27 June 2006 1 METHOD AND APPARATUS FOR APPLYI NG DOWNWARD FORCE ON WAFER
DURI NG CMP 5 10 BACKGROUND OF THE | NVENTI ON The present invenivaa20ed at es
to chem cal nechani cal planarization (CWP) techniques and, nore
particularly, to a nmethod for applying downmward force on a wafer during
CVWP and an apparatus for applying a wafer to a polishing surface during a
CVMP operation.. 15 In the fabrication of “semi conduct or devices, there is a
need to perform chem cal nechanical planarization (CVP) operations.
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regions are formed. In subdHOREFONVVAEERIMIBINGHnBP netal I'i zation Iines
are patterned and electrically connected to the transistor devices to
define the desired functional device.. As is 20 well known, patterned
conductisgve layers are insulated fromother conductive |ayers by dielectric
materials, such as silicon dioxide. As nore netallization |evels and
associated dielectric layers are fornmed, the need to planarize the
dielectric material grows. Wthout planarization, fabrication of further
metal lization |ayers becones substantially nore difficult due to the
variations in the surface topography.. In other applications, netallization
line 2 atterns are formegq,in. i e i jal, and then, netal CW
operations are perforned 3%“&%7 ?%9@%§@§@&@§¥gﬁﬁﬁﬁbﬁA chem cal mechani ca
pl anari zation (CVP) systemis typically utilized to polish a wafer as
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conjunction with other materials such as, for exanple a stainless steel
belt. I'n of®fBPBn, the belt pad is put in notion and then a slurry

material is applied and spread over the surface of the belt Pad.. Once the
bel t pié havi nglnzt?fle Jabrcabep gt gemiconductor devices, there is a need to perform chemical

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



slurry on it is noving at a desired rate, the wafer is |owered onto the
surface of the belt pad. |In this manner, wafer surface that27jsnd@806ed to
be planarized is substantially snoothed, nmuch |ike sandpaper nay be used
to sand wood. The wafer may then be cleaned in a wafer cleaning system. 5
Fi gure 1A shows a linear polishing appargtus 10 which is typically utilized
in a CWM system. The linear polishing @pparatus 10 polishes away
materials on a surface of a sem conductor wafer 16.. The materi al being
removed may .be a ubstrate materi a waf er. [.0 ayers
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utilized to, &&I#%Qt&ﬁe one or nore of the layers on the wafer 16 to

pl anarize a sur ayer of the wafer 16.. The linear polishing apparatus
10 utiliszes a poFigshilngsheista lidear phiishingnappestusi ewhicly is typicalg pebtedtio 4 he
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pol i shilng bshinplk? dleﬁaﬁlcpﬂhﬂeﬁﬂh nglidoaadtrili8, @apgplsi (e, taheminaineindldpper),thetal
polishing belt 12 with pressure so that —the surf$ce of the maf%r 16 is
pol i shed byrllays gethigerdugior pteriabs slenilppiclbt (MDmay ﬁétlb%ﬂdute RPES) thheawots i s
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enabl es i cation of polishing pressure to thé wafer 16. 25 Figure 1B
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magnifier 34 that in one end is connected to a hinge 40 and in the other

end i s conrielerad0 eansesihapelishipgibglid? tasbe drivegan ¢ hipeas nipdigh 22 Math respegtdo gty
typically ap fgachined alum numarmthat acts in a simlar manner to a
| ever so force applied by the air cylinder 32 is nmagnified onto the
spi ndl e 42. The Tpiwdtel#R hdikby pyshasng head 18. The wafer 16 is typically held in

position by mechanical retaining ring and/or by vacuum. The polishing 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



27 June 2006 -3 down the polishing head 18 which in turn applies pressure
to the wafer 16 for polishing action (as shown in Figure |A7Juné&2oesrally,
a range of 3 psi to 10 psi can be applied to the wafer 16 by the spindle
drive assenbly 30. Unfortunately, at pressures |ower than 3 psi, the by the
spindle drive 5 assenbly 30 is unable to apply a consistent, controlled
pressure.. The air cylinder 32 is typica}ry controlled with a pneunatic
servo val ve that uses feedback froma load cell 36 inside the polishing

head 18. Probl epatical.ly the wejght of the.spindl e, head, . and_.other. .
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smal | adj ust nenGsn¢allpragenger of Tpsdéo 49 psitven &g lapplépdrto 3he walgy de by dhgwindlessur e
applicationg,c I Ryt | i shi , .0, 1

vory dif1i cairt i 3o Medfin e, SRR KR ECT b By B SRRNE BplS
force appl i szadnisln 30(s ausbM S sppledicbasidt@itcdvdavliedpressne. Wilicesir opliralet B2 is
polishing pad. This often occurs because _of an inherent overshoot ]{3?

ilt
into the spiVAGRY enntrpledwith pomeumeliG srvovalys thetbies deegbask Jnme 2 fgadseq! 419.

For exanpl eygihié el SotsMhg nedd . pﬁliobie&ag@ﬁfyrtﬁg V&Ie%?pgf ﬂ)@%bin@fti:, hed beq waker. a
pressure of 5 psi 1s generally applied to break friction wthin individual
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Addi ti omal | gecalkeeausefofte hdaifiendi el ddjnkages Bf pradsireGitddendatie Sdintler 3he
rest of the 20 spindle drive assenbly 30, reduced stability of the |
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attain. Therefore, there is a nee an apparatus that overcormes the
pr obl ens ofpréweetsprgentie toactdowy ofithe iwater anwahmpeishing pad eTlap pféncacurs ecapgrar at us

t hat can opti m.ze contral og .25 polishing .pressure applied by a polishing
head to a VFBrTRegETSinel Bl oty wrrele B Verpe e PP Sdar YeSpisaKi ng,
t he preagentsejiinyepéid &Qm%le', Irrdsfiirs o R id0es AR bk RBpIidago GRIWATE! a pfeadiié 6f Of
downward force application in a chem cal mechanical planarization (CWVP)
pol i shi ng preséisasnerally apphiediodresk fegionerifhan dividvat compengniteefehe snindledtiyoon can
be 1 npl energ[s&%mbll}p 30 and move the spindle. 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

25  polishing 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.




30 nunerous ways, including as a process, an apparatus, a system a device
or a nethod. Several inventive enbodi nents of the present i2WekntR2006 are
descri bed bel ow. 27 June 2006 -4- In accordance with one aspect of the

i nvention, an apparatus for applying a wafer to a polishing surface during
a CWVWP operation is provided. The apparatus includes a spindle that has an
upper end and a | ower end. A wafer carri®r is coupled to the | ower end of
the spindle. Alinear force generator' is disposed at the upper end of the

indle.. Aload |l is 5. iti bet the |i for. t
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and apply linear downward force onto a wafer, control over polishing

pressures Wil dengsqdrpnchdopshsellpdatei gni fi cant |y i nproved. 20 Specifically, a
force generatio . URRE: fgq% t indl e,
and the | ower e%‘ig@?ﬁ%&gfg@%@?@r %%gag’?h%g%‘%g%%a to g wa gB'in adrar%lng’rg%d Thi s
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whi ch even further optim zes wafer processing” Consequently, the force
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control and | TPr Y %gvanﬂ%gsegf tlri)eré)rgs%ﬁfS 1'119691’:181]; gt‘e%‘u%@?o\{ls Most notably, by creating an

apparatus that is configured 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.

I



It is to be understood that the foregoing general description and the
following detailed description are exenplary and expl anat ordy Jané Y0@nd are
not restrictive of the 30 invention, as clainmed, 27 June 2006 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are
incorporated in and constitute part of this specification, illustrate
exenpl ary enbodi nents of the invention and together with the description
serve to explain the principles of the invention. 5 Figure 1A shows a

| i near polishing apparatuys whi i ' u Ilzed in a CMP system
Figure 1B shows a conventl2RHg a»!ﬂned Rat may be utilized
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ref erence tbAkhe acconpanyi ng draw ngs. Flgure 1A and 1B are di scussed
above | the " r oy t t t e
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embodiment of the present invention.

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



details are set forth in order to provide a thorough understanding of the
present invention. It w1l be understood, however, by one ¢f7 JoneR0@G y
skill in the art, that the present invention nmay be practiced w thout sone
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. Fi gure62A shows a chem cal nechani cal

pl anari zation (CWP) system 100 according 27 June 2006 -6 to one enbodi nment

of the present invention. A carrier head 106 that i rt of a.farce
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t he polishing belt 102. The carrier head 106 may then be used to |ower the
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application, . ass I i e r | rpl rence to
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any suitable type of bearing such as an air bearing. In this manner, the surface of the

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



of polishing pressure applied by the carrier head 106 wth the wafer 104 to
the polishing pad 25 against the platen 110. By effectivel y 27anagko@p t he
polishing rate, the desired anount of material is renoved fromthe surface
of the wafer 104. Wien the polishing is conplete 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 mafer"%feaning system Therefore stable
and flexible application of downward force by the carrier head 106 is
extremely i ant far efficient. rod re 2B
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force applicator 118 Iocated above the spindle 126. In one enbodi nent, the
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I n

force genevihinthe @4Bewisny10020 may i ncl ude conponents such as a | oad ce

124 and bl add |
Uhi s onbodi ment S B CRTALT I Ace of A IERRgpeRIEINS soFRORRIETAR 1,

t he upper etbd:eoéippllbaiors p)l81dd)cate]12£)ova'l’the Ispmdlec&él ﬂhatne drﬂl&)dmsnt;:@iwpfcecb to
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pull the |ower plate 132 onto the |load cell 20 124. Therefore, the | oad
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as part of 15 qup?elﬂqg %r&neg(sj lg\?wglch ftulrn % oLﬁ &% aag&!oh‘ncé’%ﬁfagyoiﬂf ﬁ%pbﬁtell%g.

one
The load cell 124 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



enbodi ment, the load cell 124 detects between about 100 pounds of force to
about 150 pounds of force. A top portion of the load cell 24uhs20mupl ed
to a bottomsurface of a lower plate 132.. Springs 134 are attached to the
| ower plate 132 and a upper plate 136" The 25 bl adder 122 is | ocated
between the |l ower plate 132 and the upper plate 136. The springs 134 are
utilized with rods to retract the |ower-ptate 132 onto the bl adder 122 so
when air is released fromthe bl adder 122, the springs 134 retract the

| oner plate 132 t ds th I 136, A .bla
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plate 132 an r is herein referred to as a |inear force
gener at or 12s3;od1dta:t conifpnetits posedlddte aniéypapperitabladevfe thhiecag p:w@ie@rqsgge oand
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t he bl adder suliatle ganyr ﬂelﬂe:ndn@ee§onezamaler hitrggét, iefee dAneirding 188 roprectBShS t ut ed

wth any s id.such as
' ne 138 connuer L8R RE < Rl i BBl R SR ol LR R s Pl
136. The ai yal¥d 140 tHad$hapdded 6 @fput @d&uﬁﬁt\\b@nd\ﬁ@iﬂﬂﬁe madetrhaz "[Thameaghm: B8ris i nput

and output to and fromthe bl adder 122  The air |ine 1 8 i ached
to an qui ckaleaitacsd tojayneek edusiAFdse 19A aprchenablpsa fastrgleass of aigt téﬁ‘?‘ﬁl‘gf’

shoul d fae l&xcféﬁﬁ)e Sh R d%lmtexhﬁﬁt &km@)ﬁﬁ?«l{';% ting @ﬁ’iiaﬁ% a%%legﬁlyg 8B8/iRMNYch
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Optionally, a servo amplifier comparator 145 may monitor the amount of downward force

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



20 detected by the load cell 124 that is utilized to control the servo
val ve 140 to set and/or maintain a certain anmount of downwardienoesair
bl adder applies on the spindle 126.. The servo anplifier conparator 145
and the servo valve 140 may al so herein be referred to as a controller.
Therefore, the controller may be coupled . to the load cell for controlling
the force applied by the |inear force g%nerator 121, The operation of
noni toring and applying 25 downward force is further described in
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direct |inear domnmggd forcg’ﬂﬁ applied fromthe bladéﬁ 122 to the wafer

carri er whieHa¢thplceabinedicng dorga pp theplowes plptsg.325 Wia thlsrhaBWé@éltﬁr@WaFﬁ n the
bl adder 122, may, ‘ '
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process.. Because downward force is applied in a direct |line w thout use

of a force vietgmiapplesations phprestdg (s threeBr appl grederatanghdhasl eeryentionzb fospe
transmtted |Ha§1 %%ect | i near manner to the wafer carrier 106.. The force
appllcatlon gssenﬁl 178 enables stable application of pressure to the

waf er ats a greatlﬁguré&f&gﬂloﬁwhainmﬁﬁmﬂ\é&Iﬁricé)Igaﬂeritmh%senﬂﬂp|1i2@’at>vitbr:lndﬂ3t\iim&€e.. 15
Fi gure 2C shows a nopdified force generatlon assenbly 120" with an
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connected to an upper end of the spindle 126. Load cell springs 148 are compression
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



connected to an upper end of the spindle 126. Load cell springs 148 are
conpression springs |ocated below the |oad cell plate 130..57Thge boge cel
springs 148 are connected with 20 retracting rods which penetrate through
the load cell plate 130 and are coupled to a | ower plate 132.. Through use
of the conpression springs 148, the retracting rods pull the lower plate
132 onto the load cell 124 |ocated betwd&n the | ower plate 132 and the | oad
cell plate 130. Retracting springs 146 are | ocated below the | ower plate

132 and are connected t etractjng.r t hat, penetrate the, | . plate
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sensor located above the retract flag senses the position of the retract flag 162 and trips to

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

understood 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.



retract flag 162 that penetrates the upper plate 136 to be coupled with the
| ower plate 132. The retract flag 162 may notify a pressurescoat bobs System
that the mechanismis retracted.. A sensor |ocated above the retract flag
senses the position of the retract flag 162 and trips to indicate ful
retraction of the lower plate 132. In addition, the force generation
assenbly 20 120" includes a load cell arplifier output 164 which enables
the servo anplifier conparator to receive an anplified |oad cell signal. A

rotary union 126a nmay optionally . be attache ot spindle, 126..T
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fromthe |loadcell 124 is |ow voltage so .the | gadcell Lifier 164.
anpl i fies t#Hebodmagngdhegenvo arunliligt conmgriqr INSEES 818 59 Oé’ﬁﬁgﬁf‘{) &y t&aélﬁfﬂg?%aor 145

recei veg) t hgor5ih3h dhankl10 hidene bRagisabb ifl@d detvdiéCimdunt 6NBnBewhWwERA forts an
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det ect ed atis btlewlthraldtse sétpaint202 Theinsteoisdhesgtd vaivsrto eedgeprdinfion themr baddshi t or s
signals fromthe |pad cell 124, .Theref.ore,.thg s 0, 3ﬁﬂhi her
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one enbodi nent is an anal og voltage) and, b managi t he servo val ve 140,
regul ate the2anbypive 6¥hap$tn7-g§rls el ﬁFtan‘?dc'é.th‘f WSteghg& ‘é(H’SB(TP St UG
servo gnpl ilfeﬁlgc1%9@@5&&@3,11131&%5#?52.8 the servo valve 140 (by transmtting a

10 signal) to channel air into the bladder 122 if the detected anount of
| i near downwar d Hhomuoeary, shb epmwatuh endbtas cppEetipnjofi lingg2doayndvard areqiente a he

Force | o i uHgamaE St endhEENSERRBrTe MsannAs By S MG ES B dBLTE ¢
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ol adder 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:



122. A val ve exhaust 206 is optionally attached to the system 200 whi ch
enabl es quicker 15 renoval of air fromthe air bladder 122.,7mn,supy@ry,

t he apparatus enabl es application of |inear dowward force onto a wafer
carrier with a wafer thereby optim zing the ability to apply downward force
for wafer polishing operations. In addition, the dowward force is applied
inadirect line so small adjustnents -dgplied at the bl adder are
transmtted directly to the wafer carrier. 20 The invention has been
described herein in ternms of several exenplary enbodinents. O her

enbodi ments of the invention wll becapgggent to those skilled in the art
fromconsideration of the specification and practice of the invention, The

enbodi nents and prefe . . lescr.i ; ; j d
xonpl ary. - wi th't e | RGCRT o K SPIEREEH e o B ORI, AeE iRt
What is cl aine@dnicsl plaharidation (2009 opdratidd, AbrMBising: An apparatus for applying a
wafer to a polishing Sﬁrtace duriqﬁ a cﬂenica_ mechani cal pl anari zation

(CVP) oper at i on, @ S8RP¢ NEfingRAn UpPeriiidnd 2 oW f§%an upper end and a | ower end;

5 a wafey carrief weRURIHRE dpkth® thoWier efflofahe §hiRaispi ndl e; a linear force
generator disposed at the upper end of the spindle; a |oad cell positioned

bet ween t he |i nealindapfares grapetondisposaddt thheprepped oidhelsrigdlehe  spindl e; and a
controller coupled to the.l.oad,.cell for..c rolli r | i by
ogé cali Rg?é?noeg 1be§\_reelAthe llnegp%oré)e ééflgrgtogggﬁl El'%%nv.gﬁela% $8fe o a

the linear 10 fd n appar at us a waf er t
pol i shing sgpiddganduring a CMP operation as recited in claim1l, wherein

the linear force generator includes: a_|ower plate disposed. t he .| oad
cel | : an upper pt sendrolpisssyaled tafisviaad ¢l fopGraprobling the f%{'g aplgleggﬁlﬂéed]d%e}ar

posi tiopgd R@%ﬁgg&a%pe | ower plate and the upper plate. 3. An apparatus for
applying a wa to a polishing surface during a CMP operation as recited

in claim2, wherzin tAs apparatuslféreappiving acheder to a polishing surface during a CMP
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 servo anplifier conparator that nonitors signals fromthe | oad cell; and
a servo valve that channels air into and rel eases air from the,atpbokyd adder.
20 4. An apparatus for applying a wafer to a polishing surface during a CW
operation as recited in claiml1, wherein a |load cell plate is disposed on

t he upper end of the spindle, and the load cell is nounted on the | oad
cell plate. 5. An apparatus for applyind3a wafer to a polishing surface
during a chem cal nechanical planarization (CVMP) operation, conprising: 25
a spindle having an upper end and a |l ower end; a wafer carrier coupled to
the lower end of ©t he 4pi2Rmratus fof anphangeMafss) tardePAbhipe st s tHESH MY end

of the SpinQ%ﬁ%”P%;§£§§1ﬁ%hhmqiﬁﬂﬂépamﬁﬂFg@e | oad cell plate; a |lower plate

di sposed on 30 an upper p e supported above the | ower
pl ate; and a bl agdstevo pudifter omephriget thetenotitoss digaksrirquk tiedozaredllt he upper

plate. 27 June 2006 -13 6. An par atus for. applying. a er.to a j shing
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a servo AMhdetdiBh a§ RORAT B leffimte) AlrthBVnipRkHgSi gnal s fromthe load cell. 7.
An apparatus for applying a wafer to a polishing surface during a CMP 5

operation as recd e valvedhatichargelsifluid teand eadenses (i fomghalpddsrval ve t hat
channel s fluid t?? andAx[l %*)fag%ﬁ? fgrl a&#)gdé‘rfgég g)a%elp%o balla&%%ﬁ'ﬁg Osgléf?caeﬁhé‘%gpaabﬁfws for

applying a wafer to a po I'ng s uring as recited
in claim7,opshgivoe anrebii@l inelang 7awhtiefn the seeangagliied compuaatbhadsite sovoradlwe
controls a force applied, t he bl adder. 10 9. A nethod for applying
downwar d fdF@EOEﬁfﬁwﬁaﬂgﬁgéﬁﬁWﬁ&“@ﬁénical nmechani cal pl anari zati on (CMP)

conpri sjong:  applying R L6 IPFRAE hdwiafi Wrc@ bl RPREfRRE BemRbNdI €,
the spindle having a wafer carrier coupled to a | ower end thereof, and

moni t or i ng méchanicy eéanadoineeC™MP),erwerisipgl i ed on t he upper end of the
spindle, the 15angymgtaoll’ilieggdévsr)l%lvalilg ifor}'gé on an upper end of a spindle, the spindle having
a wafer carrier coupled to a lower end thereof; and
monitoring the linear downward force applied on the upper end of the spindle, the
15  monitoring including,
measuring the linear downward force applied to the upper end of the spindle with a
load cell,
comparing the force measured by the load cell with a desired force setting.
10. A method for applying downward force on a wafer during CMP as recited

20  in claim 9, 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
desired amount of linear downward force on the upper end of the spindle.

25 11. A method for applying downward force on a wafer during CMP as recited
in claim 10, wherein the operation of adjusting the air pressure within the air bladder
includes controllably adding air to the air bladder.

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

30  includes controllably releasing air from the air bladder.



measuring the linear downward force applied to the upper end of the spindle
with a load cell, conmparing the force neasured by the | oad Zelune@D0h a
desired force setting. 10.. A nethod for applying dowward force on a wafer
during CWP as recited 20 in claim9, wherein the linear dowmward force is
applied using an air bl adder, and the operation of nonitoring the |inear
downward force applied on the upper end'%f the spindle includes: adjusting
an air pressure within the air bladder so that the air bl adder applies a
desired amount of,lin r n 4t e f e. 25
11 Amethod for tappl o R b RhaBr iE P St B RAS BN AuRE G SRARLE.
in clai m 10in sMier Eiwheteethe pempdringrpehtiadindstiesng the alr pressure mnthln t he
air bladder includes controllably adding air_to the_ air bladde

met hod for appl yReHEHBRENEEGReY F é‘ér"%ﬂle%?%té’rthﬁ ther 5!l el ﬂ?aélct};‘? eerﬂfefi n
claim 11, WagL&leRid *a?mwlahkmeeﬁedaﬂcu%ahﬂg the air pressure within the

air bladder 30 |n% | udes controllably releasing air fromthe air bl adder.
27 June 2006 -14143, A mshdbidr ﬁpplylag pbynwerddowa waradvdfer deingrCMPwafrenitedur i ng

CW as recite erein the conparing operation includes:
deternining’Mﬁ%?ﬁ@rEF%Q”P%PQEgneasured by the load cell is higher than the
desired force sgtthé H6c®ind2QUET b RN 1dabectlEis ini@Rr fIRnCBe SREitddNEhredseltng, A

met hod for applying dowward force on a wafer durlqg#CNP as recited 1In

clai m 13, fdgcrassing thedingari degnwiard foree applicdeontbaarnceendsf thywindgiandel | i s

hi gher than the r f t C | 4 r

force applied ongﬁﬁéfﬁg%gg%éﬁdfﬁ%t%ﬂgxg'%ﬁd qgagngm%pﬁ%ﬁ%gﬁﬂr%%£ﬁ§%s&$ed by
t he | oalD ceintrehsing thedinedrldawnivd foes appdidd bo tieaippet dndgthe spiddlencr easi ng t he

| i near downward force applied on the upper end of the spindle.



