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mechanical planarization (CMP) operations. Typically, integrated circuit devices are in the

form of multi-level structures. At the substrate level, transistor devices having diffusion
regions are formed. In subsequent levels, interconnect metallization lines are patterned and
electrically connected to the transistor devices to define the desired functional device. As is
20  well known, patterned conductive layers are insulated from other conductive layers by
dielectric materials, such as silicon dioxide. As more metallization levels and associated
dielectric layers are formed, the need to planarize the dielectric material grows. Without
planarization, fabrication of further metallization layers becomes substantially more difficult
due to the variations in the surface topography. In other applications, metallization line
25 patterns are formed in the dielectric material, and then, metal CMP operations are

performed to remove excess material.

A chemical mechanical planarization (CMP) system is typically utilized to polish a
wafer as described above. A CMP system typically includes system components for
handling and polishing the surface of a wafer. Such components can be, for example, an

30 orbital polishing pad, or a linear belt polishing pad. The pad itself is typically made of a
polyurethane material or polyurethane in conjunction with other materials such as, for
example a stainless steel belt. In operation, the belt pad is put in motion and then a slurry

material is applied and spread over the surface of the belt pad. Once the belt pad having



material is applied and spread over the surface of the belt pad. Once the
belt pad having WO 03/ 057404 PCT/ US02/ 40942 -2 slurry on it is noving at a
desi red rwpe3/ostes wafer is | owered onto the surface of thechalsoz/pad2 |In
this manner, wafer surface that is desired to be planarized is
substantially snoothed, nuch |ike sar®dpaper may be used to sand wood. The
wafer may then be cleaned in a wafer cleaning system 5 Figure | A shows a
| i near polishing apparatus 10 which is typically utilized in a CMP system
The | i neslurrponiisisimeying pa desirsd 1ade, tled welee s lawatedmatethcshfacspfahabelf of a

sem condyct.or wafer 16. Th rial .being removed may be a.substr

rat er 1 ol Tofit AN gtter SHEeE G 1 desiielo of BRRA B B th
Such a | gyehR 1iky Bafdphpet haichieles toBRd wiodTOIHR WifePiMy theR®eficafBd BY 4 Whfek or med
or present during a process such as, for 10 exanple, dielectric

mat eri al slealp'hgisysmm.ni tride, metals (e.g., alum numand copper), netal
ol | oh the. onBIEHC | Rostvtra dies| nejsfie pRES L abichet; YPRrshaflisd®l 4°
surface b@ﬂe§¥s@ém.t h%em%ﬁrn%oh@hing%pirhﬂaeqomkﬂlésmvw ARBAAISHS shPrabd bf 4 zes a

polishing belt 12, which noves lNinearly in respectf to the surface of the
waf er 16serfihenduetdr viffer $6.a The midteniad bsingaietmored atayriy @ bahstrate 1Batenddll afrthe 20.

The rol | typical |y dri t hat the rotati ti
of the v BPEEE o5OE AL foe? s KGPIdfrige Bart 19 S BARAT PBBRATY FAhlce ARy

R

mechéii c axanipdé,adielengicr magrialsg sidicor yitvide, ummtalsTeeg. pslunsiim gandeapp&d, mewl t i ons
20 the wafer atop the polishing belt 12 and noves the wafer 1 own to the
pol i shi ndllays| semigondpgtor peaterials. sir- hE.‘éaca%e/, may herpiligag &9 Palas?&‘ge ©Re or
polishin it ¢ t %ﬁﬁ?h wafer 16 is
pol i shed ogee%fttg%r g@e&&ﬁégﬁg&égﬁgﬁ?ﬁg}e&%ﬂt a?LeZHS’ he p%?%ﬂ??ig head 18 is
typi cal | y par Thefllinearsiolisiihg apiparmes &8 aalibdsya @lishmigdwit 12) whidhumevesBjnehfinat
enabl es application of polishi n(gF pressure to the wafer 25 Figure | B

€

f 16.
shows a HbievRest ftethe swfice @f dheypplre 19s skwohalt Bd1s & sentippus, belf rotptingsgboug

appl y<th i Sl i . hown
abovts | ot 7 s pOueTEriOpica) By o bbb SYENBRARG Spckbniding [T
head 18 eARALTY ethséthad pdlshiag Belt #2to Bdérivdpi indl IthedPmctioR LR adihadspeot @ ther ce

magni fier 34 that in one end is connected to a hinge 40 and in the other
end is coifeédbed to an air cylinder 32. The force magnifier 34 is

The wafer 16 is held by a polishing head 18. The wafer 16 is typically held in
position by mechanical retaining ring and/or by vacuum. The poliéhing head 18 positions

20  the wafer atop the polishing belt 12 and moves the wafer 16 down to the polishing belt 12.
The polishing head 18 applies the wafer 16 to the polishing belt 12 with pressure so that the
surface of the wafer 16 is polished by a surface of the polishing belt 12. The polishing head
18 is typically part of a spindle drive assembly 30 (shown in Figure 1B) that enables
application of polishing pressure to the wafer 16.

25 Figure 1B shows a conventional spindle drive assembly 30 that may be utilized to
apply the wafer 16 to the polishing belt in the CMP apparatus 10 (as shown above in Figure
1A). The spindle drive assembly 30 includes the polishing head 18 connected to a spindle
42. The spindle 42 is attached to a force magnifier 34 that in one end is connected to a
hinge 40 and in the other end is connected to an air cylinder 32. The force magnifier 34 is

30 typically an a machined aluminum arm that acts in a similar manner to a lever so force

applied by the air cylinder 32 is magnified onto the spindle 42. The spindle 42 then pushes



30 typically an a machi ned alum numarmthat acts in a simlar manner to a
| ever so force applied by the air cylinder 32 is magnified onto the

spi ndl e 420 0Fh&748pi ndl e 42 t hen pushes WO 03/ 057404 PCT/ UBQZ/us094R@42 - 3 down
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enabling the optimal control of downward force application in a chem cal
mechani cassewbbn3( andmays thewpindle. Therefore, low polishing pressure application to the

wafer using conventional pressure application systems is very problematic.
Additionally, because of the indirect linkage of air cylinder 32 to the rest of the
20 spindle drive assembly 30, reduced stability of the polishing head 18 often occurs.
Therefore, consistent polishing pressure on a wafer, especially at low pressure levels is
often difficult to attain.
Therefore, there is a need for an apparatus that overcomes the problems of the prior
art by having a downward force application apparatus that can optimize control of polishing

25  pressure applied by a polishing head to a wafer in CMP systems.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills this need by enabling the optimal
control of downward force application in a chemical mechanical planarization (CMP)
polishing process. It should be appreciated that the present invention can be implemented in

30 numerous ways, including as a process, an apparatus, a system, a device or a method.

Several inventive embodiments of the present invention are described below.



pol i shing process. It should be appreciated that the present invention can
be inplenmented in 30 nunerous ways, including as a process, an apparatus, a
system awodasiosaoor a nethod. Several inventive enbodi nemca/ush2/adye2 present
i nvention are described bel ow. WD 03/057404 PCT/US02/ 40942 -4 In
accordance with one aspect of the invehtion, an apparatus for applying a
wafer to a polishing surface during a CWP operation is provided. The
apparatus includes a spindle that has an upper end and a | ower end. A

waf er carri er In sccondaprewitheneaspdach okthe émvgntion, taneappeigiusdbreapplying aeeaferitor ce
generator is disposed at.the er end.of the spindle. A load.cell .ig 5
Dosi t | ondd e S Raraliing M ORezatipn 1 pravifed: n R wpariiscpciides 3 pipdle
spi ndl e. iy G@NHK 9{)1%]& fendiafid GOl End. OAlMEe! ORHeCRIdoupled 16 BI¥ IoRkt bitDoft the
force applied by e linear force generator. In one enbodi nent, the |inear

f or ce gespindleoA linvat fraes genetatoweis dpsipased at izt upper dind pdthedspinslte. t Adoddoeed] isel |
and ap upper. pl.ate suppor.ted above the | ower plate. e linear, forc

qener at oposiiatyel iy GRaaEe kg ke Esudon ik ok B ol ot M Pl A sPaFiesng
the uppels Rhudfel-to e 1584 @&Pﬁo?@éntf‘dm%dﬂhg?dgf&e %@qeei%g thehiheaP bRt Egdrirapiupl €d to

t he upper end of the spindle, and a | oa di sposed on the | oad cel
pl ate. | n accdr damembeditient et livear fosqegenemfortidudas\adowenplateahatas tisposedr

appl yi ng downward orce on a wafer during, chem cal nechanigal ..
pl anari z&Bit ﬁlﬁé\/ﬁsﬂ% 3N SUAPGE BT PYPRORPY SRR FRscloveT Al Ear T olRRERFFoF or ce

is appli j ' rrier
coup! od Eg sy RRELCER e pAIORE! Fren LA HRIORE Bl ihe Rucohpbblle. 97
downwnar d ahethereenatpaimet, otoddheell pdpeis @apledfto theeupper adl ef thd kpinddyant alpad of
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processi ggpaergtflé et s X()nﬁgured to optimally control and apply linear downward force onto a

wafer, control over polishing pressures utilized in CMP may be significantly improved.
20  Specifically, a force generation assembly may be connected to an upper end of the spindle,
and the lower end of the spindle may be connected to a wafer carrier. This structure enables
direct linear application of force to a wafer. In this way, the range of consistent force
application may be expanded and low force application to the wafer can be enhanced. In
addition, the force application apparatus described herein augments wafer carrier stability
25 which even further optimizes wafer processing. Consequently, the force application
apparatus enables highly advantageous wafer polishing pressure control and improved wafer

processing efficiency.

It is to be understood that the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the
30 invention, as claimed.

/



It is to be understood that the foregoing general description and the
followng detailed description are exenplary and explanatory only and are
not restrwotmmer4of the 30 invention, as clained. // WO OBCTEBAD4M0942

PCT/ US02/ 40942 -5 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng
drawi ngs, which are incorporated in an®l- constitute part of this

specification, illustrate exenplary enbodi nents of the invention and
together with the description serve to explain the principles of the
invention. 5 Figure | A BRIEF BESCREEFIOQNOOFIHEPRONENGEUS Wwhich is

typically utilized in a CMP system Figure |B shows a conventional spindle
drive assenbl yheaeqomnanyipg drawingss adhicheare gepippraterbingaticonstiutepart b s hi ng
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enbodi nent of the present invention. Figure 2C shows a nodified force

gener &t i on as%eguné YAwhows atinedripotipking epparatss whichactypisglly ptilized i8adPure in
accor dancetvvith one enbodi nent of the present invention. Figure 2D
i ncl udes S&'WBdi fi ed force generation assembly in accordance with one

embodi ment  of Fdige PBEHBAL d EHHSBLHENAL spihdlE!dive aSiely B InRSKb I ifitied o
illustrating an operation of the force application " assenbly in accordance
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THE | NVENTI)O\I Several exenplary enbodi mrents of the invention will now be
descri bed™®n detail with reference to the acconpanyi ng draw ngs. Figure 1A
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It should be ecl ated that al though the owi ng enbodi ments descri be
an appar atvestiappl yi ng downward force, the follow ng enbodi nents 25 nay be
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Figure 2C shows a modified force generation assembly with an alternative
15  retracting spring structure in accordance with one embodiment of the present invention.
Figure 2D includes a modified force generation assembly in accordance with one
embodiment of the present invention.
Figure 3 shows a block diagram illustrating an operation of the force application

assembly in accordance with one embodiment of the present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

Several exemplary embodiments of the invention will now be described in detail
with reference to the accompanying drawings. Figure 1A and 1B are discussed above in the
“Background of the Invention” section. It should be appreciated that although the following
embodiments describe an apparatus applying downward force, the following embodiments

25  may be inverted so upward force is applied. In the following description, numerous specific
details are set forth in order to provide a thorough understanding of the present invention. It
will be understood, however, by one of ordinary skill in the art, that the present invention
may be practiced without some or all of these specific details. In other instances, well
known process operations have not been described in detail in order not to unnecessarily

30  obscure the present invention.

Figure 2A shows a chemical mechanical planarization (CMP) system 100 according



wi |l be understood, however, by one of ordinary skill in the art, that the
present invention nmay be practiced without sone or all of these specific
details. wootobamw4i nstances, well known process operati orETEe®4092 been
described in detail in order not to unnecessarily 30 obscure the present
invention. Figure 2A shows a chem cal -é®chani cal planarization (CW) system
100 according WO 03/057404 PCT/ US02/ 40942 -6 to one enbodi nent of the
present invention. A carrier head 106 that is a part of a force
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wafer 104 that is desired to be planarized is substantially smoothed in an even manner.

20 In some cases, the CMP operation is used to planarize materials such as copper (or
other metals), and in other cases, it may be used to remove layers of dielectric or
combinations of dielectric and copper. The rate of planarization may be changed by
adjusting the polishing pressure. The polishing rate is generally proportional to the amount
of polishing pressure applied by the carrier head 106 with the wafer 104 to the polishing pad

25  against the platen 110. By effectively managing the polishing rate, the desired amount of
material is removed from the surface of the wafer 104. When the polishing is complete the
carrier head 106 may be used to raise the wafer 104 off of the polishing belt 102. The wafer
104 is then ready to proceed to a wafer cleaning system. Therefore stable and flexible
application of downward force by the carrier head 106 is extremely important for efficient

30  wafer production.

Figure 2B shows the force application assembly 118 in accordance with one



material is renoved fromthe surface of the wafer 104. Wen the polishing
Is conplete the carrier head 106 may be used to raise the wafer 104 off of
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cl eaning system Therefore stable and flexible application of downward
force by the carrier head 106 is extrehely inportant for efficient 30
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accordance wi th one WO 03/ 057404 PCT/ US02/ 40942 -7 enbodi nent of the
present Embedinieohof the nredest myvbalitinrelnt thist nebadiment, theporasaappbicativasssivnbly 118

i ncl ud ' 10 t, . | ed t I i ndl
126 and 418 st g Bl a2 d b bt b 2obteBinadb e et PRa BRI 12 e " he
spindl e }g6e gbRerPiéh aRBRBE MNtondcbRdWSf BE pPEr bRI ol Qe spiniRCAtEd behow t he
force generation assenbly 120 and 5 the spindle 126 in a substantially

di rect vembpdiaient,ithewafer catnioull @ isclocateibbelowdtic foree getesationmisprthtdy hd apé any

he. wai olecanndier 260 < FbTRssthyar s e fany G2aRasoR tat e ©
subst ant gﬁihhbé k) by seRhble SRR That TRA chPVSIpISIH fBice Bt 5t EmBIgE 2050

connected to the wafér carrier 106 and the upper end is connectéed to the
f orce getherwtfeonaraiss édb| In e@&Dembodisigot,ltiht kpndlp 126 diastacuibsthatiallyheyliidrigybi ndl e

126 may be any_suyit abl i.mensi on dependi ng .on the confi.gurgtiaqn, desired
Tor Uos Spen e lancranp ol JERIDLES RRaTIS Ao Guietet FsH ek DIty ST as
descri bed,pes @dg{ﬁgét% }é&@lfesfo‘f&%g%ggﬁ Rlend %6.]9 TCEhRRPbe GPhRkiatbdGnatanat ed

above the spin n one e | ment, % orce generation assenbly
120 iy spiadlede6anagpbnant siitablehlimsnsion deendiaplonltRe cenfigumatiinadtdeed fi22isd5 and
t hei r acconpanying structural conmponents. In this enbodi nent, a bottom
surface 6$ﬂ%Pﬂ$638Pé$¥?nﬁB%te 130 connects with the upper end of the

spi ndl e 126. -’ggg f&r@@%gﬁe%tionpisgé 1%?190 aiszle?c?fl’)% ?‘gﬁehpin%ﬁféiifggé‘ﬁlﬁ’%ﬂ"g;dfcei n

turn is coupl to a“bottom surface of ower ate el |
124 is p@sté i spphchtdet W@ docdtdi aboad tieelspinpleal 26.130 anel dnfitwdimevty thd ddree 132.
The springs 135 are utilized with rods that serve to the | ower plate

| |
132 ont o genfEatiopasserrhly 129 mpy Ancludegosinonants sk 45@319%1:@@1{)?2142@ abladdend 24 on
th d . . d
oy k0o HeirPacBhfodiSihe Efka) CORBLRM 9 BHS PiBoaifRnl Aorfdin SMac2 PR O

cel | 124)shatRtpatdeBoesihealeMith the pperondSofahe spindle 126. dheldadlel plapeusols of
force. A top portion of the load cell 124 is coupled to a bottom surface of

a | over igtoapted1gsprimgsrli3agehialin tpeisonpled éla bettermesurfaceef plodiceplrtlHnd a
upper pl %Elg 10%%%11[92 is positioned between the load cell plate 130 and the lower plate 132. The
springs 135 are utilized with rods that serve to pull the lower plate 132 onto the load cell
20  124. Therefore, the load cell 124 is mounted on the load cell plate 130, under constant
pressure, as part of the supported weight of the force application assembly 118. In one
embodiment, the load cell 124 detects between about 100 pounds of force to about 150
pounds of force. A top portion of the load cell 124 is coupled to a bottom surface of a lower
plate 132. Springs 134 are attached to the lower plate 132 and a upper plate 136. The
25  bladder 122 is located between the lower plate 132 and the upper plate 136. The springs
134 are utilized with rods to retract the lower plate 132 onto the bladder 122 so when air is
released from the bladder 122; the springs 134 retract the lower plate 132 towards the upper
plate 136. A bladder spacer 144 enables maintenance of a minimum space between the
upper plate 136 and the lower plate 132. The structure that includes the upper plate 136, the
30 lower plate 132 and the bladder 122 is herein referred to as a linear force generator 121 that

is disposed at the upper end of the spindle 126, and the load cell 124 is positioned between



25 bl adder 122 is |ocated between the | ower plate 132 and the upper plate
136. The springs 134 are utilized with rods to retract the | ower plate 132
ont o t he WDadasmo422 so when air is released fromthe bl aduarsod@a@42 t he
springs 134 retract the lower plate 132 towards the upper plate 136. A

bl adder spacer 144 enabl es mai nt enance8-of a m ni nrum space between the

upper plate 136 and the I ower plate 132. The structure that includes the
upper plate 136, the 30 |ower plate 132 and the bl adder 122 is herein

r ef er r edthedingsr for¢e gesenator d2¢ end éreappenendigithe spandle (126.dltshowld e anderpleodipper

d of i ndl.e 126 d | pad..cel) 124 | i tioned b
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generator 121 as described herein i'ncludes two plates, ¢ adder, and
associ at éatce inponeinlizbleomanrseo siich &% femsxampe noftorsy hydebilec dewidesegaanmtetcean
provi de pressure or. farce in ontrol |l abl e manner such as, for exanple,
ot or 5. Wyt e Seings dad angolfb koo, ¢ Sonstias FefFEBRE meskSie: i e LImRRE: o
keep a congiffie fordd g&kmﬁn%eéﬁuyelz@n ohOL FHOITRORNINeA, th¥ fohd Rell NR4f Glige
generation assenbly 120, once forcCe is applied, the load cell 124 only

det ect s tlttects threcforcefof thvewafef arrieralObiagaingtGBe paJshingtbeithe pol i shing belt. It
houl d b der st t hat the bl add 2 tili . itable .

Tluid o apply phadeurgertotBatiar bR aatev watce oy SRt Ahgermand ©

cl ean, dagfﬁ@:p&es's‘g;ettglthé %v%?er;é&gie}oldénfﬂna&& dSodihadtdelead 28y AN diff-8H pCes

to "air" i zed hereln ca e substituted wth any suitable gas or fluid
suchl@s, irfflate thedigalder 129, t Aoy esferentss.to Aniraitilideid herel® 8arc b mahstiitédowith@ny

bl adder 122 through_a hole within the upper plate 136, The air |line 138
at t aches Syitble &3 folluig sick a3 40T exarp ﬁawﬁag@, &% ﬁﬁﬁm llaﬁég%ﬁP‘HE?FtsttB é‘iﬁd
fromthe r Il [ S ; I
exhaust - ARECRR fiteh AR8IPk I REud? plde 15, “On it RTS8 pRachls kA B ¢
under st oeglve hao tHahmanades kiréxpauad oatpui 1oeand 43nmthy bieeldan122s Ul Headdd léneal 38 is

rel easi ng. devi ce such as, for exanple, a solenoid, a quick exhaust valve,
etc. Thealsepterhedftean quiok pxhayghflentoedd3 pduchgnablgsa fast release pf yr.t Kehad be

val Vfé aﬂg%e%aogyﬁfﬂv{helué?ck(éseﬁgu&fdelviag.ﬁ?u;qva&} g\é%h%g%itab-wgiﬁaé%ﬁlg %ﬁcﬁg;ﬁo may

be utiliz as a gatekeeper TOr arr inp put Trom 122.

ot i onal by foPexafple) aadbRhoid £ quiekEREdRE wlve] 4f. M saBi iadve 1406is 36mIi¢oted 06
downward force 20 detected by the |oad cell 124 that is utilized to control
t he servennuyd44 4t theservoayalyadrand pai awtrt i 44 (erafdhe seme yalvebt Thosfvar d

orce. 2 bt 300 RELIE3/CR § BRoRBAAEE b Bu TR B T B 13-,
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20  detected by the load cell 124 that is utilized to control the servo valve 140 to set and/or
maintain a certain amount of downward force air bladder applies on the spindle 126. The
servo amplifier comparator 145 and the servo valve 140 may also herein be referred to as a
controller. Therefore, the controller may be coupled to the load cell for controlling the force
applied by the linear force generator 121. The operation of monitoring and applying
25  downward force is further described in reference to Figure 3.

When air is inputted into the bladder 122 from the servo valve 140, the bladder 122
increases in volume and expands. When the bladder 122 expands, it presses against the
upper plate 136 and the lower plate 132. In one embodiment, the upper plate 136 may be
stabilized so the upper plate 136 does not move when the bladder 122 expands. The lower

30 plate 132 pushes down on the load cell 124 which transmits the downward force to the load

cell plate 130. The load cell plate 130 transmits the downward force directly to the spindle



applied by the linear force generator 121. The operation of nonitoring and
applying 25 downward force is further described in reference to Figure 3.
Wien air we wppubied into the bl adder 122 fromthe servo waimesoid@®42t he

bl adder 122 increases in volunme and expands. Wen the bl adder 122 expands,
it presses against the wupper plate 13 and the |ower plate 132. In one
enbodi nent, the upper plate 136 may be stabilized so the upper plate 136
does not nove when the bl adder 122 expands. The |lower 30 plate 132 pushes
down on 12& Matdusesiflthd dewnvnard Hotce aths spindlet 126 isl maved ddwheackandpushes thead
cell plate_130. . The Joad cell plate 130 transnmts the. do rd force
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carrier 106 wth a wafer agalnst a polishing pad for wafer polishing

oper at i oapplied Tven éfedraider 220t0ehewbfedicanent whichémeleirents the wafarpsebshomg. of a

direct linear_downward force. app]i| framthe bladder 122 to th er
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bl adder - 8y, J t ir i Sji

amount  of PSP asie MU Pe'be SERAR, TWRGTHE BreosBitin (e pRINTRESY.
reduced, rédueed; iid spgingd 334 (whick vagespaxipandenl aivtvess inputtedantol thp biddder 122)o t he

bl adder 122) retracts thereby reducing force on the | gwer plate 132. \Wen
this happerstsitherebloigdnaing forcs opdhe jowercplate d 3gnh Vhes Bris Bapneng thedpgvward
reduced : i i shi ' 5t wad. el ad CWP
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Fi gure 21 ( rorce generation ass _ _
al ternat kiBle &flicaddn BF pSddkire GoSthe UREIF Qit ia) gRARE TE@IC thani Edhvemsoralriede nent
of the present invention. In this enbodi nent, the force generation

assenbl yapplFatipradevi¢es. | oad cell plate 130 that is connected to an upper

end t he spindl e 126. Load cell rings 148 are SSi L

I oca?%d bel ow & Péag‘(’&’éﬂ maditied %gﬁe. g%he g‘}"é‘a%f's%‘%ﬁ‘)/nfs%r i%ﬁ@%fg{%éﬂra@%
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plate 130 and are coupled to a lower plate 132. Throu use of the
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springs located below the load cell plate 130. The load cell springs 148 are connected with

20  retracting rods which penetrate through the load cell plate 130 and are coupled to a lower

plate 132. Through use of the compression springs 148, the retracting rods pull the lower

plate 132 onto the load cell 124 located between the lower plate 132 and the load cell plate

130. Retracting springs 146 are located below the lower plate 132 and are connected to

retracting rods that penetrate the lower plate 132 and are coupled to the upper plate 136.

25  Through use of the compression springs 146, the retracting rods pull the upper plate 136

onto the bladder 122 located between the lower plate 132 and the upper plate 136. The

bladder spacer 144 limits the compressibility of the bladder 122 by introducing a limit to the
narrowing of the space between the upper plate 136 and the lower plate 132.

When the bladder 122 expands, it presses against the upper plate 136 and the lower

30 plate 132. The lower plate 132 pushes down on the load cell 124 which applies pressure to

the load cell plate 130. The movement of the lower plate 132 downward expands the



130. Retracting springs 146 are | ocated below the | ower plate 132 and are
connected to retracting rods that penetrate the |ower plate 132 and are
coupl ed twotlesupper plate 136. 25 Through use of the compcaasonmspri ngs
146, the retracting rods pull the upper plate 136 onto the bl adder 122

| ocat ed between the | ower plate 132 and-the upper plate 136. The bl adder
spacer 144 limts the conpressibility of the bladder 122 by introducing a
limt to the narrow ng of the space between the upper plate 136 and the
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a gr eat eforce appjicatipm asseBIEPRADERS StablrArPdicalign ppreswRe Hotheckafer gt @ greatesp
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indicate full retraction of the lower plate 132. In addition, the force generation assembly

20 120 includes a load cell amplifier output 164 which enables the servo amplifier

comparator to receive an amplified load cell signal. A rotary union 126a may optionally be

attached to the spindle 126. The rotary union 126a enables the spindle 126 to spin and in

one embodiment allows transfer of air and/or vacuum to the carrier head. It should be

undersfood that spindle 126 as described in the embodiments herein (as described in

25  reference to Figures 2B through 3) may optionally include the rotary union 126a.

Figure 3 shows a block diagram 200 illustrating an operation of the force application

assembly 118 in accordance with one embodiment of the present invention. In diagram 200,

when air is inputted into the air bladder 122, the bladder 122 expands and pushes down on

the loadcell 124. The loadcell 124 detects the force applied by the bladder 122 and sends a

30 force measurement signal through the loadcell amplifier 164 to the servo amplifier

comparator 145 indicating an amount of linear downward force detected at the loadcell 124.



attached to the spindle 126. The rotary union 126a enables the spindle 126
to spin and in one enbodinent allows transfer of air and/or vacuumto the
carrier hwead3/ostuoshoul d be understood that spindle 126 apcdamsoridsezrl i n the
enbodi nents herein (as described in 25 reference to Figures 2B through 3)
may optionally include the rotary uni-dh-126a. Figure 3 shows a bl ock
diagram 200 illustrating an operation of the force application assenbly

118 in accordance with one enbodi ment of the present invention. In diagram
200, wh&he aignali fsom thaitoadetll Hdoistloe voltaghrsamthddeadrell amplifiebl éharoplifigsthe

expands and pushes down on..the | oad | 124. Th oadcel |, 124 detects the
force applf eeg‘eﬁi}mfrﬂ@?Blggglqe?helsfﬁloa"’mpﬁgbeﬁﬁgmaa%@r ?6# LE°hER rS&P@ﬂﬁOQ’i téleal
through {fiacdirasselhicRR! dfel &hbdfithehtOist 41 826y YoRIGR), iahd &itiliz6L HRASRL 136p 145
i ndicating an anount of l|inear downward force detected at the | oadcell 124.
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| i netd deighaiptalcHanneleir inty therbdaddermb2difitbertictedtbed armeuntafdimphi daverward fpae at or
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] h
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force seifi®ihd sed@2val¥140 al invdudei dit prefsuee ®egndble\chhiveelihd @ f airyto ithechladtier ai r
pressure to enable channeling of air to the bladder 122. A valve exhaust

206 is opt?-onaralye sxhanstndl$ is optipealkyaitashgdoioohasysiem 299 vhish guatigsequickes
rem)ilsal Q%h&%io{z{if)ﬁ]o&qgegiir[alagg@rdﬁ%.r 122. In summary, t'he apparatus enabl es

appl icatl I'near downward fofrce onto a wafer carrier with a wafer

t her eby opti mMzisivinfah tBdiabparitut @naklps vipsiearisardd lfreae dowawariaf@te opwl ashi ng

operations. In addition, the dowward force is applied in a direct Iine so

smal | adjafescamier yithgpvafedthareby eptivizingite abiliy torappbrdawreeardiferse tioy welsr t he

vater ¢ argéli%gdggloer;@o%s.l Y&REi3n BasREsA-IenEL LPedibe e bild: L B b
adjustments applied at the bladder are transmitted directly to the wafer carrier.

20 The invention has been described herein in terms of several exemplary
embodiments. Other embodiments of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention. The
embodiments and preferred features described above should be considered exemplary,
with the invention being defined by the appended claims.

25 What is claimed is:



enbodi mrents. O her enbodi nents of the invention will be apparent to those
skilled in the art fromconsideration of the specification and practice of
t he i nverwoma/057ie  enbodi nents and preferred features de®PCTiusezi4@mbnve
shoul d be considered exenplary, wth the invention being defined by the
appended cl ains. 25 What is clained i-92-WD 03/057404 PCT/ US02/ 40942 -12
CLAIM5S 1. An apparatus for applying a wafer to a polishing surface during
a chem cal nechanical planarization (CVWP) operation, conprising: a spindle
havi ng an upper end and a | ower endgrapggwefer carrier coupled to the |ower
end of the spindle; a linear force generator disposed at t he upper end of

the spindle; | oaq cell posi t|o ed between the..l.i.near_.for rator and
t he upper end?of t pgﬁ{aﬁ 8@8‘“& % V\% gcf ?@Pllﬁhl%ls%réacte é:utnfqg gmglaucag”
for cont hﬁkhéﬂ"&lbf&ﬁaﬁiﬁ%ﬁ(@ﬁﬁ)' ?gyagyntcbﬁphglﬂgar 10 force generator. 2. An
apparatus for applying a wafer to a polishing surface during a CW

operation as repindlehavimgahaipperisndwindadowerntend; | i near force gener at or
includes: a |ower,_plate diﬁ an upper plate disposed

t he, | el
above’ t he | ow@rVaffrarLer spvp g‘gts"gtgﬁfogffﬂggdf}g@FtsPIBH%d between the | ower plate

and the upper a@ﬂn@&rqorcé eﬂa@?@ﬁﬁ@s’e&&ﬁ@hpﬁ&%h&b@ﬁw% wad@r to a polishing
surface during a CWP operatlon as recited in cl a|m2 wherein the

control | er inalloakeell postoned tetypéanf ﬂledlnczrrﬁiomeagmratdramldnﬂmlupmrsﬂ@l afrtht s
fromthe load cel/l; and a servo valve that channels air into and rel eases
air fronRiRECa?M bl adder. 20 4. An apparatus for applying a wafer to a

pol i shing sur {366 G & dMpRq bR tﬁﬁarc@hifspc rd(i)l]?xfg[ eotd? ppRbdb} theMifdaei N 2

| oad cell plate 1s dispose e upper en spindle, and the | oad
cell 10s fwuegactraer.t he | oad cell plate. 5. An apparatus for appl ying a
wafer to a polishing surface during a chem cal rre hani cal ar|

(CVP) operati8n, c&FpRRRAFYS GZSaI%PlEBg RdIVateh 49 ian BoLRng, §1 acg

end; operation as recited in claim 1, wherein the linear force generator includes:

a lower plate disposed on the load cell;
an upper plate disposed above the lower plate; and

15 a bladder positioned between the lower plate and the upper plate.

3. An apparatus for applying a wafer to a polishing surface during a CMP
operation as recited in claim 2, wherein the controller includes:

a servo amplifier comparator that monitors signals from the load cell; and

a servo valve that channels air into and releases air from the air bladder.

20 4. An apparatus for applying a wafer to a polishing surface during a CMP
operation as recited in claim 1, wherein a load cell plate is disposed on the upper end of the
spindle, and the load cell is mounted on the load cell plate.

5. An apparatus for applying a wafer to a polishing surface during a chemical
mechanical planarization (CMP) operation, comprising:

25 a spindle having an upper end and a lower end;

a wafer carrier coupled to the lower end of the spindle;
a load cell plate coupled to the upper end of the spindle;
a load cell disposed on the load cell plate;
a lower plate disposed on the load cell;
30 an upper plate supported above the lower plate; and
a bladder positioned between the lower plate and the upper plate.



a wafer carrier coupled to the lower end of the spindle; a load cell plate
coupled to the upper end of the spindle; a load cell disposed on the |oad
cel | pl atwp oaosmamer pl ate di sposed on the | oad cell; 30 amcCuser/4hkate
supported above the | ower plate; and a bl adder positioned between the | ower
pl ate and the upper plate. WO 03/057404-PCT/ US02/ 40942 -13 6. An appar atus
for applying a wafer to a polishing surface during a CMP operation as
recited in claimb5, further conprising: a servo anplifier conparator that
noni tors signél s fAonepraatinder epplying 2. WART dppapelishing surfaggpluringge £MABT er

to a polishi surface duri a,CMP _5.gperation as recited in claim§6,
further SB%E&PWPﬁ@Eér%%QIWW%PH% nnels fluid to and rel eases fluid
fromthe bl adggeroGmplificAbRAFRitBSthhOhoRiRS Yighals Gonetheloddel. POl i shing
surface during a CMP operation as recited in claim7, wherein the servo

anplifier conparat @m apmrdthe fareappdyinglaveafer data polsshing ouréase apysingeal UWPt he
bl addgr. 10 9. A net had L”E‘;‘éﬁﬂ%l ng downward force on a wafer during

chemi tal OPHAUAMLE TEaitedin Sirum; h¢ D& conprising: applying a linear
downwar d for cg s8R odaIVeRRA challlstiui@ ted1dlctses TRRI #BhNHL BlaBd¢ N9 @  waf er
carrier coupled to a |lower end thereof; and nonitoring the |inear downward
force applied8on t ks eppestuefiat afplying aspifedite.a polishihg furfact hdutingor CMBI yi ng

downward force on a wafer during CVP as recit in claim9,_ wherein the
oo o o APSRR TCTa AHE T4 AR QB H AmEpi| SRGFADT AR B S VErAvE o

the spind}g i0gk ST I igdddee |inear downward force applied to the
upper eng %fd ?ﬁe&g%?prpéﬂ%g%aﬁéhﬂa ‘oad cell. 20 11. A nethod for applying

downtard forcé®. on & wadthed duor i apglyGid® dasrnmend tfertei on «|weifen Mringhareaiicalt he
| i near downwar.d force is 2@ |ied using an air bladder, and the operation
of rmoni t Srschyried) planprization VeSS appl i ed on the upper end of the

tsﬁie”g: ‘ra b: gggggﬁgig faldliie&séﬁfah&gmﬁﬁd%fce RheSSUpher ddldHakpidie, #d spthddfigfing@ t hat
wafer carrier coupled to a lower end thereof; and

monitoring the linear downward force applied on the upper end of the spindle.

15 10. A method for applying downward force on a wafer during CMP as recited in
claim 9, wherein the operation of monitoring the linear downward applied on the upper end
of the spindle includes:

measuring the linear downward force applied to the upper end of the spindle with a
load cell.

20 11. A method for applying downward force on a wafer during CMP as recited in
claim 10, wherein the linear downward force is applied using an air bladder, and the
operation of monitoring the linear downward force applied on the upper end of the spindle
includes:

adjusting an air pressure within the air bladder so that the air bladder applies a

25  desired amount of linear downward force on the upper end of the spindle.

12. A method for applying downward force on a wafer during CMP as recited in
claim 11, wherein the operation of adjusting the air pressure within the air bladder includes
controllably adding air to the air bladder.

13. A method for applying downward force on a wafer during CMP as recited in

30 claim 12, wherein the operation of adjusting the air pressure within the air bladder includes

controllably releasing air from the air bladder.



25 desired amount of |inear downward force on the upper end of the spindle.
12. A nethod for applying downward force on a wafer during CVP as recited
in clai mvOb3/ostesein the operation of adjusting the air pCEasoz/e9tthin
the air bladder includes controllably adding air to the air bladder. 13. A
met hod for applying downward force onla-wafer during CMP as recited in 30
claim 12, wherein the operation of adjusting the air pressure within the
air bladder includes controllably releasing air fromthe air bladder. WO
03/ 057404 PCTA#S02A4bekad forlapplying dowmwdrd dorco on appdfor mglrtgd@kmmsaedl@dc;@ on a
wafer durjn as.recited in Ia|m10 erein the ratlo

mon ©or | FGTTHG: MHeEe e OPRE PEROBTIH IREQTSA AR HnEr CetRpSS opribe

spi ndl e fug?grr} Il fﬁﬁlsﬂgﬁ{%ﬁlﬁﬁmg&h@& the force neasured by the |oad cell
with a de orce setting. 5 15. A nethod for applying dowward force on
a waf er duri ngofipRirgsthe éorc¢ pasured tny the ﬂnadztgllmhélraedaslreméorc@wpmg ng operation

i ncl udes: determ ning ther the force asur ed e.lo cell .i §.higher
than ?he desi red g{hgé?lﬁprl? 17 dovsmar W&ﬁopﬁé" ﬁlﬂf‘r@@ ‘?@P@é reqite |’F|g

16. A mef 11210\1,;,}1 ;ﬁl 1%914% eAh Igcgldggl_ a wafer during CVWP as recited
in 10 clfaalﬁgn 15, glrt \é@ llﬁ) the force neasured by the | oad cell
is higher t hardefehmnd@whaﬂerfuhe (facsmdasurgd by diex foed sieligs hiphet thar diie desvmdvar d

force ap;glled on the up tE‘er en he s indle; and if the force nmeasured by
the | oad IIE$ petiing ProQuer tham the; é‘“?:ijefté’i“’reesa M€rce setting, increasing the

linear downverg fonce.aBR'MhEDpRnd BSwPRE Forcl dn Afwibed RIS astevited in
10 claim 15, further including:

if the force measured by the load cell is higher than the desired force setting,
decreasing the linear downward force applied on the upper end of the spindle; and

if the force measured by the load cell is lower than the desired force setting,
increasing the linear downward force applied on the upper end of the spindle.

15



