20 June 2005 1 BELT POLI SH NG.DEVI CE W TH DOUBLE RETAI NER REN&IE 2085
BACKGROUND OF THE I NVENTION 1. Field of the Invention This invention

rel ates generally to chem cal mechanical polishing apparatuses, and nore
particularly to nethods and apparatuses for inproved edge performance in
chem cal nechanical polishing applications via platen active retaining
rings. 15 2. Description of the Related Art In the fabrication of

sem conductor devices, there is a need to perform Chem cal Mechani cal
Pol i shing (CWP) operations, including polishing, buffing and wafer
cleaning. T, icmﬂi, integrated circuit devices are_in the form of

mul ti-level BiduEt éJSI.SHu%G. EMIGCEMTH DOEBLE RETAINERIRINGS
havi ng di ffusion regions are formed. In subsequent |evels, interconnect
metallization lines are patterned and electrically connected to the
transistor devices to define the desired functional device. Patterned
conductive layers are insulated from other conductive |ayers by dielectric
mat eri aPs, such as silicon dioxide. As nore netallization |evels and
associ ated dielectric layers are fornmed, the need to planarize the
dielectric material 25 increases. Wthout planarization, fabrication of
additional netallization |ayers becones substantially nore difficult due
to the higher variations in the surface topography. In other applications,
nmetallization line patterns are forned in the dielectric material, and then
nmetal CMP operations are performed to renove excess netallization. Further
applications include 20 June 2005 2 planarization of dielectric filns
deposited prior to the netallization process, such as dielectrics

10 BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to chemical mechanical polishing apparatuses, and
more particularly to methods and apparatuses for improved edge performance in chemical
mechanical polishing applications via platen active retaining rings,

15

2. Description of the Related Art

In the fabrication of semiconductor devices, there is a need to perform Chemical

Mechanical Polishing (CMP) operations, including polishing, buffing and wafer cleaning,
Typically, integrated circuit devices are in the form of multi-level structures. At the substrate

20 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. 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

25  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

CMP operations are performed to remove excess metallization. Further applications include



used for shallow trench isolation or for poly-netal insulat?@hmne2Q0$he
prior art, CMP systens typically inplenment belt, orbital, or brush stations
in which belts, pads, or brushes are used to scrub, buff, and polish one
or both sides of a wafer. 5 Slurry is used to facilitate and enhance the
CWP operation. Slurry is nmpst usually igtroduced onto a nmoving preparation
surface, e.qg., belt, pad, brush, and thé |like, and distributed over the
preparation surface _as well_as the surface of the sem conductor wafer being
DU e poPSHEHion g delstrie SRS deRgm Uddrion e el lERIor s Seh o et

di stribut i Qg ks sEPBG tRhYisAEER R fbrdfdmBY ifsulf@DI nation of the movenent of
the preparation surface, the novenent of the sem conductor 10 wafer and the
friction created between the sem conductor wafer and the preparation.

surface. Fi gur dnthe prieysart £IMB swuvieres vmisplly implement belt.rorbifah anlrpghstations ime VP

system 10 Jp bt %géa%s,:slorib%sﬂe@%le hs-&iyte%ﬁmi@%ﬁ@ﬁﬁaﬁ&&%@ﬂsﬁ@s@wﬁgh

preparation sur I's an endl ess belt on two druns 24

drive the $lehy ishBed v facilitatesdnd @nbdncertitei GMP aperativali (Suredis myosbhedually mtrodutcedn
directional arrows 26. A wafer 12 | unt ed .on er head.l14. whigch is
rotated i no4%3HOVEEPrRAAE? s ’F&'}me ﬂ‘gm%k?’ﬁgﬂﬁggﬁufegéwgﬁ? nst
the rotatifgpdfioh sdfackas Welbad tBE 6@ fake bOhe afGeMBhdteHvaTerGiig Putied; pslishénoe CVP
processes require significant force F to be applied. A platen 22 is

provi ded t@hewasinrepeeedtbyethsIVP ygowee The gistibutien i gorly secomplizhed iyo? whi ch
to apply iREE 6 the mogl;fﬂéﬁ%fg% SORASh QerRE, RO RIMEGN S HilsthicoiusidEh as

NH4OH or DIT cont al ni ng I spers abrasive particles Is introduced upstream
of thel@af eafeddd tHenfectimoress twfwess thesbiivgndu@®r wafef indgheprdpassionsimifasg. of t he
surface of the wafer is achieved by using an endl ess polishing pad gl ued

to belt 18. Typi i L.L Shi ' o] hlr ous
materials and H?é%égly$%9§ ng#%ggQgﬁﬁgﬁP%%%ﬁfgﬁﬁ§gggaﬁwggﬁ€#§§%%%ﬁggg
convent i onBiguradfien bbleage aysteng|satdedignated fheguusathe prep@ation sinfecevia be endisaticland

pl aten configuratjon 30 includes the fer head 14 and the platen,22 25
poSi t i onedl%@PWJtcH’etme %%%Hc}lé".‘ve]"ﬁgbﬁblfsﬁ afuappn 4’“?9?&365'@2“5’311’?’581&

retai ni N9 fokdign diedtibAl arrbt 86 ARG4AREE mbdntbdloP® Velet REAING] WMIch ReoMBEed head
14. Between the wafer head 14 and the platen 22 is the polishing pad and

bel t 185 Ofirestion ttheThs|retating wafen 12de then ppplied peainst the setafingdelt 18 with a force F to
accomplish a CMP process. Some CMP processes require significant force F to be applied. A

platen 22 is provided to stabilize the belt 18 and to provide a solid surface onto which to apply

the wafer 12. Shurry 28 composing of an aqueous solution such as NH,OH or DI containing

dispersed abrasive particles is introduced upstream of the wafer 12. The process of scrubbing,

20  buffing and polishing of the surface of the wafer is achieved by using an endless polishing pad

glued to belt 18. Typically, the polishing pad is composed of porous or fibrous materials and

lacks fix abrasives.

Figure 2 is a detailed view of a conventional wafer head and platen configuration 30.

The wafer head and platen configuration 30 includes the wafer head 14 and the platen 22

25  positioned below the wafer head 14. The wafer head 14 includes a fixed retaining ring 32 that

holds the wafer 12 in position below the wafer head 14. Between the wafer head 14 and the

platen 22 is the polishing pad and belt 18. Often, the platen includes air holes to provide

upward air pressure to the polishing pad and belt 18, thus providing a cushion of air upon
which to apply the wafer 12,



upward air pressure to the polishing pad and belt 18, thus # &viedlRy a
cushion of air upon which to apply the wafer 12. 20 June 2005 3 The CWP
process is often used to renove excess filmoverburden, such as a |ayer of
copper or oxide dielectric. However, the prior art wafer head and pl aten
configuration 30 typically c auses a hingh renoval r ate a long the edges o
f the wafer 12, and a nore noderate rerbval rate in the interior of the
wafer 12, as illustrated in Figures 3A and 3B. 5 Figure 3Ais an

il lustration shogi GNP poesessiieefen pselde neevesxenss filme oveaburden), suclrprea loaeregf 12

i ncl udes posi.tional. ' ti 0 \r/;é]ﬁr' n qr gﬁw@.r's
mar ked as ?%E&o&r}i g’%‘%gﬁﬂ)"g‘g‘?t ?’%ﬁ‘éb‘%’ ﬁ}e e gkt'?w 'I’r%glg{lgagd%lg %lgspénpga ofrt{gl-1 fBO and
t he right typshllyacgsesashighserhovabhr &€0long Meesiges ofthe veaferei?pumd a nakre molierhlee
pol i shed | ayer .on the wafer at _each sjition 40 dur,in conventi onal
OV ot ocesEou Bt i Fir e of o fait ThiigaRataed s Feeroih 84381 < a or aph 50,
showi ng the CWP renoval rate as a function of wafer position during a

conventj onal C¥in@@8Aas ardiliustAfion Blwingd positivaaldfifephation ontthewifeni2y athe vailfe at
t he edge of. thg waf er i.s ext r_errel(}/ high relative to the renoyal rate at
eRgnaianse0;

ot her posi 14 BfRCeEPosHER) denenafianset’. Wagrcdae comin ol thegvalerlpatied % the pEsin
retairni ngt @gﬁﬂor?’a),'tﬂé el ﬁBlthi[%WaE hhotifibn RPO0 2{d MY it W3St &16P QS $sitidR 166,

surface, surface and thi.ckness characteristics of the retaining ring 32

adver sel y Mefsutng ths rethevahedteof the pplihied tpyer/mm the wafsull2 atdach hesitiong® dugimpaal
rate at the f fer surface. .the. r edges may becone rounded,
whi ch adve?ogggn%%lé@fcg}ﬁgmf Sg(?ec?&gﬁ li"tt@e %?pﬁﬁgl%mﬁﬁ 12. In view of the
foregoing, there is a need for an inproved CVWP process that nore closely
mai nt alths an eJigure 8R0yarapla 5@ shdwiogl thedCNP rdve valvRtes adession dhwafeepdsitbn

SOl 1| e el LT SRR EETmieho L 5,30, B B
of the wafer is extremely high relative to the removal rate at other positions 40 along the wafer
“surface. This is a result of the retaining ring 32 interfering with the polishing of the exposed
wafer surface, the surface and thickness charactenstics of the retaining ring 32 adversely affect
15  the wafer polishing. As a result of the high removal rate at the edge of the wafer surface, the
wafer edges may become rounded, which adversely affects the quality of the wafer 12.

In view of the foregoing, there is a need for an improved CMP process that more
closely maintains an even removal rate throughout the CMP process. The method should allow
for fine tuning of wafer edge removal rates so as to provide an evenly polished wafer surface.

20



SUMMARY OF THE | NVENTI ON Broadly speaking, the present invediwsZ00p|s

t hese needs by providing an i nproved edge performance nethod for a CWP
process using a platen having an active retaining ring. In one enbodinent,
a systemfor inproving edge performance in a chem cal nechanical polishing
5 process i s disclosed. The systemincludes a wafer head di sposed above a
waf er, where the wafer head includes a%irst active retaini ng ring capable
of extension and retraction. Below the wafer head is a polishing belt, and
di sposed bel ow t he pol i shi ngSUMMARY OF THEINVENEMINg a second active
retaining ring capable of extension and retraction. During operation the

first active retajning.ri and the secqond, active,retaining.rin be

control led to ErASPEReRiE Heprrnt iByenim Tl these peadh by BroMIdis e improved sdgf

adj usti Ny RAYmEABS methbd P at CYAP RsBRMAsinp 3l fatdd hivity KOREve ettt riﬂ%flﬁ_rone I'n
C

anot her enbodi ment, a nethod for inproving edge performance in em cal

nmechani caleupofiment, neyete| for improviag jedge perfinparcd . in |anghemidal ; echanigalipalishisgd i s
2 ad \ o : >t . _ )
o g a SRSsids Riceldsad 1 A6 yakeh ERALDS B Btk aigPosRf e el RBlectle

r et ai ni ng wafergeadineidasradfret awtide teknisernnchpalsié of/extengioniand retractiong Below the

retracted. _Then, .the cond active retaining ring..is. extended and.the

first act i%ﬂﬁ&e%iwwgﬁﬁ%gﬂg_%ﬂet%&e%&c o Fhe pplihing Be s 4 AR a

control ofseddn@ dBf¥d Rhidisp BRE lcapable Y é}iﬁlkiﬂﬂ%é héﬁw&punu}%@o%on%aﬁﬁés
e

al l ow ng i nproved edge perfornance. platen for inproved edge performance
i n a chemiaghye rp@mmngTIngand thel scemnd ngtiysrreleming ring carpbe efintrelieskie gravidepositionaher
enbodigent thenp LAV, ' o T | t]

s )\
ot ai ritng ooyl GANEEAARE AR A B0 RhAlER, IRSHORE B B gl or e
ret ai ni ng waferg. Advant ageously, having the active retaining ring on the
pl aten provi des precise positional control allow ng the reference hei ght

of the active getainin i n _the fer .head.to be set. This allo

or eci se_ engi nedt iAot Spbiditerty = Biedd ol inpRving odie Berlommnce B themielt |
waf er. 25 rhevhardel polidhing pslicktinBlis diediasedi Rifially, 0w afarhebeisfprosedédihavipg s ifitst on by
shimm ng the | ower retai ig&n_ri ng.to the correct hei %%Iﬁnthus,al | om ng the

h
over  r et AFRYSTGMIREIE tiof, A Rjaternphaving a;ecenjiactve fetaifing rng is provided.

15  The first active retaining ring is extended and the second active retaining ring is retracted.

Then, the second active retaining ring is extended and the first active retaining ring is retracted.
In this manner, positional control of the polishing belt is maintained throughout the CMP

process allowing improved edge performance.

A platen for improved edge performance in a chemical mechanical polishing process is
20  disclosed in a further embodiment of the present invention. The platen includes an active
retaining rmmg, and a means for extending and retracting the active retaining ring.
Advantageously, having the active retaining ring on the platen provides precise positional
control allowing the reference height of the active retaining ring on the wafer head to be set.
This allows precise engineering of both the pad shape and the pad interaction with the wafer.
25  In addition, the lower retaining ring can be fixed in position by shimming the lower retaining
ring to the correct height, thus allowing the lower retaining ring to be an active or p assive
positional control. Other aspects and advantages of the invention will become apparent from
the following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the invention.
30



positional control. Other aspects and advantages of the i nveh{ys2oRp | |
becone apparent from the follow ng detail ed description, taken in
conjunction with the acconpanying drawi ngs, illustrating by way of exanple
the principles of the invention. 30 20 June 2005 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention, together with f(Lthher advant ages t hereof, may best
be understood by reference to the follow ng description taken in
conjunction with the acconpanying drawings in which: 5 Figure 1
illustrates an exenpl aryw?oﬁw J %Vﬁ\ﬁ;sz is a detailed view
of a conventional wafer an—ctﬂ%-rm—, Figure 3Ais an
illustration show ng positional information on the wafer; Figure 3Bis a
graph showi ng tlhe ifhntio€ rogeaher rvaitte fidtheraadvaiitages aheraff, maa dest cirewiderspodiblyi on
on a wafer dianete rin conventi onal CVF, oper%i on; 10 Figure 4Ais a
ret ai ni ng TFIHGCCORS HliPmEsiesariphon ke copyngtiqa Witk 1as aqcompinying dravigesiige of
a wafer, iyp@scordance with an enbodi nent of the present invention; Figure
4B is a retaining ring configuration for increasing the renoval rate at the
edge of a wafer, in_accordance with an enbodi nent of the present

i nventi‘on; Fi gdigre] jliustsatesan sxemplanynaigr aheMEStE®ipval rate as a function
of wafer position 15 during a CWVP operation using the active retaining
rings, in accolganceisldethiledvieWRdicomhticthl wifkeheRd SBflhten Soreiglialitn; Figure 6
i s a flowhart showing a nmethod for inproving edge perfornmance during a
CMF process, in_ accordance w th an enbodinent of the present invention;
Figure 7 is a disus drissandlinstgtion shewing nositional infermatipnyotithe gyaferng
configuration, in 20 accordance with an enbodi nent of the present

i nvention; andFigure 3B is a graph showing the CMP removal rate as a finction of measurement

position on a wafer diameter during a conventional CMP operation;

10 Figure 4A is a retaining ring configuration for decreasing the removal rate at the edge of

a wafer, in accordance with an embodiment of the present invention;

Figure 4B is a retaining ring configuration for increasing the removal rate at the edge of

a wafer, in accordance with an embodiment of the present invention,

Figure 5 is a graph showing the CMP removal rate as a function of wafer position
15  during a CMP operation using the active retaining rings, in accordance with an embodiment of

the present invention;

Figure 6 is a flowchart showing a method for improving edge performance during a

CMP process, in accordance with an embodiment of the present invention;

Figure 7 is a diagram showing a detailed active retaining ring configuration, in

20  accordance with an embodiment of the present invention; and

Figure 8 is a perspective view of the retaining ring 410 of the platen, in accordance with

an embodiment of the present invention.



Figure 8 is a perspective view of the retaining ring 410 of 2¢ fited08%en, in
accordance with an enbodi nent of the present invention. 20 June 2005 6
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An invention is disclosed
for inproved edge performance in a CMP process using an active retaining
ring on a platen. The enbodi nents of thegpresent invention provide an
active retaining ring on both the wafer head and the platen. The active
retaining rings provide precise 5 positional control of the polishing pad
relative to the WHETAIESH DESTURIPHONOER NN PREFERRED EMBoDIMIENEape and
interaction angle With the water edge. Tn the TolTow ng description
nunmerous specific details are set forth in order to provide a thorough
under st andi ng ofAD inEntinneis disclosqdnfpr impreyed adge perfarmpnce dm p MR (procksswaingran t o
one skill ed.d he. ar t e . nyent.i on V... b racticed w thout
sone or al Ig‘:dcyg r%t%%sng @Btgg i%fpll%:tgg e—jt%{gi ﬁ%@%ﬂ\&ét‘)ﬁg}e RS a{ﬁ‘éeélg?lpﬁgﬂde RR8%He 10
process st gg@ninguieg omboth derwaierhesd dnddhe platrt ‘Blid active faittiig fips piovide precise

unnecessarily. obscu g tth resent inventiqgn. Figures 1-3 have been
describad PrRtioBRhnse qfihe g‘?l}%ﬁﬂg 24 relatvg fo the pafer &dge, allewing epgingeripg)of the
confi gur at panstp®and @fer£4A64 853 With REwhBIMBYR! MR GIRWide \esGHBn SunfiroiRf €7 -

in accordance wth an enbodiment of the present invention. Th% retaining
ri ng conf i SReFEE] dstnila GO setrfertlde order 16 preride a HheroughOandemstandige aof the present

retaining fiRg.40 r 11 el ow, t waf er. head 402.
The activeﬁﬁgggﬁhﬁﬁgnﬁfﬁﬁﬁg%ﬁ}P§Q§%%§%P%HgﬁggQggﬁﬁﬁﬁgqg%@e$@{?ﬁ%ﬁ?ﬁ§m¥rom

t he waf er béerdtiotd Withoupsand deall of Hess eptcifiesdetdilandh otentifstdnc®f weh&nown
polishing belt 412 relative o the wafer. edge. Further shown in Figure 4A
s o prOf cHoss Gl it ER AL ngBradn T BRI uansersser b e rea

I ncl udes apventns et ai ning ring 410 al so capabl e of extending and retracting

to 20 provide increased positional control of the polishing belt 412. The
pl aten 408 oft ad or belt 412 that

is closely spaced froma polishing p , -
pol i shes the %W‘éﬁc]_e‘l‘" g'm%sﬂ a&‘F%‘?ed_zl%‘{me\PF fhe BroRry Fighn 44t a sseipies ring
referred tgnRguation K0k fOEREIRSENg thD 8rflB/al rate at the edge of a wafer, in accordance with
an embodiment of the present invention. The retaining ring configuration 400a includes a

15  wafer head 402 having an active retaining ring 404 and a wafer 406 positioned below the wafer
head 402. The active retaining ring 404 is capable of extending and retracting from the wafer
head 402 to provide increased positional control of the polishing belt 412 relative to the wafer
edge. Further shown in Figure 4A, is a platen 408 disposed below the polishing belt 412. The

| platen 408 includes active retaining ring 410 also capable of extending and retracting to

20  provide increaéed positional control of the polishing belt 412.

The platen 408 often is closely spaced from a polishing pad or belt 412 that polishes the
surface of the wafer 406, with a very thin air space, referred to as an “air bearing”, being
defined between the platen 408 and the polishing pad 412. It is advantageous to maintain an air
bearing between the platen and the pad to promote more uniform polishing of the surface as

25  well as reduce friction from the belt/platen interaction. Specifically, the polishing uniformity

can be controlled using an air bearing.

To maintain the air bearing, air source holes can be formed in the platen 408 and
arranged in concentric ring patterns from the center of the platen 408 to the outer edge of the

platen 408. Each ring establishes an air delivery zone. Air from an air source can then be



defi ned between the platen 408 and the polishing pad 412. |20 June2005

advant ageous to nmaintain an air bearing between the platen and the pad to
pronote nore uni form polishing of the surface as 25 well as reduce friction
fromthe belt/platen interaction. Specifically, the polishing uniformty
can be controlled using an air bearing. ,To maintain the air bearing, air
source holes can be forned in the platez 408 and arranged in concentric
ring patterns fromthe center of the platen 408 to the outer edge of the

pl at en 40dliregst fireyghgthe holgs| qusing polishing, thescestaplislyng, Bigeair Aearingr dan isnthem r
source Ca%xﬁﬂﬁ@dgﬁtﬁgpﬂa'tlﬁﬁedg@% 7 directed through the holes during
S

pol i shing, thus tablli'shing the air bearing. Air is then exhausted past
the platen edge. As shown in Figure 4A, the active retaining rings 404 and

ﬁlo pr ef er abl yAsskowsoniFiguané4), theopive 'rqrt:g'niaadhgso@ﬁend aHtpreforablycirelpositimingd
ot ai nt no oPrARE bath M B8 shddial BelyoRe t oufe oK i mind el 18 el o1 o

As nedti ofdd ptieyietiimhy rinfotdl ot 410ecah &liffirNasipedddtgsSthd artiownlar ar £s
capabl e of extendi Q/gqard retracting. The abili 2/ to extend and retract
al | ows t h&eREened Proviqusiynbofl activrgectaimng Hpgs JPfoand £#10 are, papablg of suiending ad bel t

12 bet W qdirabyn 1o IRY 16l BA P ERRR O R ac 2 Helablinginds 04 A0 |4§,§H]2g

belt 412. The precise positional polishing belt con provi ded b
enmbodi mentckmpothefpoligking helieH2 betweamt them tol prowile queriseopdsitiogalotontl @f ahd ect s

and st andi I | Y ffects. .In.the retaini.ng ri nfigutation

200a of  FPOTRIRRRRE R GieBld Koot poyite R RO i G ot

ext end@d, ofithic bresdnh mvestioni allowg corittdlling b edie effb®s pldataadindB&nichid wiveaetasl.

Retaining ring configuration 400a illustrates how the enbodi nents of the
resent inventjo reduce.t he renpval te.at t dge of. the fer.

ICI%xt endi ng ret ailnntlrﬁﬁée“'l" & TR Confguration 3@@ ?fgﬁg'ge P@‘r 31?‘%{3%“1% ﬁlﬁgﬁﬁ ks ti ons

the pol i shiafeg Hesd W02 12 emtended| Mdile tthe rasigng Aingt I vaitRr p14EH 408 Y SetrdcREUCi NY

t he am)un&{reof .force applied against the wafer edge fromthe polishing belt
412. The RFRHRLULS 6 oR #R0% Hiystrais h%ﬂxwglmtscﬁﬁb@qmmllwn@mces

the renmdvadduiithé rdhoval'Bte\R1tE edge of the wafer. Extending retaining ring 404 and retracting
15  retaining ring 410 positions the polishing belt 412 away from the edge of the wafer 406, thus

reducing the amount of force applied against the wafer edge from the polishing belt 412. The
reduced force at the edge of the wafer 406 consequently reduces the removal rate at the wafer
edge. To provide additional engineering of the pad shape and interaction with the wafer, the
embodiments of the present invention also allow increased removal rates at the wafer edge, as

20  shown next with reference to Figure 4B.

Figure 4B is a retaining ring configuration 400b for increasing the removal rate at the
edge of a wafer, in accordance with an embodiment of the present invention. The retaining
ring configuration 400b includes a wafer head 402 having an active retaining ring 404 and a
wafer 406 positioned below the wafer head 402. The platen 408 is disposed below the
25  polishing belt 412, and includes active retaining ring 410.

In the retaining ring configuration 400b of Figure 4B, the retaining ring 404 of the
wafer head 402 is retracted, while the retaining ring 410 of the platen 408 is extended.
Retaining ring configuration 400b illustrates how the e mbodiments o Tt he present invention
increase the removal rate at the edge of the wafer. Retracting retaining ring 404 and extending

30 rgtaining ring 410 positions the polishing belt 412 closer to the edge of the wafer 406, thus



edge. To provide additional engineering of the pad shape ant {HeSP82t i on
with the wafer, the enbodinents of the present invention also allow

i ncreased renoval rates at the wafer edge, as 20 shown next with reference
to Figure 413. Figure 4B is a retaining ring configuration 400b for

i ncreasing the renoval rate at the edgg of a wafer, in accordance with an
enbodi nent of the present invention. The retaining ring configuration 400b
i ncl udes g wafer head 402 having an active retaining ri n? 404 and a_wafer

406 posi t iHHEETE AR P RECL{aTE RPHisd dsairss thealer srge Eom fipepofishing alirbizd Thel ow
the 25 p%dr&@éd“ﬁ)r&edttthéléagecﬁriﬁe%H@G%oﬁé&&ﬁéﬁﬁyfﬂé&é}'tﬂgréﬂmrzgé)%tthg 4t he

retaining ring configuration 400b of Figure 413, the retaining rin of
the waf ervaiessdse0Byiadjusting the rerignsigthanderetrigsion of icriictaining riggsM408 apfl 410 @s

pl aten 408, : efali [,1Ng,.CONnf | i gn_400b il lustyat.es how
t he enbodi%trlréé?ﬁ gfqég t%gAparngs‘{eBgtﬂqﬁ %\glé’ﬁ ilgtr‘i= a?ir&%\ecvr%ek;elgéedg? r&" S%ﬁ%lba 13? TRE the
edge of t [mmpmatdiedge PaformahieniyringtheiONP grocessg 404 and extendi ng 30 retaining
ring 410 positions the polishing belt 412 closer to the edge of the wafer

406, thus 20 Jyne 2005 8 i.ngreasin h mount .of force appljed agai.nst the
wafer odge frolme B utt S5 SR ACEMTRSY Bre e e BREes Rer B Bhg e o
f t he wafdafingla CMPCSeERigH QBihY Yhel ddfiveerRBaRing fifys! 8 ABd6Alante Ritle aifbmbd¥eme@F €1

edge. By adjusting the extensiaon and retraction of the retaining rings 404

and 410 adhe EFRSHHIYERLieR. o ehowndn heaeraph, 5094 the rempyalante phibe edge of the Wedtreen edge
can be comgroll ﬁﬁ,r@hxh%r}glaﬁ&s%rmé aldRt BRI SETRAE ﬁ\oﬂg qe%m%@f .
0 renova ale as a uncti1 on

process. Figure S5 is a grap show ng the
of wafl@r dbssiisiagesulichfrdongollingtife cdpe remdvalnratesvia ghet letairdng fings. rAt aresuloghe i Ngs,

i n accordanece wi th an enbadi nent, of e present jnvention.. As sho in the
graph 500," a?eﬁ(g&\éeg AOVa® %maatngtﬂﬁee“sé{d’gg”b@ CRRET I\’ﬁﬁt:’élﬂ'ec‘ﬁﬁgr e ﬁﬁﬁg’%ﬁ%
uni f or m r @esetibadebelov.t he renoval rate at other positions along the wafer

surface. 10 This is a result of controlling the edge renoval rate via the
retaining ring .a res

. |t, .the wafer es. are.nore uniformand the
T er 0 Ponk JEignED B alBRE e S A i it e aeorance during a
CMP process, in accordance with an embodiment of the present invention. Preprocess
15  operations are performed in a preprocess operation 602. Preprocess operations include
cleaning the wafer in a cleaning station and other preprocess operations that will be apparent to

those skilled in the art.

In a removal rate reduction operation 604, the wafer head retaining ring is extended and
the platen retaining ring is retracted. Operation 604 is used to reduce the removal rate at the
20  edge of the wafer. As previously mentioned, extending the Waf'er head retaining ring and
retracting the platen retaining ring positions the polishing belt away from the edge of the wafer,
thus reducing the amount of force applied against the wafer edge from the polishing belt. The
reduced force at the edge of the wafer consequently reduces the removal rate at the wafer edge.
In addition, the reduced removal rate at the wafer edge protects lowK copper peel at the edge of
25  the wafer from peeling.

Next, in operation 606, the platen retaining ring is slowly extended, while the wafer
head retaining ring is slowly retracted. Operation 606 increases the removal rate at the edge of
the wafer. Retracting the wafer head retaining ring and extending platen retaining ring
po'sitions the polishing belt closer to the edge of the wafer, thus increasing the amount of force

30  applied against the wafer edge from the polishing belt. The increased force at the edge of the



descri bed below. Figure 6 is a flowhart showi ng a nethod 680Juner20Pdpr ovi ng
edge performance during a OCM process, in accordance wth an enbodi nent of
the present invention. Preprocess 15 operations are perforned in a
preprocess operation 602. Preprocess operations include cleaning the wafer
in a cleaning station and ot her preprocgss operations that will be apparent
to those skilled in the art. In a renoval rate reduction operation 604,

the wafer head retaining ring is extended and _the platen retaining ring is
r et r act ed. Wi espnseRuantly durreages the gerpqyal @R atdhe Waler edgsy dn opgrpidonse06; the wafsr e dge

of the waf . : 'Eé{%gl LG t S eHn r LAl Ng
ring and era%%lﬁé%{%lggl? e pllé%tmétﬁg#’et al %ib%’ ri ngggcl)é?lt%}vonsﬁ?ﬁiggpo eirglﬁ?ér(]% bel t
away fr omrsthe Thidegios the lceppen famqval atbrsedge dfithie regpfer vathaneduced rigk of peekimg thppl i ed
agai nst the wafer edge fromthe polishing belt. The reduced force at the
edge of tf8PREfer consequently reduces the renpval rate at the wafer edge.
In addition, the reduced renoval rate at the wafer edge protects | owK

copper speel at Théevaddgieeadfretaitiing Hag \wad dhe blatem praling) ging Nex bothi retragpel; dh i on
606, the platen retaining r.i s .slowy extended, | Le the fer_ head
et ai ni g PPAGP &0% gt abnite e BETiOR 008 defet BRSHEE e RS,
rate at tRgn 86 dSunlusing FaxuPfHiRe CHP! fracekded d I ABuldBE Hoted SR altBdih HixBd ring N9
and ext endi r]giwg aten retaining ring positions the polishing belt closer to
t he edge @olisiing mavides lowdgtect seoeraten, Hig provessonntnl pdyintagey previdel byjihe atiye

agai nst t g'-%f EP% |.i.s.hj |1 L nc S t he
edge of thr}e g?[? gg%f)é{egéﬂtwa ertpo% r@gg{}gﬁ ﬁ;gqaﬁ%gg%%rgs%éﬁg(éngéa eﬁ%t e at
t he walfder of dgepresent iopatiab preferfily utcimthvad artive edageing sing hechmiged, agtliycussdanl ed

to the polishjn | t esujting in. a,slowr of, .t he ed enoval rate.
Thi s beo: 11BSPHER A0S i Sdie R A F XS ing Biggt % ARRE B PEF AL ecuced 11 ok
of peeling the copper. 5 The wafer head retaining ring and the pl aten
retaining ringPasteprbessh operhti@Bt &€l peirformed in operation 610. Post process operations

include completing the CMP process and other post process operations that will be apparent to
those skilled in the art. Advantageously, having the active retaining ring on the platen provides
15  precise positional control allowing the reference height of the active retaining ring on the wafer
head to be set. This allows precise engineering of both the pad shape and the pad interaction
with the wafer. In addition, the lower retaining ring can be fixed in position by shimming the
lower retaining ring to the correct height, thus allowing the lower retaining ring to be an active

or passive positional control.

20 Figure 7 is a diagram showing a detailed active retaining ring configuration 700, in
accordance with an embodiment of the present invention. The active retaining ring
configuration 700 includes a platen 408 and an active retaining ring 410 disposed above the
platen 408. Disposed between the active retaining ring 410 and the platen 408 is an inflatable
bladder 706. Preferably, the retaining ring 410 should have a width W g, and height H 74,

25  which allow the retaining ring 410 to operate properly with the retaining ring on the wafer head
to provide positional control for the polishing belt.

In one embodiment the W+, ranges between about 0.5 inches and about 2 inches, and
most preferably about 1.0 inch. In addition, the height Hyy4 ranges between about 0.5 inches
and about 1 inch, and most preferably about 0.8 inches.



operation 608. Retracting both retaining rings provides a |dW/uWeRoe:
finishing to the wafer, as can be found using "fixed ring" CMP processes.
It should be noted that although fixed ring polishing provides | ow defect
generation, the process control advantages provided by the active
retaining rings of the present inventi orioprovi de nore desirable wafers.
Thus, the enbodinents 10 of the present “invention preferably use both an

active retaining ri t.e | que, . as discyssed in operations 604 and 606,
and a fixed ri nghftla %ﬁ.‘rlaﬁg&ﬂgﬁﬁ%&s’égé@iyar%ta#}eaﬁmewnnedé@ tojpugh thes

oper ations r@ﬁiﬁin%‘?/fg&qﬂﬁ%vdafh, B Alch@lg WLretBR ikl QAESH PRELRE in%ﬁ% P’,@C' ude

conpl eting the rocess and ot her post process” operations that be
appar ent t énflatahly: kit 706echnibe defleted pllowinglthemetaigivg uiigyt 10 Hefalhdpwiivarda divsv e

retaining ting. -pl at.en vi des 15. preci se position ont r

al | owi ng t#gqu%'%glrj éeﬁegaéﬁﬁg%lg%# R%?In taﬁe 5%%‘@9%3@??’% ﬁ’ﬁ Wf%%ﬁeoﬁa‘{bﬁ'é?%%r

head t 05be beeplacedysa gibdoelstrip mxtirSe poRige Dpwird Bl dwnhatdprékGreRathe sitapmgand
ion wWith the wafer. tion, the lower retaining ring

t he pad inter I n addi
can be | xEGE R0 JOSEHPHE S CHI AR feieHen of ionien B ALPVER B chowhdn
correct heiffhtabletbidderdtr pRsbdInid ¥Roto PR alsh Bk ﬁéeﬁ!t&‘ﬁro(ri'ci@%t&:%j&%ﬁ?eﬁ%@ﬁdnl"tg q or

passi ve positional control. 20 Figure 7 is a diagram show ng a detal
active r et Heaetpigingiring of hatwafrnheadiasivell00, in  accordance with an enbodi nent
of the present invention. The active retaining ring configuration 700

i ncludes a pl atgp,4QS; Q%&i&%&’@ﬁﬁ@k%ﬂﬁéﬁ#&l@%ﬂ% 1%%&;%%9%1%29 %’ﬁgt he

pl aten 408. D sposed be n the active ret ing rin ten
408 islén amfhbedubens of theapidwnt N@GtioRr dfsquaridugly mdntiomed; thievtaiingi ring 4 0GFf

shoul d hav gt h W and hei ght. H7Q4, . 25 ich allowthe retaining ring
210" to operis atibiiat oo i oh S i Prd GRoBrRAILS plaiaoR
provi de posses iaf il beaiy tooduppét tHehpliftohd pdil di@inpal CMP IploRie WHBP diddan tthik he
W02 ranges between about 0.5 inches and about 2 inches, and nost

pr ef er abl yMaBsTtOne cmbpdipent qfitheprasent imention wses air glots §40ppsitianrdeastosee widsh

about 0.5 bii88sive dAlnAR oM 430.1 T bir MO HowRhELiPloPRboVachROUe raiftink AP S
15 410 so that the air bearing can be maintained at a proper level. The platen retaining ring can

have more than one method of activation, such as using a bladder, manual shimming or
adjusting, and the retaining ring can also have a guiding mechanism to control the deflection
moment of the retaining ring,

In a further embodiment, air holes 802 are provided on top of the retaining ring 410.

20 The air holes 802 effectively extend the air bearing generated by the platen 408 over the width

of the retaining ring 410. This allows for increased flexibility in the CMP process and reduces

wear on the retaining ring 410 from the polishing pad. Flexibility is increased by allowing

varying air pressures along the circumference of the retaining ring 410 to allow for precise

force application along the wafer edge. To provide addition protection from wear to the platen

25 408 and retaining ring 410, a sacrificial material can be positioned between the platen and the

polishing belt. The sacrificial material is preferably fed roll to roll over the platen 408, as

described in related U.S. Patent Application No. 09747,844, entitled “PIEZOELECTRIC
PLATEN DESIGN FOR IMPROVING PERFORMANCE IN CMP APPLICATIONS”,

Although the foregoing invention has been described in some detail for purposes of
30 clarity of understanding, it will be apparent that certain changes and modifications may be

practiced within the scope of the appended claims. Accordingly, the present embodiments are



The inflatable bl adder 706 is used to apply pressure to the2dBmngi2APhg ring
410 to push the retaining ring 410 upward, thus extending the retaining
ring 410. In a simlar manner, the inflatable bladder 706 can be defl ated
allowing the retaining ring 410 to fall downward, thus retracting the
retaining ring 410. In an alternative egbodi ment, the inflatable bladder
706 can 5 be replaced by a piezoelectric*notor to provide upward and

downward pressure to the retaining ring 410, thus allow ng extension and
retracti onfode cpnudered a5 HusiRgLivg #ng. nohrestistiyé: and the divswiion iamot foriel linited|te the

bl add li - : . ' ' d
Cetracti orras Gika e Tuf Rl o WA R A Bl P LENGiF SRR o

per spect i vdaisew of the retaining ring 410 of the platen, in accordance
with 10 an enbodi ment of the present invention. As previously nmentioned,

t he ret ai ntVhe is chagnellli® of t he enbodi nents of the present invention often is
used in conjunction with a platen 408 that uses an air bearing to support
t he pol shing pad during a CWP process. Wien used in this nanner, one
enbodi ment of the present invention uses air slots 800 positioned across a
width of the active retaining ring 410. The air slots 800 allow the air to
pass across the retaining ring 15 410 so that the air bearing can be

mai ntai ned at a proper level. The platen retaining ring can have nore than
one nethod of activation, such as using a bl adder, manual shimm ng or
adjusting, and the retaining ring can al so have a gui di ng nechanismto
control the deflection nonent of the retaining ring. In a further

enbodi ment, air holes 802 are provided on top of the retaining ring 410.

20 The air holes 802 effectively extend the air bearing generated by the

pl aten 408 over the width of the retaining ring 410. This allows for
increased flexibility in the CMP process and reduces wear on the retaining
ring 410 fromthe polishing pad. Flexibility is increased by allow ng
varying air pressures along the circunference of the retaining ring 410 to
allow for precise force application along the wafer edge. To provide
addition protection fromwear to the platen 25 408 and retaining ring 410,
a sacrificial material can be positioned between the platen and the
polishing belt. The sacrificial material is preferably fed roll to rol

over the platen 408, as



described in related U.S. Patent Application No. 09747, 844, 2%fnetd08y

"Pl EZCELECTRI C PLATEN DESI GN FOR | MPROVI NG PERFORMANCE | N CWP

APPLI CATI ONS". Al though the foregoing invention has been described in sone
detail for purposes of 30 clarity of understanding, it will be apparent
that certain changes and nodifications BY be practiced within the scope of
t he appended cl ains. Accordingly, the present enbodi nents are 20 June 2005
11 to be considered as illustrative and not restrictive, and the invention
is not to be limted to the details given herein, but may be nodified

wi thin the scope and equival ents of tig.gasxended clains. Wiat is clained
is: 5 20 June 2005 12 CLAIMS 5 1. A systemtor inproving edge perfornance
in a chem cal nechanjcal polishing process, conprising: a wafer head

di sposed above & waffsystenhfrimprvingedee nerfommenca i p chemiga teghanicst polishing ri ng
capabl e of ,extenyiPRsiapd retraction; a polishing belt disposed bel ow the
waf er head; and 10 a praten disposed bel ow the polishing belt, the platen
having a second active retaining ring capable of extension and retraction,
wherei n the fir&walgehdad dispesediabdveg wifergtharafar headderiopd firdattiveaetaiaingirinigng
ring can b t rovide positional control for the polishing
belt. 2. A?%%g@égggéﬁggégggﬁ%gﬁgtlainll, wherein the first active retaining
ring is extended 15 and the second active retaining ring is retracted to
decr ease t he renpntizhing heledisposedizelendthe vaifer hbat; andaf er .

10 a platen disposed below the polishing belt, the platen having a second active retaining
ring capable of extension and retraction, wherein the first active retaining ring and the second

active retaining ring can be controlled to provide positional control for the polishing belt.

2. A system as recited in claim 1, wherein the first active retaining ring is extended

15 and the second active retaining ring is retracted to decrease the removal rate at the edge of the

wafer.

3. A system as recited in claim 2, wherein the first active retaining ring is retracted

and the second active retaining ring is extended to increase the removal rate at the edge of the

20  wafer.

4. A system as recited in claim 1, further comprising a bladder disposed between
the second retaining ring and the platen, the bladder being capable of adjusting a position of the

second retaining ring.

25



3. Asystemas recited in claim2, wherein the first active2?&%0g ring
is retracted and the second active retaining ring is extended to increase
the renoval rate at the edge of the 20 wafer. 4. A systemas recited in
claim1, further conprising a bl adder di sposed between the second
retaining ring and the platen, the bIaddgg bei ng capabl e of adjusting a
position of the second retaining ring. 25 20 June 2005 13 5. A system as
recited in claiml1, further conprising a piezoelectric notor disposed

bet ween the second retaining ring and the platen, the piezoelectric notor
being 5 capable of adjusting a position of the second retaining ring. 6. A
system as recitéd i nAclyderh as resiied di relaimel,s fictberdcanpirising 4 qii@beleonic Mot

i ncl udes ' ' e, .whereipn cushion of air is .

i nt i ned ‘DB waan St df Shiond FRRRRE ol SO I® B e Sfvediedtis mefie g ng
during & chepebkalf adiestingaipogitiorpel thestch@ rplaaRshg. 10 7. A system as recited
inclaiml, further conprising a sacrificial material disposed between the
pl aten and the polishing belt, wherein the sacrificial material reduces
wear on the platen and the second active retaining ring. 15 8. A system as
recited in claim1, wherein the second active retaining ring includes

sl ots positioned acrdsgtemn airdéited of clhite], SARAAMKhESobMBackif RtaMifPrifd Audes

wherein th Iq s .are capable of allow ng the passage of air across the
second act ?19%8 PR THRps qgﬁd)_vherem a cushion of air is maintained between a polishing belt and

the second active retaining ring during a chemical mechanical polishing process.

10
7. A system as recited in claim 1, further comprising a sacrificial material disposed
between the platen and the polishing belt, wherein the sacrificial material reduces wear on the
platen and the second active retaining ring.
15 8. A system as recited in claim 1, wherein the second active retaining ring includes

slots positioned across a width of the second active retaining ring, wherein the slots are capable

of allowing the passage of air across the second active retaining ring,



