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Rentel n BACKGROUND OF THE I NVENTION 1. Field of the Invention This
invention relates generally to chem cal nechani cal planarization, and nore
particularly to partial -nmenbrane Garner heads for use in a chem cal

mechani cal planarization 10 process. 2. Description of the Related Art In
the fabrication of sem conductor devices, planarization operations are
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| ayers are formed, the need to 20 planarize the dielectric materi al
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applications include planarization of dielectric filns deposited prior to

25 ffe Deacass i zation process, such as dielectrics used for shallow trench
i soOation or for poly netal insulation. One nethod for achieving '
sem con@udescriptideof theReated &knton i s the chem cal nechani cal planarization
(CVMP) process. In general, the CWP process involves holding and rubbing a
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preparation surface as well as the surface t he sem conductor wafer being
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As more metallization levels and associated dielectric layers are formed, the need to
20 . planarize the dielectric material increases. Without planarization, fabrication of additional
" metallization layers becomes substantially more difficult due to the higher variations in the
surface topography. In other applications, metallization line patterns are formed in the
- dielectric material, and then metal planarization operations are performed to remove excess
metallization. Further applications include planarization of dielectric films deposited prior to
25  the metallization process, such as dielectrics used for shallow trench isoOation or for poly- -
metal insulation. One method for achieving semiconductor wafer planarization is the chemical

mechanical planarization (CMP) process. ;

In general, the CMP process involves holding and rubbing a typically rotating wafer
against a moving polishing pad under a controlled pressure and relative speed. CMP systems
30 typically implement orbital, belt, or brush stations in which pads or brushes are used to scrub,

buff, and polish one or both sides of a wafer. Slurry is used to facilitate and enhance the CMP




Fi gure llﬁ]\{z?.fsé i agram showi ng a conventional table based CMP apparatus 50.
- The conventional table based CVMP apparatus 50 includes a carrier head 52,
whi ch holds a wafer 54, and is attached to a translation arm64. In
addition, the table based CVP appar at us, 50 includes 10 a polishing pad 56.
that is disposed above a polishing tabl'é 58, which is often referred to as
a polishi Bl a : i ' per. - 1 B
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polishing table 58 is rotated about its central axis 60, and the carrier
head 52 Prepaasioassdacgbout its central axis 62. Further, the polishing head
can be transl ated across the 20 polishing pad 56 surface using the
transl ati on iignré4A is a déeginh Kleowing atcheventibhal tiids babe CKIMEB ppparatiis) S0.5(he
systens have been conventiagnally used to
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f eet perpohf’lﬁ%ﬁ,at%v\ever this speed may vary dependi ng upon the specific
CWP operation. As the polishing pad |02 noves, the carrier head 108 rotates
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Speci fi calgj én greater this force, the higher the polishing rate. If the
carri er ByES ies a non-uniformload, i.e., if the carrier head applies

| ess force to one region of the substrate than to another, then the | ow
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a retaining ring 200 for holding a wafer in '

rotating drums 112, and generally moves in a direction 106 at a speed of about 400 feet per

minute, however this speed may vary depending upon the specific CMP opération. As the
polishing pad 102 moves, the carrier head 108 rotates and lowers the wafer 104 onto the top

surface of the polishing pad 102, loading it with required polishing pressure.

30 | A bearing platen manifold assembly 110 supports the polishing pad 102 during the

polishing process. The platen manifold assembly 110 may utilize any type of bearing such asa



posi ti I polishing. Covering the stainless steel plate, and

‘posi ti %ﬁé}g&é\ﬁ&s{%n the retaining ring 200, is a earner film202. In
addi ti on, vacuum holes 204 are positioned in the stainless steel plate and.
correspondi ng positions in the carrier,film202. 20 The earner filin 202 is
designed to absorb pressure during wafér polishing, thus preventing; hot
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~transportation, the carrier head 108 includes vacuum hol es 204 that all ow-"
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wafer to adhere.to the surface of the polishing belt. To break this

adhesi othe subgtrateageinst thegad 108 applies a vacuumto the back of the wafer
via the vacuum hol es 204, which allows the carrier head 108 to lift the
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carrier head is wet. However, when vacuumis appli eg through the carrier

head vacuum hol es, the vacuumtends to dry out the carrier filmaround the
vaclim hol esFignrs 2 is andHusization shewipgrardogrertionph capier dead H08, rusleigedss df t he
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20 The carrier film 202 is designed to absorb pressure during wafer polishing, thus

preventing hot pressure spots-from occurring on the wafer surface. In the present disclosure,

the term “hot pressure spots” refers to wafer surface areas wherein increased downforce

pressure results in a higher removal rate for that wafer surface area. Thus, hot pressure spots

can result in non-uniformity problems during CMP processing, which are generally avoided by

25  the use of the carrier film 202.

Durihg wafer processing, the wafer must be transported from station to station. To
fé.cilitate wafer transportation, the carrier head 108 includes vacuum holes 204 that allow the
carrier head 108 to pick up and drop off the wafer. For example, after completing a polishing
operation, the carrier head 108 transports the wafer from the surface of the polishing belt to the

30  next station in the wafer fabrication process. However, the wafer often experiences “stiction”




20 wheniYRepHdEsES on. This slurry often finds its way into the internal
mechani cs of the tool, where it is generally detrinental. Carrier heads
have been devel oped t hat attenpt to avoid |low renoval rate vacuum hol e
regions on the surface of the wafer. Fgf exanple, one conventional carrier
head uses an infl atabl e bl adder essentially in place of the stainless steel
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menbr ane car Urdortirasdy, tthavacami lebdes| 200 of dncaadicrietd 1 O caseridvotemaovaliabns i n
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pl ur al | R{FasPR @mﬁﬁ%‘aﬂ the Watprs Which gesuftdn nﬂ%&alfmw qrqr%lr%l&ﬂeéeﬁ@rﬁwi@d
vacygm r iNeabdde
Feaiton opoing MeRipRR) WaRE 101 BuRh B HF! CRIF JRRFRIOAD B o B AtGhal Shalle

vacuum head o]Denm@heﬁ&Ptp'rcaiebsythe qataier fibn bh ehmhmmemgmpﬁas ﬁaneFMenx arrpl e,

i n one .enbodi ment, the carrier head includes a netal plate havin

openi ng Vﬁ@%%bF applied thaonahdhe asdst hegd vaquyen helewth epYa&lemﬁsz&dSato\ﬂ@f & t%? de, |
whi ch f f t waf er

. % One gp&glg\s;fééjfaﬁ%m%‘ﬁ@s Shicl e%;(@t %‘%fqh% %o@c@r m%HQ d;%uﬂfg%’f

si de. nonwaf er si at e, ocat ed

above t hkiie opatmigldsn Th Béditied, aherp isdedirdct wafdd bﬁ{ﬁiﬁ)@ﬂ’ in tﬂ'@rekﬁmfs at tHeI viagingn
uni form ty during polishi n%éyan inflating pressure is applied to the

" bl adfer beifss Thns.bsrauge abile @amertﬁinam}sbluafﬂgﬁf Vigfepsuppetiie thategior of theur i ng
the WP ?191%.11‘3@101%5 ‘the {b%v eﬁ{or aF% %%glajgﬁg?fe IHGLs ﬁ%% Ardh tﬂ?gﬁ@&%rofftﬁé m

which is poSi {1 oe et-al’ prate. e carrier film
i's di spagger 1t vmﬁriestuhtﬁagrminajmﬁin@i ca:mﬂaxtei‘eedraﬂlﬁﬁ@héfgauoé effb® onahedevdessi Ng a
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rel ease the wafer fromthe carrier head the bl adder can be inflated such
that it vohese itigigeneralysiggimemtid. opening in the metal plate. 25 A further
carrier head for use in a CwP process is disclosed in an additi onal

enbodi nent of.the |nv i e.carrjer d Lne
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head can further conprise a Garner Ti-lm which is positioned on the wafer
: generally causes undesirable edge effects, wherein the removal rate at the edge of the wafer 1s

very high with respect to the remainder of the wafer.

In view of the foregoing, there is a need for a carrier head that avoids low removal rate
30  vacuum hole regions on the surface of the wafer. The carrier head should be usable on various

types of CMP systems, and should not require undue experimentation and engineering to




si de of ih\ippsBlsel plate. The carrier filmis disposed between the netal

pl ate and the backside of the wafer during a CVP operation. In this aspect,
the netal plate and the nenbrane can provide a substantially uniformforce
to the carrier film To facilitate trangporting the wafer, a , 5 vacuum can
be applied to the opening in the nmetal plate to adhere the wafer to,the
carrier ji@Rshent OlnfRbteA%R, the 8l Bfadfshemi hberegaitd bRilytoaphIdk JyveleRRS4RB as a
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met hod for polishing a wafer during a CMP process is disclosed in yet a
further 10 enbodi nent of the present invention. The nethod incl udes
positioning a wafer on a caprier head that_includes a netal plate having an
“opening formed in a central SUMMARY,OF THE INVENEION ,0siti oned abové the
opening in the netal plate. The bladder is situated on a side of the netal
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in the nmetal Foratanple, ineneasd@olinenyahetarfieiditad Rehaks hintdtalidad hainhadi nent s
of 'the present, invention can he advantageously utilized to polish wafers
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‘conventional table based CVP apparatus;.Figure 1B shows a side view of a

convent ite g onenmgan theanetal plateite hillmye thepuwafer todhe rgenkead. The biaddet eantheat | on

show ng d%ﬂ%t%ﬁ\lw%%}l Itl?en\?z{cuﬁr%rig ,Iagﬂlieﬁet‘g ﬂie opening in the metal plate. Further, to release the

wafer from the carrier head the bladder can be inflated such that it protrudes thréugh the

opening in the metal plate.

-2 - A further carrier head for use in a CMP process is disclosed in an additional
embodiment of the present invention. The carrier head includes a metal plate having an
opening formed in a central location. As above, the metal plate has a wafer side, which faces
the backside of a wafer during a CMP operation, and a noﬁ-wafer side. Positioned above the
non-wafer side of the metal plate, and located above the opening in the metal plate, is a

30  membrane. To facilitate uniformity during polishing, a pressure is applied to the membrane

that is substantially equivalent to a polishing pressure utilized during the CMP operation. As




"~ Figure 3amgrasdizagram showi ng an exenpl ary wafer resulting from CWP
operations 10 using a conventional a carrier head; Figure 4-is diagram
showi ng a bottomview of a partial -nmenbrane carrier head, in accordance

w th an enbodi nrent of the present invergion, Figure 5 is a side view of a
partial -nmenbrane carrier head, in accordance with an enbodi nent of the
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bottom vi ew of a partial-nenbrane carrier 400, 1n10 acc ance with
an ‘enbodinfertwith a pirticpiaepaishingpresstieasing Thecarerhead. feadlidad) thalshddbess a
.staipless,steel plate 402 surrounded hy a retaining ring 404, ich_holds a
waf ép i At et that Iﬁaﬁ?WIH@Y eqyiyaleng to the palishipe PLsswg, andls syrfaces | m
(not sheye sfePRPolikiRae Sid ofities ifoR ' | ate,
in parti \gmear, eﬁg?\%en t%é gfﬁglotr? (Z‘ééé\@g%gfHgﬁgt%ebélggslgéﬁdﬂ?gﬁ%ggﬁgﬁgteﬂof

t he waf eiate dinka baukside of thel wafes suthsthgprikelmiem] ahasoard the hsidereprdvide ag waf er

" pol i shi hus, preventing hot, pressure spots from occurring, on the

[ n&i’ 15, {
waf er . s dHpsiartialliunifonm foseete the sdrder Wi Inaddifianea yprmmam eabe aplied tq the
non-uni f i i i ng. j ' i ded
b ho. oBEfhg th AT At MEWRIBIERR Aftio AP AERACREBoldha D
| oca0i orwatér. tTerekehsd the emderdteme theanice hedd) theecbluddet Ran be inflated such that the
 bladder pfotrudes through the opening in the metal plate to release the wafer from the carrier

~head.

Embodiments of the present invention can be advantageously utilized to polish wafers
without generating low removal rate vacuum hole regions of the wafer surface. In particular,
25  because the plurality of vacuum holes is removed, low removal rate vacuum hole regions are
not generated on the wafer surface in those areas. Further, the bladder and membrane provide
pressure in the region of the ceﬁtrally located vacuum hole during polishing. Thus, a low
removal rate vacuum hole region is prevented from occurring in the wafer surface in the region
of the centrally located vacuum hole. Other aspects and advantages of the invention will
30 become apparent from the following detailed description, taken in conjunction with the

- accompanying drawings, illustrating by way of example the principles of the invention.




i S posi taeneshsacbl adder 408. Enbodi ments of the present invention replace
the plurality of 20 vacuum holes on the carrier head with a |arger
centralized vacuum hol e 406. During polishing, the bl adder 408 is inflated
in the region of the centralized vacuunyhol e 406 such that pressure in the
regi on of vacuum hole is essentially equal to the polishing pressure, which
is the downforce being transferred to the wafer via the carrier head. In
this manner, the netalplate and the bl adder provide a substantially uniform
force to the carrier fi i for a 300 25 m|lineter (mm) wafer,
the vacuum hol e 406 canlHaLE YT ON OF THERANVIN G
i nches. Although the carrier head 400 has been described in terns of using
a stainl ess $Stheahveplian, eogatltershmﬂucthéxeadnmm@sttlméofmmybyqtdaemhders!bed bl
capable of trans err rce to a wafer can, be used For exanpl e, . ot her
met al s, TPFEEET O 10&%9%@ SREPtioR:Rken B copBmption Wi Sig AP RMPHRIREITAWINgR R 30
pr ocessghiQan be utilized in pl ace of the stainless steel. Simlarly, the
bl adder 408 can conprise any type of material capable of flexing and
exerting a pressure on the backside of a  LAMZP345. SG wafer. For exanpl e,
t he bl adder ®aguredAys b dingeant stizdveing a pohyentiehdl satde based MP appgreatustat er i al
~ capabl e of being flexed so as to exert pressure through the opening 406 in
t he starnles .ste | at e one enbodi he retaining ring 404 is
a fixed retafk ﬂf’ ﬁawswﬁt W%e%amveeﬂ%i/ggwra {Rieg APRFF LS ss .
However , enbodrnents of the present invention can be |nplenented usi ng any
type of et aifgig2nd A0IGAPARNIHOHINE rlGufortl fher fEapOSI Lion during a VP
operation. For exanple, the retaining ring can be active to adj ust the
shape of the olrshrn belt during wafer polishing. Figure 5 is a side view
of a parti al pane tearanemomewamwmplaryamfmrdaﬂm fuomrCMR operagiohodi ment
esent i nyention ove, the carrier head 400 includes a

star ﬁfeglgmgta 8PV?}tt18P%1a4“@§*§ﬁtﬁ?‘gunded by a retaining ring 404, which holds a

waf er 502 in position during polishing. In addition, a carrier filin 500 is-
posi tioned ofFiflie 448fi@Erasi Qi%“ﬁ’xflo%é b&cth 91w @tsaspa'iﬁﬂ%elﬂbﬁh@ c4Piér hddd, in
particular, the carri er filmb posi ti oned between the stainless steel

" plate 4@20<Hﬂ@10§=rveﬂlﬁtﬂmbqﬁ!enmtOﬁtﬂ@pﬂaseatnﬁreﬁtlonﬂ An opening 406 is forned in
a central location of the stainless steel plate 402, above which is

positioned adbl adder 408. odr nt, the bladder i s. . di sposed

B Ehin'a vacRRER b SR siser o oA a ARG PHESEORE 1 SO fhe uam
envi ronlmiﬁodﬁhﬁﬂtﬂgtlierp@éb%ﬂgh{;éﬁﬂogn of the wafer 502, as will be described in
greater detail subsequently. As nentioned prevrously, enbodi ments of the
present invention replace the plurality of vacuum 20 holes on the carrier
headdwith a Ifagyef izeside aiaweln mdunﬁmbtaeeztwer Imeadi dvging o dfestirangportation,

bl adder 49(?0 |an ted i,n.the region of , the centralized vacuum hol e 406

such that “pr §Eﬁ? ﬁnfﬂg’pgﬁF%ﬂ RIGEOLMYABION | s essentially equal to the

polishing pressure. Mre specifically, during wafer polishing, the earner

head 400 applHigset7hea vidt @1evb8a paHihinBembnd eRrief headidlizilY NBeRBldneHRd-
Al t hough the present disclosure will be described in terns
accordance with an embodiment of the present invention; and

Figure 8 is a side view of the partial-membrane carrier head, utilizing a membrane,

20 dunng wafer transportation, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention is disclosed for a partial-membrane carrier head that avoids low removal
rate vacuum hole regions in the surface of a wafer. Generally, the partial-membrane carrier

25  head of the embodiments of the present invention replaces the plurality of vacuum holes on the




25 of a L84 gWP system it should be noted that enbodinents of the
present invention can also be utilized in a table based CMP system To
provide a uni form downforce on the backsi de of .the wafer S02, the bl adder
408 is inflated to substantially the sgme pressure as the polishing
pressure used during the CW process. In this manner, the force_transferred
to the ¥afi&head it 1843R cdRBLER Vaefim hbldMRfhgl 1i§1§ﬁ§,rhtmaddey obibefn®Fdieae 0SS
the surface of the stainless steel plate 30 4(% , inclTuding in the region of
t he vacinfigiedah thedegioh of thesentoflized gaguuesinie eughrtbatipdesdurisyin tHegrepion ¢l wacuaos.
~ LAMRP345..SG 10 |I.n..addition to.pronbting unpi.formty across the surfa of
The vat B SseRAIR Gage i Be pp b S Prentitk Mttt Do iies Bebd e RVERT on
furt her qagird iafHR R BRRL AYALRBir o fid QHeERicRielals Aredefle Vi ew
of a_partial-nenggghe ca?@%er %ea& 46 aéﬁig hggg?otrgﬁgpgrfatfon,'in _
. accdr dafocth injotder émpenhiedi theobglondehatamplimsefithe presan inventiolAsIt it be appdrent,
es a stainless steel plate 402

i head 400 i ded b :
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t he waf é¢schibeti in Hetuilde oided nbytolumaadesshrilachsctichbd predéfh irnlchtis t he carrier

~ head 400 to pick up and drop 10 off the wafer 502. As nentioned previously,
after conpletjng a.polishing operation the carrjer head 400, gene y
transports tﬁ@%@a‘la Brdiaggamsheing RDogiory vew of p pertel-misimiesh ﬁ@%@@ﬂ% t he
nex{n st at J : ! I . - ften
oxpld o AsoBipLfutl on A BlirldAPh! GBpIAPEEARERE: THURIEL hediH00HTIRles

of the painjuss ekbigpiste 402 tireoundbd Bk dgainlgtrirpuddachichriohldshewaferiin positfonen
causes the wafer 502 to adhere to the surface of the polishing belt 15 504.
To: br eafuing Rolishimgs Lywingagwakpplishiag aragier fdw (Bpiphpws) 1§ neskticnsd O¥FTdle back

of the IRy - ' e
car i or Rk sd el RS 8L bl SFALTOuAC SRRl chitifes 00 ORI 3
bel t 508ackSideoif fHeomdfbly , Thhwafvidriflini if gedifiedwe bbvor Pbssiirb Qubh@odfer pdidhing
defl ated and a vacuumis generated wthin the vacuum chanber 506, The

bl atier e prevanting:hqtpresyurgspets fiom ercupi erathe yahey syep¢e Asaepdioaediahiyeon t he

405, shofPPEs PPl R ELAAEbe RO THATORE Qe £ BROSLRle oG A 06

to trahg&%anychvbr&d(ﬁyrm@ﬁsefdflﬂmé—'@,@e'rfﬁﬁgause of the porous nature of the
“Garner filin S00, the vacuumtransfers through the vacuum hol e 406 and 't he

carrier filin 500 to the backside of the wafer 502.' In this nanner, .the

adhesi on of WWeonramE40§opiorged e eenttel ocatienef thoglaindess steplpjatey #ipve svhighe

vacuum @y i - fer. : e i S bel t
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-t he2@ ac wudiugaholbEoribe @uBTtr headdw s b Rat e RNEdidecl&avminghoUD6] Durdgposhihg,om
"the polishing surface 504 because the wafer 502 will typically adhere to

t he wet thedripddsr 468 isinfged inshe segien ehibp eentealized vacqupckole dhe suchdhtmressaieber
506 .be i npl t ed h. t hat .i.t 30 | d 14C:
whi o oft B paRaTOE R EnRichs ikl ¢eblay PRtk Ml afuris R

downforce being transferred to the wafer via the carrier head. In this manner, the metal plate

and the bladder provide a substantially uniform force to the carrier film. Typically, for a 300
.25  millimeter (mm) wafer, the vacuum hole 406 can have a diameter in the range of about 1 inch

to 3 inches.

Although the carrier head 400 has been described in terms of using a stainless steel
plate, it should be noted that any type of material capable of tranéferring force to a wafer can be
used. For example, other metals, plastics, or any other material usable in carrier heads in CMP

30  processes can be utilized in place of the stainless steel. Similaﬂy, the bladder 408 can

‘comprise any type of material capable of flexing and exerting a pressure on the backside of a

e conbi nation




- LAMRP345af@pshd sqoted that the vacuum and carrier film SO0 conbi nati on can
be utilized to lift the wafer 502 fromany surface in addition to lifting a
waf er 502 fromthe surface of a polishing belt 504. After transporting the
waf er 502 to its destination, the bladder 408 is inflated such that the

bl adder 408 protrudes through the vacuum hol e 406. The protrudi ng bl adder

408 cr eatafis. Fobedageld, thd bladdertan &fmﬁrﬁde@rﬁ@l%rap_ﬂﬁhﬁ@thh%, ef&BSothBemilefislr 502
fromthe carrier head 400. It should be noted that other enbodi nents of the

pr esent cappblanfibsmedipred o antoexeri prasare throagh the opsning 4@aimibe staisdess 486l by

appl yi ngla% E@si tive airflow through the vacuum hole 406. Using the carrier .
head 40 escCr'i bed above, enbodi nents of the present invention can be

- advant ageously utilized to polish wafers w thout generating | ow renoval

rate vacuum Mobg dibsddabathebtainhtes MR £74 15 WIHxE Sotaihihgttig, Whithadoes Recause
"t he gl urality of vacuum holes is renoved, |ow renoval rate vacuum hole

r egi dns meve dugng therfdyiBmeecesn Howeveafembosiménts of tha présostdnvension carbe t her, the
bl adder . 4 id i.n.th i f th - | 1y. | ocat.ed

ol ¢ a0& BFIRGY EEeRY RB St feieRiarin arDnal MGRE AR B AR FRgTeR | o
pr event @MP bBEEGE WdricRSmbIe, tHe SetdRif it andfeSicltive foNgjse _E%e_c’sﬁaﬁg ofithe

centrally |ocated vacuum hole 406. I addition to 15 utilizing a bl adder
408 to pebshingbeltdgimgreafepdlishingacuum hol e 406 during polishing,
enbodi ments of the present invention can utilize a nmenbrane. Figure 7 is a

si de vi ew of artial.-menbrane carrier. head 70Q utiljzing a.nenbrane, in
ccor dance wEIRPAR SEHORT IS ARer eGP an o TRAHE PRl T GEF P Hoac
70019 nclehiBgingent bABpeSentSheskion! Al@bR? tRah L HERH46Y ind]udes 25RinlGs ie8Y
404, which holds a wafer 502 in 20 position during polishing. In addition,

a carri elat¢ {0hnseondel posidtdining ding404 nehich helds siveferof02t ihgositian dhesgs st eel
plate 402...l.n rticular, the.Garner fil.m500 |s sitio bet yeen the
~ stainl eé’ghil}ué%Pﬁpﬂdﬁﬁ‘é’nﬂ)%ﬁﬁﬂ%é&ﬁﬁ@?ﬁlﬂge‘g nfhﬁé‘g) achlEfsé#e ‘Sn“(ejgf? Stﬁ%‘\[\%ﬁéﬂ?@, an
openi ng 406405 i HaRRYdthE ' o e
402, ab.cl))?;% whi chcbirs poSi t | Sﬁgg} gﬁﬁnggg%?rﬁgﬁf%g& béStiur%nefgfr% s{i%ﬁ%%gﬁeﬁﬁ%}@%(ﬁ}; .
menbr anend 62 tetkddegelthe 84afer 508. di sposed wi thin a vacuum chanber 506, which
~can provide a full or dynam c vacuum environnment during transportation of

t he fer 502. As nentjaned pr.evi ousl enbodj nts . of th resent _
nvaRti on 1 eplLEETBA UGS RO B B CeRi InsAt b Le SreFRS stes] PR A RO
I'arger ' GaREH BlpofiBEndPLHHAL A8, AD6ne dddNBeROlH HMJALy 408 RIBYHoSed witkigRl | ed

to the menbrane 702 in the region of the centralized vacuum hol e 406 such
t hat t he/apnes shanaber 106,hehicke garoprogideadoll omipcingc 38cuvsn esdmmitieat dyrirgual to

A R L R T SO R

g g4 dur i AGRELHrePRLLIS NBb dithBntR bPMHe PFeRn iR ERIT EAUES @6 PRy LRGaliARkSi de
20 - holes on the carrier- head with a 1arger centralized vacuum hole 406. During polishing, the
bladder 408 is inflated in the region of the centralized vacuum hole 406 such that pressure in

the region of vacuuin‘hole is essentially equal to the polishing pressure.

More specifically, during wafer polishing, the carrier head 400 applies the wafer 502 to
the surface of a polishing belt 504. Although the present disclosure will be described in terms -
25  of alinear CMP system, it should be noted that embodiments of the present invention can also
| be utilized in a table based CMP system. To provide a uniform downforce on the backside of
the wafer 502, the bladder 408 is inflated to substantially the same pressure as the polishing
pressure used during the CMP process. In this manner, the force transferred to the wafer 502
through the carrier film 500 is'essentially uniform across the surface of the stainless steel plate
30 402, including in the region of the vacuum hole 406 because of the pressure provided by the -
" bladder 408. | |




t he waf eivdfRtds s@r essure substantially equival ent to the polishing pressure
used during the CVWP process is applied to the nenbrane 702. ‘I n this manner,
the force transferred to the wafer 502 5 through the carrier filmb500 is
essentially uniformacross the surfacejgf the stainless steel plate 402,
including in the region of the vacuum hol e 406 because of the pressure

provi ded by uh&idisdHNo3REmEEs ulifcakaits abrokSthe stifele of liewwater S¢eduring a CMP -
parti al - menbrane carrierhead 700 during wafer transportation, in accordance

Wi t h anPENpBdFHeedimentsoh temressahinvertisarfuites facilitatetapsportatien pf theavafert0thead

700 i nckud t.ai nl t | ate 402. d. b t ai ni '
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between the stainless steel plate 402 and the backside of the wafer 502.
The & eninchidey a statdess dteebplate 0B shoutGigd by laoeteiningeringd (4, sthidhdadds70@afen 5§2 ck

up and drop.15 off the wafer 502. As nt i oned .prevj ously, .the r 502
obt o e TRt Bling goRgHRG AL 4 iRz 0GR PRSI BERE TR Wefr e & 4 o
conbi nat4 . | 11sbi : e
Srurry SEesR ekl AR a0 KR e SRS JROlIR0 409 phlle pAUKIRERT BE kP ohi ng

belt 50402.To break this adhesion, the carrier head 700 applies a vacuumto
the back o f the wafer via the centrally located vacuum hol e 406, which-

allo the carrier head 700 to |if e wafer 502 20 fr t he rface of
the pol i shi ng”ﬁﬁ'sﬂt@@ 9°ﬂf§&e‘@w1fleépfey%0%mews Frq q%a%ﬁﬁi“@g}%?m%ﬁé?ﬂ Bcuum
i's ne r pI B m
chanpor CEGRE whter 308, A3t AGHADENGRGE areD omplBfing SpUMEAY dftdlion e bERYUT

backsi dbcaf 4G0ngenemilyg trab§dris As wafehs02 fiemthe surface bf the@olisling belt Eddrineth806 | s

allowed to transfer to the carrier film500. Becayse _of the carrjer. film25
500 is BB’F‘(?E?éantl%&%%f FFAI98 DEPCESS: rﬁ%‘ﬁ@‘ﬁfstth%wﬂg% QR FOPEicneRs “sHchhe

carri er wfiinl it pOfnhR ddiSsdRacH S ! I oF ¢ ingfbaft
adhesi on of tﬁe wafer 502 %ﬁ%ﬁghgg?%pgﬁwﬁiggthg%m&e% ti(ﬁg T o{%n[ntnﬁe vacuum
over conssrfadeand tiet slamy bft¢nwrasestthe wasdr 602 ddadterdtotthesipéice sif thegpobiehihg HEld,

thus_all oqwing. th er.head 700 to lift the wafer 502, As di scussed above

\ém tA3r ePBfehBEr ﬂngr@ 108, thercarries gt QPerpiat ¢ yaum Béhaprckhaidh yaspvia
‘because THE gl up8 vEmat i 306 SRRERICLAR: CARP RIS e S8 1 g

't r anspoffioat ihesurfinensfabe pdldhingdiglirfoghanber  LAM2P345. SG 13 506 can be
i npl enented such that it produces only a dynam c vacuum which dissi pates

~after a particular fi period, After. transpqrting .the wafer 502 to .its
desti nati on, SPPFégE%iYP ;’TVE‘FH ﬁgglﬂ thevyats 502-dke b g%rLﬁ’Og is deflated apchayaemBmAd2 such

that th i £ HEeS, u 4 udi ng

nmenbr ange%ém%r éatr'g{s?l%e‘{g {)‘gllt'l%e I'n E%Egacgirqef Pfelrﬁd%f%;éﬁq‘ég%gé’% %ﬁla}e-glhgi’g%{sﬁhp he

. waf 0 5@z2flited defdehdingamrthencdde aflthé(PsteAsdenelopercmddystbn\operaterb dnligemaralsthef t he
‘present _invention can al so rel ease the wafer 502 fromthe carrier head 400

by appl PadgerAlSsbpridhe deflated souas ky dinghthervacwuse afitherysrwim ghamber 506 to

transfer to the carrier film 500. Because of the porous nature of the carrier film 500, the
- vacuum transfers through the vacuum hole 406 and the carrier film 500 to the backside of the

wafer 502." In this manner, the adhesion of the wafer 502 to the carrier head 400 resulting from
25  the vacuum overcomes the stiction between the wafer 502 and the polishing belt 504, thus -
allowing the carrier head 400 to lift the wafer 502.

Generally, the vacuum can be allowed to dissipate once the wafer 502 is removed from
the polishing surface 504 because the wafer 502 will typically adhere to the wet carrier film
500 during transportation. Hence, the vacuum chamber 506 can be implemented such that it

30  produces only a dynamic vacuum, which dissipates after a particular time period. It should be




As withihkheppkadder based enbodi nent described above with reference to _
Figures S and 10 6, | ow renoval rate vacuum hol e regions are not generated
on the wafer surface in those areas because the plurality of vacuum hol es
is removed. Further, the nmenbrane 702 gliovi des pressure in the region of
the centrally | ocated vacuum hol e 406 during polishing. Thus, a | ow renoval

rate vaggisihekiee VRGN Saifee HRA 560! chBImhRGE i HeNSiliz8a tder WRhedfers3gnf ace i n
the region of the centrally |ocated vacuum hole 406. 15 Although the -

f or egoi dpm e faoninresditivadn liflesor whiet S0hfremrtbe sefase lof & poligingludtes0dof
clarity of understanding, it will be apparent that certain changes and

dificati b i ithin the sc of 1.h d. cl ai.s. |
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given herein, but may be nodified within the scope and equival ents of-
appehdedulzs v thei cagrier\ikat SM0swhichreteabes thre waferNR2HBAD ti8GatrerGiead 8. 11t skould . -
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facing a backside o | eration; and a bl adder
posi ti oned -above the non-wafer side of the netal plate and | ocated above

t he openi ng iUsingthe vatiat hqpdat06 dewdnibed aboanemnbbdintchis e f thicemssaneinventigmpdaned t o
t he bl adder, substantial.l y equj.val ent to a polishing pressyre utilize

duri ng ?’ﬁéd‘@wg&wéﬁ?&??w tigoizsh %afgﬁrwgw“ﬁg%r%@gﬂe?ﬁrﬁ@av Fatg Vagypm hole
furyber &8 drshd@afer SEHCESn pariFIROBLL \foin RA19E; met al
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backsi ddowfembral vaté eacutur holgrezidihRreoyst igahdrated of Thewatr Safsvetin thoasaress.
recited_in, cl %il?:ﬂlz wherein the netal t?nl ate and the bl adder provide a

subst antRghery thenladsient & prowides prespire iy the s7gien ofthe gentirligdoctad veeuemabsle
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t he waf éu the2Gafbr subfacain the regh@pek ths carmeily dstaied vakaimmhéle 4dseleadditidnetobl adder
‘ d. when the vacuum s applied to the opening i.n the metal plate.

i s deflat, . .n the r
6. AScamiilignencildss )i nreride RTCESPUP A the V\aﬁ@n@hﬂleﬁﬁé%@lpg aelishing.i nflated to
[ €1 ease ehftSafmettdfihe biAARAABE EAPliRAnenbbalEP345. SG 15 7. A carr) er

head as recited 1n ¢ erern er I's inflated such that the

Figure 7 is a side view of a partial-membrane carrier head 700 utilizing a me'mbrané, in
accordance with an embodiment of the present invention. The carrier head 700 includes a
stainless. steel plate 402 surrounded by a retaining ring 404, which holds a wafer 502 in
20 . position during polishing. In addition, a carrier film 500 is positioned on the wafer side of the
stainless steel plate 402. In particﬁla:r, the carrier film 500 is positioned between the stainless
steel plate 402 and the backside of the wafer 502.

As above, an opening 406 is formed in a central location of the stainless steel plate 402,
above which is positioned a membrane 702. Similar to Figure 6, the membrane 702 of Figure -
25 7 1s disposed within a vacuum chamber 506, which can provide a full or dynamic vacuum
environment during transportation of the wafer 502. As mentioned previously, embodiments
of the present invention replace the plurality of vacuum holes on the carrier head with a larger
centralized vacuum hole 406. During polishing, pressure is applied to the membrane 702 in the
region of the centralized vacuum hole 406 such that the pressure in the region of vacuu.m'hole

30.  is essentially equal to the polishing pressure.



bl'adder Lpmop3apdes t hrough the opening in the netal plate to rel ease the
wafer fromthe carrier head. 5 8 A carrier head for use in a chem cal
mechani cal. polishing (CMP) process, conprising: a nmetal plate having an
opening formed in a central |ocation, the netal plate having a wafer side
and a non-wafer side, the wafer side facing a backside of a wafer during a
CVP 10 oper atiscliscussad peovirslyy theeapizs heddot8d:palienthe wtaferrﬁﬁhtmﬂlfeenrfmedé aof the

nmet al ed ab ve e opening.in th Iate e n -
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transporting the wafer. LAM2P345. SG 16 12. A carrier head as recited in

~claim1l, wherein a releasin ressure is applied tqg the nenbrane to
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‘using the Garner head, the wafer being applied with a particular polishing -
pressure; 15 inflating the bl adder to ﬁ)ressure that is substantially
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bl adder provide a substanti al | y uniformforce to the carrier fi
surface and the shurry often causes the wafer 502 to adhere to the surface of the pohshlng belt

504. To break this adhesion, the carrier head 700 apphes a vacuum to the back of the wafer via
the centrally located vacuum hole 406, which allows the carrier head 700 to lift the wafer 502 -
20  from the surface of the polishing belt 504.

Specifically, when lifting the wafer 502, a vacuum is generated within the vacuum |
- chamber 506. The vacuum within the vacuum chamber 506 pulls the membrane 702 away
: from the carrier film 500 and the backside of the wafer 502. As such, .the vacuum of the
vacuum chamber 506 is allowed to transfer to the carrier film 500. Because of the carrier film
25 -500 is porous, the vacuum transfers through the vacuum hole 406 and the carrier film 500 to |
the backside of the wafer 502, In this manner, the adhesion of the wafer 502 td the carrier head
700 resulting from the vacuum overcomes the stiction between the wafer 502 and the polishing

belt 504, thus allowing the carrier head 700 to lift the wafer 502.

As discussed above with reference to Figure 6, the vacuum generally can be allowed to
30  dissipate once the wafer 502 is removed from the polishing surface 504 because the wafer 502

~ typically adheres to the wet carrier film 500 duning transportation. Hence, the vacuum chamber
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the wafer to the carrier head to facilitate transporting the wafer. 5 18. A
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operation of inflating the bladder to re ease the wafer fromthe carrier
head. 20atigulgptimeperiad.recited in claim 19, wherein the bl adder is inflated
such that the bladder protrudes through the openi ng in the netal plate to
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‘plate and the backside of the wafer during a CMP operation.

15 3. A carrier head as recited in claim 2, wherein the metal plate and the bladder

provide a substantially uniform force to the carrier film.

4. A carrier head as recited in claim 1, wherein a vacuum is applied to the opening

in the metal plate to adhere the wafer to the carrier head to facilitate transporting the wafer.

20

5. A carrier head as recited in claim 4, wherein the b_ladder 1s deflated when the

~vacuum is applied to the opening in the metal plate.

6. A carrier head as recited in claim 5, wherein the bladder is inflated to release the -

25  wafer from the carrier head.
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10" operation; and

a membrane positioned above the non-wafer side of the metal plate and located above
 the opening in the metal plate, wherein a pressure is applied to the membrane substantially

equivalent to a polishing pressure utilized durihg the CMP operation.

15 . A carrier head as recited in claim 8, further comprising'a.carrier film positioned
on the wafer side of the metal plate, wherein the carrier film is disposed between the metal

~ plate and the backside of the wafer during a CMP operation.

10. A carrier head as recited in claim 9, wherein the metal plate and the membrane

20 providea substahtially uniform force to the carrier film.

11. A carrier head as recited in claim 8, wherein a vacuum is applied to the opening

in the metal plate to adhere the wafer to the carrier head to facilitate trahsporting the wafer.
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14. A method for polishing a wafer during a chemical mechanical polishing (CMP)

process, comprising the operations of;

10 positioning a wafer on a carrier head comprising a metal plate having an opening
formed in a central location, and a bladder positioned above the opening in the metal plate and

on a side of the metal plate opposite a side on which the wafer is positioned;

applying the wafer to a polishing surface using the carrier head, the wafer being applied
with a particular polishing pressure;

15 inflating the bladder to a pressure that is substantially cquivalent to the polishing

‘pressure; and

polishing a surface of the wafer.

15. A method as recited in claim 14, further comprising the operation of pos1t10n1ng

20 acarrier film between the metal plate and a backside of the wafer.

16. A method as recited in claim 15, wherein the metal plate and the bladder

provide a substantially uniform force to the carrier film.
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L " #$8&' () *+, 18/ 01234668 3s recited in claim 17, further comprising the operation of deflating
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19. A method as recited in claim 18, further compr_ising the operation of inflating

the bladder to release the wafer from the carrier head.
10

20. A method as recited in claim 19, wherein the bladder is inflated such that the

‘bladder protrudes through the opening in the metal plate to release the wafer from the carrier
head. | '




