2BBcsPhaATD-ocbis B HifigR iy 2100 Bnd B prr 21 SRR bith ©

terms ofrecivedWyah®Ffors@estRivtios 2120, Whi dpragibs R376f6r éRKT thOpiResut«FWPhEPIGVP
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the center line hl (FIG 42A).- Wen that event has occurred, the netrol ogy
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be neasured so as to
determine the product of P times A for each of three sets of input data representing pressure P
(based on the data 2152) and contact area A (based on the data 2182). The Force Program
2184 is shown in Appendix B. A first set includes P based on the pressure data 2152
corresponding to the desired pressure PWP on the wafer 206 and the contact area data 2182
corresponding to the contact area APW of the wafer 206 and the polishing pad 209. A second
25  set includes pressure P based on the pressure data 2152 corresponding to the desired pressure
PRP on the retainer ring 209, and the contact area data 2182 corresponding to the contact area
APRR. A third set includes pressure P based on the pressure data 2152 corresponding to the
desired pressure PPC on the puck 218, and the contact area data 2182 corresponding to the
contact area APC. In operation 2178 the sequential processing of the three sets of P and A
30 according to the Force Program 2184 results in three successive respective values of force,

which correspond to the forces FP-VW, FM and FP-C. Data 2186 representing these forces are
output through an analog I/O device 2179.



30 evaluate the status of the CWP operations. As another exanple, one

vari abl e of the sequence table may be the pressure P at which the CW
oper at i onwios02t16018e conduct ed. Such pressure P may be sel e®@adusas/2éhe
pressure to be WO 02/16078 PCT/ US01/26319 51 applied to either of the

waf er 206 (pressure PWP), or to the reta ner ring 282 (pressure PRP), or

to the conditioning puck 218 (pressure PPC). Alternatively, such pressure P
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P. FIG 43 shows a flow chart 2164 of opefations o processor
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20  pressures are again within the configuration criteria 2122.

The method moves to an operation 2194 in which a pad motion command is output.

This command is in the form of the pad motion data 2150 output to the bus and to the pad

motion system 2170. The method moves to operation 2196 in which the system 2170 moves

the pad 209 relative to the wafer 206, to the carrier 208, and to the retainer ring 282. The pad

25 motion data 2150 may, for example, provide that in this step there is to be polishing pad

movement as described with respect to FIG. 42E, curve 2142. The method moves to an

operation 2198 in which the actual position of the pad 209 is determined. This operation is
performed by the encoder 2156 outputting the feedback signal 2154 via the bus 2144.

The method moves to operations 2200 and 2202 performed by the force controller 2120

30 of the processor 2110. The pad motion data 2150 and the pressure data 2152 have been

received by the force controller 2120. In operation 2200, for each of the pressures PWP, PPR,

and PPC, the Contact Area Program 2180 is again processed using the current feedback signal



portion of the CWP polishing operations of the CMP cycle, or to any of the
pressures described above with respect to FIGs. 42B or 42D, for exanple,
and are wwohi2rnietdse configuration criteria 2122. The presPmTaUHaLe12152 may
provi de that the wafer 206 and the pol '§ahi ng pad 209 are to 30 be urged
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sequence tablge hlifiod GhédesVe Hi‘Sh‘fﬁ{Hﬁ“QzOzSiﬁ QHidHE tIRO Ttk PR erad1 2184 11§ aGhiFS
1CG-1 through 1CG 3. The pad notion data 2150 may, for exanple, providé that
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outputting the feedback signal 2154 via the bus 2144. The nethod noves to

oper at i Gh&4 AkUBs anse@edBalpiatd cpmsenting thheahves of tho fircesl FRAVW1EM and FPHe
process 11Q. The pad.notion, data 2150 and the pressure. dat 52 have
been r g[i‘sfi%téglﬁgf% e%‘i‘%@‘e%fﬁf‘iﬂﬁ Fﬁe&utpﬁgﬁ?’u 1}1&868? 881 S)ndeﬂcfg,ﬁ or each of
t he 1gr essur egpP\VRthfPRovefofdinon 2268 H dich V&P dch AdsATE 2 18 0hé Saltlep 088 S

using the feedback signal 2154 15 (representing the then-X axis position h3
at the thenetaindr @og 282 famd thhepusk & 8pdhengutpniotress dit) deviceha1 TCorepessentirge the
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APW APRR, and APC." The net hod noves to operation 2178 in which a Force
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eacg of .three set ﬁ}'Of i%ﬁut %atﬁ rggrese ting pressure P (based on the
dat 521 Caé‘ﬁa_ﬂl% THETTS 8PP Qa3 GSdI°Gthe data 2182). The Force Program
2184 is_showlihohABRERE theBovPchdrfs 2l 64 8hd 2TH), Hqﬁ@t%m%@omhmﬁer@z e e

data 2152 corr egpondi ng to the desired pressure 'PW on the wafer 206 and
t he contsEbionapfapataiensae@dreddo corispaiy ipragessahe datadonorecCVET eysleAm dfe liabte
waf er th%paf?a% {)Qe% B%cie:sssgél.ngl\fo%govgg 9t“ne Amgfeec %%d variables approach the limits of the
configuration criteria 2122, the more the processing by the processor 2110 may approach a
20  point at which the data for the actual CMP operations cannot be timely processed. If in the
planning of which CMP system to use, it appears that such limits will be closely approached,

then the system 2124 would be used.

25

Providing Controllable Pressures By Separately Processed Pressure Control

In the above descriptions of the systems 2100 and 2124, configuration criteria 2122

shown in Table 1 were provided for determining whether the available processing capacity of

the PC 2102 is sufficient for the CMP operations for which one would select the system 2100.

30  If such CMP operations would cause any of the configuration criteria 2122 to be exceeded, the
system 2100 is not selected, and instead the second control system 2124 is selected. Referring

to FIG. 40, the second control system 2124 may also include the PC 2102, which is in the



25 set includes pressure P based on the pressure data 2152 corresponding to
the desired pressure PRP on the retainer ring 209, and the contact area

data 2182ygpfplgsrkonding to the contact area APRR A thi r@cﬁﬁ’(ﬁ]soﬁﬁgdlb'des
pressure P based on the pressure data 2&52 corresponding to the desired

pressure PPC on the puck 218, and the contact area data 2182 correspondi ng
to the contact area APC. In operation 2178 the sequential processing of
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next step in the sequence table, the pressures PW, PPR _and PPC are
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2102 with the O/S 2106 is referred to as a processor, or a machine control processor, and to
20 emphasize that different functions are performed, the machine control processor of the second
architecture 2300 is referred to by the reference number 2110-2.
The processor 2108 still performs the standard functions and the initialization functions
that are not directly related to performing a CMP cycle. In the automatic mode, the recipes
2114 are the sets of all possible criteria related to a CMP process. The recipe editor 2116 is
25  provided with the input by any standard input unit to select one recipe 2114 and enter into that
selected recipe all of the process variables necessary to define one CMP process, including all
of the CMP cycles, and the steps (with related variables) in a CMP cycle.
The machine control processor 2110-2 controls all of the other CMP operations, except
for the processing of operations 2176 and 2178 (FIG. 43) and the proceséing of operations 2200
30 and 2202 (FIG. 44) to which the force controller 2302 is dedicated. Thus the machine control
processor 2110-2 also controls rotation of the wafer carrier 208 and of the pad 209, and the
horizontal motion of the pad head 202 (e.g., changes in the location of h3).



This command is in the formof the pad notion data 2150 out put to the bus
and to the pad notion system 2170. The nmethod noves to operation 2196 in
whi ch t heywgylgips2170 noves the pad 209 relative to the yhehs)2381010 the
carrier 208, and to the retainer ring 2g2. The pad 25 notion data 2150 may,
for exanple, provide that in this step there is to be polishing pad
novenment as described with respect to FIG 42E, curve 2142. The net hod
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2184 results in sequential data representing the values of the forces
FP- VW thel eMEP pro@ss. THee aethodomeses épropsestioh ndp 1o hias whichr thesmaeking opiie!

t hrough_t he an I/ evice..2179. 10.Th t.hod..moves oper. ati,An 04
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and t he pfnd 180 2338 08t Ruired FOMEdhRusiensGeovek 8 rEP3e sk 23 tdehe force
respective forces FP-VW FM and FP-C drives the respective force actuator
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r equi r egracesseént i nual |y process the data for one CWP cycle until the |ast

step has been,pregass Sovel R S9¥lion 3% TR"Whilil'% piBELRRIFE <ARBERAE b ern

limts of th
operation 2319, the machine control processor 2110-2 processes data necessary to set up and

20  operate the above-described hardware of the CMP system 200-1, including all axis motion data
such as the pad motion data 2150 (see arrow 209H, FIG. 1B). The method moves to operation
2322 in which, based on the process sequence, the machine control processor 2110-2 outputs to
the force controller 2302 instructions for the pressures PWP, PPR, and PPC to be controlled
during the CMP process. The pressure instructions may be input sequentially, but are
25  preferrably input simultaneously in view of the three axis processing capability of the force
controller 2302, and the resulting ability to process the three axes at the same time. The
process moves to operation 2324 which determines whether the last step of the process has
been processed by the machine control processor 2110-2. If a YES answer is returned the
method moves to an operation 2326 in which a process end sequence is performed, and then
30 the process is done. If a NO answer is returned, operation 2322 is performed again and again

until the last step has been processed.



configuration criteria 2122, the nore the processing by the processor 2110
may approach a 20 point at which the data for the actual CMP operations
cannot bew oxaby7spr ocessed. |If in the planning of which ®d/E3srexwto use,
it appears that such limts will be cl ggely approached, then the system
2124 woul d be used. 25 Providing Contrdl'l able Pressures By Separately
Processed Pressure Control In the above descriptions of the systens 2100
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bet weeny %gte processor 2110 of FIG 40 and the force controller 2302 are

mnimze FIG 40 shows the second architecture 2300 of the control system
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accordi an h esen i nvention, The .difference
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e%equOé)[E\I returns that current position in inches.
The motion of the polishing pad 209 should normally be within a defined range. The
20 range is shown in FIGs. 1C-1 and 1E-1, where h3 ranges from 12 to (2 + r3), for example.
Parameters EC1 and EC2 set respective left and right limits for the second encoder. Parameters
IN1 and IN2 return, or set, such limits in terms of inches. To prevent operation in the event
that such limits are exceeded, a parameter LIM defines the value of a maximum error in the x
position h3 along the X axis of the polishing head 202 relative to the left and right limits. If
25  this value of LIM is exceeded, the operation of the pad motion system 2170 will be stopped.
The parameters PWP, PRP, and PPC are used to set the pressures that are to be
produced by the respective force actuator 2153W for the wafer carrier 208, and by the force
actuator 290 for the retainer ring 282, and by the force actuator 2153C for the puck head 220.
The parameter POW is the final parameter that is passed to initiate the calculation by the force

30 controller 2302 of the forces to be applied to the respective force actuators 2153W, 290 and
2153C. The parameters NOP and NOZ are used in monitoring the system 2124. For example,



equi val ent. The PC 2102 with the O'S 2104 is again referred to as the
processor 2108. The PC 2102 with the O'S 2106 is referred to as a

processorwoa/1@oiachi ne control processor, and to 20 enphagitzgsoihédio
different functions are perforned, theﬁgachine control processor of the

second architecture 2300 is referred by the reference nunber 2110-2.
The processor 2108 still perforns the standard functions and the
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a command set 2320. The command set 2320 is_structured for conmuni cation
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to read njﬁﬁﬁe&o%m be %ttyﬁgéqigg;ggﬁtec(gpmg adBlint 7 4ne for the force controller 2302

20  to simultaneously perform the operations 2176 and 2178 of FIG. 43 for the three axes (wafer

force FP-W, and FP-R, and FP-C). This compares to an expectation that the processor 2110

would take about 15 milliseconds to process the same operations 2176 and 2178 of FIG. 43 for

each of the three axes (wafer force FP-W, and FP-R, and FP-C). Given the large number of

mips to be used to process the same operations 2176 and 2178 of FIG. 43 for each of the three

25 axes and for each time these forces must be changed, the expected approximate 180 times
saving in processing time is significant.

The foregoing indicates that such access of the machine control processor 2110-2 to
sufficient available processing capacity of the PC 2102 relates primarily to the provision of the
force controller 2302, because such controller 2302 is not dependent on the PC 2102 for

30 processing capacity, and because such controller 2302 is dedicated to the processing of
operations 2176 and 2178 (FIG. 43), and to the processing of similar operations 2200 and 2202

(FIG. 44). The foregoing also indicates that such access is secondarily based on the one-time



15 has the structure shown in Appendi x B, described below, and to m nim ze
I /O processing tinme, is input to the force controller 2302 only once for
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FIGs. 39 and 40 show the force actuators 2153W, 2153C, and 290. The force actuator

20 290 is described in detail above, and may have air pressure supplied according to the output of
force data 2186. Each of the force actuators 2153W and 2153C may be as shown in FIGs. 45

or 46. For convenience, FIG. 45 is described with respect to the actuator 2153W. To provide

the force corresponding to the force data 2186 for the wafer 206, that force data 2186 is applied

to a differential amplifier 2340. The differential amplifier 2340 is also provided with the load

25  cell signal 264 from the wafer carrier 208. The signal 264 represents the actual force FP-WP
on the carrier 208. To the extent that such force data 2186 and the signal 264 represent
different forces, then the amplifier 2340 will out put a signal 2342 representing the change in

the force required at the time of the step that is being processed. The signal 2342 actuates a
valve, such as a pneumatic valve 2344 connected to opposite sides of a piston of a cylinder

30  2346. The air from the valve 2344 may drive the piston (not shown) of the cylinder 2346 either
of two ways in response to the differential signal 2342 so as to adjust the force FP-WP. In turn,

the load cell 263 senses the adjusted actual force.



xgap. In the second control system 2124 shown in FIG 40 there is a second
encoder (not 15 shown) in the force controller 2302. The second encoder is
synchr oni w@b2wetds t he encoder 2156 that outputs the signacTal®4/,26xnei cati ng
the position of the polishing pad 209. Jqor purposes of such

synchroni zation, a paraneter POSEC returns the current position (in counts)
of the second encoder, and paraneter POSIN returns that current position in

i nches. The 'Wﬁﬂé)fheoefctﬂal&?r PQTSCSHl'aﬂ%eﬁﬁéj s#HS a§ tiQééHBeﬂ'Wlﬂﬁfels ecP® WIGhis 2
defined range. The 20 range is shown in FIG. 1C-1 and -1, where h3

ranges feleotromagietic foRe actugdior 21 53C sxsanwhen F1®a4=6a n”éluea(rlsctﬂmlawnub fag angqator

a1 e 251Gy et ot e artiiore | Sy aparRg Sors OReE in 58 PG Oa de
operat i Qgeh ']ufyhﬁ 208610 gb@‘iﬁe Mrée‘l@ CV %&xﬁﬁ@?@@@ﬁesp@n&ﬁg AT Ricgbrceldita

defines the val ue of ximumerror in the x position h3 along the X axis
of the [2dB6 &dri thgph@aﬂl&z@lze catesponding forechdath 8186 Erﬁpphﬁ@m a [differergial pfphBien hi s

be stoppadd- Thr e TESRaE et i bR g vigbi v ta bt ) S8 SR TRt s
that ar godqo.cpe3o4nsrag! g)ﬁgk BYad m rEgPE6hdl 886 fréﬁr@é%n@scﬂhb! AL@hl RIGIW- OV of AR

wafer carrier 208, an the force actuator 290 for the retainer ring
282, andeiy22held teesteat th;lammh o6 3i@taf 2186 ahe tlpaungnah 836 repe¢yent drffereptaﬁom@é,t er

POWis the nal t er that to tiate the.c | at

the T or cinsbe BORIRG: 20D WaLOBH 4 Re apcoeprse B fpFhinids e ule ve
forqg aGtuat @hms #4RSWep2AG Abkin ngﬂl%%&ﬂedthhQ% BFQ%LS adiReRtoN@B 58! &F dhsed
in nmonitoring the syst em 2124, exanpl e 02/ 16078 PCT/ US01/ 26319 58

in the @i/aetromagnmlcumotosz&%bé@swy be acyiiog tcan;ovoﬁlptdreioml asushawn om E1GG 4hout

Car oul atBRSBARTET BPLEY. 1 forbihd e 68t 324 6558 DEpd BB ABRE: o < UL, ve,

and V3 are usgd sh{cRETikEwE 8 éﬁ}%rtolﬂ?l@é/ 46 24 Aty UeOprovRISATHY Be Pal mdbtRst
pur poses, these paraneters will provide sanple force voltages to drive the

5 r especystem Ziﬁﬂcﬁlﬁcﬂﬁht oFmis2 iE3kyad2B0 anayl [®168C:d Par cithet @r proumatie caratexi t

he force roll er 2.1s d to read the command set
232 and Hmﬁ’fa%ﬂ?élg act BdR pB‘?VI%%@ %‘EP@E‘%%@?@? ogram 2180 and the Force
Program 2184.p15047 v @M&Pﬁ&feﬁeh%mﬁoafn%t &9 Hel fokdeCicnARie 2159w ke d 2153C.

programebl e signal processor (DSP) sold by Logosol, Inc. and havi n% a per
axi s pr doessicnigr, sapkche gmplifient23d0 shorn inoFIGa 44 @ydhesr ised Withtthe vaixe Pt EESor

? L el,([) h?glgl g%lgg gt grgslérsuca%a of {h%Ca(i:'\rScsy?mdgr:,gPe%erreadstotars] raec?ou%i(el asc’tmg rolﬁng Aa ﬂrag}nhat

cylinder 2370. The cylinder 2370 may be of the type supplied by Control Air and also has a

20  differential pressure actuation via pressure input ports 2372 (for P1) and 2374 (for P2). Each
port 2372 and 2374 is connected to a respective one of two rolling diaphragms 2376P1 and
2376P2. Each diaphragm 2376 has a diameter having a value less than that of the cylinder
2370, and an invaginated section 2378. Each section 2378 may under the respective pressure
P1 or P2 fold further into itself, or unfold from itself. In more detail, when the pressure P1

25  exceeds the pressure P2, the section 2378P1 will unfold and lengthen, forcing a piston 2380
downwardly (in FIG. 47) to provide the desired force in one direction. When the pressure P2
exceeds the pressure P1, the section 2378P2 will unfold and lengthen, forcing the piston 2380
upwardly (in FIG. 47) to provide the desired force in the other direction. A linear bearing 2332
is provided between the cylinder 2370 and the rod of the piston 2380.

30 Using the cylinder 2370 instead of the cylinder 2346 in FIG. 45 to provide the force
corresponding to the force data 2186 for the wafer 206, that force data 2186 is applied to the

differential amplifier 2340. The differential amplifier 2340 is provided with the load cell signal



processed at the sane time TN. Further, because the force controller 2302
is dedicated to processing the data necessary to output the force data
2186 representicony t he forces FP-VW FM and FP-C (shown i recAVG01/46819
respectively as FPW FPR and FPC), and_thus does not process any other
data, the machine control processor 21I0-2 does not have to use the
processing 15 capacity of the PC 2102 for processing the data necessary to
out put bR ol G HateR AP 2085 T the@ibnt thak @ﬁcmﬁﬁ&! ﬂ@ca @rlee Gn8 Pe $idAM 264 IS
relieved fromthe significant processing workload that the nachine contro
pr ocess aepreseai0differenh forfés; gtendhmamplifies\2Ste wilk bOOpwiLibe smealfwmrcmemhn@ ﬁtq on
wi th the, processor 2108 for ayail abl rocessor ca acit over

expect odh iR diotorc eauneh by pf HBLE 3bls Gt e Tho St 4

amount  QfwbiefMelvalveld3a4f of 680 GRNMMVAELEILD6PRAZesdHe husbaHthaTsRES| Y per f orm
the operations 2176 and 2178 of FIG 43 for the three axes (wafer force
FP-W and FP-R, and FP-C). This conpares to an expectation that the
processor 2110 would take about 15 mlliseconds to process the sane
operations 2176 and 2178 of FIG 43 for each of the three axes (wafer
force FP-W and FP-R, and FP-C). G ven the |arge nunber of mps to be used
to process the sane operations 2176 and 2178 of FIG 43 for each of the
three 25 axes and for each tinme these forces nust be changed, the expected
approximate 180 times saving in processing tinme is significant. The
foregoing indicates that such access of the machine control processor
2110-2 to sufficient avail able processing capacity of the PC 2102 rel ates
primarily to the provision of the force controller 2302, because such
controller 2302 is not dependent on the PC 2102 for 30 processing capacity,
and because such controller 2302 is dedicated to the processing of
operations 2176 and 2178 (FIG 43), and to the processing of simlar
operations 2200 and 2202 (FIG 44). The foregoing also indicates that such
access is secondarily based on the one-tinme WO 02/16078 PCT/ US01/ 26319 59 -
data transfer of the initialization string 2317 and the command set 2320
via the RS232 |ink 2304. Therefore, the system 2124 presents |ess of a
dermand on the processing capacity of the PC 2102 as conpared to the system
2100, which gives priority to the processing by the OS 2106 of al
operations necessary to performthe CW cycles of the CMP process. 5 It may
be understood then, that the second control system 2124 perforns operations
of a nmethod simlar to that of the system 2100 shown in FIGs. 43 and 44,
except as described with respect to FIG 41. In particular, while the
processing of CMP data may be done entirely in the



machi ne control processor 2110 in the system 2100 as descri bed, and while
the processing of the CWP data in the system 2124 is shared between the
machi ne cwatakossr ocessor 2110-2 and 10 the force control IPET/Z3D2633
described, in each system 2100 and 21244t he operations 2176 and 2178 of
FIG 43 are perforned. Those operations 2176 and 2178 are also simlarly
performed. nunerous tines with data that is current for the step that is
bei ng processed. Thus for the opappiisiegsAl Boaand 2178, for exanple, the
i nput data includes possibly different values of the feedback signal 2154
r epr ese ARBRINDE® Aict ual position of the pad 209 relative to the wafer 206
15 or to the puck 218, and includes correspondi ng val ues of the pressure
data 2152. In the operation of the second control system 2124, such i nput
data may NePRESBINES UREIPTODETERMING PIMSSUREAUS REUNCTIONEIEONTARCTE! Cs.
42A through 42E, for exanple, as well as other CMP processing situations.
FI Gs3 39 and 40 show the force actuatdREA2153W 2153C, and 290. The force
actuator 20 290 is described in detail above, and nmay have air pressure
supplied according to the output of force data 2186. Each of the force
actuatons 2153WredDiRdGaney be as shown in FIGs. 45 or 46. For

conveni ence, FIG 45 is described with respect to the actuator 2153W To
provi de2. t hehf yalve. Bsfavdisypdred).ng to the force data 2186 for the wafer 206,

that force data.2186 |s. appli : ifferential anplifier 2340. The
differenti al ?’;HQJP?Tgsﬁauﬁ‘é’%eiiﬂé{f’@%n;ﬁl% 4 with the |oad 25 cell signal
2641Hrom t heafigE, sl RE h20Befalil®afie @Al in264 represents the actual force
FP-WP on the carrier 208. To the extent that such force data 2186 and the

si gnal 264 rcpvasenbefadltfvhledits ihorces, then the anplifier 2340 will out
put a signal 2342 representin he cha in the force required at the
tinme of °the §‘f% uff’ﬁﬁ%ﬁ‘i@&%bﬁ'nge{?’r‘ﬁéﬁggggg *he signal 2342 actuates a

val ve, such &sap vRReURBiEdatédhd. EDERAN vaaBDECked t 0 opposite sides of a
pi ston of a cylinder 30 2346. The air fromthe valve 2344 may drive the

pi ston @not shlven] Pop. Dedaudivaluedd: 2346 either of two ways in response to
the differential sign 42 so.as to adjust the force FP-WP. In turn, the
|oa£’jgce | 26§31§88§g§3-ﬁh%t%§‘8jvi?}5%@ actual force. WD 02/ 16078 PCT/ USO1/ 26319
60 Wi kg t heaasbpebOrDethaRGamByobe the same as described with respect to

FIG 45, an electromagnetic force actuator 2153C is shown in FIG 46. The

el ect r odhgnetumerft yalye oh&vpatRafavlpueds®.may be used for the actuator 2153W

and may . be as disclpsed._in U.S  Patent 6,083,082 dated July 4, 2000. To
provi delfhe FYF V’@@éﬁfh%dbgé&% P%B‘corresponding to the force data

13.  current value of Fpc. Default value 0.
20 14.  enables the calculation of forces.
15.  disables the calculation of forces. Does not change the outputs.

16.  disables the calculation of forces and sets all outputs to VO (0 V DC).

25 APPENDIX B

Command Set
1. H1 - returns or sets hl value. Default value 0.
2 H2 - returns or sets h2 value. Default value 0.
30 3 R1 - returns or sets rl1 value. Default value 3.937008 in (100 mm).
4. R2 — returns or sets r2 value and recalculates h4. Default value 4.75 in.
5

R3 —returns or sets r3 value. Default value 4.75 in.



5 2186 for the puck 218, the corresponding force data 2186 is applied to a
differential anplifier 2350. The differential anplifier 2350 is al so
provi ded wigd/ikée | oad cell signal 326 fromthe |oad cel lpcG2dsophedine puck
head 220. The signal 326 represents th§3actual force FP-CV on the head
220. To the extent that such force datd~2186 and the signal 326 represent
different forces, then the anplifier 2350 will output a signal 2352

repr esegt | NORLNe ARANGE LR AR GEIBINSIR0 Hfadl vdilies iR of the step

that is being processe gn ctuates a coil of an

el ect r omagneGAP nettains23 Séts Xpap vilay abdreaalculates 441 Defabtevalte ®F irdown as shown
in FIG 46 to adjust the force FP-CV. In turn, the |load cell 324 senses
t he adj 8st ed PEXYEfat relgmscurgpicpositiondn erederealatsi n ei t her of FIGs. 45 or 46

may be Qrovigeﬁgﬂgiﬁépﬁﬂaﬁgﬂl Bﬁﬁ%h¥1¥§&§ﬂ12360 (FIG 40). Thus, the head

202 may be nove er a pneumatic or an 15 electromagnetic facility

to psovide tBEC1destirnbotsapaditn@iit W thddrdcodd/ shows a nost preferred
enbodi nent of the force actuators 2153Wand 2153C. |In particular, while
t he anplifi eECEB4mtyns@nsatnleftligit s thesgncpderused with the val ve 2344, FIG

h [ ' doubl
acting Th 11 bk HHEb Fefin ot shyB RAEt EREIVAC 20 Beor the

type suppl i edNby rcloms @lselilért e ialimBed@sridspdddsliol E€1 e défallt pA16s §756n.
actuation via gressure i nput ports 2372 (for Pl) and 2374 (for P2). Each

port 23%% andN237atuins aréaieigheldmitdn inchesisereipeadoiodfG?)- t wo rol | i ng
di 2 1_and . 2376R2. i : 76 h i '
o 0 TE%e ¢ URT TR ot SRR R D SRR R0 & B T Bl R 89

val | é5s t n i nvagi nat Sec

2378. Eagh s¥pP2QRetdtnkbrIBY thngRle dfiFevy, S3RELCdoméepdiide s W ¥ DEL Defaulfidvaw d
further into itself, or unfold fromitself. In nore detail, when the

pressure Pl PypéReesde h3xe2)pr essure P2, the section 2378P1 will unfold and

| engt he f o,gjNg i ston 238 d wardhy (in Fl )~ 0 i the
desir edrf?‘or ciﬁ]i‘ln_ Ii?ﬁggﬁf’? T tllqu H%u?/\ﬂgﬁppt’ Wé“%l}rcé’ S Sﬁogdg? &g/x%gegge %ﬁte%g?ee@s ure
Pl, thejgect RER 22A8H7 oMdeld theRh1ak df B wheshdoResponl® L1y DO DRfaloa1R380
upwardly (in FIG 47) to provide the desired force in the other direction.

A | thear beaFrpd h3¥8)provi ded between the cylinder 2370 and the rod of

the pistgon 2 . 30 Using.the lipder 2370 instead.o | ol . 2346 in
e Pasifo. pPh cor et Vit PRESG AR bBShARE 0 JEDG. L BRI L o
vafer 266, tipa2 fREG8s dodets tRd SBlub 5f BRDIWIEEh ddirekfishds €@ 16 ST BC! IDRfaaallid | er

2340. The differential anplifier 2340 is provided with the |oad cell signal

WD 02/ 16078 PoRpes1P.2e310H8L 264 fromthe wafer carrier 208. To the
extent hpat $¥eP sk JAR R Budhibd N Cnetdi ke 88,
20 22. PRP —returns or sets the value of Prp. Default value 10.
23.  PPC —returns or sets the value of Ppc. Default value 10.
24.  FWP - returns the current value of Fwp. Default value 0.
25.  FRP - returns the current value of Frp. Default value 0.
26.  FPC —returns the current value of Fpc. Default value 0.
25 27. VO — returns or sets the minimum output voltage. Default value 0800h (0 V DC).
28. V10 —returns or sets the maximum output voltage. Default value Offth (10 V DC).
29.  POW - enables the calculation of forces.
30.  NOP - disables the calculation of forces. Does not change the outputs.
31. NOZ - disables the calculation of forces and sets all outputs to VO (0 V DC).
30 32.  V1-outputs a given value in volts to the first board. Works only when the calculations

of forces are disabled.



represent different forces, then the anplifier 2340 wll out put the signal
2342 representing the change in the force required at the tine of the step
that i s beion/pescessed. The signal 2342 actuates the valna/@sd44631dbn turn,
the |l oad cell 263 senses the adjusted tual force. 5 WO 02/16078
PCT/ US01/ 26319 62 APPENDI CES A, B AND APPENDI X A VARI ABLES USED TO
DETERM NE PRESSURE AS A FUNCTI ON OF CONTACT 5 AREA 1. hl value. Default
value 0332. K2 N@L'ltﬂﬁ’ts a%@\te%l&]aluc\ﬁﬁlvkiﬁsQ)th@sedbﬁd%@&rblew&?ﬁ ahllytwikdlthe 3. 937008
in (100 nmm. 10 4. r2 value, recalculate h4. Default value 4.75 in. 5. r3
val ue. Def aulcalculatlms of fgises are dabled. val ue, recal culate h4. Default val ue
recakcu at

4. 75 h4. Defa 1 ) | f
. Dopdul ¢ VP ouBue & aitRg Al in Jali o il WoUk Dy Faeitneg” \urue of

Ppc. Def aul t o¥ghMBork®r thices s 'di@pleqval ue of Fwp. Default value 0. 12.
current value of Frp. Default value 0. 13. current value of Fpc. Default

val ue 035. 20 QUI - exitsitbd¥0%.ne cal cul ati on of forces. 15. disables the

cal cul ation of forces. Does not change the outputs. 16. disables the

cal cul ation of forces and sets all outputs to VO (0 V DC). 25 APPENDI X B
Command Set 1. Hl- returns or sets hl value. Default value 0. 2. H2 -
returns or sets h2 value. Default value 0. 30 3. Rl - returns or sets rl
val ue. Default value 3.937008 in (100 m).



4. R2 - returns or sets r2 value and recal cul ates h4. Default value 4.75
in. 5 R3 - returns or sets r3 value. Default value 4.75 in. WO 02/ 16078
PCT/ USO1/ ®@BR2Aa668 6. R4 - returns or sets r4 value and r ecalehacxas h4.
Default value 4.75 in. 7. GAP - returns_pr sets Xgap val ue and recal cul ates
h4. Default value 0.1 in. 8. POSEC - returns current position in encoder
counts. 9. POSIN - returns current position in inches. 5 10. ECl- returns
or sets é‘hj it~for the encoder. 11. EC2 - returns or sets left limt
for the encoder. 12. LIM- maxinmumerror in encoder counts bel ow EClL or
above EC2. 13. INl- returns or sets left limt in inches (corresponds to
ECl). Default value 4.75 in. 14. IN2 - returns or sets right Iimt in

i nches (corresponds to EC2). 10 15. WP1l- returns or sets the value of Fwp,
whi ch corresponds to O V DC. Default value 0. 16. WP2 - returns or sets

t he val ue of Fwp, which corresponds to 10 V DC. Default value Fwp(Pwp=10,
h3=r2). 17. RP1 - returns or sets the value of Frp, which corresponds to O
V DC. Default value 0. 18. RP2 - returns or sets the value of Frp, which
corresponds to 10 V DC. Default value 15 Frp(Prp=10, h3=r2). 19. PCl-
returns or sets the value of Fpc, which correspondsgto O V DC. Defaul t
value 0. 20. PC2 - returns or sets the value of Fpg, which corresponds to
10 V DC. Default value Fpc(Ppc=10, h3=r2+rl). 21. BW - returrs or sets
the value of Pwp. Defgult value 1Q. 20 22. PRP - r§:tur ns or segs the value
of Prp. Default valué& 10. 23. PP@ - Eeturns or set® the val ue Bf Ppc.
Default val ue 10. Zég F&P - retums ‘ﬁhe current. v e of Fwp. faul t
value 0. 25. FRP - tughs the crel® value ofg Fr§. Befauly v@lue 0. 26.
FPC - returns the cu eng val ue ofg FpE. Defaul t &al ge 25&7.2 VO -
returns or &ts the rf ni Bum out puig vofgt ageg Def &ul t Svakue 00K (0 V DC).
28. V10 - ré&urns or et g the maxigrungout pgt volg ag8. Befaulg &lue Offh
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30. NOP - disables the calculation of forces. Does not change the outputs.
31. NOZ - disables the calculation of forces and sets all outputs to VO (0O
V DC). 30wd2/19¥b78- out puts a given value in volts to the fagm@tsohoésiod. Wr ks
only when the calculations of forces are disabled. WO 02/ 16078

PCT/ USO01/ 26319 64 33. V2 - outputs a gﬁ6en value in volts to the second
board. Wrks only when the calculations of forces are disabled. 34. V3 -
outputs a given value in volts to the third board. Wrks only when the
calcul ations of forces are disabled. 5 35. QU - exits to DOS. WO 02/ 16078
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Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments

5 are to be considered as illustrative and not restrictive, and the invention is not to be limited
to the details given herein, but may be modified within the scope and equivalents of the

appended claims.

What is claimed is:

10
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Claims
1. Apparatus for processing data for controlling a pressure to be applied to

contact areas of a wafer and a polishing pad during a step in chemical mechanical

polishing operations, the apparatus comprising:

5 a first processor programmed to provide pressure data representing the pressure to

be applied to the contact areas during a polishing step; and

a second processor programmed to process data representing relative movement
between the wafer and the pad in overlapped contacting positions for providing area data
representing a value of the contact area between the wafer and the pad in the overlapped

10 positions;

the second processor being further programmed to process the area data and the
pressure data for providing force data representing the force to be applied to the contact

areas during the polishing step of the sequence.

15 2. Apparatus as recited in claim 1, wherein the second processor has a
processing capacity sufficient for real-time control of the pressure to be applied to the
contact areas of the wafer and of the polishing pad during the chemical mechanical
polishing operations, the sufficiency of the processing capacity being determined
according to values of variations in the pressure, the time rate of change of the pressure,

20  the frequency of the relative movement between the wafer and the pad into the overlapped
positions, the rate of the relative movement, and processing points describing non-time-

related actions during the chemical mechanical polishing operations.

3. Apparatus as recited in claim 1, wherein the second processor is
25 programmed to only process the data representing the relative movement between the

wafer and the pad in the overlapped contacting positions for providing the area data
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4. Apparatus as recited in claim 1, wherein each of the wafer and the pad is
configured as a disk with the respective contact areas defined in terms of the radius of a

circle, and wherein:

the programming of the second processor defines possible overlapped contact areas
of the circles of each of the wafer and the pad in terms of only one variable, the variable

being the relative position of the wafer and the pad; and

the programming of the second processor further defining the force in terms of

only data representing the value of the contact areas and of the pressure.

5. Apparatus as recited in claim 1, wherein there is a sequence of the data
representing the relative movement between the wafer and the pad into successive
overlapped positions, and wherein there is a pressure data item corresponding to each

movement data item, and wherein:

the first processor is programmed to process each sequential item of movement

data;

the first processor is programmed to input to the second processor one relative
movement item of data at a time, with the one item being input with all of the items of

pressure data corresponding to the one relative movement item; and

the second processor is programmed to simultaneously process the one item of

movement data and the corresponding items of pressure data.

6. Apparatus for controlling a first pressure to be applied to first contact areas

of a wafer and a polishing pad in chemical mechanical polishing operations, the pressure

10 WO



1. Apparatus for processing data for controlling a pressure to be applied
to contact areas of a wafer and a polishing pad during a step in chem cal
mechani caWwo (@akohi ng operati ons, the apparatus conpri si n@CTUSR1L263131t
processor programred to provide pressu;72 data representing the pressure to
be applied to the contact areas during polishing step; and a second
processor programred to process data representing relative novenent

bet W_ee_nb&i'ﬂg aggﬁ&r a’BAit IR RRSL ddta Qﬁé’ciﬂyﬁl%pcﬁél vERBRGEABOtPeS hpleA So TRkt
provi di ng ar data representing a value of the contact area between the

waf er apodntadierqracthe appansuosenpraspEed 10 positions; the second processor
being further programred to process the area data and the pressure data

for providin orce data r.epresentin e force t to

contact ar egscI ﬁrslyﬁﬁmtor?élﬁﬁg]i ﬁiﬂlcﬁbs grte[—f'\’ﬂv?jfno[vﬁ’é’egt ‘é{ﬁ%gﬁle ‘g% %B’ﬁr at us
as reci bg@lﬂt@oggrpgjp?gdl posiikei n the second processor has a processing
capacity sufficient for real-time control of the pressure to be applied to

the contact areas of the wafer and of the polishing pad during the
chenf cal nechasendal prpesssashfargpipessing date, ta fipeciff thecpbmgﬁabfchh@mcal

b d d,
Phe. pr obumift BRblome PReR8 FoMRRga SRk APubdr® Wk Fhisiitency of

the rel adlhtve HRVEREM! t&eamq'ﬁrtﬁd@a:ep@f;@mngnde tph@s@adoibet gpplied tovBe Ifagped
positions, the rate of the relative novement, and processi ng points

descri brerjagiceasiofthe walpranddhapalisbing rids | ng the chenical nechani cal
pol i shing operations. 3. Apparatus as reC| ted in claiml1, wherein the

second procegs rogr r r ting
the relati vegn‘%v%gr?élﬁﬁ%e 9 ﬁ%ﬁgg\/\g?tg Mﬁﬁﬁgggﬁgsegnﬁ%qﬁ%e 8@% g%ed
conf@ct rlgi@asbldnns; dndr provi ding the area data V\D 02/ 16078 PCT/ US01/ 26319

76 representing the value of the contact area between the wafer and the

pad in the overl apped _ positions, and the area_data, an t he pffg sure dat a.
4. Appar at us aafngﬁé@ptr@hpmﬁeswaﬁeﬁarfte {hprarthe rendkad IHIQS’PSSPﬁé faPRiFolies deinge pad

IS r 8¢ in
torm of phBHiElh Baubul mécid fuk MEd RERERAIIR GRONS Flpreliany B hied
second ﬁeﬂﬁﬁZ\&SmOVerﬁkili,ltheﬁ)rmnbller sicesskiaplyetoessih@s toa@ asea program and

a force program to provide force data representing the force to be applied to one of the first

15  contact areas of the wafer and the pad.

7. Apparatus as recited in claim 6, wherein the force control processor
provides the force data in two stages, a first stage being in response to the output signal to
provide area data representing a value of the contact areas, a second of the stages being in

20  response to the pressure data and to the contact area data to provide the force data.

8. Apparatus as recited in claim 6, further comprising:

a carrier for the wafer, the carrier including a linear bearing assembly resisting a
tendency of the wafer to tilt in response to the force; the assembly further including a
25 sensor mounted on the linear bearing assembly in a position to sense the force on the

contact area, the sensor providing an accurate indication of an amount of the force.



of the circles of each of the wafer and the pad in terns of only one
variable, the variable being the relative position of the wafer and the
pad; and W ¢2hgorer ogranm ng of the second processor furt hgictagdonnéiig t he
force in ternms of only data representing the value of the contact areas
and of the pressure. 5. Apparatus as r ted in claiml, wherein there is a
sequence of the data representing the relative novement between the wafer

and the pad lgnt 0 SUGGERRI ¥erechBa QY ELIARDSH S Li,8NRrer A1 WAL Hhiere T

a pressure data [ correspon |ng 0 eac NOVEEN t'em an

wher ei norithtgng thestafpr, abe apgiratus fptieg canmidtng @ sﬁé@iﬂepﬁsﬂﬁ@kb seqppiidd @l i tem
of novenent data; the first processor is progranmed to input to the second
pr ocess 6FCaifecontAcharags of Jibe g pedhthg padn the Talatise AOVEMENSAUSIAE FIEHE one

i tem bei f ata corresponding to

t he onenﬁ%@%@?&e“ﬁ%@ﬁ%%&éth?tpgéﬁ%%%%&?%ugsuggg{l p‘H{S%[1 sor is programmed to
si mul taneously process the one itemof novenent data and the correspondi ng
itens of presisuceatdbpcesddbr furthdp pascadsiig feoondpuetsued Hatagemedentisg aprabesure to
be applied to first contact areas of a wafer and a polishing pad in

chem calot FScREMIIAESSHSH i shi ng operations, the pressure WO 02/ 16078
PCT/ US01/ 26319 77 being applied according to force data specifying the

val ue of for Ql‘?e;fo}é% é&‘ﬁtréﬂ%!:é’sgoﬁ%uiﬁ fugther 1%&2&91@1% t@fh%%ﬁco&d eRORUH i

conprising: a drive systeemconfig t ause relative novenent between
t he waf eo thertiut eignpladepredenting melralppmjmpwn&nt ofithe véafer aeithe phd, pieofoessor  f or

processin to specify the chem mechani cal ol i shi oper ati ons,

t he dat éoﬁ%ﬁ‘gfeﬁgﬁ‘ I SUQEERRERIY PESCTRS F|°9’éta%tyf’§?9eﬂﬁ088‘n£éﬁ‘i§1 fr??gC He%gré&ni ve
nov n ( § [ 0 the
frag & ﬁ%‘@"iﬁ%ﬁ% e R O P R 8 RS R Bt o
for promraﬁsngtmmmdsshqrmﬂs representing increnents of the 10 relative
novenent; and a force control processor separate fromthe central

processor, the controller being responsive to both the pressure data and
to the output signals representing the actual

10.  Apparatus as recited in claim 6, in which a pad conditioning puck is
provided for conditioning the pad, the apparatus further controlling a second pressure to be
15 applied to second contact areas of the puck and the pad, the relative movement causing

relative movement of the puck and the pad, the apparatus further comprising:

the central processor further processing second pressure data representing a value

of the second pressure;

the force control processor being further responsive to the second pressure data and

20 to the output signals representing the relative movement of the wafer and the pad, the force
controller further successively processing the contact area program and the force program

to provide second force data representing the force to be applied to the second contact

areas of the puck and the pad.

25 11.  Apparatus for maintaining a constant pressure to be applied to respective
contact areas of a wafer and of a polishing pad in chemical mechanical polishing

operations, the apparatus comprising:



rel ati ve novenment, the force controller successively processing a contact
area programand a force programto provide force data representing the
force to We @pRhiged to one of the first 15 contact areas pefr/tdeg298ber and
the pad. 7. Apparatus as recited in claj,m6, wherein the force contro
processor provides the force data in t stages, a first stage being in
response to the output signal to provide area data representing a val ue of
the contact ar , d : i N0.N s he
pressure dat 2 Shy 13 FRSARSRMLR BoRAGE R TANE Inak? AEPOTRA R Hey
Appar at pluralsty o€ diffeeht iomertdppiedpbsitibns; t her conprising: a carrier for the
wafer, the carrier including a linear bearing assenbly resisting a

t endency of tgg mafef totilt ip response to the force; the assenbl
further incl @dP§ 2RPISAHI0RSYSIEM l&lﬁ&lg%it Welgeand g adb%ﬁ’&%f}shﬁa%s%t ina
POSI U T OfiyGn SEUSST HREiFBIRRE o LHab FositfeAD UClesictife chilRcS8BROK RS ubiling an
accurate 1 ndication of an anmount of the force. WO 02/160/8 PCIT/US01/ 26319
78 9. Appanwt disfeasit veliies,atle ispstedndiengbcapalvic wifiiprdvidingediffereat far¢asgor the
provided for orienting the wafer, the apparatus further controlling a
second Pr&E8&ure to be applied to second contact areas of the ring and the
pad, the relative novenent causing relative novenent of the ring and the
pad, the appar fblisack UsitR@ (GOPRIVidihE First® abd18e &l btbuP SPAERSRprdséHtiner
processi ng second pressure data representing a value of the second

pr essur egspedievef fust end satanoll inprepwaés of theeietative umovement e theofist wad tsecanide
second pressure, data and éo the output signals representing the relative
nnvenenﬂn%ﬁm?ﬁ%bﬂﬁg@?ﬂ@ﬁﬁi'%Emﬁgﬁg’ %% rce controller further

successi vely processing the contact area program and the force program 10
to ppovide s%@ﬂ?alfp?ds&@so@?}@graﬁﬁfeaw%h{wuﬁ@ﬁ@t?bﬁﬁoﬁ data®n RPN HR t he
second contact aréeas of the ring and the pad. 10. Apparatus as recited in
cl ai m 6 firstrpuiyhit signal, peedficso pdsitipo dita geppesskting thepactnal dedati feomoveangdit i thei ng t he
pad, the aratus further controlli,ng a secon ressure to b 15. applied
Po " secontitabiiv 4t Senrihbrtirsph Bepe AR Eoga 10 S g P S Rsulisnt
causi Ng dafaChafelptRsdTay S Ricoffl duljfut RisK], 3R sédofd RRditioh @t sehtity fher t her
conprising: the central processor further processing second pressure data
r epr esentiualg relatied weovepfent tas thec sendn@r @ws.uitles central processor being further

15 programmed for computing pressure data representing the constant pressure to be

maintained; and

a force controller separate from the central processor, the force controller being
programmed for converting the first position data to first area data representing the value
of the first contact area at the first time, the force controller being further programmed to

20  process the first area data and the pressure data to output first force data representing a first

force to be applied to the first contact area at the first time;

the force application system being responsive to the first force data for urging the
wafer and the pad against each other with the first force to provide the constant pressure on

the first contact area at the first time;

25 the force controller being further programmed for converting the second position
data to second area data representing the value of the second contact area at the second
time, the force controller being further programmed to process the second area data and
the pressure data to output second force data representing a second force to be applied to

the second contact area at the second time;



the force control processor being further responsive to the second pressure
data and 20 to the output signals representing the relative novenent of

t he waf erwe g/t pad, the force controller further succaggvehds31o
processi ng the contact area program ang the force program to provide
second force data representing the for Q to be applied to the second
contact areas of the puck and the pad. 25 11. Apparatus for maintaining a
constant pre t i oy t e fer and
of 2 pol i oni B 1ok SheEudartisfth biak RABER Y h HERRLARE GREREa Bir el

appar at tise afEpahs ithg pad\R: R4t 160H HHRCWithStht/ 26&Dfofle t@pebvidectht @onstantsi ng

rel ati ve novenent between the wafer and the pad into a plurality of

di f f er ePreSgFe PR Hispeaopbaantach asa agthe Srtdimepp) i cati on system for urging the
waf er and the pad agai nst each other so that in each of the different
overlap positions the respective contact areas are in contact 5 and have
different val ues, the system being capable of providing different forces
for the wurging; a feedback circuit for providing first and second out put

si gnal s repr é2ent iAngethodsyieontraléing a pstsswae tb beapplidd ito coread rmrss of a wager

rel ative povenent, the fjrst _and second . increnments bej.n spaced first
and sec@ﬂgoqfi lishige Pk i rehe ?ié@%‘%lﬁ?lcﬂr B@lgsgmge@p?rabo@so%gt%%r Pr st
posi ti OQoﬂgﬁﬁn:%Eher PRRssot0 the first output signal, the first position
data representing the actual relative novenent at the first tine, the

central processor being further programred for conputing second position
data in responseding at fiwst peasessdr duinput prisgiive ldatat igpreserdimgdthp @sissyrorio dgt a

representi.ng .the actual relative npvengnt at the second tine, the central
pr ocess6‘Pp1beg]itﬂ5\“ef‘iﬂnfa}‘fg?rei%&ﬂ?%ar%‘?ﬁ‘%ﬁ]&gggp’ conputing pressure data
representing the constant pressure to be nmaintained; and a force

contpol | er S@RAN@hE aflde@ithich Hré@Bdor dthePfHAG S BEst ptdaessbPILEnls PRicesd thie bei ng
programed for converting the first position data to first area data

r epr esernypen@ftdat, wak dppe of datacbeing data gepreseatingreative movementy katwegmie t he

force cont.rol | being furthe rogranmmed to .20 proce t.he fir ar.ea data
bt he et ihe 85 BPouctinbed el B TR oS 1A¢ RRFQRS Dl fting, ok ol
force teyhaoraplg@duledatdie first contact area at the first tinme;

by use of the dedicated processor, computing area data representing a value of the
15  contact area between the wafer and the pad in the overlapped positions, the area data being

the third type of data; and

by use of the dedicated processor, processing the area data and the pressure data to
compute force data representing the force to be applied to the contact areas during the

polishing step of the sequence.

20
13. A method of determining a value of available processing capacity of a
processor for processing data to control a pressure to be applied to contact areas of a wafer
and of a polishing pad in chemical mechanical polishing operations, comprising the
operations of:
25 characterizing steps of the chemical mechanical polishing operations according to

the available processing capacity required for real-time processing of the step at a rate

sufficient for controlling the pressure to be applied to the contact areas of the wafer and of



the force application systembeing responsive to the first force data for
urging the wafer and the pad agai nst each other with the first force to
provi de tW® @ageisant pressure on the first contact area gictitsihéist ti ne;
25 the force controller being further grogranned for converting the second
position data to second area data rep &senting t he val ue of the second
contact area at the second tine, the force controller being further

progranmed t.o, .proc the second area data and h ssur 1o out put
second ﬂ%@gagggaggépgsgﬁiﬁﬁau%ﬂgg%@%ﬁgég?@%u?%gggmg%%l?%dﬁ?%akﬁﬁégsecond
cont act hehedidtredpaet HE RISk dﬂe@the%l&ﬁfn@@ﬁ&&ct@ﬁ?ﬁdéwlﬂe%ﬁ)w 80 the force
application system being responsive to the second force data for urging

the wafer and the pad against each other with the second force to provide
t he const ant valpeseelsvaréations iththequesswy. eothedine mie af ghangp of the plesyugnor 5 12
A met hod of gontrollin r | .i (0] a

wafer and oﬁ’eaftrep% eP%%i%ﬁgl’egéezﬁf’ﬁ rg%‘%ae%nec?’ glbg%eghgg? &%F&p%h?@hip%gqg%e@gti ons,

t he fppar at ugverkPpeEd p&ditichs] bithe pts aft the Ratdfe mpvedvindiang a first processor to
i nput pressure data representing the pressure to be applied to the contact
areas during a polishing step; 10 providing a dedicated processor other
than the fi rgqregq;lb@@gggglegﬁogﬁpk}argﬁt@@ggs three types of data, one type of
data being data representing relative novenent between the wafer and the

pad in overl gpped,Gont J5hé Bg gi%%ﬂéﬂ?‘?Eroc&&ﬁqggéa?gﬁ%ﬁgﬁ%cﬁfo@%é‘ﬂzaf-ﬁﬁﬁes_eCO”d

type of data pressure data; by use of the rocessor, conputing
ar ea dapmcesspirgeseiht istap daty abesesanf td bentrol thecpuessued tcabe apiiztviedhe toreactaf er

and the pad in the overl| apped positions, the area_data, bein the .third
type of 2¢at & BAngvalyr ged %Cft%? HE’%EI]@HB d%i‘?lelé} oteR Sbthe gherica in??ﬁﬂ’t‘m%a ar ea

dat?oango%ﬁﬁgﬂﬁﬁﬁﬁﬂ%ﬁ.data to conpute force data representing the force to
be applifed td the contact areas during the polishing step of the sequence.

20 13. A nethod of determ ning a value of avail abl e processi ng capacity of
a processor for processing data to control a pressure to be applied to
contact areas of a wafer

14. A method as recited in claim 13, wherein the processing is provided with an

input of pressure data representing the pressure to be applied to the contact areas during a
polishing step; and wherein the operation of determining a value is performed with respect

15  to a dedicated processor that only processes three types of data, one type of the data being
data representing relative movement between the wafer and the pad in overlapped
contacting positions, the pressure data being the second type of data pressure data, and the

third type of data being area data representing a value of the contact area between the

wafer and the pad in the overlapped positions; and

20 wherein the operation of determining a value is further performed with respect to
the dedicated processor computing the area data, and then processing the area data and the
pressure data to compute force data representing the force to be applied to the contact areas

during the polishing step of the sequence.

25 15.  Apparatus for processing data for controlling a pressure to be applied to
contact areas of a wafer and of a polishing pad in chemical mechanical polishing

operations, the apparatus comprising:



and of a polishing pad in chem cal mechanical polishing operations,
conprising the operations of: 25 characterizing steps of the chem cal
mechani caWvQgol16e18i ng operations according to the avail ablrETprecessd ng
capacity required for real-tinme procesgbng of the step at a rate

sufficient for controlling the pressure“to be applied to the contact areas
of the wafer and of WD 02/16078 PCT/ US01/26319 81 the polishing pad during
the Chenlca|a%ﬁ&ﬁéﬂk§ﬁ6r&ﬂhbﬁhb@ﬂxﬁﬁ@ﬂﬁ&&aﬁéwmﬁﬂfnﬁﬂﬁk%ﬁbﬁﬁm%ﬁmﬁnm§ﬁ|ng
with respect to at | east one of 'the follow ng characteristics of the steps:
val ues the wadei zidi thepad mte hecrlappskpasgions fort previdingsreaadata weprashrtingevaddest he
pressure, or the frequen of the relative mavenent between.the wafer and
bhe pad®] SRR i8S of GRALH BOpER BESYAToRd epad fiIns aYdaBred RAEINoR at | vo
novenent; and for each of the at |east one characteristic, determning a
val ue of thett@Vﬁfdc@@oﬁ BUISE FoShar IpogRaGhéd tbepitebés8dthbOhreh h@atd eld- dhtae
processing of the step data necessary to control the pressure to be applied
to the tomsenting the @aessws tthiee soatreHedit podviding fprsk ideti rapreprading the feecest ep of

t he chepmical apical 10 |.i.shi,n erations.. 14. A nethod as recited
in clai %ﬂpp\%gipoe{ﬂﬁ CPW&"W‘%?@@SEP%B‘e?fsﬁﬁ?f%m"éi%la"% th an input of pressure
data representing the pressure to be applied to the contact areas during a
pol i shing step; and wherein the operation of determning a value is
performed with respect 15 to a dedicated processor that only processes

three types of data, one type of the data being data representing relative
novenent bet Ween PWEARESS 180itpdtiRelgEY 19 nWherein tpisdd 2 eapenscstof e 88i t i ons,

the pr e?e;)gésg?tﬂ%}a%éj%lﬁ%et Mo RREANDelwRE AL (AR RUCEIUAEL GRbAucBlMikhe

third ty ta beirng area a representing a he contact area

bet yeenotdikppadpesiticnrgaridwehdpeid: i n t he overl apped positions; and 20 wherein
the operation of determning a value is further performed wth respect to
t he dedi cated processor conputing the area data, and then processi n% t he

area data antPrtoReh spusatigl ey f 42 JCRISHRAGNG PG TEla ¥ IR VPRERIREENES et he
force t pﬁhie%tﬁ’lt Sc O A6LesBCaR it IdfNhid Bfid ROJeRNANG pihvedesOf the
sequencgaﬁgﬁ?& Sar gtéj}scegor roez:sesss?lng1 at arl?ior cont S?P%ll?}gpa pr essur e
to be appharatdarea dawanprasintiag ealse0df the vadtect aated imthesovedhpridi pogitioast and
chemi cal nechanic%l polishin ,

the processor further processes each sequential separate area data and a then-current

15 respective item of data representing the pressure to be controlled at the corresponding
current sequential time for sequentially providing the force data representing the forces to

be sequentially applied to the contact areas during the relative movement.

17.  Apparatus as recited in claim 16, wherein during the sequence of the data
20 representing the relative movement between the wafer and the pad into successive

overlapped positions the pressure data represents unchanged pressure, and wherein:

for each sequential item of data representing one relative movement between the

wafer and the pad the processor processes the item of data and sequentially provides
separate area data representing values of the contact areas in the overlapped positions; and

25  the processor further processes each sequential separate area data and the pressure data for
sequentially providing the force data representing the forces to be sequentially applied to

the contact areas during the relative movement.



operations, the apparatus conprising: WO 02/16078 PCT/US01/ 26319 82 a
processor progranmed to process data representing rel ative novenent between
t he waf erwgg@/it®@ pad i nto overl apped positions for provi diciguieéeidat a
representing values of contact areas 83 contact between the wafer and the
pad in the overl apped positions; the pPdcessor being further programred to
process the area data and data 5 representing the pressures to be

control | ed f?§ pr%g@gﬂ ) Js%&gedcﬁﬁt alEneﬁ’S ! Jehg fQEG&Re drdndga@prp! i ed
to the contact are 3ur|ng t el atl ve movement 8 paratus as recited
i n cl ai repidsentiipediéfierent presstirdssal wherei@nce of the data repr esenting the

rel ati ve novenent bet vveen the wafer and the pad into successive 10

over | apped pgsrtr ons, wherein: for each se uential ifemof data

represent i ng frfach SR AL AL RERTEUTB SR A B DTORESSOR BIP eSS © PHE HE He

Pr oCessgl. R OGRES &% ke dht%%};x%&efn%%ath@%n%&qvﬁﬂés 8f kne P %I‘Ré(dtdﬁéas ﬁqe{?l%r ate
area data representing va e contact areas in the overl apped

posi i i onsgrlapped pd)dmeorprfor:mlselmaﬂy iprdvading tioc fosadnt emptesemipgeht fatesstopar at e
area data and n-current 15 respective itemof data representing the
pressur g,equntbaé f?%rq éﬁcoa‘%tacttﬁ?aﬁ'orrespondr ng current sequential tine for
sequentially providing the force data representing the forces to be
sequentially applied to the contact areas during the relative novenent. 17.
Apparatus as recited in claim16, wherein during the sequence of the data
20 representing the rel ative novenent between the wafer and the pad into
successive d&%erl é@p@@t%o@r reciserd in Iedaipr &S swhereigathg premse@reha%admﬁmfged
pressure, and wherein r. each se resenting one
el at | vEoRBTaREagbr ad Al Pl FRH T erh R et SR BDERHb0E s cee
thego t epagablecstrdalafife F208L8MEIaRh kite RIPKicAEHT cHRRMiR Mo Pr&BurEas Be ﬁﬂﬂfcﬁs enting
val ues of the contact areas in the overl apped positions; and 25 t

pr ocesstyr thegontaelr arpzrsmféb@ evafersand of éhftlE@hSrhmg dphiriag éhQa¢1@a11@F€1tnaeCém1041 he
pressure data for entiall forced are ing the
Porces. POl iR as oisipieufice e Aot B viseiss 308 st RAS PARMRY) aftve
rmverren{cate ¥Rty é%@?& PedsukdSHe ﬁ&fl&ﬁcﬁaf thé GelafRP AHoéHEnt Bt W &S thedvaréi claim

15, wherein t her e is a sequence of the data
and the pad into the overlapped positions, and the rate of the relative movement.

15
20.  Apparatus for controlling a first pressure to be applied to first contact areas
of a wafer and a polishing pad in chemical mechanical polishing operations, the pressure
being applied according to force data specifying the value of forces to be applied to first
contact areas, the apparatus comprising:
20 a drive system configured to cause relative movement between the wafer and the

pad into overlapped positions;

a central processor for processing data to specify the chemical mechanical
polishing operations, the data including a command to the drive system for the relative
movement, the data further representing the pressure to be applied to the first contact areas

25  of the wafer and the polishing pad; and

a feedback circuit for providing output signals representing increments of the

relative movement;



representing different pressures, and wherein: for each sequential item of
pressure data the processor processes the current itemof pressure data
and the detoenzriepmisesenti ng the current val ues of the cont a®CTar®ageiim the 5
over | apped positions for sequentially B! oviding the force data representing
the forces to be sequentially applied f‘o the contact areas. 19. Apparatus
as recited in claim15, wherein the processor has a limt of processing
capaci ty, anqled&hﬁalagx%c&g&%&?gmf bnsiel tbeadt@tue:}%gaﬁé Ba YRGS Ble duldut
processor is 10 capable of real-tinme processing at a rate sufficient for
cont r ol bignglsttepreperginguthe dotudd erchpipt i mavenent, héhe coemtrak pprovessms swtceskizelyaf er
and of the £0| i shi ngg ad during the chefn‘i cal nechani cal, p@l iﬁhi ng

oper at | BISeSS{iie ac PRt | ded EPSIain gnd e fOmP JUSSBM Vo rRraYiAg ndie; forge, data

Pr esSUT RoprBfridd HE forlcaldblpof B bRe Abnihicrdl 68 BN fafer 11 the gayency of the
rel ati ve 'novenent between tﬁe wafer and the pad into the overl apped
positions, and the rate of the relative novenent. 15 20. Apparatus for
contfolling a first pressure to be applied to first contact areas of a

waf er and a polishing pad in chem cal nechanical polishing operations, the
pressure bei,ng applied according to rce data specifving the val of
forces to bebippl' qAEdIS AP F%Cﬂtedélgﬁ]ta%?&a‘?@gglfl tﬁ%%e?1gr8{3%1¥:g?sggr %ISP%IW %sllllgng: 20
a drivefsysHamis and bapdsesl fitR stgd HBinkeh Adshyise 1O VIR RitputREeE & prblige wher and
the pad into overlapped positions; a central processor for processing data
t 0 specifip represeptisgiacaluernd dhaporiadt arge) & sisong ogEk@rSéageé Reingtipgespapsg to

i ncl udi a command to the drive svystemfor,the.relative novenent, the
data fu PSSH epméasaélr‘ilttf)h}be %%éacﬁ?f&g‘ﬁtﬁzo P%)Vbdg tg?)]tcﬂr?eecgat%'o the first contact
areas 25 of the wafer and the polishing pad; and a feedback circuit for
proypdi ng output signals representing increnents of the relative novenent;
WD 02/ 16078 PCT/ US01/ 26319 84 the central processor being responsive to
both the pressure data and to the output signals representing the actual
rel ati ve novédent AWH’@“@@M?%MHP%‘é’é%g%rfugh%&@%@iﬂ\?’@gy processing a contact
area programand a force programto provide the force data representing

the force to,he a0Rb 8d J&ef e CAREARIIAIRAS 18 artRENE h&En M dsiinpad-

tendency of the wafer to tilt in response to the force; the assembly further including a

sensor mounted on the linear bearing assembly in a position to sense the force on the

15  contact area, the sensor providing an accurate indication of an amount of the force.

23.  Apparatus for maintaining a constant pressure to be applied to respective
contact areas of a wafer and of a polishing pad in chemical mechanical polishing

operations, the apparatus comprising:

20 a drive for causing relative movement between the wafer and the pad into a

plﬁrality of different overlapped positions;

a force application system for urging the wafer and the pad against each other so
that in each of the different overlap positions the respective contact areas are in contact
and have different values, the system being capable of providing different forces for the

25  urging;



5 21. Apparatus as recited in claim?20, wherein the central processor
provides the force data in tw stages, a first stage being in response to
t he out puivgsi2gleds t o provi de area data representing a valpeg/@o1kése cont act
areas, a second of the stages being in rsesponse to the pressure data and
to the contact area data to provide th§ force data. 10 22. Apparatus as
recited in claim?20, further conprising: a carrier for the wafer, the
carrier inclydj e j WSk - t he
wafer to (111 KAbEK HRRY (B IRATAY LA B, S PR s
sensor nmeEspadtg fimst bheé sbéondaincizesnisngf deseidiivg moveangositie Hirst tod secsd t he
force on the 15 contact area, the sensor providing an accurate indication
of an aiRfisfRenss beipgak spaeed tirssandgeeonddimes: f or mai nt ai ni ng a const ant
pressure to be applied to respective contact areas of a wafer and of a

pol i shing pag cieﬁ‘treg :iB%EeQéBlr P%ﬁﬁﬁﬂfc& Fr d%ﬁltp:uﬁﬂg Akt g@ﬂﬁéﬁﬁﬁt@rﬁ reshiRc APRARY at us

conprising: 20 a Ive for causing relative novenent between the wafer and

t he Pad firsttomtput sighal; dhe finst pbsidod flan ecriressueng thepethap odativeomsyensent at the
applicatjon systemfor urging the wafer and the pad agai nst each other so
that inBd%Sf the different overlap positions the respective contact
areas are in contact and have different values, the system being capable

of providi ngyli JeBﬁrﬁleﬁ}Bcés%r%ﬁlgf ﬁﬁh&ﬂ}ﬁo%MQBﬁ&mﬁ@n%%@é&ﬁ7ﬁésition data
PCT/ US01/ 26319 85 a feedback circuit for providing first and second out put

si gnal s in egspessertbithe) seaoad patput signhl, the seenoid pesitionl detaciepresentiog dhe a¢taal
relative novenent, the first g.nd second increnents being at spaced first

and secdHa"Yq Heenent atthe segond limeassor  programmed for computing fir st

position data in response to the 5 first output signal, the first position

dat apr epr esemid RenttdlepB6dsi@! bek afuriher FRILMRAE afor tdtnpuling Spreésufee datahe
central processor being further Brogranned for conputing second position

data i mepresspomsideconstitd psesswgdo betpintais¢dynal , t he second position data
representing the actual relative novenent at the second tine;

the central processor being further programmed for converting the first position

data to first area data representing the value of the first contact area at the first time;

the central processor being further programmed to process the first area data and
15  the pressure data to output first force data representing a first force to be applied to the first

contact area at the first time;

the force application system being responsive to the first force data for urging the
wafer and the pad against each other with the first force to provide the constant pressure on

the first contact area at the first time;

20 the central processor being further programmed for converting the second position
data to second area data representing the value of the second contact area at the second

time;

central processor being further programmed to process the second area data and the
pressure data to output second force data representing a second force to be applied to the

25  second contact area at the second time;



10 the central processor being further programed for conputing pressure
data representing the constant pressure to be maintained; the central

pr ocessorwhegingoigur t her programed for converting the firgicposiksan data
to first area data representing the vaége of the first contact area at the
first time; the central processor being% urther progranmed to process the
first area data and 15 the pressure data to output first force data
representing prst . i . fd n eq at the
first time: Helopdsripptighidh ST LARP ot Bindt ke skl 1ol @A fordlrpihel,
force ddteawhifer abd ghenpad hgainwadaeli oiiedl viithethpadcaginforsd tepividet thecomstart t he
first force to provide the constant pressure on the first contact area at
the fir Sessurppn thegeeondd confact aea prthe 858 §mehei ng furt her programmed for
converting the second position data to second area data representing the
val ue of the second contact area at the second tine; central processor
being further programred to process the second area data and the pressure
data to output second force data representing a second force to be applied
to the 25 séé¢ondAcmathadtof apeteolhing & peesswe tmice 4pplied tY\0Rt BT Bf a wafer

PCT/ US01/ 26319 86, . the force application system being respaopsive to the
second fB yAokisiige ingCheg“ﬁi?i \RB?C@Pmﬁﬂdp?l “tgaé“pgrﬁé?l?fsttﬂféa@ﬂar&ﬁﬁer with
the secegg ﬁ?ﬁgglet(@e%gﬁg ge the constant pressure on the second contact
area at thg iTst tinme. 5 24. A nethod of controlling a pressure to be
applied to contact areas of a wafer and of a polishing pad in chem cal
mechani cal potdcsssingydadpeapatsenting, relatize mopementistwespripe wefengnd e pagértat i ons
of : processing data representing relative novenent bet n_t he,waf er and
Uhe pad CYRABPE pesifa, ByORBY! 1og Jata BDIHRINE R oL Aras shevHE™ v al ves
of  §ONt 6fvedh BRSyMEr Mh@ﬁhdirﬂ{ﬁe@%r%?éﬂﬁ&ﬁid&@fﬁ{d and the pad in the

over | apped positions; and processing the area data and data representing
the pressures to be controlled to provide force data representing the
forces to bepemspssingdtheoarsh datosmndadata appsesenting ity pressurey & be iCQ@UQH?%efﬁe nt. 15

25. A rr?)%or{/? c O%Cer gzﬁatrggrelserr]m%!g ;Hlén fOZI'é-éS &)Oggjgﬁﬁ{eﬁgtottﬂg C‘E)Htl:?lgpgl‘reasogl%‘h@ {h%ns of :

relative movement.

15 25. A method as recited in claim 24, comprising the further operations of:

providing a sequence of the data representing the relative movement between the

wafer and the pad into successive overlapped positions;

for each sequential item of data representing one relative movement between the
wafer and the pad processing the item of data, providing separate area data items
20 representing values of the contact areas in the overlapped positions corresponding to one

relative movement;

for each sequential item of data representing one relative movement between the
wafer and the pad processing the item of data, providing separate area data items
representing values of the pressure to be applied on each contact area in the overlapped

25  positions corresponding to the one relative movement; and



provi ding a sequence of the data representing the relative novenent between
the wafer and the pad into successive overl apped positions; for each
sequent i alvg ¢2agv@f data representing one rel ati ve novenentpdyatsyeees1d he

waf er and the pad processing the item BIIZ data, providing separate area data
itens 20 representing values of the cBitact areas in the overl apped
positions corresponding to one relative novenent; for each sequential item
of data repr k ti.v.e t : t pad
ot ocesei ng-t AT R GepanR dokE iR ERPR E EEDchihe 8 Pl ' dt°

r epr eseptesnge dathue praxfidd the fproesiatarepiecenhiag appiorad tobe appliedConthacontactea i n
the overl apped 25 positions corresponding to the one rel ative novenent;
and WO 8823 o therslaneinoemats7  processing each separate area data item
and the corresponding respective itemof pressure data to provide the
force data representing the forces to be applied to the contact areas
during the relative novenent. 5 26. A nethod as recited in claim?25,
wherein during the sequence of the data representing the relative novenent
bet ween t he @af er Aanmdthodeaspacitednit alamcse seieven dovieg ltappedepssiftthodstat he

pressure data.represents unchange ressure, conprisin he further

Dbor at | GRSSERine e G dHTERETPeRI<Em U HalES TepRbatit iy BHEEVEEat i ve
NDVeneNntydy Lifiens Hek Sure aieh & BRY, uRhOERAShRGut Conlppiingf tdat a to
sequenti al %’%‘?%\% 1den§,~:epa\rﬁ‘ge{se rgr ea dée%)t?eas re%r e?ge;g%tiﬂ;lg val ues Iﬁlgint%he cont act
ar eas i furtheeoparatidrmmbed positions; and processing each sequential separate
area data and the pressure data for sequentially providing the force data

representing.the forces .to., be uentially appli to the contact .areas
Guri g the T Eleeh SHEDENOHES of aH58bisRinsheaRR Rt Frob R B Eken o
whengi nwhahi@radithe PadqAb@RGRg e ftdif of Aa@ tol BRIDSEIN pRSidH dpBfa@NireR URGSUT €S,
conprising the further operations of: for each sequential itemof pressure

data, prepesssstinggvalins of the envtact aers infthpewskpped pagiticasizand t he dat a
representing the current values of the contact areas in the overl apped 20

Ece)SisgiqﬁgrS]t? gpfoggs%?nngt eia%il lsqu%ga\ﬂi sggar}:ltg efacha(faeandc?ttngl p%e%&rrg %gtrelltfiop %q{lg‘ﬁiaﬁl?r ces to
providing the force data representing the forces to be sequentially applied to the contact

areas during the relative movement.
15

27. A method as recited in claim 24, wherein there is a sequence of the data

representing different pressures, comprising the further operations of:

for each sequential item of pressure data, processing the current item of pressure
data and the data representing the current values of the contact areas in the overlapped
20 positions to sequentially provide the force data representing the forces to be sequentially

applied to the contact areas.

28. A method of determining which of first and second processors to use for
processing data to control a pressure to be applied to contact areas of a wafer and of a

25  polishing pad in chemical mechanical polishing operations, comprising the operations of:

providing at least one limit of available processing capacity indicating which of the

first and the second processor is capable of real-time processing at a rate sufficient for



applied to the contact areas. 28. A nethod of determ ning which of first
and second processors to use for processing data to control a pressure to
be appl i edwaw/ieonst act areas of a wafer and of a 25 poli shaTguPadeiin

chem cal nechani cal polishing operati ogg, conprising the operations of:
providing at |least one |imt of avail abl'e processing capacity indicating
which of the first and the second processor is capable of real-tine

Pr 0Ces s paifirofindithe sl be bgﬂlfedftQ ihe¥antet LGOS (REWEFAAE 36 FeSHBiBhing
controlling the pressure to be applied to the contact areas of the wafer
and of pék duoihgstienchenpeal wechianigalk ipelighiegriopatatimes; hthai ataleagiobes Ainpigy of

ti , the at | t | i f | ity bei based
ot 1 asPuBHS T CAPRENY BIPBRNR) oBlfhieatt e ST Ll Pg SR US| n t he

Pr eSSUur Qarjffonk Me td PRssufl ©r fle ©HARAE oPThilie JITRS pikSire, Br thOErebiRYRACY Of 5
the rel ative novenent between the wafer and the pad into the overl apped

posi i i othe, relative ovemantebepiedniibe wefeatand ¢hermpadantorthe omgrthpped petifiong, thidesecond
processor as_having sufficient available processing capacity to use for
the reaf4§? 65?16%%'5@%@“6% @t a to control the pressure to be applied to
the contact areas of the wafer and of the polishing pad in the chem cal
nmechani cal pedjetiognfe 3Q2oRPBFREIENS Aalg fENQeith9aildbhd protsingtdapscify@dui ri ng
t he greatest available processing capacity.

use for the real-time processing of data to control the pressure to be applied to the contact

areas of the wafer and of the polishing pad in the chemical mechanical polishing

10 operations that have the characteristics requiring the greatest available processing capacity.



