- e3eml9j 445%$6t 76868T491 g3 1 Description 01 FEB 2005 Retaining ring for

-chem cal - mechani'cal polishing head, poli- shing apparatus, slurry cycle

system and present invention relates to an apparatus and to a
nmet hod far mﬁgmm@@wmﬂ@mFeniconductor waf ers and, nore particul arl to
cheni cal - me i shing (CWP) . 10 Chenical-nechanaibthﬁoﬂﬁ&hing
(CWP) renoves nif%hal fromthe top |ayer of a wafer in the production of
ultra-high density integrated circuits (instead of "polishing",
"planarizgggggi Eg | so used). Oten, the top layer is an oxide film(e.

g., silicon Riras , but other materials can also be renoved. In 15 a
typical. CMP process, the top |layer of the wafer is exposed to an abrasive
medi um un ol G2k ARE - svel-oci ty, .and tenperatuye
conditionge%%%ﬂgg t?gﬁ |%§§?;SIvéc%éd§%£ﬁ%§%§%%SQQﬁ%%p¥ﬁﬁLH$%§S:%H u
polishingsbéﬂg.aEBaTH§u§huﬁﬁ%E¥M Gicdes syshemal land ewitdiod smal |, abrasi ve
partides (e. g., silicon dioxide for oxide polishing) arid :
chem cal | Ereactive subst ances %g g., pot assi um hydr oxi de for oxide

pol i shi ng? © BECFRBCIAVERLAGTD AR 35RE §onénaPPPaFadVE andiEarmiandtiod a
re- lativéby Pabpisatihgr sahisvaduasol aefepel wudet A ﬂég?é%ﬂgShing
pads may S i n si,ve.particles. T when t he "pad and/or “t'he

waf er nnvgé g?%ﬁﬂéggp@%?B?81§81e§8h18 ﬁ&ﬁ,(ﬁéggrial is removed fromthe top
| ayer mechani cally by the abrasive particles in the pad and/or slurry, and

chemiigal | ynbysdle. ) i 9 rr, n co titive
seniconductorli%gugggg%ﬁ?%é%sﬂaggnggge(?§P25?gﬁgxﬁﬁiggﬁfﬁ&aﬁuﬁﬁgwl5@e

def ect i ve*PR }ﬂ%%?r%ﬁ i vatprsinntBachradretion oflulER20AFH dEmeriefor e,
CVP nust Donsdysd ead | yia6di egCcyi AEeLYaPELAUES] 2gHRhERT Mk Qla%%riz%l&f age of
the top |layer, because, it ks, for exangle, I nportant to accuratel’y focus the
i mge of AR YBEEhr nRTFRR T UFERFOP abRYent i 8naBt epddeafilmdedansity of
in S egrat et an rd:m;t:isdéshprlﬁaﬁesthét et of 18l NeARSEALY ba Refuiake! wof Ocus
the geiti e gircuit pattern_to better than, a tolerance
of ag%ro;?Q!téﬁ%ggnngﬁﬁﬁg%e%%tegh?pEWP.féﬁe?o%Ethﬁ YREST FBUPKPREEEer ns
to such $ifalan iHieasivesiedibmevender scartyotléd i chémivhtn phesdugkance

bet twha dd | e L S | f |
bocause the C.{do%ﬂf)’%ﬁéﬁ%%ﬁ@? : AN oM | CEnlnt IEnUT ShreRILES

appl i cat M5 T i Wlurkonrestyhoot hehiny | pafisg ref erences are
useful: Unites States Patents 5,205,082 (Shendon et a7,), 5,533,924

Str e : ' ‘
(Strogpe ol @1ﬁ&ry solutions generally contain emall, abrasive par-
ticles (e.g., gilicon dioxide for oxide pelishing) and chemi-

cally-reactive substances (e.g., potassium hydroxide for Oxi-
de polisghing).

28  The polishing pade are generally planar pads made from a re-
latively porous material such as blown polyurethane, and the
polishing pads may also contain abrasive particleg.

Thug, when the pad and/or the wafer moves with respect to

30 each other, material is removed from the top layer mechani-
cally by the abragive particles in the pad and/or slurry, and
chemically by the chemicals in the sliurry.

In the competitive semiconductor industry, it is desirable to
35 wminimize the number of defective or impaired circuits on each
wafer.
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5, 571, 044 (Bolandi et al.,) , 5, 624, 299 (Shendon) , 5, 635, 083

(Breivogel et al:), 5,6643,057. (Jackson et al.), 5,664,988 20 (Stroupe et

al.) , 5 664, 990 (Adans et al. ) , 5, 700, 180 (Sandhu ety flFgg %05 O
707, 492 (Stager et al . ) ,5, 755, 614 (Adans et al . ) , 5,762,539
(Nakashi ba et al.), 5, 7&2,544 (Zuniga et al.), 5,795,215 (CGutbri e)
5,803, 799 (Vol odarsky et al.), 5,857,899 Vol odarsky et al.), 5, 868, 896
(ROoi nson et al.), 5,879,226 25 (Robi nson 5,882,2a3 (Das et al,),

5, 948, 20ghédafecty eMPah\u)s,t 5o&aasaeata%a&detao@uﬁat&;ﬂ :ofiid Nagahar a et
al.), 6,012,954 (A‘é151 )a f“%g is Egro earllD and PCT docunents EP O
548 846 Bt*tShBndB Ie’?r Pur)f CeEB 0k%® BRYRN PSRRI, 0 599
299 Bl (&kampia, eimabrkanEPtd a&&uamew Abcp¥oltthar slyacet ol cidewnd WO

99/ 58297 t th
oresont PAVGHETontPollFsiETe CoRE AL GPPEsRs Pire IS S pibcess
duri g ckegrabednethanical ipokeslieng ot le. gfteaeme@mananyortomaafma—% The
bj I I

obj ect |gebpl ¥50ubaEnd &%%e&eamga&h@ﬂsiegeee%' Lol 08 A0 Hadilad to

chem cal - mechani cal polis appar at us
racterlﬂ@ﬂt%?ra?¥5§h6p5816F6§§ﬂs@§tPEﬁr0§émétﬁﬁNgoh§¢|ﬁgQEw oftter wal | and
an inner(paj | that enclose a partially open chanber adapted to apply a
pressurised fluid to a polishing pad of said apparatus. 5 In other words,
the retaining ring (for carrier head that polishes wafer) conprises
geneéral | joews tmguthe Obdguntt hastibshantbabliyhUsshafiedolerestessChione- an

L h f
e i T g g R S e e B
waf er edffeaplyy paenhesndntbal Spnfashl 0§ bppawafes mameﬁohe@hus@ pad

and pol ighd Nghepgyett QuEELLYVEVWREET 1A er 15 agai nst pad) has
retaining ri ngﬂﬂto e?]gage wth hsead anlé ?gogﬁ%? Eggw\%fgfer. Ri ng has an open

chanber to distribute pressurized slurry to pad and to periphery of wafer.
A pabi stiayy tteadampiprastsnacfafier sH@Po6Ei pgisyr haeedandgas?0thet ai ni ng

erai i reblig 10 SURRGE 109 SRERGET boiEfe) bhRkeR LB R R Rl curace
faci ng the Waftd2 b(Bhepderdet 02t hk, p2dS3d, 824t (Bbubupsl etrplifto a

cl earanag ef -oMeefpdNengpier and) the éﬁ‘ﬂeﬁ?@“rgﬁ&ﬁdoé mstshggﬁf gg40perating
chem cal ol | Shl%ﬂ apparatus co r| ses ol I'ow aci ng waf er

on pad, rflouhti hg Swef €t 082 t heaeksannehgali hy; 5aﬁ§4aB§By| ng
Zgu?gxeﬁﬁg&kﬁfr@mi VSOH;M g@%ﬁgmﬂrg?r%ilgaio) Padf apd &Qosﬁgaﬁdﬂﬁt ween
advant ageé:sa;ln aﬁs’% oy % te "fr%m)cﬁegdiﬁéinﬁéﬁt ?ﬁﬁéi“ﬁsetSBl The
i nvent i &n 63,1535 (dmkmhlbujeatstmbd) bys I eé By eacd Zunigabed maNts taken in
conj uncty oy AGRATRANY NG B WS, (WELEL Psky et al.), 5,857,899
(Volodarsky et al.), 5,868,896 (Robinson et al.), 5,879,226
25 (Robinson), &,882,243 (Das et al,), 5,948,204 (Maveety et
al.), 5,993,302 (Chen et al.), 6,004,193 (Nagahara et al.),
6,012,964 (Arai et al.); as well ag European and PCT docu-
ments EP Q 548 846 Bl (Shendon et al.), EP 0 589 433 Bl (Hi-
- rose et al.), EP 0 599 299 Rl (Okumura et al,), EP 0 786 310
30 Al (Velodarsky et al.) and WO 99/58297 (Perlov et al.).

It 18 therefore a primary objedtive of the present invention

te improve the uniformity of the planarization process during

chemical-mechanical polishing of ,e.g., semiconductor wafers.
LI

The object is solved by a retaining ring for encireling a wa-

fer in a chemical-mechanical polishing apparatus being cha-



01 FEB 2005 4 FIG 1AB illustrates a sinplified side view of a
-chem cal nechani cal polishing (CMP) nachine according to the present

| nvention, the machine having a platen, a polishing head with 5 a retaining
ring and a resilient nmenber, as weld, as a polishing pad w q ﬁgyr&¥; ~1G
2AB illustrates sinplified top and sides views of a wafer In & op

| ayer to be polished; 10 FzG 3 illustrates_a sinplified plot of top | ayer
t hi ckness versus coordinate X - after polis%ing FAG 4 iIIustrates - during

l'i shi lif
gfogg gggtlona V|emﬁéﬁq% #g %iéé%a%eg%%ogpc%ﬁég Bﬂa éPgIﬁan
ring; ~'|@utey Waldt raatéesan mnemgnqabl |@tﬂhgencbmm|arppamamehiyb§upan

sinplifi edrantheRaiddsdtdd 455 50ty %%ré@&ﬂ: ad h@lv}t(‘%ﬁeﬁo ;hﬁ P; 084t he
e ? | nvengl on,;

resilient nber a a retalnlng rlng accordi-ng to prese
FAG ~ il P SRRAGFEWRY top view of the retaining ring according to
t he present Inventlon z5 FzG 7 illustrates a sinplified block di agram of

a slurry cl st em Usi t he retallln r|n accordi to the present
znvent i on%%?;g%ﬁeé C% ursg’reatreest‘E’al gﬁgﬁl h%‘?“év\Fg?ttH@'

r et ai nai ngisheg Mafeag &qmprﬁaﬁs\gddenankytiﬂrﬁﬁnwﬁaﬁ Hopgy With Qu%—

il lustrat Rt ectiaonal. vi.ew of the re- ring having a
chanber Sﬁﬁﬁt&%&}mg %rq%%’zerdflé:t Ve e an SHger Oiuféﬁzgoo%qfao'ﬁﬁ | 0

i | | ust r at 88rfageeanty emaysicow @wuwﬁanwﬂhﬁrauqfaaaq;thduEMEf%meenaheve
| overygur F@éasua%b%dv 52N rYS @ 1SR A Ry ﬁiéﬁ#ﬁz%ﬁt M XYZ pe W%Eéé

speC|5 filed, otherw se, the X~aXis goes ri ght I S goes
edge

A chemical-mechanical polishing apparatus with polishing pad
and polishing head, (to receive wafer and to hold wafer

15 against pad) has retaining ring to engage with head and to
surround wafer. Ring has an open chamber to distribute pres-
surized slurry to pad and to periphery of wafer.

A polishing head comprises a wafer supporting surface‘and a
20 retaining ring engaged with the supporting surface to retain
the wafer in place. The retaining ring is shaped such as to
carry slurry and has an inner surface facing the wafer but
spaced to the pad to distribute slurry into a clearance bet-
 ween the wafer and the inner surface.
25
A method for operating chemical polishing apparatus comprises
the following steps: placing wafer on pad, thereby surroun-
ding wafexr by the retaining ring; and applying slurry through
. a chamber within retaining ring to pad and to space between
30 inner diameter surface of ring and periphery of wafer.

Further advantages and aspects are evident from the dependent
claims.

35 The invention will be better understood by reference to embo-
diments taken in conjunction with accompanying drawings,
wherein



t he ‘page, and the Z-axis goes up (right-handrule). The terms "up" and
"down" are conveni ent synonyns to indicate positive and negative direction
senses al ong the Z-aXZS, respectively. 10 Wiere conveni ent, sone views al so
use polar coordinate system QV with radius Q and angle V. FoB1pthk§hd¥es of
expl anation, the origin of both systens is defined as the center of the
wafer at the top layer. A systemtransformation can be acconplished using
wel | -known relations (e. g., Pytha ~5 goras, theorem sane or cosine
functians). The term"wafer” stands collectively for any planar work piece
having a top |ayer to be polished, 20 Preferably, the work-piece is a

sem condu r. ver, it is recognized that the polishing technique
accor di ng(%tfog't \é@%rlejsg%@ﬁﬁ/%%t? o%“E%fll, %g%d appiie c¥iey afwer khgméealmot

limi teld 5 anezc hegami aeln cort beh ivag _efCM{B)ugﬂa@lsiﬁ@ @c@@f@w fﬂﬁé sb?%heaphsgg@g@ f
crysta I : . {1 pt, 1 ndl ces e "W or “wafer" and "R for
"ring". A%ﬁéﬁ%ﬁf@f%ﬁﬁ%ﬁlég BRI R ﬁaqm' ehdPot *ERengpbens wathon.
30 FIG 1A~ habaistiral asing simbla fressh i e anemibe EVPa sewdl Dead 03 ?e,ggr.di ng

to the presgl ipggam-itqp £ sing platen 120 . (or "turn table’
pol i shi ng head 100 (olr "waf er 3t:'arrier, ri ghtgoi ng hatching} with retaining

ring 200/ 300 (Il eft-going hatching), as well as polishing pad 140 with
slurry 14#IG35 ZHB tNA vsdeonda gs il 167 008 &SP Rl $1 3001 303 of - “hiice’
used V‘he”h%}?;fi%gi ng to.a ret inibgﬁg ri n,gsrba%ordi ng to the pre 0% § 005
sent inventione Detar sl e 359p| heistis nnection with ~'zGS. 5-7.
AccorB¥ng to the present invention, ring 30Q has an U shape profile
(preferab ity i i C) ..+ 00, has ,outer_and inner walls (cf.
A |1§)1%t§')r%££%t§# ?élgﬂé’gqpéﬁq HIRF GorF S gl gkResed to
apply pre¥&ifUSegoprdiigatsr & er alfitersipalryghite ;pad 140, Reference nuneral s
200, 201 etc, are used when referring to a conventional retaining ring (cf.
FzG 4). EI éG 1'ilél ustra Zo tes ring 200 only by an auxiliary view an the
| eft 'si de"oF  FRGLIBSERAESRoul FurdpradeLimding vsmyratirormntied i edg80et 1 n

FI G 1A Beoal by, adsivplasiedblydl 9 rtakat esoplsdlerth2has x}m&fcgf%e 15 gy
y arrow 2.

arrow 1, ci c s_platen 120 _back and for,th .as |indieted

Head 100 ﬁ%gé é gk%egéﬁt 8(911,(1 %r ggwpgggpﬁg cZPERINLING: T4 fat or assenbly 192
may be attached to wafer carrier 200 to im20 part axial. and rotational
motion, agrgndscaledsPyzaLLOWS =- axt 4, respectively. fer 150
is attached. &o resi igi eﬁ't é%enbgrér%.§§4ﬁ?g§%g}fg,g a Bak B\?&'C?‘ﬁ"f’%ntp% t% oned
bet ween WatEPliEdednandoRartialf GEessssepsionahendet00f Mimnavafeholtthanaf er

150 a0 hepsd10Bheesaselabhy ferbes ghangi pgt Pﬁ&ﬁoﬁﬁﬁn%&?ﬁﬁng;@ are

t enpor ar i vacuumto.the wafer, are wel
thereforeé%%fﬁg%%ﬁﬂgfﬁgvgfl PFCit’y. Menber 134 prevents that head. 100

directly touches backside 152 of wafer 150. 30
FIG, € illustrates a simplified top view of the retaining
. ring according to the present Invention;
25
FIG. 7 illustrates a simplified block diagram of a glurry cy-

cle system using the retaining ring aceording to the present
Invention; .

30  FIG. 8 illustrates a partial crogss-zectional view of the re-
taining ring having a chamber with an alternative shape;

FIG. 9 illustrates a partial cross-sectional view of the re-

taining ring having a chamber with a further alternative sgha-
35 pe; and



"sharp increase in |ayer thickness

By surrounding wafer 150, retaining ring 200/300 keeps wafer 150 bel ow head

+100. ~,ing 200/ 300 has an overall width B defined as the di stance between

i nner annul ar surface 201/301 and outer annul ar surface 202/ 302. Ring 200
t ouches pad 140 35 by lower surface 205. 01 FEB 2005 AccB8Addf&d 20 one
aspect of the invention details below, ring 300 touches pad 240 by a | ower
surface 304 (cf. FIG 5) that is, as conparged to surface 205, (a) smaller
and (b) located nore distant fromwafer 150. 5 1n the operation of CWP
machi ne 181G.wabed11%@ tiratpesiat ivtilé?ﬁ thane aywas© t;/né hhrémﬁgﬂgrriﬁéd
agai nst . L.shin As_waf er 0 noves, polishing pad 140 an
slurry z4§9%én§ eg&gggw%éngr&ﬁﬂegngr %210 Since the inner dianeter in
surface 201/301 of ring 200/300 is slightly larger (e.g., by 0....2Q mni

meters ( r S Lhe I 't%ngﬁgg : , , 136
("cl eas{ea%gzcgiﬁgg\&gg% F{iﬁ\;‘g%égéﬁgg%g?&n\%a% piﬁm% ? ?8 s: An
unwanted +R&lra *FagF I9&S I ‘herhie| St dIPes oWt R~. ng
300 i s pregse paddl by .ari sadiydgt o iy Tdne S

appl i ed by ri'%aggéqatg %33 Ta0 e ?ﬁgr%e%? qri% stlﬁfﬁ%?dgs'u%ﬁnﬁﬁ?y
equal | y acPBss®™ SFPmafr8n COPYERiERE SYNGEYEE it et o9kt H®en in

connect i oandi hbgkbévexdizaation eknkk@ alomRenseny Qixiski Idedpedtpraly, art
adj ust the down-force w thout the need, of further explanation herein. 25
FIG 2AB illustrates, in relation to both coordinate systens, sinplified
top (2A) Wherei denyeB)lentewscuk wikes B1S6. wdkf @olEa0 doorsiiovetean t h

peri phery I NAGOoL, M e (i dnt I 1 | and backsi de
I5z In i rerarah OrchTsh S¥R188 o e BHGTe V) ERR BRI EE 300 . T
stands f oP*PhErehieRnesBeoPTEghn| afekokbssystemscis dafsrast ashehai ckness
of wafer tcehfetbetwers wheesUhtagReOtoboPakayer Al 34 raRd hacksi a5 T
is a functionPof %%and V. Ngasuting T ia ongside ,Z- .axis), is well known
known, the*&rPe 3CEPTREFBREI PG, wehdr kPelE 381akicserle 9. .DPYRER 2005
8 ~' 268 Porassttheesen, seipei bredoplint dhintopchayer thickness T (in nana
meters (nn)) versus coordinate x (in mm obtained for a D, ~ = 34Q rnm waf er
after polishing with conventional retaining ring 200 (cf. auxiliary viewin
FIG 1). Thetwerex"sagasl esbands Golleahively Eorzeny psiamearawoms ts can

be_obt ai netedn@viies ¥ 809 18yeAVEaBENGoYiQKEE (he whol e circle. The
T

towafds the wafer periphery is
unwant ed. ' :
20 Preferably, the work-piece is a semiconductor wafer. However,

it is recognized that the polishing technigue according to
the present invention can be applied'to 8 work-piece not 1li-
mited to a semiconductor wafer, such asg to 5 compact digk, a
N liquid crystal display etc.
25 Do

Bubscript indices are "W" for "wafer' and "R" for "xing". A
glossary of Symbols is provided at the end of the specifica-
tion,

30 FIG. 1AB illustrates a simplified diagram of CMP machine 101
according to the present invention comprising platen 120 (or
"turn table"), polishing head 100 (or "wafer carrier", right-
going hatching) with retaining ring 200/300 (left-going hat-~
ching), as well as polishing pad 140 with slurry 144.

5
In the following, feference numerals 300, 301 ... ete. are
used when referring to a retaining ring according to the pre-



person of¥

10 FIG 4 illustrates - during polishing - the unwanted edge effect ("edge

-exclusion") by a sinplified and partial view of wafer 150 (periphery 153,

| ayer 154) , pad 140, and conventional retailing ding 200 (surfaces 201,
202}. FIG 4 is in tended to be an exanple, the edge effect c@h fbE2685s
itself 15 otherw se too. As illustrated, the edge effect causes ripples 149
on pad 140; in, other words, the pad surface | ocally shifts by displacenent
S with respect to the XY plane For exanpl , as indicated in fz() 4, within

02, 254808 ATEISh oMl (408 LA Upch s i g 1 Vel

downwar dsFl@égabirVe Byproaddngesr the penB@mtzamweqmwwn,¢u1ngu3&ﬁrhqs

resses tog,t r er edge ;ef f

gxarrpl e, %n nghgﬁgr Je'é% i é%ﬁ%er@g& Glé r%esul t ng om ﬁ?‘e‘gﬁjeﬁ ative

novenent béﬁm@é eﬁeéédlgﬂnﬁﬁdwﬂﬂéﬁeﬁcfzoF@ ) SFfex Qﬁ&ﬁnitht@aQnﬂQﬁe

di ffersentcpégésyageiamay bbea %ﬁ@mﬁ@‘a} 3%1‘ aaak\‘é@dala@ ﬁipq Wk eiiZeq
p

dlrectlon% é g glnon uni f ﬁlacenent , réssure between
pad 140 ahtidy~PTEERTRELY| ESUREY uﬁPfBP 1#8nce, the material abrasion
beconmes non-uniformtoo; material is better renoved. fromthe periphery

ot kit R ER FlngPRTn Bh0sc 2B ottt IS Vet ofp ER e e B 1

m ght nake erl ery 35%Z0ne
01 FEB 20@509n@ahwnaésretaﬂnangdgengff(e&t. F&G.g4) .dFgM.adeddinsra-

pressure, r n t eti,pher e p lg on the
hard%gss %?nggh€ 308 8212I2 rgﬁcéu%§%%§r¥ 5% g 84 %ggt%%%%e%gﬁgee%;peed
bet ween WRE@r 1%Otaﬁ9 paeldqgepl FF@itbelﬂﬂ yekEREEON @fr FAgSP3I00shitng - an
i nproveneptcbyims.sinplified and partial cross-sectional view of wafer i.50,
pad 7.40, resilient nenber 134 and retaining xing 300 according to the
present invention. The XZ plane is the section plane. Simlar as in the
prior artUsuahly300rhes sgsembapnlparrstuatesepd@leandzoarsadgddcated

ort hggon Y. e 0, ~l.0 r e r haped .and
subs?gntﬁg i i u%f%%élﬁggéggoucgggtggdiég bg?% %%%t%ggFﬁt%%tg prior
art, rlngdﬁga%@® h&sarﬁﬁ@rzannular surface 301 that, preferably, does not
extend to pad 140. Lower surface 303 (substantially orthogo~ nal to 301) is
| ocat ed §%%¥§ d 140 at chanpel "height H arid does not ,touch pad 140,

S

Channel BN DRt AR BEF IS ot 08" ShA2pARY 19BE T 10K | 871 BREPA-
surfaces 3 anee@EBy dbIRhohay obehatPached Dbhesferi ograflarhasochamier 350

SPur ey LpAR, FRAY R e BEEE AT Bot L B e EhEL AT Y U rkolE 3Ll e
used. 25 (%nﬁxﬁﬁkwﬂm@ 4 Flxpspeatboelyl ustrates slurry inlet 371, for

supplying slurry into chanber 350. A slurry outlet (simlar to inlet 371)

is illustraied in 6. Pressurized slurry can be acconpli shed a
%ﬁﬁrl 134 %%ea%ﬁ?Ch?ért%xre%bléﬁ%¢ememh%rp¥%§séﬁegrn Bhgﬁéér 350

i's regul Ekmi:i b&lhn)p bt i S| et den vdféef 15626nd 7 oned Burdaval ve2
ar afrel b S5 1903 “Saaf?“e%oli’%f%wéa 8 FEingrerd Thiccoteetialiv i ng
300 appeailsrlaw ahasyimetwa etk shipedepropl e e thwt ngebpseassBy sppéy wal |
352 and iyituald tad wSEF! Y8 el Mk SursSin a8 S22t 3R RaPALL! ¥nbiLgLt ed

fore not shown for gimplicity. Member 134 prevents that head

. 400 directly touches backside 152 of wafer 150.
30 | _ - :

By surrounding wafer 150, retaining ring 200/300 keeps wafer
150 below head 100. Ring 200/300 has an overall width B de-
fined as the distance between inner annular surxface 201/301
and outer annular surface 202/302. Ring 200 touches pad 140
35 Dby lower surface 205,



01 FEB 2005 10 by surfaces 301 and 302, respectively. The shape of chanber

350 is not inportant; its illustration to be rectangular is provided only

for convenience. 5 By having slurry 144 pressed wi thin chanber 350, slurry
144 propagates through channel 360 into gap 136. Resilient nefrbdrEBlL 25
prevents further propagation of slurry 144. Thereby, the pressure in
chanber 350 is substantially equally distributed also to gap 136. Forces

t hat woul d cause pad bending (ef. 10 FIG 4) are reduced, 'the pressure

across t waf is_made nmore upifgrmby mnimzing ripples tcf. FTIG 4) on
0a 2 shi o e 3SR naroaiF oo FhoronarFSon A6 eRs SpPrdewar T ge
ring 3a?)300 (toychde pad Lo0ching lLower surfaee Geﬂ]-c (s:tﬁr.faqe,‘.Zf@55 it’.mla'tle(G- )1
VS. sur 4 i 5) i e r ista rom,t he: er; an i
gap z36 ialgs’e'p\;gagc"s_s‘%flr;'r}1 %%E/im %ﬁ ?P%?%g%l Q%Qs?ﬁ?rg???mrﬁ& &pd. Qﬁ’%\gg‘:’f e%]si ng
ring 300 eRxréiskpny frempragentlfhvention alleviates the edge effect. '

Usi ngsring 20 300 leads to better uniformty of material renoval throughout

radi us coordinate Q because_local pressure fromwafer 15D to pad 140
becones sUbsthiFRETI1PRPENERImAchbne aliPLs wabeyi AGfele peSikienedabl v,

ring 300 fecavdivaiari apitle ©5p C:@éﬁ@iplsgoa%{&ﬂhéﬂtpwksﬁnbg a8 amg in the
[

range between /10 15 mm Hel ght is preferably; larger an waf er ,
t hi cknes@sG“ﬁﬁle? %mﬁYe?f oﬂ?fbﬂ‘ﬁ%@e?a@ol‘b%cﬁ’égd%}u?rpr efér ¥BIOYE H and
G are relmtad-inl £4bt okdyermti®iin the range between 1.05 to 2. 0. 30 O her
val ugg can al so be used. As nentioned above, an estimation far the

adj ustabl e downforce FR (ring 300 to pad 140) is given. F~ ie one of other
forces: IS ddie gpey i amednriy sumfaount@l 4205 oFf ~ring; 286/doen- f or ce
Fw appl i 6@ tg1riQugh e tdant ém%b bery) .34 act$g f 0/ ax d 140.
Consi deri g% tltie ségry; ce gar ea(s t roub%\ (fflzat e%%h‘ﬁ%%g%%%g {@? 89 surface
304, insid&arés ftg}‘?éfntheblw"’ﬁ:é;' atemele 3HQ, %@e"ﬂméurg%e%?
pressﬂu_res(":g:i,earar@duj' R Hml;ﬁl}.'i}:\[dﬁ’rg I%oo,(,:ao(n %@?ﬁ?f@ﬂ bepﬁé??sysl?ﬁ are
conveni e onsi splu al.ues (s Q : era e

ri ngf%r es%tg&)raé:%PRilns?{nggd‘g‘)r/efﬁacr%eoreefe%ﬁ% ?%laﬁwfgg)s%%%pt%%gﬁ%rgﬁﬁ)}?%%sure
P and t héiggteses dedgve PW that i.s IpRI > IP~ + ~pW . Further, it is
conveni ent when wafer 150 is changed to suck 30 back slurry 144 or to keep
slurry 144 in_chanber 35(;‘,&2%/&%? ow at nospheric pressure. FIG 6 illustrates

a sinpli FiBE 888 vEeR¥6e ¢ 4ty Bo@en: estiveirindt ripwe- fexed pnal
vi ew of Eh@& pressurk/applQ@d Sy-28rd 3wt ?EdM'Mb e SRk af4 sur face
50 (dashed, because hi dden).

301,, put |.ar surface,3 and anmber

As i us%%gﬁgg% r Sé%gﬁF&P%’nﬂg}Veﬁﬁbﬁi NECIAEFr P RS MBS I ry

out| et 3%Reawvmangecdfi hha doghe fYrcel8BagiNemeer contddgilan ivwil e ssmnd

mul tiple ean &l e cpr Q\i , Q-veniently, alternating.n the
order i n?ggti%?%ﬁéé?l ogng(?sgt?agéd%\\/é\nr%%g\? %’%lnr%q‘tl eq‘lnr }&%oaﬁatofa%(fl the
total nulBérdown-Lareeswdttpats the need of further explanation here-

in.

25
FIG. 2AB illustrates, in relation to both coordinate systems,
simplified top (2A) and =ide (2B) views of wafer 150. Wafer
150 ie shown with periphery 153 in both views and top layer
154 (to be polished) and backside 152 in the side view only.

30 Wafer 150 has a diameter Dy (e.g., 300 mm). T stands for the
thickness of top layer 154; and G stands for the thickneaé of
wafer 150 (between the surface of top layer 154 and backside
152). T is a function of Q and V. Measuring T (alongside Z-

axig) is well known In the art. Variations of ¢ are not rele-
35 vant here,



Havi:ng used the terns "annular" and "ring'' is convenient for 25

-expl anati on;: however, it is not required that the geonetry of ring 300

al ways has to keep equal distance to the center. As indicatedghyp ﬁ%@ﬁﬂ
lines 359, ring portions can optionally be sued and shaped to natc th
the particular orientation edge discontinuity shape of a wafer, 30 ~'zG 7
illustrates a sinplified block diagramof slurry cycle systen1375 usi ng
retain~.ne~ ring 300 aCCOrding to the presé@nt invention. Slurry cycle

system 375 Cbngrlses slurry punp 374 and slurry recycle unit 380 that are
coupl ed tBIGkudr §lilHpErages @-74'%1&@&1@1@@? St iodt P laer thdchnessy Ti pe

arr angeneni n 3ddnasSmkbydt r(@kgd. vér@a'h%f ed i latler K fdlqwnmr%ﬂea%écﬁ in
01 FEB 2005 12 dicated by arrgw, sten13£§€alloms reduce the

consunpt | BA¥oR By UF r300 | AMOPREFE WA Ggr B9 H%EﬁSWFBg 898VFH§19PB?r§errom
iPI et 3nltaihdnguiliay 2302 ha<. s_laulsdi)hdgﬁ Iiziéb,-uzt 1en Etx:aanrlel 3:5Dt1maate>4-s parL
of retain i pali.shi ea a cl.e unit es t he
sIurr%ﬁbyéﬁg%% QQUEEQWE%V %hg%n &%,gtﬁgrgﬂt éﬁ%ﬁ% 6% 95§§§R %ﬂ?

(e.g. , \Amhneﬁefhr gbbﬁp:yVde uf@jxuwna‘amggcﬁ‘emv@al $hmmhmdﬁemrcle

TN tor! g Cendcp LAERSEAe 1A A9VEr BH:RARIMCH VduoadRHe MR 4RO 1 N0,

etc. anltaX|ng can optionally be“exten to endpoi nting t i"'shxng
process, FP %%Hnﬁﬁeunw?nﬁégsurlng ion concentratlon in the slurry,
Having the invention inplenented as illustrated and described in,

connecti o th t exe ary enbqdi nent ,of ,FI C~s 7 IS conve nt

not ﬁgbes€ﬁ¥; 4Thg§P8EFg&Fﬁg p H§éﬁ9598hﬁékﬁgﬁlvet@ﬁb&$

illustratésca paeﬁgale&e0331saco|bpah sumpmuﬁﬁedrahm @amylbangiéﬂOoEaV|ng
Chanber 3 t n ha a I 25 _ETC. ustrates
a partlalégc¥%sgsge ?%%§§B%E?é§ﬁ§f ?gy%?nﬁﬁﬁ? % %3&60HaV| Eﬁwﬁ%%r 350
wth a fu?%%@@laFFEﬁha@ngersﬁapéopfdEUrCECGEe¥01F2@p210 Fﬂﬂusﬂréﬁeina Vi ew

from bel oMegled et i Bénanr leszamﬁQQ 3Ry EH?? Si!fé%[:n@%hv%xb%\é%rs Jybage 3D.

Far conveni ence, rin I.n a clrcle"segnment Surface

ovvn m
303 H&s LiheFuiseyt g? rﬁﬁglﬁéﬂﬁFSﬁEEgGYtbﬁa?dgﬁréﬁéﬁﬁﬁl?auﬁéﬁcﬁlﬁﬁée§40
(i.e., H14598d51@up§d21349) Bat waarth@rasrttaaSpaa sbhFeabl tycafl1gl urry

Sl urry 1 oM EharB%r Sen FGeTEPEr St FBnErGPTEs FohbRA AMcRUGHS - TEE nunber N
of channedsa®9Bej sabeind@dpated in FIG, 4, within gap 136, pad 140 mo-
ves upwards (positive §); below wafer 150 at the wafer péri-
20 phery zone (e.g., the outermost 5 to 10 mm), pad 140 moves
downwards (negative 8); and near the center zone, pad 140
uniformly presses to top layer 154 (zexo §).

~ The edge effect can be caused, for example, (i) by forces (in
25 the XY plane) resulting from the relative movement betweaen
head 100 and platen 120 (cf. FIG. 1) and (ii) by the diffe-
rent pressures that ring 200 and wafer 150 apply to pad 140
(z direction).

30 With the non-uniform displacement S, the pressure between pad
140 and layer 154 is also non-uniform. Hence, the material
abrasion becomes non-uniform too; material is better removed~-
from the periphery zone than from center zone (¢f. FIG. 3; or
vice versa). The edge effect might make the wafer periphery

38 zone unsuitable for integrated circuits.



‘intra-channel angle is cal culated as 360*/ N, Preferably, channgl go& are
EE hedo

0 7 FEB 2005 13 3.50 and 500, a preferred value is N = 200. The resulting

(a) arranged radially towards the center of ring 300, ~..e, albh b
dashed lines towards the coordinate 5 origin; or (b) as in FIG 10 with
angle A. In other words, ring 300 of the enbodinent of FIG 5 has chanber
350 that applies slurry 144 (to pad 140) tRBrough channel 360 that is

provi ded a urality ofri portions 10 307 for .touching pad 140 and

f or mi ng aBéFBFgLFFﬁ 8% §g'ﬁr F@g&eleif\féﬂf dRafinel §i50d-2q9MATHY %escﬂﬂ%‘t he

i nventionren dbrasbioabguee,t beripneri @BnkS SYETDI ideedms, Tt amdh®: Wile
the invenijo a es¢rihed.in terns of particular_ structures, those
of skil L o ?Hg §??8§§Pg §§d§§§t&ﬁ§'b§§8d°gﬁ? ERESIEs &F Fakrt Ffer @ t hat
it is notthénteddthveekpeed bativeexawpfes and whal piade fad.! scope of the
inventg on is O properly determ ned by the clainms. List of synmbols used in

the text: 25 Aangl e8w dt hCcl earance di stancedi anet er Ff ace30 Hhei ght Gnaf er
t hi cknessRR@rber 1bivaeratesy -clannosPpl ésbingQeokar imgdicveresa divnat €38
Ri ndex fogimbplgiSpagndi : y all ess’ 002 o 10

' Vpol ar aan% cg%§@iﬂ3§e%?%gggmfg?3%§a$é$£gé%??egﬁgw;%§O§E§F%53§§ha%F%%ian
coor di nat €¥¢ar 88+ aheRboraTREFerifli PP FEEBIDARECKaNGeBOONMEamrding to

net er, degtleeapsesethe YAvVetidn, The XZ plane is the section plane.

10
Similar as in the prior art, ring 300 has outer annular sur-
face 302 and, arranged orthogonally thereto, lower surface
304. BSurface 304 is ring-shaped and substantially flat. Sur-

- face 304 touches pad 140. In contrast to theAprior art, ring

L5 300 has inner annular surface 301 that, preferably, does not
extend to pad 140. Lower surface 303 (substantially orthogo-
nal to 301) is located above pad 1405at channel height H and
does not touch pad 140. Channel 360 is formed between surface
303 and pad 140, | |

20
While lower surfaces 304 and 303 do not touch to each other,
ring 300 has chambexr 350 ("groove") for carrying a pressuri-
zed fluid. Preferably, this fluid is slurry 144, but fluid
that is substantially not being abrasive can also be used.
25

Conveniently, FIG. 5 also illustrates slurry inlet 371 for
supplying slurrxy into chamber 350. A slurry outlet (similar
to inlet 371) is illustrated in FIG. 6. Pressurized slurry
can be accomplished by a person of skill in the art. For ex-

30 ample, the pressure in chamber 350 is regulated by a pump at
~supply line 371 (cf. FIG. 7) and by a valve. Providing inlet
371 and outlet 372 at surface 302 (substantially in parallel
to pad 140) iz also possible.

35 Viewing the cross-section, ring 300 appears as an asymmetric
- U-shaped profile having base 353, outer wall 352 and inner
wall 351 (short wall). Walls 351 and 352 are partly limited



01 FEB 2005 15 Clains: 1. A retaining ring (300) for encircling a wafer

“(150) in a chenical - nechani cal, polishing apparatus (101), said retaining 5

ring (300) characterized by a U shaped Cross-section, said retalhifi® 2006g
(300) having an outer wall E352) and an inner wall (351) wherein said
wal I s enclose a partially open chanber i350) adapted to apply pressurized
fluid (144) to a pol ~. shing pad (z40) of 3&i d apparatus (101) . 7.0 2. The
retainin (300) cor to cl ai er e| d U-sha

Cross-se ﬁi? Hﬂgfr?% g WHEB§%$%FHY%ngt#H§ E368% 8% gﬁ&ﬁhﬁrto
claimi1 wrs@re:sn rest cwgso:fttamd a‘.St@r;EBMtESdJ.Shutdbybélzﬂﬂé):taﬂgu]fae Eet ai ni ng
ring (30 3§§§g i clal wherein when said retaining ring (300) is
used in %go apégfggﬁék§?fns SRRt er wal | (352) touches said polishing
pad and 20 said inner wall (351) allows said pressurized slurry (144) to

propagat &y, %av?}i’g SR N Sedéé”@@)wf‘t? Pr'idéﬂgr&wﬂeg;%%ﬁlﬂ@ﬁgzehh‘me”

sai d retalnln |ng (30 IS I'n sald appar at us d” chanber
(350) apphioRd Jardeh Hine s 36Rnkero 1939) 13 6at Re§1LiaTEcBeBBEYeen a
| over SUQB@C%JJ:(BV@Q)S FHusiidl igRad@d 1ok 354) s Bigry ai 84 pothébeag Pgde(14p) .

6. The retaining rin ordin o cla wher waf er
(150) had 2 SHHEe i %Aﬁxﬁﬁ%aﬁ%aﬁ% Sirh L1 5Bh) SHES LY O BRELBEFFRed as
a di st alncaéstmettwegap(salxs | wercesurdiaoe vécaDde h@éuwl slad maemlimgl t(16851) and

a ol i n erein sai e er,than,th
fh: gjkén)esg%?f QLAIO%Q_,@ f]r “1(cﬁ§g BPIEIS YRS rae‘flé‘?%? ntgh?l‘% £30pF BedBrding to
cl ai m 3, malrer aimd Sghren bsaurctrnemaa:mgmgrirgamges( 300 . iBIGiset) | onspotliapiag at us
AMENDED §H§E[4 01 FEB 2005 15 Claims: 1. Aretaining ring (300) for

encircling a mafer (150) in a chem cal -nmechani cal, polishing apparatus
(101), said retaining 5 ring (300) characterized by a U shaped

Cr oss- seqti @mhe&alw@ﬁd%t aiifi Reprigdid o3 Bo e ﬁb%@r #el | »5852) and an
i nn % 0 % rel |d wall enclose ar en ch nber i 350)
ndnptd €8 pi % SPHAE ( ag% gERa sai d
apparatu?IGlOl)Vs surface 304 in FIG is located more dlstant
from the wafer; and (ii) gap 136 is pressurized with fluid
(i.e. slurry). Thereby, head 100 using ring 300 according to
the present invention alleviates the edge effect. Using ring
20 300 leads to better uniformity of material removal throughout
radius coordinate Q because local pressure from wafer 150 to
pad 140 becomes substantially independent from radius coordi-
nate Q.

25 Preferably, ring 300 iz made of plastic or ceramic. Conveni~
enh values for B are in the range between 10 and 15 mm,
Height H is preferably, larger than wafer thickness G (cEf.
FIG. 2, from top layer to backside). Preferably, H and G are
related by a H-to-G ratio in the range betwaen 1.05 to 2.0.

30 Other values can also be used.

As mentioned above, an estimation for the adjustable down;
force Fr (ring 300 to pad 140) is given. Fy is one of other
forces: up-force F applied by slurry 144 counteracts on Fy;
35 down-force Fy applied through resilient member 134 acts from
- wafer 150 an pad 140. Considering the surface areas through
that each force acts (e.qg., surface 304, inaide area of cham-



7.0 2. The retaining r~.ng (300) aCCOrding to claim1 wherein said U shaped

.cross-section is-asymmetric. 3. The retaining rt,ng (300) according to

claiml1 wherein said 25 fluid as pressurized slurry (144). 4. The retaining
ring (300) aGoOrding Go claim3, wherein when said retaining0di hef @050) is
used in said apparatus (101), said outer wall (352) touches said polishi~tg
pad and 20 said inner wall (351) allows Sg'it}(rj pressurized slurry (144) to
propagate. 5. The retaining ring (300) ac ding to claim3, wherein when

sai d retgipi ~. 0Q), -} ed,| idoappargt 26 ( i &L chamber
(350) apﬁ%ﬁ% d‘pglf%?rga¥%§%ﬂghdgk%ﬁ§%%g ?%601? ét&?\%t?‘f'sl%arﬁ?(’zﬁi‘geet ween a
| ower sur¥acesan Jom)defingdd ThAacPraafNressareafanyand epsilys song igerediap) .

6. The rejpidhdwilit&ovéi B8 aseabel ng|Lo ptakarbbiyhectien riheg 33-cehfie
(150) has_a . thickness; wherein said. C %el 3(2‘2) has hei ght defined as
a di stand® Bét dEEFRithab R HFade (Wis)s | e$ HERE TR PYES8EYeand
sai d pol ishimd el w488 poagdsuherpj n el height is smaller than the

t hi ckness of said wafer (150) . 35 7. The retaining ring (300) according to
claim 3, wherein when said retaining rang (300) is used in said apparatus
AVENDED SHEET fl [IPsHEBR 3@Q5+7./P#|from an outlet (372) of said ring (300)
to an inlet (371) of said ring (300) . 13. ~'he apparatus (101) acovrding
to e~.aim12 that endpoints 5 the polishing process by nonitoring said
slurry (FHBthen, It bt i SPRYRPHAH w(fhz%)wg@rpbﬁpshﬁn@hangéﬁli Eenduckor

waf ego (| Fﬁb)c}b}'slrtm&!‘fgl@@*oﬂ vefiesed 150 reer 088 dnPéHatbe#0B50 B9 Below

polishing head.(1 conprising: LO - a surface (132) supporting said wafer
(L50); a%]tn}ostg}-éelfg aﬁﬂ%%’”??hg (300) according to claim~, being engaged

with the supporting surface (132) to retain the wafer (150) in place, said

retainin { Ng ( ' S carr j ressyurirzed. flui 144) and
havi ng a%'llrdn'ngr iégﬂ%sé%é%g%&%ﬁ&%gg?ﬁg&g\% egﬁbg?{:égﬂﬁagsﬁgg dto
sai d pad Y00 Canrefinpending e Herpienalrvied ¢f uFHEG(184) ringo380ciear ance

gap {%. 36)1 IRAtARae S a) th Waf Blef 1D uPHE $3fladbdneh subliaee £ARG1ar 20 15. A
slurry cycl esa/ﬁstem E3"5) for a chem C?clli_ mechani cal pol | shi_ng machi ne (101)

havi ng a P4 mP e RPS 1DHTPLR; P Sy athed Bgcrvee chiifRy) s| Afr Ll 144)

fL om an iluestrzt3d )fdea qrreﬁﬁzgﬁd (i&iﬂ?adi?)rﬁ@rw, symm(mﬁétcmuaafaari zegsi n

that sai d,4i Nz, et 7 said outl et /7)., arg coppegted to a slurry

di stri bu%lc‘)lrr% réﬁé’r’i%\%e]% 3%% ?%éﬁngfes& pJaI?’té o?n%:‘n% \?e'f af%ﬁ?ng g?W§V?§OOTu5"

accor di n¢igd.«clizilmtls ¢ind al pigishoutgl deadc{i0@)so be provided, con-

20 veniently, alternating in the order in/out/in/out, and spaced

with V being the fraction of 360° over the total number of
inletg/outlets.

Having used the terms "annular" and "ring" is convenient for
25 explanation; however, it is not required that the geometry of
ring 300 always has to keep equal distance to the center. Ag
indicated by dashed lines 359, ring portions can optionally
be sized and shaped to match with the particular orientation
- edge discontinuity shape of a wafer,
30 '
FIG, 7 illustrates a simplified block diagram of alurxy cycle
system 375 using retaining ring 300 according to the present
invention. Slurry cycle system 375 comprises slurry pump 374'
and slurry recycle unit 380 that are coupled to slurry inlet
35 371 and slurry outlet 372 (cf. FIG. 6) by pipe arrangement
377 as illustrated. A preferred slurry flow direction is in-



~,6.- A method for operating the chenical polishing apparatus (101)
.according toe claim9, said nethod conprising the follo3 0 w-. z~ tz(a Do
- placing the wafer 1150) having a periphery (i.53) an a pad 0(11%56 &iereby
surroundi ng said wafer (150) by said retaining ring (300) having an inner
surface (301), the periphery (Z53) of said wafer (150) and the in~x~ex

di aneter surface 35 (301) of said ring (300 defining a space (136)

t her ebet ween; and AMENDED SHEET fI 1 FHB12005 18 applying slurry (144)

t hrough a h rjn t.o said ad 140
ari dutgo tﬁgt&?gtaéca;b%;%%mﬁw I%&%nﬂgﬁl?equ #a I %E(Cg %atcl% S%‘IEH Bt éal d)
ring ( 3 GP0QF SddrEe peri phery ( 153 ) of sai d wafer ( 150 ) . AMENDED
SHEET .AR A'L.A .A .A% A . AU A "R A AH AE. A2. Ay9. A, +. As. As. An9. A’
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ca]$?g]Ri:a] val&aPés] a:arya;]lea] c@]eca]lua']nyama]tea:hm] qu@sO well kn]own in tn cal
# XS a ca a al ga ca ca
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Having described the invention in detail above, the invention
is summarized as follows:

While the invention has. been described in terms of particular
- structures, those of skill in the art will understand baged
on the description herein that it is not limited merely to
such examples and that the full scope of the invention is
20 properly determined by the claims. '

List of esymbols used in the text:
25 angle
width
clearance distance
diameter ' |
force
height
wafer thickness

30

nunber of delivery channels
pressure

polar radius coordinate
index for "ring*

pad displacement

layer thickness

35
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10M! chemical -mechanical polishing apparatus (101), said retaining

5 ring (300) characterized by a U-shaped cross-section, said
retainingvring (300) having an outer wall (352) and an inner
wall (351), wherein said walls enclose a partially open cham-
ber (350) adapted to apply pressurized fluid (144) to a poli-
shing pad (140) of said apparatus (101).

10
2. The retaining ring (300) according to claim 1 wherein said
U-shaped cross-section is asymmetric.

3. The retaining ring (300) according to claim 1 wherein said
15 fluid is pressurized slurry (144).

4, The retaining ring (300) according to claim 3, wherein

when said retaining ring (300) is used in said apparatus

(101), said outer wall (352) touches said polishing pad and
20 said inner wall (351) allows said pressurized slurry (144) to

propagate,

5. The retaining ring (300) according to claim 3, wherein
when said retaining ring (300) is used in maid apparatus

25 (101), said chamber (350) applies said slurry through a chan-
nel (360) that is limited between a lower surface (303) of
said inner wall (351) and =aid polishing pad (140).

6. The retaining ring (300) according to claim 5, wherein the
30 wafer (150) has a thickness, wherein said channel (360) has a
height defined as a distance between said lower surface (303)
of said inner wall (351) and said polishing pad (140), and
wherein said height is smaller than the thickness of said wa-
fer (150).
35 .
7. The retaining ring (300) according to claim 3, wherein
when said retaining ring (300) is used in said apparatus

AMENDED SHEET
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(101), said chamber (350) applies said slurry (144) through a
channel (360) that is provided by a plurality of ring porti-
ong (307) touching said polishing pad (140) and forming a
plurality of slurry delivery channels (308).

8. The retaining ring (300) according to c¢laim 1, wherein
said retaining ring (300) comprises a generally annular beody
having said U-shaped cross-section, an inner surface (301),
an outer surface (302) and a groove (350) between said surfa-
ces to distribute pressurized slurry (144) along the perlphe—
ry (153) of the wafer (150),

9. A chemical-mechanical polishing apparatus (101), compri-

ging:

- a polishing pad (140);

- & polishing head (100) to receive a wafer (150) and to hold
the wafer (150) against the polisghing pad (140); and

~ the retaining ring (300) according to claim 1 to engage
with said head (100) and to surround the wafer (150), said
retaining ring (300) having said open chamber (350) to di-
stribute the pressurized fluid (144) to said pad (140) and
to a periphery (153) of said wafer (150).

10. The apparatus (10l1) according to claim 9, wherein said
ring (300) has an outer wall (302) substantially touching

said pad (140) and an inner wall (301) being substantially
spaced from said pad (140).

11. The apparatus (101) according to claim 10, wherein said

wafer has an overall thickness, and wherein said inner wall

is .spaced from said pad by a channel having a height smaller
than the overall thickness of said wafer.

12. The apparatus (101) according to claim 10, further com-
prising a slurry recycle unit (380) to cycle slurry (144)
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fer (150) by moving said wafer (150) across a pad (140), said
- polishing head (100) comprising:
10 - a surface (132) supporting said wafer (150); and
- the retaining ring (300) according to claim 1 being engaged
with the supporting surface (132) to retain the wafer (150)
in place, said retaining ring (300) being shaped to carry
said pressurized fluid (144) and having an inner surface
15 (301) facing the wafer but being spaced to said pad (140)
to: distribute said pressurized fluid (144) into a clearance
gap (136) between said wafer (150) and said inner surface
(301).

20 15. A slurxry cycle system (375) for a chemical-mechanical po-

' lishing machine (101) having a polishing head (100), said sy-
stem (375) for cycling slurry (144) from an inlet (371) to an
outlet (372), said system (375) characterized in that said
inlet (371) and said outlet (372) are connected to a slurry

25 distribution channel (360) that is part of the retaining ring
(300) according to claim 1 of said polishing head (100).

16. A method for operating the chemical polishing apparatus
(101) according to claim 9, said method comprising the follo-
30 wing steps:

- placing the wafer (150) having a periphery (153) on a pad
(140), thereby surrounding said wafer (150) by said retai-
ning ring (300) having an inner surface (301), the periphe-
ry (153) of said wafer (150) and the inner diameter surface

35 (301) of said ring (300) defining a space (136) therebet-
ween; and
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